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Executive summary

Background and approach

In the late 1990s, the World Heritage Commission expressed concern over possible impacts
on environmental and cultural values of Kakadu National Park (KNP) resulting from the
proposed Jabiluka uranium mine. A specially formed Independent Science Panel reviewed a
Supervising Scientist report to the World Heritage Committee and made 17 principle
recommendations. Amongst these recommendations was a need for more comprehensive
ecosystem risk assessments at a landscape-catchment scale to differentiate between mining
and non-mining impacts, primarily because the region is subject to changes other than those
potentially related to mining. Weed invasions are perhaps the most significant non-mining
threat to much of the Kakadu landscape including its wetlands.

Background information from existing literature is provided for three highly invasive wetland
weed species, Mimosa pigra (mimosa), Salvinia molesta (salvinia) and Urochloa mutica (para
grass). The primary focus of this assessment is the current and potential distribution of para
grass with reference to its impacts. Field surveys and a remotely sensed QuickBird™ image
were used to map para grass on the Magela Creek floodplain. These data were used to
determine the current extent of para grass and the average spread rate of the past 20+ years.
The data were also used in a Bayesian habitat suitability model to predict the native
vegetation communities most susceptible to invasion and the potential extent of para grass on
the Magela floodplain. No spatial risk modelling or habitat suitability modelling was
conducted for mimosa and salvinia. The Magela floodplain remains under constant threat
from mimosa and only a rigorous maintenance control regime prevents re-establishment from
residual seed-banks and from new incursions. The spread and impacts of mimosa have been
documented for a number of coastal floodplain systems in the Northern Territory. Salvinia,
being a floating aquatic fern, is seasonal in its distribution and is subject to an ongoing
biological control agent. There are scant data that quantify the impacts of salvinia.

This assessment follows the generic wetland risk assessment model recommended for the
Ramsar Convention and comprises six fundamental procedures including: identification of the
problem; identification of the effects; identification of the extent of the problem; identification
of the risk; risk management and reduction; and monitoring and trend analysis.

Identification of the problem

Mimosa, salvinia, and para grass are very different weeds and, for a variety of reasons, are
subject to different management regimes. Since the early 1980s, the threat and consequences
of widespread mimosa coverage in the Park were recognised and existing infestations were
removed and/or fenced and monitored. A mimosa ‘team’ was also established to prevent new
outbreaks through surveillance. Salvinia is already widespread in the Park with the potential
for further spread. However, the density and coverage is greatly reduced via an introduced
biological control agent, the weevil, Cyrtobagous salviniae. Salvinia will never be eradicated
in the Park and is it now considered a permanent component of Kakadu’s flora. Presently,
para grass covers a large area of the Magela floodplain. Access to expansive floodplains such
as the Magela is often very difficult and the implementation of control and management
strategies presents many challenges.

All three weed species possess many traits that make them highly invasive and successful.
Some of these traits include; rapid growth; ready germination or resprouting from seed or
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small fragments distributed by floodwaters, birds and terrestrial animals; superior competition
for resources compared with native species; few or no natural predators; and attributes
attractive to humans that facilitate distribution to new areas often over vast distances.
Environmental and socio-economic impacts are generally severe for large infestations.
Control of all three weeds is usually very expensive and any chemical treatment has the
potential to cause damage to non-target flora and in some cases to fauna.

The potential effects

Mimosa and para grass form dense homogeneous shrubland and grassland respectively, greatly
reducing flora and fauna biodiversity. With respect to the current para grass infestation on the
Magela floodplain, perhaps the greatest concern is for the loss of the wild rice (Oryza spp)
grassland which is recognised as an important foraging and nesting resource for magpie geese
(Anseranas semipalmata). Salvinia dominates the surface of waterbodies forming dense mats
that can alter water quality and nutrient status by effectively excluding light penetration,
preventing oxygen transfer from the air and increasing dissolved oxygen consumption. These
weeds have the potential to alter hydrological regimes and large infestations impede the access
of humans and animals to floodplains and waterbodies, adversely affecting enterprises and
activities such as pastoralism, tourism, recreation and traditional Indigenous practices such as
hunting and gathering. Para grass can alter fire regimes with more intense and frequent fires that
sometimes carry into more sensitive fringing forests. These weeds are also known to provide
ideal habitats for pests such as pigs and mosquitoes.

The potential extent

Since 1980, mimosa has been found at a number of sites on the Magela floodplain. Adult
mimosa plants at these sites have been removed although seedlings continue to appear at
some sites. New incursions are often located each year and these are destroyed and the site
closely monitored. This scenario for mimosa occurs throughout the Park. If allowed to
establish and spread, mimosa has the potential to dominate a major proportion of Kakadu’s
floodplains. A map of the history of mimosa incursions since 1980 is presented for the
Magela floodplain. However, no spatial analyses, risk modelling or habitat suitability modelling
have been undertaken and no such maps are presented.

Salvinia was first discovered in the Magela system in 1983 and is now present in the East
Alligator River system and Nourlangie Creek and elsewhere in the South Alligator River
system. Salvinia’s rapid spread through Kakadu indicates that it could occupy all wetlands and
waterbodies in a relatively short space of time. At the time of the QuickBird image capture (July
2004), para grass covered approximately 1250 ha of the central region of the Magela floodplain.
Satellite infestations with the potential to spread rapidly exist in the north and south regions of
the floodplain and along the north-western edge. Bayesian habitat suitability modelling has
shown that para grass has the potential to invade about 6360 ha (34%) of the floodplain,
displacing the Oryza spp grassland in particular.

Identification of the risks

Risk is a combination of both the effects and extent (or exposure to) of a threatening entity.
For mimosa, experience from coastal floodplains elsewhere in the Northern Territory has
shown that the majority of land subject to inundation, except for perhaps the very deepest
parts of the channels, could potentially be invaded by mimosa. The probability of incursion
and establishment remains very high for KNP and continued vigilance is necessary to prevent
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repeated incursion or emergence from dormancy in existing seed banks. Potential weed
vectors such as the high volume of park visitors (eg vehicular and boat traffic), and
movements of feral and native animals exacerbate the risks.

Although the risks associated with salvinia infestation have been reduced by the salvinia
weevil, research has shown that weevil populations can vary greatly from year to year with a
subsequent variation in their efficacy. In the absence of any quantitative data on the effects of
salvinia, the actual risks remain uncertain. The risks of salvinia invading other regions in the
Park are managed in part by quarantine procedures.

Para grass currently infests large areas of the Magela floodplain and has therefore already
displaced large areas of natural habitat. It is known to be spreading at an alarming rate.
Habitat suitability modelling has demonstrated that a large proportion of the floodplain, yet to
be colonised, is at high risk of infestation which could occur within two to three decades.

The adverse effects of widespread incursion of all three weeds have been acknowledged,
although these effects are generally poorly understood with little quantitative information
being available.

Uncertainty, information gaps and further research

As the risk of mimosa invasion in Kakadu National Park remains high, a number of research
endeavours that may assist managers have been identified. Some of these include: habitat
suitability modelling; more detailed GIS assimilation of mimosa plots and new incursions
with the possibility of developing remote sensing techniques to identify new outbreaks;
documenting the seed stores following control; quantifying the competitive relationship
between mimosa and native vegetation; and the precise role of wild and controlled fires.

For salvinia, there is very little quantitative data on the effects on water quality and flora and
fauna. Remote sensing techniques could be explored to monitor salvinia distribution at the
landscape scale. Continued monitoring of the persistence and success of the salvinia weevil is
essential for the control of salvinia.

Some identified areas where further information could assist in the management of para grass
include:

Extent: further refinement of the habitat suitability model; more detailed mapping;
salinity tolerance; the viability of para grass seeds and the persistence of the seed bank;
competition with native species; modification of the floodplain habitat by para grass;
tolerance of para grass to water depth and period of inundation; the efficacy of various
herbicide treatments utilising trial plots whilst obtaining valuable cost of control data; and
the role of fire in management.

Effects: the real impacts upon native habitat displacement; fire (ie increased fuel loads);
hydrology (eg reduced flow and increased sediment deposition); extent to which para grass
is a physical barrier to larger animals; the effects of herbicides on non-target species.

Management Implications

Ongoing preventative management of mimosa in Kakadu is a labour intensive and costly
exercise. Resources are dedicated to i) revisiting old sites where mimosa has been present, in
order to monitor and control regrowth from seeds in the seed bank and ii) surveys of suitable
habitat to locate new incursions that occur on a regular basis. In the absence of current
management strategies, the implication for the Magela and other floodplains of Kakadu is a
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landscape dominated by mimosa. Removal of mimosa at this scale would cost tens of millions
of dollars with considerable and most likely indefinite follow-up control.

Prior to the establishment of the salvinia weevil, considerable resources were allocated to
physical and chemical control of the weed, resulting only in short-term gains given the
exponential regrowth. After establishment, a decline in weevil populations prompted an
intensive study to determine the cause, which appeared to be related to the timing of the onset
of the wet season rains and the timing and size of the main flood events. Weevils are sometimes
harvested from the wild and distributed to new areas where appropriate.

It is acknowledged that eradication of the larger infestations of para grass is most likely
unachievable. Some smaller infestations in the Park have been successfully eradicated and
others are currently being targeted for control and/or eradication. Treatment is relatively
expensive in floodplain environments as aerial herbicide spraying is often the only feasible
method. This is complicated by factors of herbicide drift to non-target species and the
uncertain effects on frogs and other fauna. Para grass also grows under paperbark and other
fringing forests where aerial treatment is not practical. There has been varying success with
past control efforts where some treatments are highly successful with little regrowth whilst
other treatments have resulted in substantial regrowth even after multiple treatments over
many Yyears. The reasons for this variation in efficacy are not well understood. Initial cost of
control modelling suggests that significant reduction in coverage could cost nearly $2 million
with nearly $0.5 million per annum in follow-up control.
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1 Introduction

The negative impact of invasive weeds on ecosystem services and biodiversity is probably the
most significant threat facing tropical wetlands today. Across the tropics there are many
wetland weed species — some of them, including Mimosa pigra (Linnaeus), Salvinia molesta
(Mitchell) and Urochloa mutica (Forssk), being widely distributed, if not pan-tropical. These
species have attracted a great deal of attention with the expenditure of large sums of money
and effort on control techniques (Finlayson & Mitchell 1981, Storrs & Finlayson 1997,
Douglas et al 1998). Fourteen of the top 18 environmental weeds in Australia invade wetlands
(Humphries et al 1991), with 12 of these species currently found in the Northern Territory.
For Kakadu National Park (KNP), Storrs (1996) lists 15 species of high priority weeds that
exist in small to large infestations and which are capable of significant impacts. In 1996,
Kakadu was thought to have up to 99 naturalised alien plant species (Brennan 1996) — species
that have become accepted and have reproduced for several generations. This represents about
5.3% of the total flora but is relatively low when compared with an average of 21% in other
Australian conservation areas (Lonsdale 1992a). The number of alien plant species in Kakadu
has increased at the rate of 1.6 species per year since 1948, and is expected to continue as a
result of increased tourism and development (Cowie & Werner 1993). For an area like
Kakadu, apart from the problems of controlling existing weeds, there is the seemingly
inexorable advance of major potential invaders (Storrs 1996).

The extent of invasion of wetlands by weeds has been described for some species, though
often incompletely. In many instances, vital information on the ecological changes wrought
by these species is often confined to a few isolated studies or to anecdotal evidence.
Economic analyses of the losses caused by pest species are hot common and studies on the
social and cultural impacts of weeds have not generally been done (Finlayson & Spiers 1999).

A Global Biodiversity Forum held prior to the Ramsar Conference of Parties in 1999
addressed invasive species and agreed upon the following definition: ‘An invasive species is a
species, often alien, which colonises natural or semi-natural ecosystems, is an agent of
change, and threatens native biological diversity” (Pittock et al 1999).

Given that weeds are an increasingly serious problem in tropical wetlands, there is a need for
management prescriptions to be developed at several levels. These include prevention at a
national or regional level, and more specific interventions in local situations. Critically, for
managers and users of wetlands, practical techniques and options are required that take into
account local differences in all other priorities and available resources. However, for localised
effort to be effective a strategic framework is required that provides the necessary options and
places particular weed infestations and their control into a regional perspective. A means of
ensuring that the above aspects are not forgotten is through the adoption of ecological or
wetland risk assessment procedures as the basis for effective and strategic weed management.

Within this context, information on the biology, ecology and management of Mimosa pigra
(mimosa), Salvinia molesta (salvinia) and Urochloa mutica (para grass)® has been collated
and analysed in a risk assessment of the weeds in the regional context of KNP, in particular,
of para grass on the Magela Creek floodplain.

Kakadu National Park is recognised as a World Heritage area for its biodiversity of flora and
fauna and its cultural significance. Though weed invasion is only one of many threats facing

1 Throughout the rest of this report, the three weeds will be referred to as mimosa, salvinia and para grass.



the Park, the risks to native vegetation are significant. With particular reference to this report,
the risks to wetland vegetation threaten the maintenance of the full array of World Heritage
values such as fauna habitat and ecological processes including changes to hydrological and
fire regimes and carbon/nutrient cycling.

1.1 Study area

The Alligator Rivers Region (ARR) (Figure 1) lies in the middle of the ‘Top End’ of the
Northern Territory. The Top End is a colloquial name and is used throughout this report. It
describes the wet-dry tropical region of the north of the Northern Territory with annual
rainfall greater than approximately 900 mm and above -15 degrees latitude. The coastal
floodplains referred to in this report are found around the coastline of the Top End. They are
seasonally inundated freshwater floodplains with a tidal brackish water component where
they drain into the sea.

Magela Creek
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Figure 1 The Alligator Rivers Region in the ‘Top End’ of the Northern Territory,
Kakadu National Park and the Magela floodplain



The Alligator Rivers Region derives its name from the network of rivers that form the main
hydrological components of the area, draining into the Van Diemen Gulf. Kakadu National
Park occupies about 20 000 km2 of the ARR and despite in recent times having been modified
by pastoral, mining and tourist activities and the introduction of exotic flora and fauna, the
Park maintains its status as a World Heritage listed area. The floodplains of Kakadu occupy
approximately 193 850 ha (Bayliss et al 1997) comprising around 10% of the total Park area.

The Magela Creek is in the East Alligator River system and has a catchment area of
approximately 1600 km2 and an associated coastal floodplain of about 225 km2. The creek
originates high on the Arnhem Land sandstone plateau and proceeds as a channel through the
wooded lowland plains. Prior to entering the floodplain, the creek flows through the Ranger
uranium mine lease, with the southern portion of the floodplain located on the Jabiluka
uranium mine lease. The Magela floodplain, like other Kakadu floodplains, lies only 3-4 m
above the Australian Height Datum (AHD) making it only 0.2-1.2 m above sea level. The
entire length of the creek right down to the East Alligator River confluence is about 100 km.

1.2 Background

In October 1998 the World Heritage Committee (WHC) mission to the Kakadu National Park
World Heritage site expressed concern over the possible impacts on natural and cultural
values resulting from a proposal to mine uranium at Jabiluka (The Jabiluka Mill Alternative).
At the request of the WHC, the Australian Supervising Scientist reported to the committee on
the scientific concerns raised. The WHC obtained the support of the International Council of
Science Union (ICSU) to form an Independent Science Panel (ISP) to review this Supervising
Scientist report (ISP 2000).

The ISP concluded that the Supervising Scientist report had reduced the scientific
uncertainties but that issues remained which needed additional analysis and/or clarification.
The ISP made 17 principal recommendations but noted that its insights had been limited by
lack of time and the need for both a site visit and further information. In July 1999 the WHC
requested the ICSU to continue the work of the ISP in co-operation with the SS and the World
Conservation Union (IUCN) in an attempt to resolve the remaining scientific issues (ISP 2000).

The ISP and IUCN stated that while impacts from the site-specific Jabiluka mine proposal
were most likely negligible, a more comprehensive risk assessment of both the freshwater and
terrestrial ecosystem at a landscape-catchment scale was needed. This was because the ARR
is subject to major seasonal or long-term changes unrelated to those that may arise from
mining impacts. For example, the impact of invasive weeds is probably the most significant
non-mining threat facing the Magela Creek wetland system at the landscape scale (Bayliss et
al 2006, Bayliss et al 2012). Hence, they suggested that comprehensive monitoring
programmes and accompanying analyses (assessments) are needed to distinguish between
impacts from these differing causes and any unforeseen problems arising from mining. The
review panel invited Environment Australia’s (now Department of Sustainability,
Environment, Water, Population and Communities) Environmental Research Institute of the
Supervising Scientist (eriss) and Parks Australia North (now Parks Operation and Tourism
Branch) to undertake inventory, assessment and monitoring activities at landscape scales in
order to guide future ecosystem management.

Weed management is perhaps the single greatest challenge facing Kakadu National Park
managers. In addition to the aquatic/floodplain weeds outlined in this assessment, threats have
emerged in the terrestrial realm in the form of grasses like Mission (Pennisetum spp) and



Gamba (Andropogon gayanus) for example. Considerable resources are already devoted to
mimosa, para grass and salvinia but still the weeds persist and in some cases, spread.

1.3 Project aims

The three major weeds (mimosa, salvinia and para grass) that occur on the floodplains of the
Magela Creek system were assessed using the wetlands risk assessment (WRA) framework
proposed for wetlands by van Dam et al (1999). The WRA addressed four questions:

1. What areas/habitats of the seasonally inundated Magela Creek floodplain (in KNP) are at
risk of invasion by each of the three weed species (ie current distribution and trend
analysis where feasible)?

2. What are the likely consequences of these invasions (ie assessment of likely effects and
pressures)?

3. What management scenarios are required to minimise the risks of further invasion?

4. How could the presence and spread of these species confound assessment of any mining-
related pressures?*

The approach adopted to answer these questions is described below.

1.4 Approach

1.4.1 Wetland risk assessment framework

Over the last decade the concept of environmental risk assessment has developed and expanded
from a narrow and precise analysis of quantitative ecotoxicological data to more general and
qualitative/semi-quantitative analyses of environmental problems (eg Burgmann 2005). This has
led to the Ramsar Convention on Wetlands recommending a model for wetland risk assessment
(Fig 2), coupled with advice on the deployment of early warning systems for detecting adverse
ecological change in wetlands. The Ramsar procedures are linked with a concurrent effort to
espouse the values of wetlands and the maintenance of their ecological character. The former
have been summarised by Finlayson (1996), as outlined below.

Functions performed by wetlands are the result of the interactions between the biological,
chemical and physical components of a wetland, such as soils, water, plants and animals,
and include: water storage; storm protection and flood mitigation; shoreline stabilisation
and erosion control; groundwater recharge; groundwater discharge; retention of nutrients,
sediments and pollutants; and stabilisation of local climatic conditions, particularly
rainfall and temperature.

Products are generated by the interactions between the biological, chemical and physical
components of a wetland, and include: wildlife resources; fisheries; forest resources;
forage resources; agricultural resources; and water supply.

Attributes of a wetland have value either because they induce certain uses or because they
are valued themselves, and include the following: biological diversity; geomorphic
features; and unique cultural and heritage features.

The combination of wetland functions, products and attributes give the wetland benefits and
values that make it important to society. The language used to describe these benefits and
values has been reassessed in recent years and the terms ecosystem goods and services or

2 This topic is discussed in more detail in Bayliss et al (2012).



ecosystem services are increasingly being used to describe the benefits and values derived
from ecosystems, including wetlands.

In the context of the Ramsar Convention on Wetlands and the wise use of wetlands it is
stressed that the use and management of a wetland and its resources should be done in a
manner that is consistent with the maintenance of the ecological character of the wetland.
Ecological character is now defined as (see http://www.ramsar.org/key_res_vii.10e.htm):

the sum of the biological, physical, and chemical components of the wetland ecosystem, and their
interactions which maintain the wetlands and its products, functions and attributes.

And the change in ecological character as:

the impairment or imbalance in any biological, physical, or chemical components of the wetland
ecosystem, or in their interactions, which maintain the wetland and its products, functions and
attributes.

The generic wetland risk assessment model recommended for the Ramsar Convention (van
Dam et al 1999, http://www.ramsar.org/key _res_vii.10e.htm) has been derived from those used
for water pollution and ecotoxicological assessments (eg USEPA 1998) as well as the more
general methods developed for assessing the vulnerability of wetlands to climate change and sea
level rise. The model provides guidance for environmental managers and researchers to collate
and assess relevant information and to use this as a basis for management decisions that will not
result in adverse change to the ecological character of the wetland. As the objective was to
provide a framework for informed decision-making, the model is not prescriptive.

Identification of the problem
(eg site assessmeant: site-
specific information on
stressor & environment)

Analysis

Identification of the effects Identification of the extent
{field assessment: eg bicassays, of the problem
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Figure 2 Wetland risk assessment framework (adapted from van Dam et al 1999)
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The major steps in the wetland risk assessment (WRA) process presented in Figure 2 are
briefly described below, and are adapted from the Ramsar Convention Bureau (2000) and van
Dam et al (1999).

1

Identification of the problem: what is the nature of the problem and how do we plan for
the remainder of the risk assessment based on this information. Define the objectives and
scope of the risk assessment.

Identification of the effects: evaluate the likely extent of adverse change or impact on the
wetland, including cultural values in consultation with Traditional Owners (eg sacred
sites). Where possible, field studies will be used and are preferable for assessments of
multiple impacts (as occurs on many wetlands). However, literature reviews of existing
information may often be sufficient to identify some impacts.

Identification of the extent of the problem: estimate the likely extent of the problem on
the wetland(s) of concern by using information gathered about its characteristics and
extent of occurrence elsewhere. Map current distribution in order to estimate its potential
distribution (and hence threat).

Identification of the risk: integrate results from the assessment of the likely effects with
those from the assessment of the likely extent of the problem, in order to estimate the
likely level of adverse ecological (and social) change within the Magela floodplain. A
GIS-based approach can be a useful technique for characterising risks to wetlands (see
below), by overlaying relevant information onto a map of the region of interest in order to
link effects to extent/distribution. In addition to estimating risks, focus future assessments
and/or monitoring on identified problem areas. The uncertainty and information gaps
associated with the assessment will be described.

Risk management and reduction: the final decision-making process uses information
obtained from the assessment processes described above, and in conjunction with other
relevant information (eg political, social, economic, and engineering), and attempts to
minimise the risks without compromising other societal, community or environmental
values. It is a multidisciplinary task usually requiring coordination by resource managers
and communication between stakeholders.

Monitoring and trend analysis: this is the last step in the overall risk assessment process
and will be undertaken to verify the effectiveness of the risk management decisions. It
will incorporate components that function as a reliable early warning system, detecting
the failure or poor performance of risk management decisions prior to serious
environmental harm occurring. The risk assessment will be of little value if effective
monitoring is not undertaken. Trend analysis will likely require four or five years of
further data on distribution and abundance of the three major weeds, and their annual
rates of spread (using mapped vegetation types and spot GPS locations from historical
data and/or more recent weed surveys).

