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Executive Summary 

The NSW Department of Primary Industries contracted NIWA to identify and risk assess (using 

the New Zealand aquatic weed risk assessment model modified to suit Australian conditions) 

tradeable aquatic plant species in Australia including experimental evaluation of aquatic plant 

species, identify and risk assess aquatic weeds not present in Australia and develop a national list 

of potential aquatic weeds with identification of high risk species recommended for national bans 

in Australia. 

A total of 438 species (with additional hybrids and varieties) are reported to be present in 

Australia. This includes 158 indigenous species and 280 introduced species, of which 52 are 

recorded as naturalised in Australia. A total of 114 non-native potential weeds were identified. A 

further 127 species reported in the international ornamental trade are not reported to be present in 

Australia, of which 20 were evaluated as potential weeds. The New Zealand aquatic weed risk 

assessment model was modified to better suit Australian conditions with additional information 

specific to the trade included, such as length of time and volume in the trade and use for which the 

plant is sold. Potential aquatic weeds were evaluated using the model. An experimental facility to 

compare the competitive ability of aquatic plants was built at Grafton Agricultural Research and 

Advisory Station and together with a New Zealand facility was used to evaluate four species in 

Central Victorian, Sydney and Central Coastal Queensland climates. 

A technical advisory group comprised of scientists, state representatives and industry 

representatives was convened to review outputs from the project and provide guidance on the 

species recommended for national bans. Thirty three species, genera or cultivars are recommended 

for a national ban from sale and distribution as listed below: 

• anchored water hyacinth (Eichhornia azurea) 

• the arrowheads (Sagittaria montevidensis and S. sagittifolia) 

• chameleon plant (Houttuynia cordata)  

• elodea or dense waterweed (Egeria densa) 

• Eurasian milfoil (Myriophyllum spicatum) 

• fringed water lily (Nymphoides peltata) 

• greater reedmace (Typha latifolia) 
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• ‘Green Goddess’ cultivar of arum lily (Zantedeschia aethiopica)  

• horsetails (all species of Equisetum) 

• hydrocotyle (Hydrocotyle ranunculoides) 

• hygrophila (Hygrophila costata) 

• mud plantain (Heteranthera reniformis) 

• limnobiums (Limnobium laevigatum and L. spongia) 

• long-leaf water primrose (Ludwigia longifolia) 

• ludwigia (Ludwigia peruviana) 

• parrot’s feather (Myriophyllum aquaticum) 

• sagittaria (Sagittaria platyphylla) 

• salvinia (all species of Salvinia) 

• Senegal tea (Gymnocoronis spilanthoides) 

• southern naiad (Najas guadalupensis) 

• water caltrop (all species of Trapa) 

• water lettuce (Pistia stratiotes) 

• water mimosas (Neptunia oleracea and N. plena) 

• yellow burrhead (Limnocharis flava) 

• yellow flag iris (Iris pseudacorus) 

• yellow lotus (Nelumbo lutea)  

• yellow waterlily (Nymphaea mexicana) 
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• Ottelia ulvifolia 

• Alisma gramineum  

• Bacopa rotundifolia.  

A further 20 species and one genus are recommended to be placed on a watch list to evaluate 

their weed potential in naturalised sites and also in experimental trials in the future. 
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1. Introduction 

The trading of aquatic plant species for aquarium and pond plant purposes poses an 

ongoing risk of both future introductions and spread of aquatic weeds in Australia. 

The impact of ornamental aquatic plant importation and trade on New Zealand has 

been documented by Champion and Clayton (2000; 2001a) and Champion et al. 

(2002; 2006). For example, 75% of New Zealand’s aquatic weeds were imported as 

ornamental pond and aquarium plants (Champion and Clayton 2000). In addition to 

being a major mechanism for aquatic weed introduction to a country, the aquatic plant 

trade distributes large numbers of plants increasing propagule pressure and the 

potential for new naturalised populations to occur (Kolar and Lodge 2002). Natural 

transfer of introduced aquatic weeds between catchments is uncommon in New 

Zealand, with few weed species having seed spread by birds or wind. Most problem 

weeds either have seeds adapted for dispersal by water movement or reproduce 

asexually in their naturalised range (Champion et al. 2002).  Thus human transfer 

between catchments is the major dispersal mechanism for these species and movement 

of plants through the ornamental trade is potentially a major long-distance dispersal 

pathway (Champion et al. 2002).  

In order to predict the weed potential of aquatic plants the aquatic weed risk 

assessment model (AWRAM) has been developed by Champion and Clayton (2001b). 

This assesses the potential invasiveness of an aquatic plant. This model uses 

characters such as habitat versatility, competitive ability, reproductive output, 

dispersal mechanisms, potential impacts, potential distribution and resistance to 

management activities. The AWRAM score is a synthesis of information relevant to 

the assessment of weed potential and management effectiveness and provides a tool 

for managers and policymakers to prioritise weeds for control actions. It can also be 

used to compare weed potential of species that are yet to naturalise with established 

aquatic weeds. Banning the importation of species ranked highly by AWRAM 

effectively keeps biosecurity risks off-shore, whilst banning a species from sale and 

distribution is a highly effective way of restricting both long-distance dispersal and 

density of propagules and hence reducing the occurrence of new infestations. A range 

of aquatic plant species already present in New Zealand were evaluated with 

AWRAM as part of the process to determine which species could be effectively 

managed by banning their sale and distribution (Champion 2005, Newfield and 

Champion in press). This resulted in 30 aquatic species being included on the National 

Pest Plant Accord (NPPA) in July 2007. The NPPA is a national initiative involving 

regional and central government agencies and representatives from the plant nursery 

trade.  
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Currently the management of sale and distribution of current and potential aquatic 

weeds is managed at State level with no apparent consistency across boundaries. The 

Department of Primary Industries for and on behalf of the State of New South Wales 

(NSW DPI) obtained federal ‘Defeating the Weed Menace’ funding and contracted 

NIWA to undertake the following activities:  

• Identify and risk assess (using the New Zealand aquatic weed risk assessment 

model modified to suit Australian conditions) tradeable aquatic plant species 

in Australia including experimental evaluation of aquatic plant species. 