It is important to note that this assessment addresses the first four steps of the WRA process,
in order to provide important information for the risk management process, which is a
separate undertaking that must be the responsibility of the relevant agencies. This assessment
is largely a context-setting exercise that sometimes relies on incomplete and/or imperfect
information. An effective risk management framework for weed control is based upon
adaptive management principles, where strategic decisions regarding weed control are
underpinned by effective monitoring of weed invasions and control efforts. This preliminary



risk assessment attempts to provide some background information for these adaptive
management principles including:

aggregation of available information;
analysis of its implications;
identifying strengths and weaknesses in the knowledge base;

identifying greatest risks and potential responses from existing documentation and new
analysis;

designing interventions and addressing greatest risks in ways that optimise learnings;

obligations to engage stakeholders and managers if learning is to be optimised.

1.4.2 Information sources

Literature review

Published and unpublished reports were sourced and obtained through a comprehensive
literature review process. Further relevant publications were then identified and obtained from
within these sources.

Data sources and status of data

Where available, weed distribution and control data for each management district were obtained
from Parks Australia North databases. Most spatial data were associated with Fugawi&
software as waypoint files and some additional data were available as hard copies. All data were
converted or transcribed to spreadsheets and migrated to the ArcView& desktop Geographic
Information System (GIS). The KNP mimosa database, which has records from 1981, was also
obtained and relevant information was extracted and entered into the GIS. Information from this
database was also collated and used for preliminary cost of control modelling. KNP natural
resource managers have a weeds database in development that will ultimately centralise all
existing and future data for the entire Park, and will form the basis of a GIS. There were no
records in this new database at the time of data acquisition for this project.

Additional weed distribution data were obtained from the Northern Territory Department of
Natural Resources, Environment, the Arts and Sport (NRETAS).

For the Magela floodplain, historical para grass spatial data with contextual information on
native vegetation was also acquired through an €riss research project (Knerr 1998).

Ground data collection

With limited resources it was not possible to conduct a systematic survey of para grass for the
entire Magela floodplain. However, in March 2003, as part of a broader floodplain vegetation
mapping program, two rapid-assessment, mobile-airboat surveys were conducted by a trained
observer/recorder, where vegetation types, including para grass, were ranked in order of cover
dominance for about 1200 locations spanning the length of the floodplain. Using this
information and historical information on para grass distribution (Knerr 1998), it was decided
to focus further para grass-specific survey efforts within the region of the largest infestation
located near the centre of the Magela floodplain where the aim was to obtain more detailed
information on environmental and native plant associations of para grass across its range.
Therefore in June 2004, another airboat survey of this region was completed, followed by a
low level helicopter survey. For this airboat survey, the percentage cover of dominant plant
species and open water were recorded in detail for some 80 sites located along four transverse
(east-west orientated) transects (each approximately 3.5 km in length and spaced at about
1 km intervals) and two longitudinal adjoining transects. Sites observations were made in a



20 m radius from the bow of the stationary airboat at approximately 250 m intervals along the
transect. Water depth measurements (with coincident measurement at the Jabiluka gauging
station) and photographs were also taken at most 2004 sites. The main purpose of the
accompanying helicopter survey was to delineate larger, homogeneous patches of para grass
across a broader extent than could be achieved using the airboat alone. Larger patches of
homogeneous vegetation were later used as training (and validation sites) for classification of
a coincident remote sensing image capture, described below. For all the above-mentioned
surveys, a handheld Garmin GPS unit® was used to record site locations.

Remotely sensed map information

One of the key issues facing weed managers is incomplete knowledge on the spatial distribution
of weeds across extensive and remote landscapes. In this regard high resolution remote sensing
imagery has shown potential in addressing knowledge gaps associated with managing para grass
(and potentially other weeds) in tropical wetland environments of Australia (Catt &
Thirarongnarong 1992, Boyden et al 2007). It appears that remote sensing has the potential to
provide synoptic and quantitative information on para grass distribution and on the
displacement of specific native vegetation communities of likely conservation concern, and
therefore may form an important part of future monitoring and risk management strategies.

A pilot study aiming to assess the utility of very high resolution satellite imagery to map para
grass distribution on the Magela floodplain was conducted in 2004. A QuickBird image was
captured on 25 June 2004 for a 64 km2 area, covering the centre of the Magela floodplain and
targeted the largest infestation of para grass on the floodplain. This image, interpreted using
the June 2004 spatially referenced airboat and helicopter survey data, was of excellent quality,
ie the image was cloud and smoke free, and the spectral discrimination of para grass from
other major floodplain plant communities was pronounced at the time of image capture. The
image also encompassed a range of native vegetation communities known to occur in the area
that are potentially threatened by para grass, including the annual grass, Oryza meridionalis,
and sedges Eleocharis spp, although the former was in its dormant phase at the time of
capture (Boyden et al 2007, 2008).

A thematic map of para grass and major native vegetation communities was produced from
this imagery using computerised image analysis techniques. It was concluded that the
standard QuickBird product has suitably high spatial resolution and high potential
interpretation accuracy for detecting relatively small patches of weeds when environmental
conditions are suitable (Boyden et al 2007).*

Image classification was conducted in ENVIA® using the Maximum Likelihood Classifier
Algorithm. Training-sites for classification were selected on the 2004 QuickBird image from

® A positional accuracy of + 15 m is known for the Garmin GPS equipment when used to collect point data

whilst the unit is stationary. A greater error margin estimated to be +50 m is introduced when points are logged
while in transit via airboat or helicopter. See Boyden et al (2008) for further details.

The standard QuickBird™ product is a map registered, high-resolution multispectral (RGB-visible and Near-
Infrared bands at 2.4 m pixel resolution) and panchromatic (0.6m pixel resolution) bundle. The spatial accuracy of
the image was checked against differential GPS (sub-metre accuracy) locations taken at ground control points
(GCPs). All GCPs were identified on the image to within 1 to 2 pixels (2.4 to 4.8 m) of the dGPS coordinates
which is well within the 15 m specification of the imagery supplier. Technically, the smallest detectable para grass
patch size for pan-sharpened imagery, given suitable environmental conditions and good spectral contrast with
neighbouring vegetation, is in order of 1 to 2.5 m2. However relative image classification error will be higher for
patches of this size due to pixel mixing effects at edges of patches with non-target species.

® ENVI is a software package used for remote sensing image analysis.



larger homogeneous vegetation classes using spatially referenced field notes and photographs
obtained during the 2003/04 field surveys.

Para grass varied in appearance from less green and more senescent, generally at drier
floodplain margins and raised channel levees, to lush green in wetter areas, both of which
were clearly discernable on the image. As such, two para grass sub-classes were nominated in
the classification: wet-green, and dry-senescent. The spectrally distinct stages enabled an
improved classification accuracy of para grass, where training areas were derived from within
each of the growth forms. Further detail of the spectrally distinct ‘states’ of para grass are
discussed in Boyden et al (2007). Accuracy assessment of the class map was performed by
generating a confusion matrix using independent field validation sites. The two growth forms
of para grass had the high classification accuracies of 90% (wetter) and 96% (drier), whilst
the overall map accuracy was 86%; kappa coefficient 0.83 (see Congalton 1991 for methods
and descriptions of terms). This relatively high classification accuracy indicates the potential
of this imagery to effectively map para grass distribution across large areas of floodplain.

1.4.3 Bioeconomic modelling

The three basic aims of population management are control, sustainable harvesting and
conservation. Regardless of the aim, however, there must be a good understanding (or
conceptual model) of the dynamics of the pest population in order to manage them.
Additionally, management decisions must be linked to socio-economic considerations or, put
simply, the associated benefits and costs of any action or activity. Bioeconomic models help
population managers bridge the gap between knowledge of the biology of the species being
managed and knowledge of socio-economic consequences. Such models provide a powerful
strategic framework, or Decision Support Tool (DST), for setting effective priorities for
management of any natural resource. Implicitly, the modelling approach is based on information
inputs relating to the above-mentioned factors and an effective monitoring program must
therefore be in place if a DST is to be applied for routinely management operations.

With respect to the management of invasive species, the most useful bioeconomic model will
encompass the following three key sub-models (or functions) which are explicitly linked: (1)
a damage-abundance function (or suite of functions if multiple damage exists); (2) a
population dynamics model; and (3) a cost of control function. In this assessment, available
distribution, spread, impact and control-cost information from KNP and elsewhere in the Top
End was used to determine these functions for mimosa and para grass only.



2 Mimosa

Exactly how and when mimosa was introduced to Australia is unknown. Miller and Lonsdale
(1987) concluded that it probably arrived in Darwin in the 20 years prior to 1891, either
accidentally in seed samples introduced for the Darwin Botanic Gardens, intentionally as a
curiosity because of its sensitive leaves, or in the intestines of livestock imported from
Indonesia. Mimosa was not found outside the Darwin City area until 1952 when it was
discovered upstream from the Adelaide River township about 100 km south of Darwin. By
1968 it had spread downstream along the Adelaide River to the Marrakai Crossing. (Miller et
al 1981). Between 1980 and 1989 mimosa spread from 4000 to 80 000° ha in the Northern
Territory (NT Government 1997).

2.1 Identification of the problem

A physical description and details of the biology and ecology of mimosa are available in a
variety of literature (eg Harley 1992, Lonsdale 1988, Lonsdale et al 1988, Miller 1988, Lonsdale
1993a 1993b & Lonsdale et al 1995). Figure 3 shows various parts of the mimosa plant.

Figure 3 Mimosa pigra (a) a large infestation on the Mary River floodplain, west of Kakadu National
Park (b) adult plants, (c) flower heads, (d) mature seed pods (photographs — CM Finlayson)

2.1.1 Weediness

Mimosa has many features that enable it to thrive as a weed. Under the right conditions
mimosa grows quickly at a rate of about 1 cm per day, and infestations can double in area in
one year. It can also withstand droughts, so the extended dry season, although slowing the
growth rate and thinning the canopy, does not kill mimosa (Lonsdale 1993a).

®  Estimates vary, but this is believed to be the current approximate coverage of mimosa in the NT.
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Typical of many flood tolerant species, mimosa is well adapted to growth in seasonally flooded
habitats through its ability to produce adventitious roots which can take up oxygenated water
when soil conditions become anaerobic (Miller et al 1981). Mimosa thickets can advance into
waterbodies until little open water remains (Braithwaite et al 1989). Mimosa also has the
potential to invade tidal zones (Miller 1983).

The plants mature quickly and can set seed in their first year of growth (Lonsdale et al 1985).
The seeds of mimosa are well-designed for easy and rapid dispersal. The seedpods break into
segments when mature, with each segment containing a single seed. These segments are
covered with bristles that enable them to adhere to animals and clothing, and to float on water
for extended periods (Miller et al 1981, Lonsdale 1993a). Seeds are also dispersed in soil and
mud adhering to vehicles, machinery (Lonsdale et al 1985) and boats, and in the dung of
livestock and native animals that sometimes graze on mimosa (Miller & Lonsdale 1987,
Miller 1988).

Under certain conditions, seeds can remain dormant but viable for long periods. In sandy
soils, observations suggest that seed lifespan may be as high as 23 years (Lonsdale 1992b).
Seeds that are buried for long periods could eventually germinate if brought to the surface by
cultivation or disturbance by animals (Lonsdale et al 1988). Dormancy of mimosa species can
be ended when the hard seed-coats break via expansion and contraction due to soil
temperature fluctuations from about 25 to 70°C. The deeper a seed lies in the soil, the less
extreme is the temperature range and seeds buried deeper than 10 cm cannot successfully
germinate (Lonsdale 1993b). For seeds in the upper soil layers, fire can either kill mimosa
seed or increase the germination rate, depending on the fire intensity (Miller 1988).

Seed rate production is high being measured at between 9000 and 12 000 m-2 per year
depending on the conditions (Lonsdale et al 1988). The most productive plant observed in the
field in Australia had a crown of about 8 m2? and produced about 11 000 pods per year,
equivalent to about 220 000 seeds (Lonsdale 1992b).

The compound leaves of mimosa, like those of several other species in the genus, close in
response to electrical, mechanical, thermal and light stimuli and wounding (Simons 1981). This
may protect the leaves from damage in certain circumstances. This feature has also promoted
spread, as humans value this novelty and have translocated mimosa as a garden ornamental.

If chopped down mimosa will resprout from the stump (Wanichanantakul & Chinawong
1979). If mimosa is burnt, the foliage may become desiccated and fall, but up to 90% of
mature plants and up to 50% of seedlings may regrow (Miller & Lonsdale 1992).

Mimosa has low nutrient requirements and can grow within a wide range of soil types
including nutrient poor sands, alluvial red and yellow earths, silty loams and heavy black
cracking clays (Miller 1983).

2.1.2 The history of mimosa invasion in Kakadu National Park

Mimosa was first discovered in KNP in 1981 (Skeat et al 1987) and by 1993 a total of 160
outbreaks were recorded in the Park (Cook et al 1996). The suspected seed source for the
outbreaks in central KNP could have been either of the two large infestations to the east and
west of the Park. The infestation on the Oenpelli (Gunbalanya) floodplain to the east was
expanding rapidly and by 1991 covered approximately 6000 ha. At this time dense mimosa also
covered approximately 40 km? of the Mary River floodplain (Cook et al 1996). Many of the
outbreaks in KNP could be attributed to movements of large mammals including feral pigs and
buffalo, with subsequent dispersal by water (Lonsdale & Lane 1994). Waterbirds may have
been responsible for dispersal of seeds to some of the more remote sites (Cook et al 1996).
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The highest densities of mimosa outbreaks in KNP were found in the wetland margins that
had been disturbed by feral animals, and in wetland habitats with a relatively long period of
inundation, but where trees were absent (Cook et al 1996). A high level of ground disturbance
caused by feral water buffalo and pigs probably facilitated the establishment and spread of
mimosa in the Park. Water buffalo have been reduced in large numbers from the Park since
1990 (ANPWS 1991), yet substantial ground disturbance caused by feral pigs is still apparent
(Boyden et al 2008).

2.2 The potential effects of mimosa

Mimosa is an enormous problem for wetland conservation. Largely intact natural landscapes
can be completely altered, with floodplains and swamp forests being covered by dense
monospecific stands of mimosa, that have little understorey except for mimosa seedlings and
suckers (Braithwaite et al 1989). This structural and floristic dominance greatly reduces the
biodiversity of the structurally diverse native species.

Due to mimosa’s ability to sprout adventitious roots, it may even modify waterbodies. In the
dry season, seedlings establish along the receding waterlines (Lonsdale & Abrecht 1989), and
with the inundation of the next wet season, the natural water flows may be reduced by the
adventitious roots, resulting in increased sediment deposition.

2.2.1 Effects of mimosa on native flora

Once established, mimosa is able to out-compete the native herbaceous layer vegetation for
light moisture and nutrients, although the relative importance of these three factors has not
been determined. In studies on the Finniss and Adelaide River floodplains, Braithwaite et al
(1989) found that sedgeland sites, which carry no trees, received 100% of the incident light in
the absence of mimosa, but only 62% (Finniss River sites) and 81% (Adelaide River sites)
when it was present.

The Melaleuca dominated forests fringing the floodplains have a rather open canopy and
mimosa has also penetrated this habitat, preventing seedlings of the native forest trees from
establishing. Incident light measurements show that although 75% passed through the native
tree canopy, only 26% reached the ground flora with the additional presence of a mimosa
canopy (Braithwaite et al 1989). Due to the demonstrated exclusion of native tree seedlings, it is
proposed that the mature native tree canopy would eventually die out, and these swamp forests,
like the sedgelands would become mimosa-dominated shrubland (Braithwaite et al 1989).

Braithwaite et al (1989) suggest that the effect on the light regime at ground level, regardless
of competition for moisture and nutrients, may be sufficient to account for the observed
reduction in the number of tree seedlings, biomass and species diversity of the herbaceous
layer. The above light measurements were taken during the dry season when the weed has a
relatively sparse canopy. The impacts could possibly be exacerbated in the wet season, when
the denser canopy of a lush mimosa thicket may prevent around 90% of the incident light
from reaching the ground (Braithwaite et al 1989).

Cook (1992) compared vegetation sites with and without mimosa for three different
communities on the Gunbalanya floodplain. Where mimosa was present in floodplain margin
and back-swamp communities, the projected cover of native herbaceous species was less than
one third and species diversity was less than one half of that where mimosa was absent. In the
open floodplain communities, the cover of understorey species was similar and species
richness was only slightly less where mimosa shrubs were present.
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Studies and observations show that herbaceous vegetation does recolonise following the
removal of mimosa (Cook 1992, Searle & Fell 2000, DPIF 1997). At the site of the
Gunbalanya infestation, two years after the removal of mimosa, the diversity of herbaceous
species had returned to levels similar to those found in the absence of mimosa. However, the
actual cover density of these species did not respond as rapidly as the diversity, and remained
well below that found in areas yet to be invaded by mimosa (Cook 1992). Field observation
showed significant differences in the recolonisation rate of native vegetation between wetland
areas. Recolonisation of native vegetation occurred within only two years on the Finniss River
floodplain. In contrast, recolonisation of native floodplain vegetation in some areas of the
Daly River was very poor and remained limited for four years following mimosa control. The
degree of recolonisation of herbaceous species is dependent upon a variety of factors
including, but not limited to: the amount of native seed importation; presence of viable native
seed soil stores; rainfall and inundation events; the effects of on-site ecological disturbance
such as fire or vegetation removal from animal grazing or trampling; and the accuracy of
herbicide application rates in relation to different soil types and hydrology. Over-application
of herbicide can cause soil scalds, where very little vegetation is able to establish (Cook
1996). An improved understanding of the persistent changes to floodplain habitat caused by
mimosa (and control treatments) and the recolonisation process following mimosa control is
critical to achieving sustainable and long-term management of mimosa.

2.2.2 Effects of mimosa on native fauna

Effects on native fauna result from the dramatic floristic and hydrological changes brought
about by mimosa invasion. Braithwaite et al (1989) identified a number of species that were
affected both adversely and favourably by mimosa invasion at the Finniss and Adelaide River
study sites. Using these data they were also able to hypothesise on the general effects of
mimosa on patterns of animal abundance and diversity in these and other areas.

It was found that the presence of mimosa appeared, in general, to result in an increase in
abundance and species richness of terrestrial bird species. This corresponded with a decrease
in abundance of sedgeland-, wet forest- and ground-dwelling species (Braithwaite et al 1989).
(Cook 1992) also observed this phenomenon on the Gunbalanya floodplain where the
disappearance of many species of ground-feeding birds and the appearance of birds with other
forage zones, was clearly due to the conversion of the native grassland and sedgeland to a
mimosa shrubland. The increase in diversity of terrestrial species was probably associated
with the increased cover and nesting sites provided by the mimosa.

Waterbird abundance was lower in areas infested by mimosa where it has replaced the
treeless, deep-water sedgeland which is the prime habitat for waterbird populations
(Braithwaite et al 1989). Some species such as the magpie goose (Anseranas semipalmata)
and the brolga (Grus rubicundus) have either disappeared or are now much less common in
other parts of Australia. These species are increasingly utilising the wetlands of northern
Australia as a refuge (Frith & Davies 1961), moving hundreds of kilometres to perennial
swamps in the dry season (Bayliss & Yeomans 1990). In KNP, the aggregations of magpie
geese are in proportion to areas of favoured sedgeland (Eleocharis spp) habitat, the
preservation of which is critical for sustaining large magpie goose populations.

Small mammals appeared to favour the dense mimosa canopy, possibly due to protection
from predators offered by the canopy and dense adventitious roots. However, it was
hypothesised that this increase in abundance may be a short-term phenomenon only, as
mimosa can dominate to the extent where the sedgelands, necessary for foraging, are
completely replaced (Braithwaite & Lonsdale 1987).
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Braithwaite et al (1989) captured mostly scincid lizards during their study. This group
decreased in abundance at mimosa infested sites and they concluded that in general, mimosa
appeared to provide an unsatisfactory microhabitat, as few lizards were found in the mimosa-
dominated areas. Amphibians showed no distinct pattern with respect to mimosa and
appeared to be little affected by its presence.

2.2.3 Conceptual model for mimosa

A conceptual model based on known information on mimosa, and the potential ecological
cultural and socioeconomic impacts is shown in Figure 4. In some cases, the effects noted for
native flora and fauna may apply to iconic and/or culturally significant species.

Pressure: Mimosa pigra

y

Major exposure pathways: Water, wind, vehicles, water craft, animals, deliberate movements of
earth and propagules

y

Favoured wetland habitats: Floodplains (land subject to inundation), freshwater ponds & swamps,
creek and river banks — particularly disturbed habitats

l

Competitive exclusion of native flora

Loss of suitable habitat for some native fauna
Creation of suitable habitat for some native fauna
Loss of suitable food resources for native fauna
Alteration of hydrological regimes

Decreased capacity to manage vertebrate pests
Competition with pasture grasses

. Reduced development, and increased production costs of pastoral
Ecological, socio-economic and agricultural enterprises

and cultural effects: Reduced potential for sustainable utilisation of native wildlife
Diminished aesthetics and threatened income from tourism
Reduced access to recreational fishing

Restricted access to traditional Aboriginal hunting areas and
important cultural/ceremonial areas

Reduced availability of other traditional natural resources (flora &
fauna)

Diminished status as a nationally or internationally important
wetland

Figure 4 Conceptual model of known information on Mimosa pigra

2.2.4 Beneficial uses of mimosa (see Miller 2004)

Mimosa has been of botanical interest for over one hundred years, largely for the novelty
aspect of its touch-sensitive leaves that close when stimulated. In 1947 it was introduced into
Thailand as a green manure and cover crop in tobacco plantations (Napometh 1983), and is
also used for firewood, bean poles and temporary fences. Attempts at making fibreboard
found that the product absorbed excessive moisture and was unsuitable for commercial use
(Robert 1982). In Vietnam, processed, sterilised mimosa wood was trialled, with promising
results, as a medium for growing mushrooms (Tran Triet Vietnam National University pers
comm 2002). At high densities, it increases soil fertility and redistributes nutrients higher up
in the soil profile (Miller 2004).
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Due to its high protein content (20-30%), studies in Thailand have been conducted to assess
the use of mimosa as a substitute for Leucaena leucocephala in animal feed (Vearasilp et al
1981a, Vearasilp et al 1981b). It is also heavily grazed in Nigeria by larger native herbivores
such as elephants, antelope and buffalo (Geerling 1973). There are reports from Australia of
browsing by horses, buffalo, cattle and goats (Miller 1988, Lonsdale et al 1995). Cattle and
goats have also been observed browsing on mimosa in Thailand.

In Africa, it is reportedly used as a medicinal plant for colds, fever, toothaches, eye
complaints (Horov’s Tropical Seeds 1980) and snake bite (Irvine 1961). In Sumatra, a
mimosa infusion is used to treat weak heart and pulse (Grosvenor et al 1995), and in Mexico
it was a traditional Mayan medicine for diarrhoea.

In the Northern Territory, the harvesting of mimosa to provide tannins (NT Government 1997)
and electricity generation (Sharp 2001) has been proposed. Neither project has commenced,
however, a number of feasibility and other studies have been completed by the Northern
Territory Power and Water Corporation, the Department of Business, Industry and Resource
Development (Now Department of Resources), Biomass Energy Services and Technology Pty
Ltd and Enecon on behalf of the Australian Cooperative Research Centre for Renewable Energy
(ACRE) (Enecon Pty Ltd 2001). In this context, concerns have been raised about spreading
mimosa to new areas via the proposed harvesting and transport. Committees overseeing mimosa
management have supported the proposal provided stringent safeguards are implemented. As a
class *A’ noxious weed, mimosa cannot be viewed as a renewable crop (Miller 2004).

2.3 The potential extent of mimosa

2.3.1 Current distribution of mimosa on the Magela floodplain

Figure 5 shows the known locations of mimosa on the Magela floodplain and surrounding
areas. The circles represent mimosa plots recorded in the Kakadu National Park mimosa and
East Alligator district databases. Although the original incursion at each plot has been
removed, mimosa seedlings are occasionally found each year at certain plots. Monitoring and
treatment (if appropriate) has been ongoing at each plot since its discovery. The associated
date of the site indicates when the plot was first located. The triangles represent mimosa
locations recorded in the Northern Territory Government weeds database. The database
records are from a variety of historical vegetation/weed surveys including: Wilson et al
(1991); NT Department of Primary Industry, Fisheries and Mines noxious weeds database;
and Conservation Commission of the Northern Territory vegetation survey data.

2.3.2 Invasion rates and pathways of mimosa

Invasion rates

Cook et al (1996) found that between 1981 and 1993 the number of new mimosa outbreaks in
Kakadu National Park totalled about 160. The number of new outbreaks found each year
fluctuated between 5 and 28 with a mean of 15 and no consistent trend over time. Data on
mimosa spread rates for other Top End regions are briefly described below.

The calculated spread rate for the mimosa infestation on the Gunbalanya floodplains in
western Arnhem Land, was a doubling in area every 1.4 years. This resulted in an increase
from ~200 ha in 1984 to ~6000 ha by 1991 (Cook et al 1996).
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Figure 5 Known mimosa locations on the Magela floodplain and surrounding areas. The dates shown
are only for the KNP data and indicate the year mimosa was discovered at that site.

Lonsdale (1993a) examined wetland mimosa invasion at two scales: within a single wetland
system on the Adelaide River floodplains, and across the entire western coastal region of the
Northern Territory. The study investigated the rate of spread of a stand of mimosa within a
wetland, based on seed dispersal by wind. This result was then compared to an observed spread
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rate based on aerial photographs from a region where either wind or water could be the dispersal
mechanism. The results indicated that if wind was the only seed dispersal method, the most
rapid linear increase of a mimosa stand would be 18.3 m per year.” Actual rates of spread
determined from aerial photography were found to average 76 m per year or greater in five out
of six years. This disparity implicates dispersal of seeds by flotation being responsible for the
more rapid expansion of mimosa as observed in the region. The rate of spread was greatly
influenced by climatic conditions in that there was a strong relationship between the rainfall
during the wet season and the proportional increase in the area of the stand in the following
year. Over the six year study period, the area of mimosa within the river system doubled every
1.2 years. Using maps prepared from reports of infestations across the western coastal region of
the Northern Territory, the doubling time for a number of infestations was 6.7 years. It was
hypothesised that the slower rate of expansion was due to separation by eucalypt savannas of
the more suitable wetland habitats (ie between catchment spread) (Lonsdale 1993a).

Invasion pathways

The bristled seed pods float via surface tension and may be carried for extended periods of
time over great distances particularly when maximum seed fall coincides with heavy flooding
(Lonsdale 1993a). The seed pods adhere to clothing and animal fur, thus they may be spread
both within and between catchments by humans and animals including buffalo, cattle, horses,
pigs and wallabies (Miller et al 1981). Seeds may also be contained in the mud and debris that
attaches to animals, vehicles, machinery and water craft, or be lodged in the crevices of
vehicles etc. Livestock and native mammals sometimes graze on mimosa plants (Miller
1988), so seeds may be dispersed in the dung of these animals (Miller & Lonsdale 1987).
Although spending up to 36 hours in the gut of an animal, mimosa seeds may still be 70-90%
viable (Benyasut & Pitt 1992). Physical removal of seed contaminated sand for construction
purposes is thought to be responsible for the spread from the Adelaide River to the Batchelor-
Rum Jungle region and possibly other areas (Miller et al 1981). The rapid spread of mimosa
in Thailand (Thamasara 1985) and Sri Lanka (Marambe et al 2004) is also thought to have
been facilitated by movement of sand for landfill and construction work.

It is not known for certain if waterbirds are capable of dispersing mimosa seeds, although
there is strong anecdotal evidence to suggest this may occur. Initial surveys of the Phelp River
infestation discovered a large single mimosa plant, visually estimated to be approximately
5-7 years of age, positioned immediately beneath a Jabiru nesting site, while the remaining
mimosa infestation consisted of plants in a single age cohort of approximately 2-3 years. The
nesting site was positioned in small Melaleuca trees three metres above ground level and large
quantities of Jabiru faeces occurred in the immediate vicinity of the larger mimosa plant,
suggesting mimosa contaminated faeces may have resulted in the original seed importation
(M Ashley pers comm 2001).% In 1996/97 a similar scenario of a new, isolated single plant
infestation was observed at the Mirrngadja area of the Arafura Swamp in north-eastern
Arnhem Land (G Flanagan pers comm 2002). The most westerly Northern Territory
infestation at Legune Station, about 50 km from the Western Australian border, consisted of
three separate small incursions totalling about half a hectare. Northern Territory Government
weed officers could not identify the source of the infestation, but waterbirds were
hypothesised (Mark Ashley pers comm 2001).

While wind is not considered to be a major cause of spread, tropical cyclones could contribute. High intensity
winds and flooding associated with cyclones may carry seed over long distances (Benyasut & Pitt 1992).

The Jabiru is a carnivore with a predominantly fish diet. However, mimosa seeds may be mixed with aquatic
vegetation which is often incidentally ingested.
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Humans value mimosa for the novelty of the touch sensitive leaves. This has increased the
risk of deliberate introductions into new areas, even across interstate/international borders. It
is possible that this scenario was the reason for the initial introduction of mimosa to Darwin
(Miller & Lonsdale 1987).

2.3.3 Preferred habitats and environmental conditions of mimosa

Mimosa has been introduced into most tropical regions of the world where it grows in
comparatively open, moist sites such as coastal floodplains and riverbanks (Miller et al 1981,
Lonsdale et al 1985, Lonsdale 1992b). In the introduced range, mimosa infests naturally or
anthropologically disturbed places such as reservoirs, canal and river banks, roadside ditches,
agricultural land and floodplains. In its native range mimosa occupies similar habitats,
especially in areas which have been disturbed, but usually occurs as small thickets or individual
plants (Harley 1986). However, even in its native range, mimosa is now posing a threat in some
areas. For example, in the republic of Costa Rica in Central America, mimosa is rapidly
expanding in areas of rice cultivation, with many infestations now covering hundreds of
hectares. The spread is often associated with the drainage channels that drain the rice fields. The
infested areas are drier, with the frequency of flooding and the water depth greatly reduced.
Mimosa has also become common in overgrazed areas in Costa Rica (Boucher et al 1983).

Rainfall and temperature

The most numerous and severe mimosa infestations in the Top End occur in the region of
1200 mm to 1800 mm annual rainfall. Some of the more southerly Top End infestations are in
the 900-1200 mm rainfall zone, whilst the Phelp River infestation in the south-east of the Top
End is in the 600-900 mm rainfall zone. Miller (1983) made the conservative prediction that
except around dams and watercourses mimosa would probably not be a major problem in
regions with less than 750 mm annual rainfall.

The temperature tolerance range of mimosa has not been quantified (Lonsdale et al 1985).
The average annual minimum temperature of NT mimosa infested areas is between 18°C and
24°C, the average annual maximum temperature is between 30°C and 36°C.

Geomorphology and soils

The coastal wetlands of the Northern Territory are predominantly a depositional landscape of
estuarine and riverine alluvial deposits with some beach ridge development (Isbell 1983). The
floodplains of the northern flowing drainage systems show remarkably low gradients, and
they respond strongly to the monsoonal climate, being inundated with freshwater during wet
season floods (Woodroffe et al 1986).

Mimosa is not restricted to any one soil type (Miller 1983). Most outbreaks of mimosa have
occurred on the coastal floodplains which are dominated by black massive cracking clay soils
(vertosols). Some infestations have occurred on yellow mottled duplex soils on the Adelaide
River and also on the Daly and Moyle Rivers (Miller 1988, Northcote et al 1975). Miller
(1983) has also reported the plant growing on alluvial red and yellow earths, silty loams, and
coarse siliceous river sand. Vertosols are the most dominant soil type on the Magela
floodplain (Wells 1979) and occur in about 9% of the Kakadu region (Lynch & Wilson 1998).
Minor soils of the seasonally inundated areas include loams and sands on slightly elevated
river levees and humic gley soils on the margins of floodplains, which frequently support
paperbark forest. Mimosa also infests these lighter-textured soils, which occur in association
with the more extensive cracking clay soils (Miller 1988).

A comparison of two sites in the Adelaide River found that seed production and seedling
densities were generally higher in heavy black cracking clays, than in lighter sandy clay soils
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(Lonsdale et al 1988). The longevity of plants varies for different soil types, the half-life of
plants on black cracking clays being somewhat greater than for plants growing on the lighter
soil. This may be due to the greater moisture holding capacity of the heavier soil (Lonsdale
1992b). Seed longevity, by contrast was found to be greater in lighter soils (Lonsdale et al
1988).

Inundation

Mimosa is very tolerant of seasonal inundation, using aerial or adventitious roots. Glasshouse
experiments suggest that permanent inundation would prevent seedling recruitment
(Shibayama et al 1983). However, if a permanently inundated area were to experience either
several below average wet seasons or unusually prolonged dry seasons, seedlings could grow
to maturity and colonise the area to some extent. In northern Australia, seedling densities have
been found to vary greatly throughout the year, many being drowned by the floodwaters of
the wet season (Lonsdale 1992b, Lonsdale & Abrecht 1989).

Several consecutive above average wet seasons can, to some extent, inhibit the germination of
mimosa seeds. Whilst seeds need moist soil to germinate, excessive waterlogging or prolonged
inundation reduces the rate of seed germination by rotting or from oxygen deprivation. This
phenomenon has been observed in the Northern Territory in regions of the Arafura swamp and
the Phelp River floodplain (M Ashley pers comm 2001).

Prolonged seasonal drought can result in very high seedling mortality (Lonsdale & Abrecht
1989). In support of this, Cook et al (1996) found that of all the wetland habitats in Kakadu
National Park, the open plains, which have a relatively short period of inundation, had the
lowest density of mimosa outbreaks. High densities of outbreaks were found in the
billabong/channel and backswamp habitats, both of which are inundated for a relatively long
period of time. Ground disturbance and plant competition can affect the success of mimosa
despite the period of inundation (Cook et al 1996).

Artificially induced hydroperiod from structures such as dams and rice fields for example can
facilitate the spread of mimosa. Examples of this come from the Kafue Flats of Zambia in
southern Africa where mimosa was recorded from river levees as early as the late 1960s, but
was scarce. Since 1983 mimosa colonised extensive areas in a national park on the Kafue
Flats. In the 1970s, flooding on the flats was regulated by hydro-electric dams, resulting in the
main mimosa infestation that was formerly on the mid-level floodplain appearing more
vigorously on the edge of a permanent lagoon (Bob Douthwaite pers comm 2002, Musonda
Mumba pers comm 2002). In Tram Chim National Park in the Mekong Delta region of
Vietnam, mimosa doubled each year to reach 1900 hectares in 2002. The cause of the initial
expansion was thought to be the regulation of water depth associated with rice cultivation
(Triet et al 2004). The new germination of mimosa at Peter Faust Dam in Queensland was the
result of receding water levels within the catchment due to extended dry periods (Chopping
2004). It is likely that the mimosa seed bank had been present for some time and only
germinated when conditions were favourable.

Salinity

The precise relationship between the distribution of mimosa and salinity levels remains to be
determined. Salinity near infestations on the lower Adelaide River can reach 18 000 ppm (~
50% salinity) late in the dry season (Miller 1983). In 1968 it was thought that the Marrakai
crossing would mark the lower limit of the spread of mimosa on the Adelaide River system,
as the crossing represents the limit of tidal influences on the river. The subsequent
downstream invasion to the floodplains has disproved this theory. This section of the river
does not become saline until the mid-dry season, therefore seed washed down and deposited
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on the banks during the wet season can later germinate in the early dry season. After this
period, little moisture is required to maintain mature plants (Miller et al 1981). Plants growing
in saline areas appear to be stunted, but this may be due to continual waterlogging.

Fire

Mimosa habitats are often subject to fire. Green mimosa does not burn readily and fires,
unless carried by strong winds, generally die out in dense infestations due to a lack of
understorey vegetation and fuel in dense thickets, and if the infestation remain wet during the
dry season. Fire will pass through scattered infestations where understorey fuel is present
(Miller & Lonsdale 1992). When infestations are burnt, the impact on mature plants can vary
with the season and weather conditions. In one study, only a small proportion of mature plants
were Killed and more than half of the seedlings regrew after fire (Miller 1988). Nguyen et al
(2004) found that fire triggered the germination of seeds with an average five-fold increase in
the number of seedlings per square metre. In KNP, Rangers have to be very alert after a
floodplain fire as seedlings often appear in a plot area that may have been seedling free for a
number of years (R Salau pers comm March 2007). Mimosa also has adaptive traits that
stimulate regrowth from the stem base after fire (Miller & Lonsdale 1992).

Shade tolerance

Lonsdale & Abrecht (1989) explored the shade tolerance of mimosa using artificial shade
treatments and the presence of a mimosa canopy. They found that in glasshouse experiments,
increasing shade slowed the growth of mimosa seedlings. No seedlings survived beyond five
weeks in 92% shade or beyond nine weeks in 77% shade. Seedlings growing in 60% shade
continued growing throughout the eleven weeks of the experiment. In field experiments
Lonsdale & Abrecht (1989) found that the presence of a mimosa canopy had no detectable
effect on the survival and size of surviving plants. Even though the canopy provided a source
of moisture competition, it also reduced the water loss from the soil, which was found to be
the major cause of seedling mortality. When compared with treatments where the canopy was
cleared, survival was significantly enhanced by artificial shade treatments, again because it
reduced moisture loss but in this case did not compete with the seedlings for moisture.

2.3.4 Potential distribution of mimosa in Kakadu National Park

Experience from infested coastal floodplains in the Northern Territory has shown that mimosa
has the potential for large-scale invasion of the majority of floodplain habitats except for
perhaps the deeper perennial waterbodies. Habitat susceptibility to invasion, and the infestation
density will vary depending on the hydroperiod, soil type, salinity, local topography, canopy
density and levels of disturbance (Walden et al 2004). Most Kakadu National Park floodplain
habitats, including the Magela are very similar to those of other Northern Territory coastal
floodplains that have suffered extensive mimosa infestations (eg Gunbalanya, Mary, Adelaide,
Daly and Finniss Rivers) and are therefore likely to be susceptible to similar levels of invasion.
In this context, no habitat suitability modelling was performed for mimosa.

2.4 ldentification of the risks of mimosa

The proximity of nearby mimosa infestations and the potential for propagule importation from
waterbirds, animals, vehicles and boats all increase the risk of mimosa invasion to Kakadu
National Park. Furthermore, seedlings have resprouted from 20+ year old and if any seedlings
mature and set seed, then there may seeds in the area for at least a further 20 years. This
means that a mimosa plot can never really be considered totally ‘inactive’ in terms of
potential growth. Depending on a plant’s proximity to an existing plot, it is difficult to
determine if the seed came from that plot or it is a new incursion from elsewhere. In general, a
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new plot is listed in the database if the new plant(s) occur more than 500 m from an existing
plot. The exception to this is when the existing plot is in the upstream region of a floodplain
pocket as over the years, seedlings may be scattered downstream for more than 500 m
(R Salau pers comm March 2007).

A potential re-assessment of the current resource commitment for mimosa could occur if
establishment was to ‘out-pace’ the monitoring and surveillance efforts. For example,
following the 2006-07 extreme wet season floods, there was concern that if seeds of a few
undiscovered plants were dispersed at that time, those seeds would likely be carried far
greater distances and possibly into previously unsurveyed areas/habitats than would normally
occur. Consequently, survey scope and resources would need to be increased to avoid missing
any new plants. If the same scenario was repeated in subsequent years, then the risk of new
incursions being established would be greatly increased (R Salau pers comm 2008).

The Magela floodplain is now largely closed to the general public, therefore minimising the
risk of seed importation on vehicles and boats. Since buffalo were removed from the Park
during the 1980s, feral pig densities and the associated ground disturbance and destruction of
native vegetation cover has increased dramatically (Bayliss et al 2006) and this could
potentially facilitate mimosa establishment. Fortunately, compared to the widespread ground
disturbance by buffalo, pig damage on the Magela floodplain remains temporally and
spatially patchy and the native vegetation has largely recovered since the removal of buffalo.
The frequency of unmanaged fire could also alter the density and diversity of native
vegetation and promote the invasion of mimosa and other weeds (Bayliss et al 2006).

2.5 Uncertainty, information gaps and further research

Aspects of uncertainty, information gaps and further research into mimosa and its management
are discussed in Walden et al (2004). The tasks outlined below would become more relevant for
KNP should mimosa establishment increase (see above) and/or any current management efforts
be withdrawn.

2.5.1 Extent of mimosa

Detailed site-specific assessments of wetland characteristics, eg habitat suitability
modelling

More precise data on growth and environmental requirements/tolerances of mimosa

More detailed GIS assimilation of mimosa plots and new incursions with the possibility
of developing remote sensing techniques at a scale of topographical map information that
is finer than 1:250 000

Document the seed stores following integrated control programs (Ashley 2003)

Quantify the competitive relationship between mimosa and other wetland vegetation
(Ashley 2003)

Determine the factors that affect successful revegetation (G Flanagan pers comm 2002)
Research on how to fine-tune the current best practice integrated management regimes

The role, timing and impact of wildfires as opposed to controlled burning in relation to
both mimosa and floodplain management (G Flanagan pers comm 2002, Ashley 2003)

The relationship between native species recolonisation and the abundance of biological
control agents (Quentin Paynter CSIRO pers comm 2003).
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2.5.2 Effects of mimosa

The ecological impacts of the herbicides, wetting agents and adjuvants (improvers of
herbicide efficacy and/or application characteristics) used for mimosa control

Vulnerable and endangered fauna and flora within the habitat range of mimosa

Quantitative data on the environmental, economic, social and cultural impacts of mimosa.

2.6 Management implications of mimosa

Since the early 1980s, Kakadu National Park management have been aware of the
implications of widespread mimosa infestation in the Park (Skeat et al 1987). Systematic
surveys commenced in 1983 and prior to this, plants discovered fortuitously were destroyed
(Cook et al 1996). Since that time, four ongoing staff are dedicated to undertake surveillance
operations for any new incursions of mimosa, with the total mimosa control budget for the
whole Park being approximately $500 000 per annum. An added advantage of staff dedicated
to the control of mimosa is that during their surveillance operations they are also vigilant to
incursions of other weed species.

This investment, though significant, cannot be underestimated. Cost of control figures derived
for the Gunbalanya floodplain mimosa infestation during the 1990s were in the order of
$1 000 000 (over about six years) per thousand hectares (Storrs et al 1999) (Fig 6). Early
estimates of the cost of ongoing follow-up control of this infestation were over $100 000 per
year (DPIF 1997). Using these data, large scale removal of mimosa on any large floodplain in
KNP such as the Magela, would be in the order of tens of millions of dollars. The actual data
used to derive the function in Figure 6 were obtained from the NT Department of Primary
Industry, Fisheries and Mines annual reports relating to the Gunbalanya mimosa control
project where a budget statement was issued for each year of operation, hence the figures are
operational cost estimates only.
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Figure 6 Estimated control cost ($) from 1991 to 1996 (3 points are clustered at the base of the curve)
for large infestations of mimosa on the Gunbalanya floodplain, west Arnhem Land. Operational costs
only, and excludes salary and salary related on-costs, and large capital items (eg bulldozers).
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2.6.1 Bioeconomic modelling

Information on effort expended to control patches of varying densities of mimosa across the
Park was extracted from the KNP mimosa database (Table 1). A “first pass’ effort-abundance
curve over 22 years of mimosa survey and control is represented in Figure 7.

This preliminary modelling exercise does not take into account factors such as the size and
age of plants, plot size, travelling time and varying control methods. Further information on
labour and operational costs specific to KNP mimosa management are needed to convert this
function to a practical cost of control curve so that managers can simulate and compare
various control options. If Kakadu were infested with large areas of mimosa, the model
parameters could be set to determine the initial reduction and the subsequent maintenance
control effort relative to a target density required each year ad infinitum. With the current
mimosa situation in KNP, the control cost model can help managers minimise survey costs of
existing and new sites based on the history of available data.

Table 1 Mimosa control information over 22 years for Kakadu National Park, extracted and summarised
from the Kakadu National Park mimosa database

Year No. of plots Visits Person (days) Total plants Days/plant Plants/plot
1981 2 4 10.3 103 0.10 51.5
1982 1 5 10.7 15 0.71 15.0
1983 6 10 21.0 31197 0.00 5199.5
1984 17 152 326.3 19473 0.02 11455
1985 36 187 402.8 14275 0.03 396.5
1986 45 216 464.3 12163 0.04 270.3
1987 65 280 605.3 40363 0.01 621.0
1988 51 174 374.4 17250 0.02 338.2
1989 45 169 3624 14859 0.02 330.2
1990 71 258 555.8 14789 0.04 208.3
1991 50 165 358.3 22440 0.02 448.8
1992 104 309 662.5 65316 0.01 628.0
1993 123 363 785.1 47206 0.02 383.8
1994 102 249 532.5 11329 0.05 1111
1995 93 192 416.5 4048 0.10 435
1996 152 584 12771 54250 0.02 356.9
1997 162 663 1438.7 22138 0.06 136.7
1998 162 540 1135.3 9282 0.12 57.3
1999 167 473 1006.7 12228 0.08 73.2
2000 162 590 1252.1 10562 0.12 65.2
2001 167 446 930.7 3178 0.29 19.0
2002 38 41 85.4 1123 0.08 29.5
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Figure 7 Estimated control effort — abundance curve for mimosa control in KNP from 1981 to 2002.
The data points are from Table 1.
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3 Salvinia

Salvinia was introduced to Australia in the 1950s as an ornamental aquatic plant. It was
recorded in a natural water body in Luddenham in New South Wales in 1952 and in Brisbane
in 1953. By 1973 it was recorded in farm dams, ponds and streams in coastal catchments from
the NSW South Coast to north Queensland. In Western Australia infestations were found in
Bunbury and Albany. It was first recorded in the Northern Territory in 1976 in a Darwin
nursery, and later that year in a waterbody at Nhulunbuy on the Gove Peninsular some
650 km to the east of Darwin (van Oosterhout 2006). Salvinia is now widespread throughout
the Top End of the NT.

3.1 Identification of the problem

A physical description and details of the biology and ecology of salvinia are available in a
variety of literature (eg Cary & Weertz 1981, 1983a, 1983b, 1984, Mitchell & Tur 1975,
Room & Julien 1995, Storrs & Julien 1996, Cowie et al 2000). Figure 8 shows a salvinia
infestation on the Magela floodplain and the three growth forms of the plant, determined by
nutrient availability and physical crowding.
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Figure 8 Salvinia molesta (a) Western plains on the Magela system (b) close-up showing the three
growth forms (see text) (photographs — M Finlayson & R Salau)

3.1.1 Weediness®

Like mimosa and para grass, salvinia is a species valued by humans. Its attraction as an
aquarium and pond ornamental has resulted in far ranging movements. Once relocated,
salvinia may enter the wild via deliberate or inadvertent releases.

Following separation from the parent plant, a number of branches can develop at each node
and give rise to individual plants. Salvinia’s ability to grow from the smallest of fragments
and its rapid growth rate make it an aggressive and competitive species. Under ideal
conditions and away from natural enemies, salvinia is capable of doubling its biomass in 2-3
days (Mitchell & Tur 1975, Cary and Weerts 1983a). For Kakadu National Park, the fastest
recorded growth rate was a doubling of dry weight every 5 days (Storrs & Julien 1996).

The leaf structure of salvinia makes the plant extremely buoyant and virtually impossible to
sink unless the leaves are dying or severely damaged. This buoyancy enhances salvinia’s
ability to spread as it remains afloat during rapid flooding and in turbulent flowing waters,
opportunistically reaching uninfested areas during such events.

®  adapted from Cowie et al 2000, Room & Julien 1995, Storrs & Julien 1996
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Salvinia exhibits a remarkable ability to regenerate after being severely damaged or desiccated.
Green shoots may appear on plants that appear completely dead. For example, it can survive for
several months on seasonally dry floodplains. Exposed plants on the surface may desiccate, but
plants underneath or on the moist ground can survive. A similar scenario applies to occasional
exposure to frost (not in KNP) where exposed floating leaves may die but leaves lower down in
the mat survive, and the buds can remain viable as long as they are protected.

Comparisons between nutrient requirements in the laboratory and nutrient concentrations
measured in the field, demonstrate that salvinia is almost always growing under conditions of
limited nutrients. To offset this, the plant has become adapted to low ambient nutrient levels. It
can mobilise nutrients from senescent tissues for use by growing points and can take up
nutrients from ephemeral flushes carried in rainfall runoff, storing any excess for future growth.

3.1.2 The history of salvinia invasion in Kakadu National Park

Salvinia was first recorded in the Park on 5 September 1983 in several billabongs and
interconnecting channels downstream of the Gunbalanya road crossing of Magela Creek, a
southern tributary of the East Alligator River (Finlayson 1984a). The infestation covered
approximately 7 km2, and observations on the distribution and presence of dead plants in the
trees above the water line indicated that the weed was present during the previous wet season
(Storrs & Julien 1996). A small infestation of water hyacinth (Eichhornia crassipes) was
discovered close to the road at the same time, and fortunately this was removed and
apparently eradicated (Finlayson 1984a).

The location and the presence of the two weeds together gave rise to speculation that the weed
was introduced by humans (Finlayson 1984a), either deliberately or possibly by viable plant
material being washed from a vehicle or boat. This was the third time in two years that that field
infestations of the two weeds had been found together in the Northern Territory (Storrs & Julien
1996). Early attempts to remove salvinia failed and over 2-3 years it spread throughout the
Magela floodplain and all the main billabongs were at different times at least partly, or even
completely covered by floating plants (Finlayson et al 1994). By the late 1980s salvinia had
spread upstream of the Magela Creek crossing into Mudginberri Billabong and surrounding
swamplands, and in 1990 the entire Magela floodplain was quarantined (Storrs & Julien 1996).

Despite quarantine efforts a new infestation was discovered in the Mekinj Valley in Tin Camp
Creek, a northern tributary of the East Alligator River. This infestation also escaped during
ensuing wet seasons and spread downstream to waterbodies in western Arnhem Land and
KNP (Storrs & Julien 1996). In August 1990, the weed jumped catchments and appeared at
Danbandji on Nourlangie Creek, a tributary of the South Alligator River. Again attempts at
eradication failed and the infestation spread to surrounding areas and further downstream
during the wet season of 1992/93. By the following wet season it was being flushed into the
main South Alligator River (Storrs & Julien 1996).

3.2 The potential effects of salvinia

Dense mats often completely blanket waterbodies and fringing vegetation habitats. These
mats are sometimes invaded by other plant species that colonise and stabilise the mats to form
extensive floating communities (Finlayson et al 1988). Under this scenario, light penetration
into the water column can be almost non-existent, resulting in severely reduced algae and
macrophyte growth. In conjunction with large volumes of decaying salvinia, this leads to
lower oxygen levels and higher carbon dioxide, hydrogen sulphide, acidity and temperature
levels than those of nearby open water (Mitchell 1978). The nutrient status of the water is also
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altered as salvinia depletes water of bio-available nitrogen and phosphorus and stores it as
biomass. The maximum rate of nitrogen uptake has been calculated at about 6000 kg per
hectare per year (Room 1986).

3.2.1 Effects of salvinia on native flora

Salvinia can out-compete submergent, emergent and other floating vegetation by effectively
restricting the availability of light, degrading water quality and reducing nutrient levels,
However, quantitative information on these effects in relation to the competitive exclusion of
native plants is currently unavailable.

3.2.2 Effects of salvinia on native fauna

There is no published information that quantifies the effects of salvinia on fauna. Anecdotal
evidence from Kakadu National Park suggested that numbers and species of waterbirds were
fewer on billabongs with salvinia infestations (M Storrs & M Julien pers obs 1991-1994, B Hall
pers comm 1994), presumably because the cover of the weed restricts the more open water
habitat suitable for foraging for prey such as fish and aquatic insects. There was evidence of
declines in numbers of small fish, such as catfish (Neosilurus spp), and a reduction in a file
snake (Acrochordus arafurae) population in a severely infested billabong has been reported (T
Madsen pers comm 1994) (Storrs & Julien 1996). Phytoplankton levels would likely be reduced
as a result of light exclusion through the water column, thus reducing the food availability for
plankton feeders (ie small fish and macroinvertebrates). Migrating birds may not recognise or
stop at waterbodies covered with salvinia (Western Aquatic Plant Management Society 2004).

3.2.3 Conceptual model for salvinia

A conceptual model based on known information on salvinia, and the potential ecological
cultural and socio-economic impacts is shown in Figure 9.

Pressure: Salvinia molesta
!
Major exposure pathways: Water, wind, floating mats, vehicles, water craft, animals (usually short
distances), deliberate movements of propagules
!
Favoured wetland habitats: Floodplains (land subject to inundation), freshwater ponds and swamps,
creeks and rivers — particularly during periods of reduced flow
!

Competitive exclusion of native aquatic flora

Loss of suitable habitat for some native fauna

Loss of suitable food resources for some native fauna

Altered hydrological regimes

Altered nutrient status and water quality

Restricted access to waterways (humans, stock & wildlife)
Ecological, socio-economic and - Interference with irrigation systems
cultural effects: Reduced potential for sustainable utilisation of native wildlife

Reduced aesthetics and threatened income from tourism (particularly
when areas are quarantined)

Restricted access to traditional Aboriginal hunting areas
Reduced availability of other traditional natural resources (flora & fauna)
Provides ideal habitat for mosquitoes

Damage to structures such as fences and bridges during high flows

Figure 9 Conceptual model of known information on Salvinia molesta
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3.2.4 Beneficial uses of salvinia

Salvinia is widely used and distributed as a pond and aquarium ornamental. It forms a
satisfactory compost and mulch (Boyd 1974), and has been used as a supplement to fodder for
livestock in some Asian countries (Oliver 1993). A limited number of studies have examined
salvinia’s suitability for treating sewage effluent (Finlayson et al 1982), papermaking
(Bhambie & Bhardwaj 1979), and the generation of biogas (Ramey 1983). However, none of
these enterprises have resulted in commercial utilisation of salvinia probably due to high
labour and machinery costs associated with moving the 96% water/weight content of the plant
(Thomas & Room 1986).

3.3 The potential extent of salvinia

3.3.1 Current distribution of salvinia on the Magela floodplain

Only a few years after the initial discovery of salvinia in 1983, it spread downstream to all
corners of the Magela floodplain including neighbouring areas such as Didygeegee swamp to
the west (Finlayson et al 1994). Over time it has also spread upstream of its original source
location and invaded Mudginberri Billabong and the surrounding swamplands (Storrs &
Julien 1996). At present the upstream limit of spread is Corndorl (Gurndurrk) Billabong, a
backflow billabong (with an adjoining small floodplain) on Corndorl Creek, a tributary of the
Magela Creek. Corndorl is about 6—7 km upstream of where salvinia was first found on the
Magela and about 3 km upstream of Mudginberri Billabong. It is not known how salvinia got
this far upstream as there is no evidence of salvinia in the creek corridor between Corndorl
and Mudginberri Billabongs (R Salau pers comm 2008).

Due to the dynamic nature of salvinia where it may exhibit rapid growth and decline, the actual
coverage within the distribution shows considerable temporal and spatial variation. Salvinia
mats that form on billabongs rarely persist for a complete annual cycle due wet season flushing
and plant damage caused by the introduced biological control agent, the weevil, Cyrtobagous
salviniae (Finlayson et al 1994). In the late wet season, the plant is at its most vigorous phase
and may cover an entire waterbody. Toward the late dry season, the salvinia mats generally
show dramatic symptoms of weevil damage and often sink prior to the wet season floods,
usually in December or January (Storrs & Julien 1996, Julien & Storrs 1994). The most
significant damage is caused by the weevil larvae as they burrow through the stem, destroying
the root—shoot causing the plant to become friable and waterlogged, and to eventually sink link
(Sands et al 1983, Forno et al 1983, Julien et al 1987). The strength of the wind and the
subsequent degree of compaction of the mats can also greatly influence the area and distribution
pattern of salvinia cover on a waterbody (Storrs & Julien 1996). Similarly, water flow eddies on
the floodplain are also associated with the accumulation of dense floating salvinia mats.

In some years, either relatively little salvinia growth occurs, or the biomass can increase rapidly
often blanketing an entire billabong. The rate of salvinia biomass accumulation, and the actual
amount of growth is influenced by factors that are linked to the population dynamics of the
weevil. The timing of the onset of the wet season rains and the timing and size of the main flood
events appear to be the key variables affecting weevil numbers and salvinia growth. The initial
flood of the wet season provides an influx of nutrients ideal for plant growth. If the wet season
has follow-up floods that dilute the wetland system, this may markedly reduce nutrient levels,
thus reducing salvinia’s growth potential. If the wet season floods arrive later in the season and
are diminished in intensity, this may allow a ‘soup’ of nutrient rich waters to enter and remain in
waterbodies thus creating a high plant growth potential. If weevil numbers are low at this time,
the high growth potential is met. Naturally occurring fish kills (Bishop 1980, Bishop et al 1982),
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often involving many thousands of fish, can further increase nutrient levels in waterbodies thus
boosting the potential growth rate and biomass of salvinia. Storrs & Julien (1996) found that
weevils were generally successful in restricting the lower growth potential of salvinia with the
early arrival of major wet season floods and associated flushing effect, provided that adequate
weevil numbers had been sustained over the preceding dry season. Both weed and weevil
populations increased, but salvinia growth rates were suppressed and biomass and cover
restricted, as a result of the relative abundance of the weevil. They also found that a during a
late and low intensity wet season scenario, salvinia grew rapidly for some time before any
possible flushing occurred. At this time weevil numbers were very low and could not keep pace
with the salvinia growth despite an increase in their numbers. Weevil numbers were found to be
low due to population crashes that occurred late in the previous wet season. At that time,
salvinia was severely damaged by weevil populations that had increased so rapidly, they had
consumed virtually all of their food source.

3.3.2 Invasion rates and pathways of salvinia

Invasion rates

Salvinia is dependent on rapid growth and water-flows for its distribution within catchments.
As each catchment has its own characteristic hydrological regimes, and different vegetation
structural types, it is difficult to discuss salvinia distribution in terms of actual average spread
rates™. In a free flowing system without obstruction, salvinia could in theory, be carried from
one end of a catchment to the other end almost as rapidly as the rate of water flow. On the
Magela Creek, it took some two to three years to spread throughout the entire floodplain.
Native vegetation and the seasonal and meandering nature of the water flow across the
floodplain would have slowed its progress. In more static waterbodies, salvinia’s rapid
doubling rate enables it to completely cover a large waterbody in a matter of months or even
weeks. A single plant has been observed to rapidly multiply in only three months, forming a
thick mat covering some 65 km2 (Creogh 1991/92). The rate of coverage maybe slowed by
factors including wind and wave action that cause plants to sink, flushing of the waterbody,
obstructions (eg native vegetation) that impede surface flow, very low nutrient levels, and the
presence of biological controls.

Invasion pathways

Salvinia is capable of floating on water for extended periods. Within catchments, this feature
and water flows usually enable rapid spread. Spread between catchments is most likely by
vehicles and boats (and boat trailers) that harbour vegetative material which may remain viable
in moist conditions. It can be transported over short distances by animals such as feral water
buffalo (Miller & Wilson 1989), and it is likely that it may also be spread by birds (Storrs &
Julien 1996). Salvinia is valued as an attractive ornamental pond and aquarium plant. Distant
incursions of the weed are caused by deliberate or inadvertent releases in the wild where aquaria
have been emptied into drains, ponds and waterways (Storrs & Julien 1996). It is also suspected
that in Queensland, some salvinia is ‘farmed’ in natural waterways for harvest and sale by
irresponsible people (QDNRM 2003).

3.3.3 Preferred habitats and environmental conditions of salvinia

Salvinia has spread throughout the tropics and sub-tropics of the world, originally being
exported from its native Brazil in South America probably as an aquarium or pond ornamental

1 There are many studies that have addressed the growth rates of salvinia for different regions and varying
conditions (eg Gaudet 1973, Mitchell & Tur 1975, Cary & Weerts 1983a&b and 1984, Toerien et al 1983,
Finlayson 1984b).
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plant. It forms dense mats and grows best in still or slow-flowing fresh waters. It will grow in
clear water and in waters subject to flooding, although it prefers more eutrophic water where
nutrients are not limiting. In faster flowing waters, salvinia forms an understorey to other
vegetation that anchors it in place (Storrs & Julien 1996).

Moisture and temperature

Irrespective of rainfall, salvinia will grow on waterbodies and wet soils provided other
environmental factors (see below) are within tolerance. The best growth rates are achieved at
a temperature range of about 22—-30°C, with the optimum being 30°C (Mitchell & Tur 1975,
Room 1986). Little growth occurs below 20°C (Cary & Weerts 1981) and no growth is
thought to occur below 10°C or above 40°C (Room 1986). When exposed to temperatures
below —3°C or above 43°C for >2 hours all buds die, effectively killing the plant (Whiteman
& Room 1991). Plants may be killed by frost but protected parts and unfrozen buds survive.

Nutrients

Growth rates of salvinia are significantly affected by nutrient availability, particularly nitrogen
and phosphorus. High nitrogen levels in particular increase both the rate of extension of existing
branches and the rate of production of new branches (Room 1983, 1988, Julien & Bourne
1986). Laboratory studies have shown that growth of salvinia ceased to be limited by plant
nutrient concentrations of 5% for nitrogen and 0.5% for phosphorus (Cary & Weerts 1983a,
1983b, Room 1986). The nitrogen content of salvinia ranges from 0.62—4.0% dry weight, whilst
the phosphorus content is 0.03-1.07% dry weight (Room & Thomas 1986a, 1986b). Maximum
rate of nitrogen uptake, calculated from rates of growth, is near 8 mg nitrogen/g dry weight of
salvinia/day or about 6000 kg nitrogen/ha/year (Room 1986). Actual measurements at a sewage
treatment lagoon indicated an uptake of 1580 kg nitrogen/ha/year (Finlayson et al 1982).

Salinity and conductivity

Salvinia is primarily a freshwater species. Growth is slower in brackish waters with a
tolerance limit of up to about 0.6% or 20% salinity of sea water (Room & Julien 1995).
Salvinia is unable to survive for more than 30 minutes in sea water even if the plants are re-
placed in fresh water (Room & Julien 1995). A 25% reduction in growth rate occurs in water
of 0.3% salinity, equivalent to a conductivity of 4800 mS cm-! or 10% salinity of sea water
(Divakaran et al 1980). Salvinia has formed thick mats in Australian waters with
conductivities ranging from 200 to 900 mS cm-! and in sewage lagoons with conductivities as
high as 1400 mS cm-1 without signs of toxicity (Room & Gill 1985). Salvinia will cover
waters with conductivities as low as 100 mS cm-1 (Mitchell et al 1980), though the leaves were
often yellow, indicating a nitrogen deficiency.

pH

Salvinia produces the greatest biomass when grown in a nutrient solution with a pH of 6.0
(Cary & Weerts 1984). It grows well in the field in waters with a pH of between 6.0 and 7.4.
(Mitchell et al 1980). Salvinia will tolerate a wider pH range than this, being found in waters
with pH as low as 5.2 in Malaysia, and as high as pH 9.5 in some regions in Africa (Holm et
al 1977, Mitchell et al 1980).

3.3.4 Potential distribution of salvinia on the Magela floodplain

On the Magela system the downstream limit of spread is the point where salinity from the
tidal estuary region of the East Alligator River becomes too high for salvinia to maintain
growth. The upstream limit of spread at Corndorl Billabong is a considerable distance
upstream of where salvinia was first found on the Magela, indicating that there is potential for
further upstream spread to billabongs such as Gulungul and Georgetown.
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3.4 ldentification of the risks of salvinia

The extent of salvinia in Kakadu National Park is reasonably well known and documented,
though there is very little quantitative information of the effects. In the absence of this data,
the real risks of salvinia infestation remain uncertain. Other than a few anecdotal
observations, it is impossible to determine what real effects salvinia has on water quality and
the biodiversity of aquatic fauna and flora. Salvinia is such an insidious weed, that the risk of
infestation to clean areas in KNP remains a possibility despite the very best efforts of spread
prevention and quarantine.

3.5 Uncertainty, information gaps and further research

3.5.1 Extent of salvinia

Perhaps the greatest uncertainty surrounding the future coverage of salvinia (compared to the
geographical extent) is the persistence and success of the biological control weevil. During the
1980s there was concern that the biological control was becoming less effective as the salvinia
mats were increasing in area and thickness to the extent that they supported the growth of other
vegetation including small trees. The wet season flows failed to flush the mats from the
billabongs, thus allowing the mats to further develop each year. The more the mats bound with
other vegetation, the less likely they were to sink or be flushed out (Julien & Storrs 1994).
Preliminary investigations suggested that high temperatures may have affected the success of
the weevils (Skeat 1990). The Australian Nature Conservation Agency (ANCA) at the time
contracted the Commonwealth Scientific and Industrial Research Organisation (CSIRO) to
assess the problem (Julien 1993, Julien & Storrs 1994). The main cause of ineffective control
turned out to be the crashing of weevil populations following destruction of the weed on which
it relied for food. The timing of the onset of the wet season and these population crashes
determined the number of weevils available to attack the new growth of salvinia and further
research into this phenomenon was recommended (Julien & Storrs 1994).

3.5.2 Effects of salvinia
See sections 3.2.1, 3.2.2 and 3.4.

3.6 Management implications of salvinia

Initially, considerable resources were dedicated to mechanical and chemical control and later,
to the distribution of the weevil, including monitoring its effectiveness. It is acknowledged
that salvinia is now a permanent inclusion in Kakadu’s flora and that eradication of the larger,
more persistent infestations is not possible due to a variety of factors (Storrs & Julien 1996).

The above sections outline the importance of the timing and level of flushing of waterbodies
and the timing and extent of sinking of less dense (weevil damaged) and less bound up (with
other vegetation) salvinia mats. These phenomena are necessary to maintain an open water
surface, which is largely the natural state of Kakadu’s waterbodies. If circumstances
preventing the removal of salvinia mats'' prevail, then it is likely that management
intervention would be required to maintain open water and ensure that salvinia coverage is
limited at least to a predetermined acceptable level. Although there are scarce data available,
it is likely that consecutive years of 100% dense salvinia coverage would have a major

1 je consecutive low rainfall wet seasons and consecutive years of low weevil populations, and isolated

waterbodies that do not generally receive sufficient wet season flushing.
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detrimental effect on aquatic flora and fauna and the ecosystem as a whole. Recommended
management strategies in conjunction with bio-control include: the application of herbicide
shortly after peak flow (flood) to restrict build-up of salvinia and reduce its recovery rate;
application during the early to mid dry season to limit cover; and strip spraying of herbicide
onto dense, bound-up mats at the end of the year to loosen them up to assist in sinking. The
particular timing of these applications would vary to conserve weevil populations for ongoing
control. In some situations, weevil refuge areas may need to be left unsprayed. Furthermore,
the strategies and their timing would be determined by different management requirements for
individual waterbodies. Further details of these recommendations, the history of salvinia
control and other issues regarding research into salvinia control and management in KNP are
detailed in Julien (1993), Julien & Storrs (1994) & Storrs & Julien (1996).

Salvinia matts infested with weevils can visibly differ from healthy salvinia mats. In this
context it has been suggested that remote sensing might be applied to assess the distribution
of weevil populations at a landscape scale. Remote sensing therefore could potentially be
applied as a means of assessing where weevils should be introduced, or where weevils can
potentially be harvested for culturing. However, a dedicated study to assess the potential of
this management strategy is yet to be conducted.

3.6.1 Bioeconomic modelling

There are insufficient data available on the cost of the control efforts for salvinia, hence no
bioeconomic modelling is presented. The associated costs of exploratory research into
biocontrol, such as that outlined in section 3.5.1 above, are known, but these figures are
insufficient for derivation of control cost functions.
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4 Para grass

Para grass is most likely a native of tropical Africa but was first described from specimens
from Brazil. It was introduced into Australia in 1880, and into the Northern Territory between
1905 and 1910 as a b uffalo and cattle fodder species (Cameron & L emcke 2008). It is now
considered a ser ious weed in three countries (including Australia), a p rinciple weed in nine
countries and behaves as a weed at some level in a further 19 countries (Holm et al 1991). It is
also reported as an agricultural weed in 23 crops in 34 countries (Langeland & Burks 1998).

4.1 Identification of the problem

A physical description and details of the biology and ecology of para grass are available in a
variety of literature (eg Anning & Hyde 1987, Knerr 1998, Cowie et al 2000, D ouglas et al

Figure 10 Urochloa mutica (a) a large monoculture on the central Magela floodplain, (b) an
inflorescence and (c) leaves and stems (photographs — A Cameron)

4.1.1 Weediness

Para grass is well-suited to the wet-dry tropics where it thrives in warm, seasonally inundated
wetlands. It can grow in a wide range of water depths and can occupy many habitats, from the
Melaleuca woodland and swamp forests that fringe the floodplain to the edges of permanent
floodplain waterbodies (Knerr 1998, Douglas et al 2001).

Para grass is tolerant of drought provided adequate soil moisture is available. It will tolerate
brackish water and is relatively shade tolerant (Smith 2 002). T he 1eaves are susceptible to
frost (Holm et al 1977) but plants can recover.

Its ability to invade the floating ve getation mats found in many Top End billabongs means
that vegetative reproduction can occur over greater distances. These mats (or even individual
para grass stolons), often break away and float to new areas where they establish from roots at
the node s (Hill & Webb 1982, Hilletal 1987, Sainty & Jacobs 19 81). Ithas also been
observed that para grass seed readily floats (initially), hence dispersal may be facilitated by
wind drift on the water surface or in flowing water.
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Para grass is able to recover rapidly from disturbance such as grazing by animals ( Clarkson
1991). In the 1980s, Cowie and Werner (1987) observed on t he floodplains of Kakadu, that
para grass appeared to be responding to the reduction of trampling and grazing disturbance
faster than native species as the buffalo population reduced. The greater biomass of para grass
can change fuel dynamics in such a way as t o facilitate its spread. Native grasses may be
susceptible to hot fires (Whitehead & McGuffog 1997) and the spread of para grass may be
aided by its ability to re-shoot and recover rapidly from hot fires and thus invade other grassy
habitats (Knerr 1998, Douglas et al 2001).

In the wet season, para grass has a greater leaf to stem surface area ratio compared with other
native floodplain grasses that occupy a similar niche. The greater proportion of leaf area gives
para g rass t he p otential t o m ore ef ficiently co nvert so lar en ergy t o b iomass, p ossibly
increasing its invasive potential (Douglas et al 2001).

The value of para grass as an animal fodder species has greatly assisted its spread. Humans
have moved it o ver great d istances t o ar eas wh ere under normal ci rcumstances o f sp read,
invasion would not have occurred. This has the attendant risk of carrying other aquatic weeds,
pathogens or animal pests between catchments (Clarkson 1995).

It has been reported that para grass possesses mild allelopathic abilities (the release of chemicals
into the soil, that inhibit growth and germination of other plants) (Chang-Hung 1977, Langeland
& B urks 1 998). Ho wever, n ursery st udies h ave sh own t hat a species o f wild r ice, Oryza
rufipogon will g erminate and g row within established p ara gr ass, suggestingt hereisn o
allelopathic effect on this s pecies ( Wurm & Bellairs unpubl ished da ta 2007) . I tha s b een
demonstrated that p ara grass ¢ an suppress the germination o f Oryza meridionalis via habitat
modification, by preventing cues that would normally stimulate germination (Wurm et al 2006,
Wurm 2007) (see sections 4.2.1 & 4.6.1 for further information/implications on this topic).

4.1.2 The history of para grass invasion in Kakadu National Park

Prior to the declaration of Kakadu National Park in 1979, pastoralists and Federal Government
departments p lanted p ara grass as a b uffalo and cattle fodder species in several areas in the
Alligator Rivers Region (Wesley-Smith 1973, Miller 1970). The first introduction was in 1922
when ‘a couple ofacres’ were planted at Mission Billabong near O enpelli (Gunbalanya). By
1960 an estimated 3100 ha of the Oenpelli floodplains was infested (Letts 1960).

Para grass was well established on the Cannon Hill floodplain (East Alligator catchment) by
1946 having been planted many years prior. At the time when shooting of buffalo for their
hides ceased, the grass was almost eaten out but recovered when buffalo harvesting for pet
meat production recommenced ( Christian & A Idrick 1977). Para grass now covers a large
area of the surrounding floodplains of t his r egion. O n the Magela floodplain it was first
observed in the 1950s (pers comms in Salau 1995).

In 1961, a pastoralist collected para grass runners from the Botanical Gardens in Darwin and
planted them around the Munmarlary area in the South Alligator River catchment. The same
Federal G overnment de partment that conducted t he trials at M udginberri in 1968/ 69, also
trialled t he grasses at M unmarlary ( Salau 1 995). P ara grass h as since ex panded from t his
small area to cover larger areas of the South Alligator floodplains.

In 19 68/69 t he pl anting of a num ber of pa sture grasses w as investigated at M udginberri
(Magela system), with para grass being one of these species (Miller 1970). While the origin of
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all infestations on the Magela floodplain is unknown, ' it is now widespread downstream and
on the floodplain with various sized infestations from Mudginberri right through to the East
Alligator River bank at the Magela Creek outflow. The largest infestation is situated around
the Nankeen Billabong area of the central Magela floodplain.

To the west, a few para grass runners were planted at the bottom crossing of Four-mile hole
on the Wildman River (1972). The infestation has expanded over the years and as of 1995,
satellite in festations wer e scat tered for ap proximately t wo k ilometres d own t he floodplain
(Salau 1995). Further spread or possibly contamination from a new source, have resulted in
numerous scattered plants now occurring at Benbunga some 20 km downstream of Four-mile
hole (R Salau pers comm July 2005).

In the Nourlangie area, para grass was planted at No. 2 Goose Camp sometime in the 1970s
(Salau 1995). Spread o ccurred until there wer e four sep arate p ara grass sites in the Go ose
Camp area. Some sites have been successfully c ontrolled w hilst ot hers r equire c ontinuing
treatment (R Salau pers comm July 2005).

Other i nfestations aroundt he P arkh aveb eenl ocatedi n Didygeegee s wamp ( Magela
catchment), Boggy Plain (South Alligator catchment), Jono’s Jungle (East Alligator catchment)
and in Stage 3 inthe South Alligator R iver b ed up stream from the Sleisbeck road crossing.
Many of the above infestations have been treated with varying degrees of success and are being
closely monitored (Salau 1995).

4.2 The potential effects of para grass

Like m imosa, p ara g rass al so d ominates o ther v egetation and often forms a m onospecific
habitat. Ast he d ensity o fp ara g rass i s u sually g reater t han t hat o fn ative v egetation,
hydrological regimes may b e al tered r esulting in r educed flows and greater deposition o f
sediment ultimately r esulting i n reduced w ater qua lity a nd marked ch anges i n h abitat
including shoaling or sometimes the complete elimination of waterbodies. Examples of this
come from northern Queensland where stream catchments have been cleared for sugar cane,
and in the absence of riparian vegetation, excessive growth of para grass, and other pasture
grasses choke the stream channels (Bunn et al 1998). Douglas et al (2001) noted that para
grass has the potential to alter vegetation breakdown rates on floodplains. In shallower areas,
it d ecomposes f aster t han t he n ative wildriceit displaces b ut m ore sl owly t han n ative
Hymenachne in deeper waters. The latter would contribute to the higher para grass biomass in
such habitats. The greater productivity of para grass is evident in the shallow habitats, in that
a higher biomass of the weed actually accrues despite breaking down faster than the wild rice.
Douglas et al (2001) acknowledge that the consequences of change in decomposition rates on
floodplains are di fficult to predict, but could include changes in decomposer communities,
effects on water quality (specifically dissolved oxygen levels) and possibly al tered rates of
ecosystem processes such as nutrient cycling.

4.2.1 Effects of para grass on native flora

Evidence shows that para grass has the capacity to modify landscapes by displacing some native
plant communities of Top End wetlands. These communities are important ecologically, e ven

12 Para grass seed was even dispersed over the floodpain from the air, though it is not known how much of this
was successful in germinating (Cowie & Werner 1987).

13 Para grass was first noticed here in relatively shallow water amongst the native Hymenachne acutigluma in
1982-83 (Cowie & Werner 1987)
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though they may not support many endemic or rare plants. Two studies have investigated the
effects of para grass on native flora on the Magela floodplain.

Knerr (1998) e xamined four M agela floodplain gr assland communities (Urochloa mutica,
Hymenachne acutigluma, Oryza meridionalis and Pseudoraphis spinescens) for species richness
and diversity. Combined data for wet and dry seasons showed that Urochloa grassland had the
lowest species richness of the four communities. However, this was not significantly different
(p>0.05) to the species richness of the Pseudoraphis grassland. The Urochloa grassland had the
lowest species diversity (combined seasons) and this was significantly different (p<0.05) to the
species diversity o fthe other communities. S pecies richness did not change in the Urochloa
grassland between seasons, i n co ntrast to al | o ther communities which sh owed si gnificant
changes. Although species diversity increased in the Urochloa grassland in the wet season, it
was still much lower than the diversity found in other communities.

The increase in area of the Urochloa community coupled with a corresponding d ecrease in
area of the Oryza community from 1991 to 1996, as determined by Knerr (1998), suggests
strongly that para grass has invaded the latter community. Hymenachne grassland which often
occurs in d eeper wat er t han Oryza, a ppears not t o ha ve be en i nvaded dur ing t his t ime,
although it is thought that this may be oc curring but over a longer time scale. The Oryza
community is perhaps more susceptible to invasion as it is the only annual of the four grass
species, therefore relying entirely on the seed bank to persist over the dry season. It is during
this d ormant st age t hat p erennials such as p ara grass ¢ an establish in Oryza habitats. The
allelopathic q ualities o f p ara grass (inhibiting t he gr owth o fn ative p lant sp ecies) may be
responsible f or s ome of this di splacement, t hough i ti s unc ertain t o w hat e xtent t his
phenomenon has an effect.

Once para grass is well established in an Oryza community, it is capable of suppressing the
germination of the Oryza seeds. Wurm (2007) demonstrated that whilst ~76% of Oryza seeds
germinated under Oryza cover, almost none germinated from beneath a we 1l established cover
of paragrass. [t isbe lieved t hat t he higher t emperatures n eeded t o br eak t he dor mancy
mechanism of the Oryza seed are not achievable beneath the dense shading structure and greater
litter volume of para grass. T emperatures under para grass were some 10°C cooler than those
under Oryza cover (Wurm et al 2006). If the Oryza seed remained unviable, this phenomenon
may pose serious management challenges, as managers may not be able to rely on the natural
regeneration of Oryza (and possibly other species) following the removal of para grass.

Douglas et al (2001) also examined the effects of para grass on M agela floodplain grassland
communities (Urochloa mutica, Hymenachne acutigluma, Oryza meridionalis and a herbicide
treated U. mutica grassland). Plant species richness and cover were measured for both dry and
wet seasons. Plant biomass and surface area were measured during the wet season, and rates of
breakdown and dry season fuel loads were also investigated. In the dry season, para grass was
the only vegetation type that occurred in monospecific stands. The structurally similar
Hymenachne community contained five plant species, while the rice and treated patches each
had at otal of 11 species. Species richness for these communities increased d uring the wet
season and a pattern similar to that of the dry season was evident, where total richness was
highest in the rice and treated habitats and lowest in the para grass habitat.

Douglas etal (2001) also found that para grass had a higher bi omass than all of the other
communities for both the wet and dry seasons. The invasion of other grass habitats leads to
greater fuel 1oads, which would most likely increase the intensity and extent of floodplain
fires, pa rticularly i n t he late dr y s eason ( Douglas & O ’Connor 2004) . O nt he M agela
floodplain there is possible evidence of this scenario with patches of dead, badly fire scarred
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Melaleuca trees with a p ara grass understorey (M Douglas pers obs). Parks Australia North
staff have also reported that hot para grass fires have been responsible for damage to some
monsoon vine forest patches (P Barrow pers comm).

Ferdinands et al (2005) investigated the effects of para grass on the native wetland flora of the
Mary River floodplains some 130 km to the west of the Magela floodplain. They concluded that
the ability of para grass to displace other flora and form monocultures over very large areas and
across a diverse range of wetland vegetation types indicated a very broad environmental niche.

They found that wh en p ara grass was present there was markedly 1 ower sp ecies d iversity
(mean number of taxa reduced by 50%) in 18 m?2 plot samples. Where para grass was present
in a sample it was usually the dominant vegetation with a median cover of 75-95%. In most
cases there were no other emergent macrophytes where para grass was p resent, even where
plots were located to sample varying densities of para grass.

Habitat suitability modelling by F erdinands et al (2005) s howed a nu mber of ve getation
communities that have a p ositive a ssociation with p ara grass, and therefore a higher risk o f
invasion. Those communities at greatest risk included; Oryza grassland with Eleocharis dulcis
patches; Cyperus scariosus sedgeland; Melaleuca open w oodland with Eleocharis sedgeland
and mixed grassland in the understorey; Melaleuca woodland with Oryza and Eleocharis mixed
grassland sedgeland understorey; Hymenachne acutigluma/Leersia hexandra grassland; mixed
grassland/herbland and Pseudoraphis spinescens grassland. Oryza meridionalis was present in
many of these habitats and is the species most likely to be affected by para grass.

4.2.2 Effects of para grass on native fauna

The greatest impacts on native fauna will most likely result from a reduction in the diversity,
distribution and abundance of native plant species important for food and refuge resources. In
particular, wild rice is perhaps the most important food resource for floodplain vertebrates and is
the species most frequently replaced by p ara grass on the Magela floodplain ( Knerr 1 998,
Cowie & Werner 1993). Itis a prolific producer of seeds high in energy and protein, essential
for pre-fledging magpie ge ese w hich need to grow quickly in time to flee br eeding s wamps
before they dry (Frith & Davies 1961, Dawson et al 2000). The bulbs of the sedge or water
chestnut (Eleocharis spp), which are more common in wild rice communities than in para grass
monocultures (Douglas et al 2001), are another important high energy food source for magpie
geese (Frith & Davies 1961, Dawson et al 2000). Such foods are essential for the birds to store
fat and nutrients in o rder t o s urvive t he 1 atter part of the dry season. P ara grass asaf ood
resource does not support the growth rates obtained from a diet of these native species (Dawson
et al 2000). Some other waterbird species that visit the floodplains to feed on wild rice seeds
include t he grass whistling duc k ( Dendrocygna eytoni), brolga (Grus rubicundus), 1 ittle
whimbrel (Numenius minutes) and little corella (Cacatua sanguinea) (Whitehead 1992).

Magpie geese may be further detrimentally affected by para grass invasion as they preferentially
nest in Eleocharis/Oryza communities ( Corbett et al 1996). In the early 1980s magpie ge ese
frequently nested in numbers in the vicinity of the road causeway at Munmarlary in the South
Alligator catchment. By 1995 this area was dominated by para grass and only one magpie goose
nest was present. Approximately 500 nests were counted in the general vicinity, and only one
was located in para grass (Salau 1995).

Since 1981, magpie geese numbers on the Magela floodplain have decreased on average by 7%
per year and fish eating egrets on average by 9% per year. The reasons for this are not entirely
certain and para grass may be one of many pressures faced by the fauna of aquatic systems in
northern Australia. Analysis at increasing spatial scales show that trends in the late dry season
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abundance of magpie geese on Magela floodplain were highly concordant with similar trends
for the same time period across the Alligator Rivers Region and the Top End of the Northern
Territory (Bayliss et al 2006).

In addition to investigating the impacts of para grass on t he native flora of the Mary River
floodplains, Ferdinands et al (2005) also investigated the effects of para grass on t he native
avifauna over a variety of floodplain habitats, recording 13421 individuals represented by 50
bird species. For each survey point, high bird counts (>50) were scarce in para grass invaded
habitats and sp ecies richness was generally lower in both dense an d mixed para grass
communities, when compared with species richness in natural habitats. For common species
like t he magpie goos e, t he i mportance of ope n w ater, s edges and Oryza grassland w as
apparent with very high abundance recorded only in these habitats. Similarly, no common'*
species preferred the weed invaded habitats with only 8% of the total bird numbers recorded
there, whilst twenty seven species of the 46 uncommon bird species were never recorded in
the w eed ha bitats. E leocharis s edgeland, m ixed gr assland/herbland/sedgeland, ba re gr ound
and open water were the most important habitats with the highest mean counts of 39 of the 50
bird sp ecies recorded there. No single plant sp ecies was usually d ominant in these mixed
habitats, although Oryza meridionalis and Eleocharis spp were well represented. The overall
finding was that most bird species avoid dense para grass and very few benefited from it. The
authors pr oposed that this la ck o futilisation by birds o f para grass habitats was because
monocultures formed by para grass, lack the floristic and structural diversity o f the natural
habitats. Para g rass produces I ittle ed ible seed , and c ompared t o m ost na tive f loodplain
vegetation, it tends to be denser and more matted, thus impeding access to resources such as
Eleocharis bulbs, macrophytes, fish and invertebrates found in the soil and water.

Douglas et al (2001) e xamined t he e ffects of para grass on a quatic be nthic and e piphytic
macroinvertebrates ( see also Douglas & O’ Connor 2 003), t errestrial i nvertebrates an d fish
communities on the M agela floodplain. F or the aq uatic macroinvertebrates t hey concluded
that p ara g rass i nvasion h ad | ittle o rn o i mpact. R ichness was g enerally | owerint he
Hymenachne sites, probably due to the anoxic nature of the benthic zone in this habitat. There
was evidence of adverse effects of para grass on terrestrial invertebrates in the dry season, but
only wh en p ara g rass d isplaced Hymenachne. Total richness an d ab undance o f terrestrial
invertebrates were lower in para grass than in Hymenachne, thus widespread displacement of
the native floodplain ve getation c ould reduce the biodiversity and abundance of this fauna.
Results for the wet season showed the potential (if para grass replaces Hymenachne) for a
reduction in terrestrial invertebrate biodiversity. In contrast to the dry season results, however,
invertebrate abundance did not appear to decline.

Although Douglas et al (2001) found no significant differences in the number of fish species
or total fish abundance among the four vegetation types, they did suggest that the absence of
adverse effects was because infestation conditions at the time of sampling still represented a
mosaic o f v egetation co mmunities. They pr oposed thatifpara grass infestation was v ery
widespread and formed dense monocultures, resulting in a much lower structural diversity,
then some reduction in diversity and/or abundance of fishes and fish communities might be
expected. The potential for reduced dissolved oxygen (DO) levels resulting from dense para
grass infestation may have negative consequences for some fish species. Fish must either be
highly tolerant of low DO conditions or move to areas of open water where the DO levels are
elevated (Douglas et al 2001).

4" Other than the magpie goose, these include the Australian pratincole, little curlew and intermediate egret.
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As a result of long-term monitoring of the Ranger uranium mine, €riSS research has determined
that between 1989 and 2005 the chequered rainbow fish (Melanotaenia splendida inornata)
and two species of glass fish (Ambassis spp) at the Mudginberri monitoring site downstream of
Ranger exhibited I ong-term d eclines i n ab undance ( 13% p a on a verage) that are ap parently
unrelated to potential mining impacts. Hypotheses for this decline include: (i) increases in mean
wet s eason flow leading to 1 ower water solute concentrations known to be harmful to larval
rainbowfishes; (ii) decreases in the period of annual drying of the floodplain potentially leading
to reduced release of nutrients upon floodplain re-wetting, and thereby reducing fish production
in this important breeding and recruitment zone; and (iii) increases in the extent of floodplain
grasses, including para grass, thereby reducing habitat availability and pathways for upstream
migration of fish recruits (Humphrey et al 2006).

The greater wet season biomass of para grass leads to a greater density of vegetation in the
water column and this may impede movement o f larger aquatic animals such as t urtles and
water monitors (Douglas et al 2001). The greater dry season biomass leads to hotter fires and
changes in fire r egimes, possibly af fecting am phibian, r eptile an d m ammal sp ecies 1 iving
amongst the grasses or sheltering (within the cracks) or aestivating (eg long-neck turtles) in
the cracking clays (Douglas et al 2001).

Native grasses have also be en s hown to be an i mportant s ource of s eeds for granivorous
rodents su ch as t he dusky plains rat (Rattus colletti). Wild rice and sedges both form an
important component of the diet of this species (Redhead 1979). Dusky plains rats consume
abundant w ild rice s eed dur ing t he 1 ate-wet an d ear ly dry seaso n ( Redhead 1 979, Wurm
1998a), when they are themselves an important prey item for v ertebrate predators, such as
reptiles (Madsen & Shine 1996, 1999, Shine & Madsen 1997).

4.2.3 Conceptual model for para grass

A conceptual model based on known information on para grass, and the potential ecological
cultural and socio-economic impacts is shown in Figure 11. In some cases, the effects noted
for native flora and fauna may apply to iconic and/or culturally significant species

Pressure: Urochloa mutica
!
Major exposure pathways: Vegetative, waterbirds, floating mats, animals (usually short distances), water
craft, deliberate movements of propagules
!
Favoured wetland habitats: Floodplains (land subject to inundation) and fringing margins, freshwater ponds
and swamps, riparian zones — particularly if these habitats have been disturbed
!

Competitive exclusion of native flora

Loss of suitable habitat for some native fauna

Loss of suitable food resources for some native vertebrate fauna
Altered hydrological regimes

. . . Altered fire regimes (leading to loss of riparian and monsoon forest)
Ecological, socio-economic

and cultural effects: Impeded movement of larger aquatic animals

Reduced potential for sustainable utilisation of native wildlife
Reduced aesthetics and threatened income from tourism

Restricted access to traditional aboriginal hunting areas and important
cultural/ceremonial areas

Reduced availability of other traditional natural resources (flora & fauna)

Figure 11 Conceptual model of known information on Urochloa mutica
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4.2.4 Beneficial uses of para grass

Para grass is prized as a high yield, highly palatable and nutritious livestock fodder crop that
is tolerant to a number of environmental stressors (eg Miller & van der List 1977, Anning &
Hyde 1987). Para grass does produce a high yield and is a hardy floodplain grass, however,
the nutrient value is actually less than that of the native Hymenachne acutigluma (Cameron &
Lemcke 1998). With regard to p alatability, cattle on t he M ary R iver floodplain have b een
observed to bypass para grass to graze on the wild rice Oryza rufipogon (D Liddle pers comm
in W hitehead 1992) and cattlemen consider wild rice to be a h ighly palatable cattle fodder
(Bob Townsend pers comm in W hitehead 1992). Protein levels in native Hymenachne have
also been reported as being greater than those of para grass (Calder 1982).

In south-eastern Florida, para grass was used for camouflage around military installations in
World W ar II (Austin 1 978),andin Hawaiiith asb eenused t o remove nitrogen f rom
domestic effluent, favoured for its rapid, dense growth (Handley & Ekern 1981).

4.3 The potential extent of para grass

4.3.1 Current distribution of para grass on the Magela floodplain

Figure 12 shows the locations of para grass from two sources: the study by Knerr (1998) that
mapped the increase in area of para grass (132 ha to 422 ha from 1991 and 1996) on the central
Magela floodplain; and waypoints recorded during airboat and helicopter surveys by eriss in
2003—2004. Althought hes urveys were ve ry ¢ omprehensive,i tw asno t possible to
systematically survey the entire Magela floodplain (see also section 1.4.2 for further details).

A vegetation class map (Figure 13) was derived from this survey data and a supervised
classification o f a h igh-resolution multispectral QuickBird satellite i mage cap tured in June
2004. Classification accuracy for para grass was 90% and 96% respectively for the wetter and
drier growth forms and the overall map classification accuracy was 86% (kappa coefficient =
0.83) (see Congalton 1991 for methods and descriptions of terms) (see also section 1.4.2 for
further details).

The r esulting cl ass map was resampledto 5 m pixels in ENVI& using ne arest ne ighbour
resampling. From this map a raster layer was produced for para grass only (other map classes
removed). U sing t hism ap (anda 250 m z one-grid o verlay of't he co verage ar ea), t he
percentage cover of the para grass classes within each 250 m grid cell was estimated using the
Zone Statistics feature of Spatial Analyst in ArcGIS&. That is the total number of 5 m ‘para
grass’ classed pixels falling within each 250 m grid cell was divided by the total area of each
grid cell to derive a percentage cover (Figure 14).

Calculation of the para grass cover within each of the 250 m x 250 m grid cells showed that
para grass within the region of the image capture (as of 2004) covered approximately 1250 ha
and had displaced about 10% of the native vegetation. Coupled with field survey data outside
of the capture region, results indicate that at the time of the image cap ture, para grass was
distributed over approximately 35% of the Magela Creek floodplain with satellite outbreaks to
the north and south of the main infestation in the central region"’.

15 As of early 2009, there were an estimated 3513 ha of para grass over the whole Magela floodplain (Aaron Petty
Charles Darwin University, pers comm Feb 2009).
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4.3.2 Invasion rates and pathways of para grass

Invasion rates

The most heavily infested area of para grass on the Magela floodplain expanded by 290 ha (132
hato422h a) inthe fivey ears be tween 1991 and 1996 ( Knerr 1998) . Ont he O enpelli
(Gunbalanya) floodplain, a ‘ couple of a cres’ pl anted a t M ission Billabong increased t o an
infestation of 3100 ha in the 38 y ears between 1922 and 1960 ( Letts 1960). A few para grass
runners planted at Munmarlary on the South Alligator River system in 1961 had spread to 200
ha by 1996. Runners planted at No. 2 G oose Camp on the N ourlangie Creek system in 1974
spread to approximately two hectares by 1992, and runners planted at Four Mile hole on the
Wildman R iver system in 1972 had spread to between 8 a nd 10 ha by 1993 ( R Salau pers
comm). The marginal rate of spread of an infestation in the Munmarlary area was estimated at
approximately 10 m over one year (I Cowie pers comm).

At selected sites within the large infestation on the Magela floodplain, Douglas et al (2001)
measured the rates of para grass re-invasion in herbicide treated plots over a period of one
year, 11 months after herbicide application. The experiments were designed to determine the
rate of expansion of individual plants within the herbicide treated patches that had re-sprouted
after treatment ( clumps), and to measure the r ate at which m ature p ara grass forming t he
boundary o f treated p atches grew b ack into the treated ar ea. M easurement o f m ature p ara
grass was only done at sites where a distinct front at least 10 m in length existed at the margin
of the sprayed patch. The rationale behind these measurements was to see how quickly a clear
patch within established para grass would be reinvaded. M easurements of the new outbreaks
of para grass during the dry season showed that over a one-year period, the length and width
of clumps within the treated area had increased, on average, by a factor of 3.7 (£ 1.0). The
measurement o f est ablished p ara g rass sp reading i nto b are ar eas p reviously t reated wi th
herbicide showed that re-invasion occurred at an average rate of 3.2 m year-! (+ 0.8 m).

The historical distribution maps of para grass published by Knerr (1998) were converted to
ArcGIS shapefiles to estimate maximum spread rate over the time period of rapid colonisation
(1991-1996) and, t o determine w hether or not a t hreshold in situ abundance 1 evel ( via
percentage cover) of para grass needs to be reached in existing patches before it will colonise
adjacent weed free areas. The shape files were converted to raster files with a 250 m x 250 m
cell size, and a multiple regression model was u sed to predict final ( 1996) cell v alue as a
function of starting (1991) cell value and a range of threshold values before spread is initiated.
The multiple regression R* value was used to choose the best model subset and asso ciated
parameter values for maximum spread rate and threshold for spread. M aximum spread rate
was estimated at 23% pa for the intensive study area chosen for simulation. This may be an
underestimate, however, as an estimate of 33% pa was derived when the full extent ofthe
distribution data in 1991 a nd 1996 is used. N evertheless, the 1991 and 1996 data that lies
outside t he i ntensive s maller st udy ar ea ch osen to si mulate sp atial sp read d ynamicsi s
considered here to be much less accurate (Bayliss et al 2006, Bayliss et al 2012).

Linear r egression an alysis (Ln area km” vs time y ears) i ndicated that p ara grass has been
spreading on average at 14% per annum, or doubling in e xtent e very five ye ars (Fig 15)
Bayliss et al 2006). As an average spread r ate only, factors such as d iffering spread rates
through di fferent ha bitats were not u sed i nt he an alysis. T he t wo p arameters ch osen t o
characterise the dynamics of para grass spread (maximum rate and threshold level to trigger
spread) were used to develop a sp atial-temporal model to simulate para grass spread across
the f loodplain un der di fferent management c ontrol s cenarios, i ncluding n o ¢ ontrol (see
Bayliss et al 2012 for further refinement of analysis and predictions of para grass spread).
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Figure 15 Linear regression between Loge extent (kmz) of para grass and time (yrs) (R2=69%, n=>5,
P<0.04) derived from: early observations of para grass in the 1980s; the study by Knerr (1998) who
measured spread between 1991 and 1996; and the present study.

Invasion pathways

Ithaslongbeen asserted thatpara grassis apoor seed producer and r eproduces primarily
through vegetative m eans (Wesley-Smith 1973, Holm et al 1977). In contrast, Knerr (1998)
found that compared to many other grasses on the Magela floodplain, para grass is capable of
high seed yields and the sediment seed bank can contain relatively high numbers of viable seed.
Despite t his, reproduction and s pread of para grass appears to be predominantly ve getative,
given t he tendency for t he a erial s hape of colonies to be rounded. O n the o ther h and, the
importance of the seed banks to the persistence of para grass in established areas, following
control, or in the dispersal and establishment of new colonies (floating seeds) remains unclear.
Existing infestations expand mainly by the stolons spreading out from the perimeter across open
water, bare ground or into other plant communities. Spread over greater distances occurs when
para grass colonises floating vegetation mats and portions of these mats or even the entire mat,
break away and float downstream (Hill & Webb 1982, Hill et al 1987). It is thought that animals
may move stolon fragments over shorter distances (Cowie & Werner 1988). Magpie geese are
known to introduced viable para grass stolons into areas of native vegetation when nest building
(D. Liddle pers comm in Whitehead 1992). Humans have likely been responsible for most para
grass i nfestations i n K akadu (priort o de claration of t he P ark) and e Isewhere, ha ving
transplanted it from o ther areas forits value asap asture crop for grazing an imals. On the
Magela floodplain, para grass seed was actually dispersed aerially, though it would appear that
possibly most or all of this seed failed to establish, otherwise any infestations would have been
far larger and more numerous (Cowie & Werner 1987).

Cowie and Werner (1988) transplanted para grass stolons back into established para grass
communities a nd a Isoi nto ot her ve getationt ypes including Pseudoraphis, Eleocharis,
Hymenachne and Oryza communities. P ara g rass stolons were p oor co mpetitors w hen
transplanted into an established para grass community, with 90% stolon mortality. Para grass
could establish su ccessfully in the o ther co mmunities. However, the ability o f para grass to
persist in these communities for longer than a few months was not determined during the study.

Observations by Cowie and Werner (1988) suggested that para grass may be at a competitive
advantage during the early wet season before flooding occurs, because at this time, the para
grass community appeared more vigorous and healthy than after flooding. At the limited scale
of the study, disturbance did not appear to be important for establishment of para grass stolons
after flooding in the early wet season. However, field observations su ggested that the early
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wet season before flooding occurs may be an important period for colonisation by para grass
of ground left bare by fire.

4.3.3 Preferred habitats and environmental conditions of para grass

Para gr ass ha s be en i ntroduced t o m ost t ropical and s ubtropical r egions of t he wo rld,
primarily as a pasture fodder grass or for erosion c ontrol and rehabilitation. Its latitudinal
limit is approximately 27 deg south in areas of suitable habitat. Para grass thrives on flat, open
coastal floodplains but also grows well al ong creek and river banks and artificial structures
such as irrigation channels, ponds and dams. Like most weeds, para grass has a preference for
disturbed sites.

Rainfall and temperature

Para grass is adapted to hot wet conditions. Annual rainfall should be greater than 1000 mm
per year (Cameron & Lemcke 2008) but in protected areas with residual soil moisture, it can
persist with rainfall as low as 900 mm per year (Skerman & Riveros 1990). Para grass is very
drought tolerant (Holm et al 1977) and can survive l ong dry spells due to preference for
swampy environments, being maintained by residual soil moisture from the wet season. The
optimum mean annual temperature for growth is reported to be 21°C (Russell & Webb 1976)
and the minimum temperature for growth is 15°C (Allen & Cowdry 1961).

Geomorphology and soils

Para grass generally prefers alluvial and hydromorphic soils. These include solodic and cracking
clays usually associated with coastal floodplains. Para grass will grow on a range of soil types,
but its adaptability to a range of water conditions is its most important characteristic (Cameron
& Lemcke 2008). Hydromorphic soils are typically ‘ wetland’ or groundwater s oils and must
have signs of wetness within 50 cm of the soil surface. Like mimosa, most large infestations of
para grass in the Northern Territory have occurred on the coastal floodplains.

Inundation

In the p astoral industry, para grass is known as a ‘ponded pasture’ grass, where itis planted
within artificial ponds constructed to capture run-off water in times of rain. This standing water
can then persist in times of drought and maintain a supply of para grass for cattle fodder. Para
grass is ideally suited to shallow swamps and will also grow well in running water.

On the Mary River floodplain, Ferdinands et al (2005) found para grass most commonly on
areas of slightly greater elevation. These shallower areas tend to drain earlier at the end of the
wet season with an estimated average inundation period of five to six months in most years. The
average mid wet season depths for these areas was 55 cm, although de pths ranged be tween
10—200 cm across all sites where para grass was present. T hey concluded that para grassis
suited t o s hallower wetland ar eas but can tolerate, atleasttemporarily, inundation across a
broader range of depths.

These findings are supported by Douglas et al (2001) who recorded para grass on the Magela
floodplain growing most vigorously in water depths up to about 60 cm, but also growing in
water as deep as 2.2 m (Table 2). During field work for this study, observations were that para
grass appears to form denser colonies in drier floodplain margins, and shallower seasonally
inundated habitats (James Boyden pers comm March 2008).

Anecdotal evidence suggests that it is possible to kill para grass by dr owning. Whilst this has
not been the experience in Kakadu National Park, it may occur with a rapid rise in water levels
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and if the grass was already reduced or weakened by grazing, '® burning or spraying for example
(Piers Barrow pers comm, Anning & Hyde 1987, Wesley-Smith & Le mcke 1992). Th e
prediction is that if the inundation is rapid enough, the plants may not be able to re-shoot fast
enough to maintain growth above the water level (Knerr 1998).

Table 2 Summary of water depths (cm) recorded during wet season vegetation sampling in three
vegetation types on the Magela floodplain

Vegetation type Mean (s.e.) Min Max Range
Hymenachne 181 (5) 100 273 173
Wild rice 96 (5) 40 193 153
Para grass 126 (5) 48 220 172

Source: (Douglas et al 2001)

Salinity

There is little quantitative information on the salinity tolerance of para grass. It is reported to be
tolerant of s aline soils a nd br ackish w ater ( Anning & H yde 19 87, S ainty & J acobs 1981,
Langeland & Burks 1998). In south-east Queensland it grows on deep loamy s oils o verlying
saline clays and merges with saline grasses on marine floodplains (Cameron & Kelly 1970). In
Kakadu National Park a small stand of para grass grows on a sand spit along the bank of the
East Alligator River in the vicinity of the area colloquially known as ‘Jono’s Jungle’ which is
located on Point Farewell. This area is close to the mouth of the East Alligator River, and is thus
ar elatively b rackish environment, although the salinity h as n ot b een measured. Prior to its
control, there was also a small infestation of para grass on the bank of the East Alligator River
near t he Magela C reek o utflow ( Salau 1995), w hichisa somewhat br ackish e nvironment
subject to tid al in fluence. In th e To wnsville Town Common C onservation P ark in n orthern
Queensland an attempt to control para grass by flooding with saltwater failed to have any affect
as the infestation was already on reasonably saline soils (Robert Graham pers comm Nov 2004).
Fire

Para grass will burn readily in most circumstances. Knerr (1998) o bserved that p ara grass
would re-shoot vigorously after being burnt and hypothesised that a more frequent fire regime
in years prior to the study appeared to favour para grass. Around the drier floodplain margins,
established para grass has almost twice the fuel load of the native annual Oryza spp, which it
has displaced (Douglas & O’Connor 2004). It has been postulated by Douglas et al (2001)
that this change in fuel dynamics may actually facilitate the spread of para grass (). They state
that th is may h ave already o ccurred on t he Magela Creek floodplain, where in t he more
northern r egion (where p ara grass is abundant) the fire s ensitive n ative Hymenachne was
present only adjacent to permanent water. Further south on the floodplain where para grass is
more sparse, Hymenachne occurs in large stands that dry out seasonally. Unlike many native
floodplain species, the exposed portion of leaves and stems of para grass above the water line
can maintain a fire despite the lower portion of the plant being submerged.

Cameron and Lemcke (2008) state that a hot fire can render para grass vulnerable to drought,
overgrazing and flooding, and stands that have been dramatically thinned by hot fire are very
slow to regenerate. P reliminary results from a r esearch project by C SIRO and Qu eensland
Parks an d Wildlife, e xploring t he us e of fire a nd gr azingt o ¢ ontrol para grassint he
Townsville Town Common Conservation Park, suggest that grazing, in combination with fire,

16 Tt is suggested that for v ery short para grass in a ponded pasture environment, the rapid inundation be in the
order of 0.9 meters deep and maintained for more than one week (Anning & Hyde 1987).
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is the most e ffective method of reducing para grass cover in this situation (Williams et al
2005, Grice et al 2010). The fire opens up the canopy and allows the reestablishment of native
floodplain sp ecies (Williams etal2 011). These c onflicting o bservations may be due to
varying r egional factors su ch as so il type, nutrient and moisture av ailability a nd d ifferent
native vegetation species.

Shade tolerance

Para grass grows best in full sunlight, but will tolerate partial shade. The latter is evident where
para grass is abundant b eneath the fringing Melaleuca trees around t he M agela floodplain.
Heavier shading has an increasingly negative effect on the growth of para grass. In far north
Queensland, Bunn et al (1998) used two shade cloth treatments to assess potential control
options by mimicking the effect of shading by riparian vegetation. They found that after three
months of a 90% shade treatment, the biomass of the upper layer of the stand was only 22%
(mean of 48%) of that in the open controls. Little of the remaining biomass consisted of green
shoots, and dead stems dominated the lower layer of the stand.

pH
The soil pH range for para grass is reported to be broadly between 4.3 and 7.7 (Holm et al
1977).

4.3.4 Potential distribution of para grass on the Magela floodplain

Habitat suitability modelling (see next section) and spread modelling (see section 4.3.2) have
indicated that para grass has the potential to further invade native plant communities on t he
Magela floodplain in a relatively short time frame. However, it is important to note that the
habitat suitability for para grass and the estimated invasion times presented here are based on
a number of untested assumptions (see Assessing the risk of para grass invasion in section
4.4.2 below), thus the results may vary markedly as uncertainties are reduced.

4.4 Identification of the risks of para grass

This section is the result of a consultancy report by Dr Keith Ferdinands examining the
habitat suitability for para grass on the Magela floodplain.

441 Summary

A s patially e xplicit B ayesian h abitat s uitability m odel was d erived forp ara grassinthe
Magela Creek wetlands of Kakadu National Park. The modelling was implemented within a
Geographic Information System (GIS) to generate a surface showing the probability of the
presence of para grass. Probability of presence was derived from the conditional probabilities
of para grass presence/absence combined using Bayes’s theorem (see Carlin & Louis 1997 for
details of Bayes’s methods).'” A high probability of presence is interpreted as indicating high
habitat suitability, hence susceptibility to invasion. However, as the risk of invasion by plants
is a product o fboth h abitat s uitability and th e p roximity to e xisting in festations, th e final
assessment of ‘ risk’ incorporates the distance b etween invasion p ropagules in addition to
habitat suitability. This assessment was derived by simulating the spread of para grass from
current locations through the wetlands and measuring the amount of impedance (derived from
the habitat suitability model) to spread in different directions. This modelling of spread based
on different degrees o f impedance was also performed within a GI S and is known as co st-
distance modelling.

17" For a brief explanation of Bayes’s theorem see also http://www.trinity.edu/cbrown/bayesweb/index.html
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4.4.2 Methods

Datasets used in the habitat suitability model analysis

The d atasets u sed t o d erive t he B ayesian habitat suitability m odel include: para g rass
distribution derived from €risS field surveys; the study by Knerr (1998); and the remotely
sensed vegetation QuickBird image. These point and polygon datasets were combined into a
single dataset and converted to a raster format (20 m x 20 m cell). It was assumed, in the
absence of reports to the contrary, that the para grass extent mapped by Knerr (1998) had not
decreased. T hree en vironmental v ariables wer e an alysed i ncluding a 2 004 v egetation map
(Fig 16), land units (Fig 17) and land systems (Fig 18), all converted to the 20 m x 20 m raster
format. Water depth collected as point records during July 2004 was also examined. However,
the limited number of points coupled with the time of sampling (dry season) resulted in this
dataset being excluded from analyses.

Bayesian habitat suitability modelling

The an alysis was c arried out in seven steps, following the procedure o utlined by Asp inall
(1992):

1. Para grass distribution classes were identified (presence and random).

2. The frequency of association between variables in each predictor dataset and the two
classes identified above were calculated. The relative frequencies were the
conditional p robabilities f or d iscriminating b etween p resence o fp ara g rass an d
random p oints. Sp ecifically, th e ¢ onditional p robabilities w ere c alculated from the
area o f o verlap b etween t he cat egories i n t he t arget d istribution an d each o f'the
classes in the predictor dataset.

3. Conditional probabilities for presence were calculated as the proportion of total area
of p resence (ietotal ar ea o fcel Is o ccupied b y p ara g rass) for each classinthe
predictor dataset. Conditional probabilities for the random dataset were calculated as
the proportion of the study area in each class of the predictor dataset.

4. The association of classes in the predictor datasets with para grass distribution classes
(presence o fp ara g rass v ersusr andom cel Is) wast ested t hrough an alysiso f
frequencies (cell count), using the chi-square test.

5. The statistical significance of each class in each predictor dataset for discriminating
between para grass distribution classes was tested using the Z — test.

6. An initial assumption of equal probability of presence/absence was made. That is, a
priori probabilities were set at 0.5.

7. Environmental pr edictor da tasets w ere s elected, b asedo nt he ab ove an alyses.
Conditional probabilities for e ach va riable i n each pr edictor da taset t hat showed
significant a ssociation with p ara g rass d istribution cl asses were co mbined using
Bayes’s theorem.

Output from the habitat suitability model is a surface (grid) with cell values, expressed as a
percentage (0—100), estimating the probability of para grass being present (or absent) given
the combination of environmental variables characterising that cell. Cell size for the analysis
was 20 m x 20 m.
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Figure 16 Wetland vegetation on the Magela floodplain based on data from Finlayson et al (1989), the

2003/2004 ErISS survey data and the QuickBird image. The native vegetation communities represent

the dominant species within each mapped area. The central region is overlayed with the % para grass

cover as determined from the QuickBird image. Para grass locations from eriss surveys are
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Identifying habitats susceptible to para grass invasion using the Bayesian habitat
suitability model

Sites susceptible to invasion were deemed to be those with a >6 0% probability of para grass
presence. This lower limit for the identification of susceptible habitats was adopted to reflect
arisk-averse approach to w eed management, ie an approach that minimises the failure to
detect satellite infestations and tolerating a 40% probability of false positives. This risk-averse
criterion is justifiable using both theoretical (eg Moody and Mack 1988) and practical models
of weed management (eg Wittenberg & Cock 2001). To determine the relative susceptibility
of d ifferent wetland h abitats t o invasion by p ara grass, t he ar eas d eemed susceptible t o
invasion wer e i ntersected wi th t he wetland v egetation d ataset. T he t otal area o fe ach
vegetation co mmunity, wi thin these su sceptible ar eas, was then cal culated. T he v egetation
dataset was selected because, as well as being an important component of biodiversity, plants
reflect the physical environment, are the primary environmental feature at risk from many of
the threatening processes within the wetlands, and are relatively amenable to measurement.
Additionally, measurements based on vegetation have considerable potential to be e fficient
indicators of the response of biodiversity within an environment to land use (Landsberg &
Crowley 2 004). T his ap proach h as b een su ccessfully used in the M ary R iver wet lands t o
assess the relative susceptibility of wetland habitats to para grass invasion (Beggs et al 2003,
Ferdinands et al 2005).

Assessing the risk of para grass invasion

Assessing the risk of p ara g rass i nvasion was completed in two s tages. Fir st, the ha bitat
suitability model was created as described above. The habitat suitability model was then used
to cr eate a friction or i mpedance surface; thatis, a surface wh ere movement in d ifferent
directions is subject to varying levels of impedance. Impedance was assumed to be inversely
proportional to habitat suitability, t herefore, 100 s ubtracted from the absolute value of the
probability o f p resence o f p ara grass in each cell in the habitat suitability m odel surface
produces the impedance surface. Thus, cells of high suitability for para grass were assigned
low 1 mpedance an d cel Is o f]1 ow h abitat su itability wer e assi gned h igh i mpedance. T he
resultant surface was combined with a surface showing para grass locations (source points).
Para g rass w as t hen ‘ grown o ut’ t hrough t his s urface t hrough eachcellandthentoits
adjoining ne ighbours. T he c ost a ccumulated t o m ove t hrough t he s urface from t he ‘ seed
points’ was calculated for each cell using a cost-distance algorithm (McCoy & Johnston
2001). W here t he e stimated probability of oc currence w as 1 ess t han 10% inthe habitat
suitability model, these c ells were classified as an i mpermeable barrier i n t he impedance
surface, forcing the simulated spread to grow around them. As output from this process, a grid
of 20 m x 20 m cells was used in which each cell was assigned the minimum accumulated
cost of ‘invasion’ from any source. This grid was treated as a sp atially-explicit summary of
risk of invasion in which cells with low accumulated cost are at greatest risk.

From this description it will be apparent that the model of para grass invasion presented here
depends on the following assumptions:

spread i s exclusively f rom t he e dges of e xisting popul ations (via stoloniferous
growth) and propagules cannot bypass intervening cells;

invasion p aths that take the invader through areas o f low suitability habitat will be
occupied more slowly, if at all;

proximity to existing populations of para grass increases the risk of invasion; and

there is no effective management of para grass taking place.
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The conceptual base is similar to Harper’s (1977) ‘safe site’ hypothesis or the extension of
this idea, Johnstone’s (1986) ‘invasion window’.

It will also be apparent that unless confronted by continuous impermeable barriers, application
of such a model produces the trivial prediction that all contiguous habitats capable of supporting
the species at all will eventually be invaded. To provide more meaningful predictions of relative
risk of para grass invasion in the near future, the analysis was performed with an upper limit on
the cost which was allowed to accumulate as para grass spread through the wetlands. For this
study this upper accumulated cost limit was set at 20 000.

4.4.3 Results

Bayesian habitat suitability model

Preliminary an alysis o f ex isting p ara g rass d istribution sh owed t hatith ad a si gnificant
association with three variables, ie distribution was significantly different from that expected
if di stribution was random (Table 3). T he results suggest t hese en vironmental d atasets are
useful predictors of para grass distribution.

Table 3 Chi-square results of para grass distribution versus random distribution

Environmental variable Chi-square Df P

Land units 87.02 22 <0.005
Land systems 99.90 10 <0.005
Vegetation 4865.83 24 <0.001

Para grass association with attributes of the predictor datasets

Land systems

Para grass showed a si gnificant p ositive asso ciation with two land s ystems - Cyperus and
Kysto (Table 4). T he C yperus | and sy stem co ntains t he sea sonally flooded co astal p lains
characterised b y f reshwater o ver b lack cr acking c lays o ver cal cic e stuarine muds (Wells
1979). Kysto is a constituent of the Koolpinyah surface and is characterised by low rises and
swales and m inor isolated low strike ridges and is p resent o nt he east ern edge of the
floodplain. S oils are gradational red and red-yellow, s hallow and gravely and uni form red
soils. Bands of tall open woodland and forest are noted from this land system (Wells 1979).
Oryza grassland i s p resent wi thin t his | and sy stem; t herefore, t he v egetation r esults ( see
below) are consistent with this result.

Para grass showed a significant negative association with the Pinwinkle land system, also part
of the coastal plains, but characterised by swampy depressions, longer inundation periods, and
where the dominant vegetation tends to be paperbark forest (Wells 1979). Deeper water and
greater 1 ength of inundation in t he s wampy parts of t he floodplain a nd po ssibly s hading
associated with the presence of paperbark forest may all be contributing to this finding.

Land units

Para grass showed a si gnificant positive association with two land units 7a3 & 8b (Table 4).
Land unit 8b is found in higher seasonally dry clay plains and is part of the Cyperus land
system. These areas are poorly drained, inundated for 68 months of the year and dominated
by grasses and sedges. The soils are black and grey cracking clays over alkaline, saline
estuarine mud (Wells 1979). Land unit 7a3 is part of both the Pinwinkle and Cyperus land
systems and is found on seasonally inundated al luvial clay plains, which are generally flat
with scat tered d epressions an d b illabongs. Dr ainage i s p oorand t hese areastendtob e
inundated for slightly longer periods than land unit 8b. Dominant soils are uniform medium-
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heavy clays and less commonly duplex loams to medium-heavy clays. Vegetation in this land
unit is dominated by grasses (Wells 1979).

Para grass showed a significant negative association with land unit 7al which despite having
some characteristics similar to the above land units 7a3 & 8b i s part of the Pinwinkle land
system which experiences longer periods of inundation due to poor drainage. Dominant soils
are uniform, c racking, m edium-heavy clays and 1 ess co mmonly d uplex |l oams t o m edium-
heavy cl ays. Al luvial soils are u niform loams or clay loams over sands. Vegetation is
dominated by grasslands (eg Pseudoraphis spinescens) with emergent clumps of Melaleuca
leucadendra. Pseudoraphis spinescens is the dominant grass in the deeper parts of the Magela
floodplain (Finlayson et al 1990) suggesting that this land unit is inundated to a greater depth
than the similar land units 7a3 and 8b.

Table 4 Results of z-tests showing statistical significance for predictor dataset attributes. Negative z-
scores (highlighted) indicate a significant negative association with this predictor dataset attribute

Predictor dataset & attribute z-score P
Land units

7a3 65.85 <0.01
8b 31.74 <0.01
7a1 -35.08 <0.01

Land systems

Cyperus 155.23 <0.01
Kysto 15.77 <0.01
Pinwinkle -79.73 <0.01
Vegetation
Oryza grassland 98.55 <0.01
Hymenachne acutigluma grassland 9.28 <0.01
Melaleuca open woodland 8.68 <0.01
Mixed grassland — sedgeland 8.63 <0.01
Oryza — Hymenachne grassland 6.48 <0.01
Eleocharis sedgeland -2.12 <0.01
Hymenachne — Eleocharis -7.21 <0.01
Oryza — Eleocharis -9.14 <0.01
Pseudoraphis spinescens grassland -10.45 <0.01
Melaleuca open forest -30.62 <0.01
Vegetation

Para grass distribution showed a significant positive association with Oryza grasslands and
vegetation communities wh ich co mmonly co ntain t his sp ecies (Table 4). A significant
positive asso ciation was also f ound for Hymenachne acutigluma grassland an d m ixed
grassland se dgeland. A significant n egative asso ciation was found f or f ive v egetation
communities, m any of which are dominated by or contain Eleocharis sedgeland i ncluding
Oryza/Eleocharis habitat (Table 4). The negative association with this community, despite the
presence o f Oryza, may reflect differences in water depth and possibly the presence of two
species of Oryza — meridionalis and rufipogon. In the Mary River catchment O. rufipogon has
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been observed in deeper waters, with O. meridionalis more commonly found in shallow to
intermediate depths (K Ferdinands unpublished data). It is easy to confuse these two species
in the field, unless inflorescences at anthesis (the period during which a flower is fully open
and functional) are present (Cowie et al 2000).

Susceptible wetland habitats

By c ombining t he pr obability of a ssociation w ith e ach of the attributes i n ea ch p redictor
datasets u sing B ayes’s theory, a su rface sh owing p robability of p ara g rass presence was
derived. Wetland habitats where the predicted probability of para grass presence was greater
than 6 0% wer e d eemed su sceptible t o p ara g rass i nvasion. Th e majority of w etland
communities, described in terms of dominant vegetation, showed a low probability of para
grass p resence ( Fig 19).1tis in ferred f rom th is th at th ese habitatsh avea v erylo w
susceptibility t o para gr ass i nvasion. Approximately 6000 h ectares ( 32%) o f the M agela
Creek wetland, including that already occupied by para grass (1250 hectares), was identified
as su sceptible t o p ara g rass i nvasion ( Fig 20; T able 5). T hese habitats co mprise fourteen
vegetation ¢ ommunities. For two of't hese v egetation ¢ ommunities t he area identified a s
susceptible was small (<1 ha). The remaining twelve communities accounted for 95% of the
area identified as susceptible to invasion (Table 6). Based on area measures in tables 5 and 6,
it appears that one vegetation community (Oryza spp grassland) is particularly susceptible to
para g rass i nvasion. Oryza spp a s gr assland or a s a do minant pa rt of ot her ve getation
communities accounted for 6 5% o f the total wetland ar ea i dentified as su sceptible to para
grass invasion. T hese findings are consistent with av ailable published studies (Knerr 1998,
Whitehead & W ilson 2000, Ferdinands et al 2005) showing that para grass d emonstrated a
strong association with a limited number of vegetation communities.

Environmental niche for para grass

Based on the above results the environmental niche for para grass can be described as habitats
within the floodplain that are inundated for approximately 68 months each year. These areas
are typically the coastal floodplains with black and grey cracking clay soils. The dominant
vegetation in these habitats is grasses and sed ges, providing little or no canopy cover. The
vegetation results suggest some communities which dominate these parts of the floodplain eg
Oryza, are particularly susceptible to para grass invasion.

Modelling the future spread of para grass to assess the risk of invasion

Given the parameters specified for the spread model approximately 6360 ha (34%) of the
floodplain were identified as being at risk of para grass invasion (Fig 21). This roughly equates
to all the areas of floodplain identified as susceptible to invasion. Based on an estimated rate of
spread of 14% per annum (Bayliss et al 2006, Bayliss et al 2012), this area could potentially be
invaded by para grass in the in the next 9—10 years. However, the lower suitability of parts of
the identified ‘high risk’ habitat, and the smaller size of existing para grass populations in areas
away from the main infestation, may slow invasion of these habitats.

In the para grass spread scenario modelled — no management action and spread modelled over
an estimated six year period — Oryza spp was identified as the habitat at greatest risk of para
grass invasion ( Table 6 ). Communities wh ere Oryza spp is t he dom inant or ¢ o-dominant
species (highlighted in Table 6) represented 64% ofthe area at risk of para grass invasion.
This result is the product of the combined effects of existing para grass populations within, or
in ¢ lose p roximity to Oryza spp g rasslands an d t he | ower i mpedance/higher s uitability
associated with these habitats.
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Figure 19 Bayesian habitat suitability model derived probability surface. Darker areas have a high
probability of para grass being present, or already contain para grass. Lighter areas have a lower
probability of para grass being present. White areas are those for which predictions could not be made
because para grass had not been observed in these habitats and therefore no conditional probabilities
could be calculated.
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Figure 20 Areas of floodplain where probability of para grass presence exceeded 60%. Areas where
habitat suitability exceeded 60% (black) were identified as susceptible to para grass invasion.
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Figure 21 Risk of para grass invasion. The risk of invasion was modelled as a product of habitat
suitability and proximity. The darker areas are those which are identified as being at highest risk of para
grass invasion. The lighter areas are at risk of invasion, but the likelihood is lower for the scenario
modelled — potential spread over the next 6 years; where rate of spread was based on unpublished
riss data on para grass extent on the floodplain (1983-2004). Cross-hatch areas are existing para
grass populations; white areas are unlikely to be invaded in the time period modelled.
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Table 5 Vegetation communities where the probability of para grass presence in the habitat suitability
model was greater than 60%

Vegetation community Total area of veg P_otential area % of total veg poot/zstfigl);a:'lea

community (ha) invaded (ha) community invaded
Oryza grassland * 2406 2039 85 32.81
Oryza — Eleocharis * 2292 1167 51 18.78
Hymenachne — Eleocharis 1292 580 45 9.33
Hymenachne grassland 897 481 54 7.74
Melaleuca open woodland * 1547 422 27 6.79
Mixed grassland — sedgeland 71 402 57 6.47
Oryza — Hymenachne grassland * 389 306 79 4.92
Eleocharis sedgeland 369 240 65 3.86
Melaleuca open forest * 4328 136 3 219
Open water 226 104 46 1.67
Total 14 457 5949

A high percentage of a given vegetation community being identified as suitable for para grass, suggests that a high proportion of this
habitat has already been successfully invaded by para grass. Vegetation dominated by or containing Oryza as co-dominant or
understorey species is highlighted.

Table 6 The relative areas for different wetland vegetation identified as being at risk of para grass
invasion based on the spread model

Vegetation community Area at risk (ha) % of total area at risk
Oryza grassland* 2062 31.11
Melaleuca open woodland* 695 10.48
Melaleuca open forest* 655 9.88
Hymenachne — Eleocharis 556 8.39
Oryza — Eleocharis grassland* 553 8.34
Hymenachne grassland 540 8.15
Mixed grassland — sedgeland 388 5.85
Oryza — Hymenachne grassland* 261 3.94
Pseudoraphis grassland 195 2.94
Eleocharis sedgeland 161 2.43
Nelumbo / Nymphoides communities 153 2.31
Open water 107 1.61
Pseudoraphis — Hymenachne grassland 23 0.35
Mixed Hymenachne and Melaleuca 11 0.17
Total 6360

Vegetation dominated by or containing Oryza as co-dominant or understorey species are highlighted

4.4.4 Discussion

An assessment of the relative risk of para grass invasion

Approximately 34% (6360 ha) of the Magela floodplain was identified as being at risk of para
grass i nvasion, ba sed on c urrent di stribution and i nferred h abitat pr eferences. B ased o n
estimated rate of spread, this area could potentially be invaded within the next 9—-10 years. The
habitats w ithin t he floodplain t hat are at gr eatest risk tend t o be dominated by gr asses and
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sedges. Oryza spp, o ccurring ei ther a s g rasslands, a grassland or an u nderstorey sp ecies i n
woodlands and forest, was assessed as having a very high risk of para grass invasion. This risk
is a product of the characteristics of parts of the floodplain inhabited by Oryza and the presence
of para grass within or close to most Oryza populations. This finding is consistent with previous
studies in the Mary River (Ferdinands et al 2005) and is interpreted as suggesting that para grass
and Oryza are competing for a similar ecological niche on the floodplains.

The reduction in area at risk within a given vegetation community versus the area estimate
from t he habitat s uitability m odel eg 85% ve rsus 31% (Tables 5 & 6) hi ghlights t he
importance o f taking into account the distribution o f susceptible habitat in relation to para
grass distribution. The finding suggesting that there are areas of Oryza grassland where para
grass is absent, distant or is surrounded by low susceptibility habitat. Relying on the habitat
suitability model alone may therefore misinform assessments of the risk that para grass poses
and which areas are at greatest risk.

It should be noted that given the assumptions and rules used in this spread modelling, spread
into low suitability habitats is not prevented. Rather, the rapid accumulation of cost when para
grass spreads into these habitats results in only small areas of these habitats being identified
as ‘high risk’.

Satellite infestations within or in close proximity to high susceptibility habitats were
responsible for large areas of the floodplain away from the main infestation being identified
as high risk of invasion. The spread modelling results suggest that eradication or control of
these populations would markedly reduce the risk of para grass invasion.

The importance of satellite p opulations also highlights the need for i) monitoring programs
capable of detecting small outbreaks, particularly within or nearby susceptible habitat and ii)
the potential for new satellite populations to alter predictions of risk of invasion. The effect of
new satellite populations on predictions of risk can be easily modelled by adding additional
source points to the analysis.

4.5 Uncertainty, information gaps and further research

4.5.1 Extent of para grass

Limitations of the Bayesian habitat suitability model

Habitat suitability modelling was performed using only three predictor datasets; two of which
are cl osely r elated (land uni ts a nd 1 and s ystems). Th e habitat s uitability model would be
improved by the inclusion of further environmental predictor datasets as they become available
including a water depth surface. This could be created based on stratified point-based sampling,
preferably in the mid-wet season and g eostatistical t echniques eg k riging'®, used to create a
depth surface. Depth is a primary determinant of the distribution of wetland flora (Finlayson et
al 1990, Cowie et al 2000) and its absence from the model reduces the accuracy of predictions.
For example,intheM ary R iver floodplain, depth v aries considerably a cross Oryza spp
grasslands in the mid-wet season (Ferdinands et al 2005). At depths less than 60 cm the risk of
invasion was much greater than areas deeper than 60 cm.

The assessment of habitat suitability is made based on the assumption that current distribution
is indicative of all the h abitats that para grass is ¢ apable o f su ccessfully i nvading. F uture

'8 Kriging is a group of geostatistical techniques to interpolate the value of a random field (eg the elevation, z, of
the landscape as a function of the geographic location) at an unobserved location from observations of its value
at nearby locations.
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monitoring will determine whether this assumption is valid and highlights the need to repeat
this risk assessment as new para grass distribution data is collected.

Seasonality will in fluence the results of this risk assessment, as wetland flora may ex hibit
some va riation i n di stribution ba sed on i nter-annual v ariation in r ainfall, a Ithough t his
variation may be less likely for established and resilient perennials like para grass.

Recommendations for improving the Bayesian habitat suitability model risk
assessment
1. Selectively monitor the distribution of para grass, with a focus on areas identified as
being at high risk of invasion and known existing populations of para grass. Monitoring
resultsc anb eus edt ot estt he model pr edictions, r efine/modify pr edictions a nd
management responses over time. M onitoring should be capable of detecting satellite
populations, because of their contribution to increase the invasion risk.

2. Using field s urvey, verify the ac curacy o f QuickBird derived para grass mapping
(distribution and percentage cover) for the area surrounding the main infestation. The
Bayesian habitat s uitability m odel uses ar eam easures tod erive conditional
probabilities, which can be biased by inaccurate mapping of distribution.

3. Use stratified (by vegetation community), geo-referenced, point-based sampling of wet
season depth across the floodplain, over several wet seasons to model the relationship
between depth and para grass distribution. A depth surface for the Magela floodplain
would greatly improve the predictive power of the habitat s uitability model”. A
surrogate depth map may be acquired by mapping the pattern of receding inundation
area across the dry season using multi-temporal remote sensing.

4. Experimental studies to further examine the relationship between para grass and the
determinants of its distribution and its e ffects on w etland flora and fauna c ould be
used to test the predictions of this study.

5. Explore the potential for chemical control of para grass where risk of invasion is high
and/or where ch ances o f eradication are high eg satellite infestations. T he spread
modelling a pproach ¢ an be us edt o perform ¢ what-if” scen ario t esting p rior t o
implementation of a management response to inform decision making.

6. If priority habitats/areas within the floodplain can be identified, the spread modelling
results (which optionally include a direction surface) can be used to predict invasion
paths between priority areas and closest para grass population. This can be used to
refine/prioritise para grass control strategies.

Most of the following issues for which further information could help in manage para grass
and d etermine t he r elationships b etween n ative v egetation an d p ara g rass on t he M agela
floodplain are from Knerr (1998):

Salinity tolerance

Although there are some para grass infestations in the saline estuary regions, it is uncertain to
what extent this habitat can be colonised by the weed and what the impacts would be. Seeds
and cuttings could be germinated and grown in a range of different salinity regimes to better
assess its invasive potential into the more saline habitats.

' As of 2012, Energy Resources of Australia Ltd now have a Digital Elevation Model (DEM) for their mineral
lease which covers part of the southern Magela floodplain. A collaborative project of various agencies is also
underway to obtain a DEM of the remaining floodplain area which includes the para grass infestations. With
this information it will be possible to map a depth surface of considerable accuracy.
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Detailed mapping

Past and recent s urveys ha ve i mproved our know ledge of the e xtent of para grass ont he
floodplain. However, the entire floodplain has not been systematically surveyed in detail, nor
are there much data on the occurrence of satellite infestations and their rate of spread. Satellite
infestations need t o marked out and their gr owth monitored both s patially and te mporally.
Where possible, field monitoring s tudies should be complemented with a cquisition of high
resolution remote sensing.

Seed and seed bank experiments (from Knerr 1998)

The vegetative reproduction of para grass is well documented, however, to what extent para
grass recruits from the seed bank is uncertain. Such information could help indicate which plant
communities are susceptible to invasion. Seed bank studies over successive y ears would help
determine the size and rate of depletion of para grass seed banks. Field plot observations of
seedling emergence over successive y ears could provide a valuable insight into the role that
seedling recruitment, as opposed to vegetative propagation play in establishment of para grass
stands. S eed i nput into the soil could b e assessed u sing s eed ex clusion ands eed r ain
experiments, and the di screpancy be tween t he hi gh s eed p roduction and r elatively 1 ow s eed
numbers that germinate from the seed banks might be determined using seed bait experiments,
as predation has been hypothesised as one such reason for seed loss.

Competition, water depth and inundation

Further investigation into the factors that affect successful recolonisation o f native vegetation
following the removal of para grass are required. Assessment of the competitive nature of para
grass with o ther n ative vegetation, p articularly Hymenachne acutigluma wouldhe Ipt o
determine the potential of para grass to colonise and exclude native species other than Oryza. In
addition to seedbank issues, the assessment needs to examine competition b etween seedlings,
cuttings and adult p lants. Itis also s uggested th at the trialsu se a v ariety o fw ater d epth
treatments as this is known to influence the establishment of para grass cuttings (Calder 1982).
Period of inundation appears to be an important factor in the distribution of para grass. A more
precise understanding of this relationship may help to identify areas of high habitat suitability.
Fire

There is ¢ onflicting a necdotal in formation in th e literature r egarding t he t olerance o fan d
response to fire, although the majority seems to presume that para grass responds well to fire.
There are many variables to consider such as the surrounding native vegetation, the timing of
the fire, weather conditions and the seedbank. As fire is frequently used as a management tool
on the floodplains of Kakadu, it is important to fully understand the relationship between fire
and para grass.

4.5.2 Effects of para grass

Knerr (1998), Douglas et al (2001), Ferdinands et al (2005) and Wurm (2007) have yielded
some information of these effects on the Magela Creek and Mary River floodplains. Some of
these authors acknowledge the limitations asso ciated with their studies. S ome uncertainties
identified from the available literature and anecdotal information include the following.

Hydrology
Whilst t here h ave b een studies o n t he ef fects o f p ara g rass o n ch annel m orphology an d
hydrology of small streams in northern Queensland (Bunn et al 1998), no such information is

2 Aside from remote sensing information in this report, further WorldView-2 imagery has been obtained by €riss
for the floodplain and more detailed para grass and native vegetation maps are being produced for the entire
floodplain (Boyden in prep, Whiteside et al 2012).
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available for an expansive floodplain such as the Magela. Bunn et al (1998) found that para
grass greatly increased the sediment deposition of streams and dramatically reduced channel
capacity and discharge. Although para grass is structurally similar to the native Hymenachne,
it is considerably denser than other plant communities which it invades (Douglas et al 2001),
thus it may increase rates of sediment deposition.

Fire

Itis acknowledged that para grass has greater fuel loads than native vegetation (Douglas et al
2001, Douglas & O’Connor 2004) and it is predicted that it carries more intense fires, but the
precise effects of this on flora and fauna are uncertain. A necdotal evidence suggests that hot
para grass fuelled fires have destroyed Melaleuca trees on the floodplain and damaged monsoon
vine forest areas. Similar evidence suggests the demise o f aestivating turtles due to excessive
ground heat from intense fires (assuming they can aestivate — see below). In relation to hot fires,
the fate of fauna such as frogs, reptiles and mammals living within the grasses is also uncertain.

Physical barrier

It has been hypothesised that the dense structure and greater biomass of para grass may impede
the movements of larger aquatic animals such as turtles, water monitors and crocodiles. It may
also prevent turtles from penetrating through to the mud where they aestivate for the dry season.
The degree to which this occurs could warrant further investigation as turtle harvesting is an
important social activity and food source for Aboriginal people.

Herbicides

There is little knowledge o fthe ecological impacts o f the herbicides, wetting ag ents an d
adjuvants used for para grass control. Glyphosate is the herbicide of preference for para grass
control, however many f ormulations of G lyphosate co ntain su rfactants t hat ar e t oxic i n
aquatic e nvironments ( Douglas etal 2 001, Guy McSkimming pe rs c omm October 200 4).
Roundup Biactive™ is one formulation that is registered for such use and is reportedly non-
toxic t o frogs ( Mann & Bidwell 1999) . H owever, P rofessor Mike T yler from A delaide
University believes that these ‘frog-friendly’ formulations are still harmful to frogs.

Douglas e ta I ( 2001) e xamined t he e ffects of a va riety of concentrations of R oundup
Biactive™ on i nvertebrates and fish communities and found no deleterious e ffects on t hese
taxa. They do however advise caution when extrapolating the results more generally as other
taxa such as frogs were not examined and the spatial scale of the study was relatively small,
examining ‘patches’ of para grass and native vegetation. This phenomenon may have allowed
migration of fauna from untreated areas, thus masking possible ill effects to aquatic organisms
of the herbicide (Douglas et al 2001). Over 90% kill rates of para grass were achieved across
a range of herbicide concentrations, thus more research is required to determine the most cost-
effective minimum application rate(s), further reducing the risk to the aquatic fauna (Douglas
etal 2001). Another problem with this herbicide is that it is non-selective and kills actively
growing woody and herbaceous plants.

4.6 Management implications of para grass

As with the m anagement o f m ost i nvasive sp ecies, d ecisions m ust b e made ab out wh at
response is most a ppropriate ( eg e radication, c ontrol, and ¢ ontainment) and w here such a
response should occur. This assessment provides some of the information required to inform
this d ecision making process, by identifying the location of high risk habitats based on t he
habitat preferences and current distribution of para grass.

The spread modelling highlights the role played by satellite populations in increasing the risk
of para grass invasion. Satellite populations in the north and west of the Magela floodplain,
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away from the main infestation were responsible for the majority of floodplain identified as
‘atrisk’ (Fig 21) and hi ghlights the need to control or eradicate these s atellite popul ations
wherever p ossible. Treatment o fi nfestations o n o pen f loodplains may b e r elatively e asy
(though expensive) using aerial or boom spraying equipment. However, such methods may not
be appropriate or even possible for the considerable areas of para grass growing amongst the
fringing forests of the floodplains, within paperbark swamps and around billabongs. Control in
these habitats is still feasible but would most likely be very labour intensive. Because para grass
grows in a wide variety of habitats including relatively deep water, control efforts can often be
hampered by access and the onset ofthe wet season. F or many infestations, thereis a small
window of opportunity between the ground being sufficiently dry to work on, and the onset of
the rains and possible early flooding.

There is al so concern r egarding t he ap plication o f 1 arge q uantities o f h erbicides to World
Heritage wetlands. At present, Glyphosate is the most effective herbicide for para grass but it
is also non-selective and will kill other native vegetation.”' There is concern over the effect of
the herbicide on frog populations and its effect on other taxa is largely unknown. Given these
‘non-target’ ef fects an d uncertainties, t here may b e co nsiderable r isks i nvolved i n us ing
herbicides to attempt to eradicate large infestations of para grass on the floodplains.

4.6.1 Bioeconomic modelling

The unit cost ($/ha) of weed control varies predictably with the extent of the weed in the
control z one. C ontrol co st cu rves f or m ost i nvasive sp ecies t ypically sh ow u nit co sts
increasing exponentially with decreasing abundance, reflecting the greater proportion of total
costs allocated to search time with a corresponding lesser proportion allocated to killing (ie a
standard predator-prey model) (Choquenot & Parkes 2001).

A standard control cost curve for para grass was developed (Fig 22) and is based on chemical
spraying of weed plots at Nourlangie Creek in the South A lligator R iver c atchment, using
data co llected by the Ka kadu weed s team (Table 7). T he area treated for each y ear was
unavailable in the original data. However, the infestation that was reported as being 2 ha in
size, reduced to 0 ha over the four years. Therefore, the area (ha) of para grass sprayed was
estimated from the amount of herbicide used, assuming that 25.5 L/2 ha were used ie the
mean of the usage for 1992 and 1993. Note that the x-axis for abundance (ha) in Figure 22
can be re-scaled to percentage cover if required for modelling purposes.

Table 7 Weed control data (extent of para grass, amount of chemical used & cost, control effort and
labour cost) used to derive unit cost of control for para grass at Nourlangie (1992—1995)

Year %Areaof Areaof Area Glyphosate Chemical Staff time Staff cost Total cost costs/ha
infestation infestation treated L) cost (hr) @ $30/hr  for year %)
(ha) (ha) (%) (%) (%)
1992 84.1 2.0 1.827 233 233 30 900 1133 620
1993 100.0 2173 27.7 277 20 600 877 404
1994 9.4 0.204 2.6 26 4 120 146 716
1995 0.7 0.0 0.016 0.2 2 3 90 92 5865

Assuming 25.5L =2 ha (mean 1992 & 1993)

2l Ttis most likely that para grass will be the first to colonise a treated area i f there are other i nfestations in the
vicinity.
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Figure 22 Control cost curve for para grass on Nourlangie Creek, South Alligator River, Kakadu
National Park (1996—1997), showing a negative exponential relationship. Data provided by Kakadu staff.

For the Magela floodplain, model s imulations suggest t hat containment and a s trategy to
reduce in situ cover to 20%, would initially cost $1.8 million and approximately $400K—500K
per annum thereafter (maintenance control) (Walden & Gardener 2008, see also Bayliss et al
2012). No te that these estimates for an nual m aintenance co sts ar e similar to act ual an nual
maintenance costs of mimosa control in the Park. However, it should be stressed that these are
“first-cut’ estimates only and should not be used for planning purposes. More appropriate cost
estimates for para grass control on the Magela using the most effective combination of control
methods need to be sp ecifically d etermined an d these e stimates m ay v ary s omewhat from
those presented here. For example, the Northern Territory Government chemically control para
grass at a cost of $106/ha using an R44 helicopter (G McSkimming pers comm 2004) and, in
Queensland, the comparable costis $429/ha ( c.f.t he average c ostof $56 4/ha f romt he
Nourlangie d ata). Ho wever, h elicopter spraying wo uld b e u nsuitable o ver certain wooded
habitats on the Magela floodplain. Chemical control of para grass by helicopter in open treeless
wetland habitats on the Magela would cost less than using airboats in such habitat. The cost
simulations presented here represent preliminary investigations only, and need to be calculated
in d etail using real control co st figures coupled to more precise estimates o f h abitat-specific
spread rates for the Magela floodplain, for which information is currently unavailable.

Additionally, the cost estimates do not incorporate a rehabilitation component, a possibility that
may need to be factored into future management planning. For example, patches of floodplain
exposed to 100% para grass cover for 1020+ years will have excluded native vegetation, hence
there may b e no vi able seed bank in the soil. Wurm (2007) showed t hat r e-colonisation of
displaced native vegetation such as wild rice may not occur in 100% para grass cover because
native seed germination is suppressed. Even if treated para grass is reseeded with wild rice seed,
the rice may not re-establish, probably due to the extant para grass biomass. Furthermore if the
habitat modification by para grass is more complex with significant lasting impacts, then simple
re-seeding/planting may not be sufficient and additional management strategies may be needed
(Wurm 2 007). Th elo gistic d ifficulties o fr ehabilitation extendw ellb eyondc ostso f
reintroduction of native species. Importantly, they include constraints on methods for further
para gr ass control. Any future ‘ adaptive ex perimental m anagement’ should b e de signed t o
account for these factors and acquire this knowledge.
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We recommend strongly that an ‘adaptive m anagement’ (systematic learning by doi ng)
approach b ¢ ad opted f romt he st artasp arto fan y 1 ong-term control pr ogram. Large
experimental p lot trials would need to b e established in d ifferent wet land h abitats to g ain
essential control and recovery knowledge specific to the Magela. Key information needs are:

the most a ppropriate c ontrol method for particular habitats — eg chemical, bur ning
and mechanical; burning and chemical; the timing and frequency of control; contrasts
between Melaleuca woodland/forests vs open floodplains; potential to integrate with
other control programs in order to reduce costs;

the current distribution of key habitats of conservation significance — eg Eleocharis
and Oryza spp) — at risk to para grass invasion;

associated costs of control — ie determination of what benefits for what costs; realised
recovery rates of native wetland vegetation; if necessary re-seeding/re-planting costs
and success; determination of robust and defensible target control levels; and further
research and development of cost-effective monitoring methods, such as multispectral
remotely sensed satellite captures.

With respect to these information ne eds, €riSS and P arks ha ve had ongoing c ollaborative
projects in place at Boggy Plain and Magela wetlands since 2002. Mapping vegetation on the
Magela floodplain continues as more imagery is acquired and analysis techniques improve.
This information will add to our knowledge of spread rates and habitat suitability to further
enhance risk assessments and management strategies.
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5 Species potentially vulnerable to para grass

The aquatic biota of the Magela floodplain, whilst diverse, commonly occur elsewhere in the
Alligator Rivers Region (Humphrey & Dostine 1994), if not across the tropics of the Northern
Territory. The high seasonality of the floodplain environment has generally selected for
animals and plants that are readily dispersed. Moreover, the freshwater ecosystems of the
lowlands are relatively young in geological terms. The floodplains are of the order of ~1500
years old (Woodroffe et al 1989, Wasson 1992), a feature which, together with high
seasonality and species vagility, has probably mitigated against endemism at regional and
smaller catchment scales. Extensive surveys by various agencies over the years have found no
species of aquatic or semi-aquatic vertebrate (fishes, frogs, reptiles, birds) and aquatic
macrophyte endemic to the Magela floodplain. This is likely to be true also for aquatic
invertebrates found on the floodplain (Humphrey 1999).

It is to be noted that dramatic declines have nevertheless occurred at national and global
scales for many waterbird species known to be ‘commonly’ distributed across the Top End
(eg the magpie goose). Declines in the range of these species have been attributed to the
habitat transformation such as that caused by invasive species. The conservation value of the
Magela and Kakadu wetlands arises from their capacity to provide seasonal refugia and
breeding habitat for nomadic or migratory species. Therefore waterbird species such as the
magpie goose may still be vulnerable through the incremental and insidious decline of
resources over much broader scales than the Magela floodplain (Bayliss et al 2006).

The wild rice populations of northern Australia comprise a globally significant genetic
resource as they have not been subject to the introgression and genetic erosion experienced by
wild rices occurring in regions where cultivated rice is grown (T Sato & | Nakamura pers
comm 2007). These populations provide a potential genetic resource for rice breeding
programs and have been collected by staff from International Rice Research Institute over
many years. They also provide a basis for research into the phylogeny of wild rice species,
genetic barriers between species and the role of gene flow among populations in maintaining
population viability (R Ishikawa pers comm 2006). Given that para grass occurs on
most/many north Australian floodplains, conservation reserves such as Kakadu National Park
have a specific role in maintaining the integrity of wild rice populations.
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6 Socio-economic effects of para grass

When in large infestations, all three weed species have the potential to impact upon human
activities. They interfere with stock watering, irrigation projects, tourism, recreational use of
waterways, commercial fishing and the traditional lifestyles of Indigenous peoples. As there
are no current pastoral activities on the Magela floodplain and it is unlikely to be re-opened
for recreational fishing, the most likely impacts will be upon Indigenous lifestyles. Practices
such as hunting and foraging not only provide people with food, but are closely tied to spiritual
beliefs and traditional law, and allow each generation to share extensive environmental
knowledge with succeeding generations (NLC & €riss 1997). Wetlands are the major
traditional source of food for part of the year (Altman 1987) and the invasion of weeds
physically impedes access to traditional hunting grounds and reduces the availability of foods
such as magpie geese, file snakes, goannas, turtles and water lilies due to loss of native habitat.
Sacred sites and other sites of cultural significance can also be changed and their access
impeded. See also the conceptual models in sections 2.2.3, 3.2.3 & 4.2.3 and for more detail on
the socio-economic effects of mimosa see Walden et al (2004).

69



7 Conclusions

Mimosa and salvinia are already the focus of extensive risk management programs in Kakadu
National Park. Prevention of establishment and spread of mimosa, and the reduction of
salvinia populations by the salvinia weevil (in conjunction with access restrictions and
quarantine procedures) ensure that the risks of these weeds remain relatively low, particularly
when compared to the much greater extent and impacts found on other Northern Territory
coastal floodplains and rivers. However, with regard to salvinia, there still is an ongoing
management issue in ensuring that weevil populations are maintained.

It is beyond the scope of this report to discuss control options for the weeds. The information
presented in this assessment is designed to outline the current and potential distribution of
para grass in particular and highlight some of the likely consequences of widespread
distribution. This knowledge can be employed to inform the decision making process prior to
the implementation of any management strategies.

There is good evidence to suggest a significant proportion of the Magela floodplain (~35-50%)
could potentially be invaded by para grass (Bayliss et al 2012). Where this occurs, a negative
impact on the physical and ecological characteristics of these habitats is expected given the
demonstrated impact of para grass in this catchment (eg Douglas et al 2001, Douglas and
O'Connor 2004) and other similar floodplains, eg those of the Mary River (Ferdinands et al
2005). Ferdinands et al (2005) has shown that in a vegetation survey of communities invaded by
para grass in the Mary River the most common finding (the mode) was that no other taxa were
present. Similarly, Hymenachne acutigluma grassland, also identified as a high risk habitat
within the floodplains, was noted by Knerr (1998) as having the highest species diversity in the
grasslands he surveyed on the Magela floodplain.

This assessment has highlighted the risk to a key wetland habitat, the Oryza grassland, which
appears to share a similar ecological niche to that of para grass. The large area of floodplain
occupied by Oryza grassland and the recognised importance of this habitat in the wetland food
chain (Whitehead 1998, Wurm 1998b) means the threat posed by para grass invasion also
supports the conclusion that management intervention is required. The potential for para grass
control using herbicide has been demonstrated (Douglas et al 2001) and should be explored for
controlling the future spread of para grass into areas identified as being at high risk of invasion.

Since the time of the satellite image capture and analysis in 2004, para has spread from about
1250 ha to just over 3500 ha in 2009 (Aaron Petty Charles Darwin University, pers comm Feb
2009), ie an increase of 2250 ha, which is considerably greater than the doubling in area every 5
years as predicted by the spread model. However, it is acknowledged that this original spread
rate may have been conservative (Bayliss et al 2012).

There is a great deal of work to be done to understand and quantify the true impacts of para
grass invasion. In addition to the biodiversity impacts, there are potential impacts on
ecological processes, such as the fire regime in para grass infested areas (eg altered intensity
& frequency of burns, loss of carbon and nutrients to the atmosphere etc); the locking up of
carbon/nutrients in para grass biomass and changes to chemical cycling, and the possibility of
altered hydrology/flow regimes. Many of the knowledge gaps outlined for para grass
represent significant research committment and will most likely require a considerable
resource investment in addition to any control/management resources.

As to how the presence and spread of these species could confound assessment of any mining-
related pressures is difficult to assess without longer term data. The decline in rainbowfish
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numbers in Mudginberri Billabong over the period 1989 to 2005 does not appear to be related to
any change in water quality associated with mine wastewater discharges from Ranger
(Humphrey et al 2006). Over time, with further monitoring and analysis, it may be possible to
distinguish and identify natural stream water quality, discharge and/or floodplain habitat factors
responsible for changes to fish populations in Magela Creek billabongs. These causal factors
may then be modelled to account for variation in monitoring response variable(s). (see Bayliss
et 2006 and Bayliss et al 2012 for further analysis and discussion on this topic).

The decline in numbers of magpie geese and egrets appear to be linked to irregular cycles of
abundance over decadal time scales (15-25 year periods). Despite this, para grass may still be
having an adverse effect on some waterbird populations. Magpie geese in particular are
known to avoid para grass for feeding and nesting and with an ever increasing coverage of
para grass and other weeds across the Top End floodplains, the expected recovery of
population abundance may at some point fail to eventuate. Basically, it is difficult to interpret
long-term changes in the abundance of highly mobile waterbird species in isolation from
regional and national trends, particularly in relation to anthropogenic changes such as
invasive species and mining (Bayliss et al 2006). No systematic monitoring data are available
across Top End wetlands that provide quantitative regional scale assessment of specific
habitat modification from weeds or other factors (see Bayliss et al 2006, 2012 for further
analysis and discussion on this topic).

The overall findings of the landscape environmental risk assessment to date strongly imply
that non-mining landscape-scale risks to Magela floodplain should now receive the same level
of scrutiny as that applied to uranium mining risks, including an assessment of what
appropriate level of investment would be needed to manage these risks. Diffuse landscape-
scale risks are currently several orders of magnitude greater than point source risks to Magela
surface waters from the Ranger Uranium Mine, with para grass contributing most to the
overall landscape risk (Bayliss et 2006, Supervising Scientist 2006, Bayliss et al 2012).
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Appendix 1 Land unit codes and systems associated with the land unit classification of the Magela Creek floodplain

Table A.1 Description of land unit codes associated with the land unit classification of the Magela Creek floodplain (Wells 1979)

Surface features Code Description Typical Vegetation
3al Deep sandy red massive earths & minor gravelly red massive earths Tall open woodland to open forest
3b Moderately deep to deep red earth soils Tall open woodland to open forest
3cl Moderately deep to deep gravelly red massive earths Tall open woodland to open forest
i?:jal::]aﬂng upland 3c2 Shallow to moderately deep gravelly red massive earths & minor red earthy sands \s/\écrjl?t()j Iﬁ:gggsﬁgreenyforest community with dense
4a Shallow to moderately deep gravelly yellow massive earths & minor brownish sands Open forest
4bl Shallow to moderately deep gravelly yellow & brown massive earths & minor brownish sands Woodland to low open woodland
4h2 Shallow gravelly yellow & brown massive earths Dense scrub with emergent trees
5a Deep earthy sands, brownish sands & pale sands with colour B horizons Woodland to open forest
5b Variable depth siliceous sands, pale sands with a colour B horizons & brownish sands Woodland intermixed with areas of grassland
Low lying drainage 5¢ Moderately deep to deep brownish sands or earthy sands & alluvial soils (clay loams over sand) Grassland with patches low open woodland
gfgéi,sslopes & 5d Deep colluvial siliceous sands & brownish sands with minor pale sands of colour B horizons Tall open woodland to scrubland
5e Alluvial soils (sand over clays) siliceous sands & minor brownish sands Grassland with scattered trees
5f3 Alluvial soils siliceous sands & earthy sands frequently occurring on upland margins to alluvial clay plains Closed Melaleuca forest with areas of grassland
Alluvial plains on 6a2 Grey cracking clays Grassland
fsr:;ir:nvfr:tesr 6b2 E;;gOﬁﬁi?lr:rszrzlurj:ggl2;{:2(\)/:;13Lrjglljths;);lj é\grliiy duplex soils (solodised solonetz solodic soils & gleyed Grassland with scattered trees
7al Black cracking clays & hard pedal black duplex soils (acid swamp soils) with minor mottled yellow duplex soils icr%]rgziapnsd with emergent Melaleuca, occasionally
7a2 Black cracking clays, non cracking clays (acid swamp soils) & alluvial soils Closed Melaleuca forest
Alluvial clay plains 7a3 Black cracking clays, non cracking clays & hard pedal black duplex soil Grassland
8b Alkaline black & grey cracking clay Grass & sedgeland
8d Alkaline black & grey cracking clay in ill-drained areas Sedge & grassland
9a Grey gleyed saline clays. Saltwater mangroves
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Table A.2 Description of land systems associated with the land system classification of the Magela Creek floodplain (Story et al 1976)

Land system

Description

Typical vegetation

Baker Steep rocky strike ridges on resistant sediments; skeletal soils & shallow Woodland of mainly Eucalyptus dichromophloia & E. tectifica with perennial grasses
gravelly loams; increasingly heterogeneous downslope

Buldiva Rugged dissected Arnhem Land plateau on quartz of Kombolgie Mid high open woodland of E. arnhemensis; mostly sandstone scrub & sandstone woodland over
Formation; regosols & bare areas, deeper sands in pockets & fissure about half the area, the rest bare rock
floors

Cyperus Seasonally flooded coastal plains, freshwater over estuarine clays; black Grasslands & sedgelands
cracking clays over mainly calcic estuarine muds

Effington Floodplains of dominantly sandy alluvium; uniform, gradational, & texture- | Mid high open woodland of Melaleuca viridiflora & E. polycarpa; minor treeless areas
contrast sandy soils with a variety of site factors

Jay Dissected, rolling, deeply weathered lowlands; gradational loose grey Woodland (mixed) or tall open forest of E. tetrodonta, E. miniata
sandy soils

Kay Level, deeply weathered lowlands; gradational & uniform loamy & sandy Tall open woodland of E. miniata & E. tetrodonta

red gravelly soils

Keefers Hut

Dissected, rolling, deeply weathered lowlands with frequent remnants of
Kay land system; a variety of transitional soils, gradational yellow & red
or, uniform red sands & loams over laterite, gradational yellow loamy soils
derived from parent rock

Mid high to tall open woodland of E. tetrodonta

Knifehandle Shallow valleys, was slopes, & coalescent valleys; uniform deep grey & Mid high to tall open woodland of E. tetrodonta, E. bleeseri, E. tectifica, E. confertiflora, E. latifolia or
yellow sands with sandy & gravelly gradational soils (red & yellow) on mixed scrub of dwarf paperbark, grevillea & shrubs
upper slopes, texture-contrast soils on alluvial flats
Kosher Gentle sloping margins of deeply weathered lowlands; colluvial gravelly & | patchy grassland, pandanus scrub & mixed scrub
stony red & yellow gradational soils & sandy derivatives of Queue & Kay
land system soils
Kysto Low rises & swales & minor isolated low strike ridges; shallow stony & Bands of tall open forest/woodland of E. miniata, E. tetrodonta, woodlands of E. latifolia & E.
gravelly gradational red & yellow-red soils, & uniform red soils foelscheana
very variable, often strike-aligned
Pinwinkle Swampy depressions; black uniform cracking clays over gleyed estuarine | Woodland of Melaleuca nervosa & M. viridiflora
muds & riverine sands, texture-contrast peaty loam over clay soils
Queue Level sandy lowlands; uniform red sandy soils, uniform grey & yellow Tall open woodland of E. tetrodonta, E. miniata, E. bleeseri, & Callitris intratropica

sands
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