• Identify and risk assess aquatic weeds not present in Australia. 

• Develop national list of potential aquatic weeds with identification of high risk 

species recommended for national bans in Australia.  

This report outlines the following activities undertaken in this project: 

• Compile a list of aquatic and obligate wetland plants traded as aquarium, 

ornamental pond and /or wetland rehabilitation plants both in Australia and 

not known to be present in Australia. 

• Determine which species are potential weeds based on documented 

naturalisation history in Australia and overseas and/or on AQIS and other 

international lists of species banning aquatic plants from importation. 

• Modify AWRAM to suit Eastern Australian (Queensland, NSW and Victoria) 

conditions and also include factors relevant to the ornamental plant trade.  

• Build an experimental facility capable of replicating water temperature 

variations experienced in various parts of Eastern Australia at Grafton and the 

water temperatures of Central Victoria in Hamilton, New Zealand. 

• Select a range of high-risk species to test in competition experiments under a 

range of water temperature scenarios. 

• Use Australian AWRAM to evaluate high-risk aquatic plants, determined by 

this project. 
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• Develop national list of potential high weed risk aquatic plants to Australia, 

with species recommended for a national ban from sale and distribution, and a 

watch list of further species with weed potential 
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2. Identification of species in the trade 

An extensive compilation of historic and current sales lists for aquatic plants in 

Australia was provided by Ed Fraser of Pisces Enterprises, Brisbane (Technical 

Advisory Group member for this project). This list was combined with price lists from 

other Australian companies including Wormborough, Aquagreen, Watergarden 

Paradise, Triffid Park, Boronia Aquarium and Austral Gardens (addresses/web links in 

Appendix 1). A list of internationally traded plants was collated from an extensive 

database of aquarium species (Booth 2002) and various texts (Stodola 1967; Rataj and 

Horeman 1977; Mühlberg 1982; Stapeley Water Gardens 1989; Slocum and Robinson 

1996; Tropica Oriental Aquarium 2002; Kasselmann 2003; Tropica 2007). Corrections 

for illegal species combination and synonyms were made based on the International 

Plant Name Index IPNI (2005), Australian Plant Name Index APNI (2008) and 

Kasselmann (2003). 

A total of 438 species (with additional hybrids and varieties) are reported to be present 

in Australia. This includes 158 indigenous species and 280 introduced species, of 

which 52 are recorded as naturalised in Australia (including species already banned 

from sale including Weeds of National Significance). Some species on the list, 

including some significant overseas weeds (e.g., Myriophyllum spicatum and Trapa 

natans), have not had their presence formally confirmed. The list of aquatic plant 

species reported as present in Australia with their family, common and/or trade names, 

their status (indigenous, naturalised or non-naturalised) and whether they are 

aquarium, pond, bog (growing in wet ground rather than in water) or food plants are 

presented in Appendix 2. A further 127 species reported in the international 

ornamental trade are not reported to be present in Australia (Appendix 3). 
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3. Determination of potential aquatic weeds in the trade 

The species listed as being present in Australia were screened to identify potential 

weeds from various weed lists (e.g., Holm et al. 1977 and 1979; Parsons and 

Cuthbertson 1992; Champion et al. 2002; Csurhes and Edwards 2002; Randall 2002; 

Glanznig et al. 2004; Kadono 2004; Groves et al. 2005; Barker et al. 2006; Randall 

and Kessal 2006; Thiébaut 2007; ISSG 2008; Australian Weeds Committee 2008), 

recent reports of naturalisation (e.g., Weed Spotter Newsletters, CRC Weed 

Management 2008) and lists of species banned from importation (e.g., Australian 

Quarantine and Inspection Service (AQIS) (based on the ICON (AQIS 2008) and 

Spafford Jacob et al. (2004), USDA Federal and State banned lists (2008), New 

Zealand Unwanted Organisms Register and National Pest Plant Accord (2008)).  

A total of 114 taxa (41% of total) non-native potential weeds were identified (as 

indicated by an asterisk in Appendix 2). This includes 4 species (water spinach 

(Ipomoea aquatica), water chestnut (Eleocharis dulcis) purple loosestrife (Lythrum 

salicaria) and water lettuce (Pistia stratiotes)) which are reported as native to parts of 

Australia, but are weedy elsewhere and some of the material sold in the trade is not 

sourced from Australia. Thirty four (22%) of other indigenous Australian species sold 

in the trade are recognised as weeds outside of their natural range (e.g., Hydrilla 

verticillata, Monochoria spp.).  A further 20 (16%) of plants in the international trade, 

but not known to occur in Australia, are identified as potential weeds (Appendix 3).  

A technical advisory group (TAG) comprised of aquatic plant industry, regulatory and 

science representatives (Appendix 4) were convened to review findings of this project 

and their input was sought as part of this screening process.  

Where sufficient information was available species were assessed using the modified 

AWRAM (Section 4). Other species were considered by the TAG to pose significant 

threat and were selected for experimental evaluation (Section 5).  
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4. Developing a weed risk assessment model to prioritise aquatic weeds 
for management 

In New Zealand the aquatic weed risk assessment model AWRAM (Champion and 

Clayton 2001b) has been used as a decision support tool to determine which cultivated 

freshwater plants should be banned from entry, or prevented from deliberate dispersal 

through the nursery trade. The TAG convened in August 2006 to discuss 

modifications to AWRAM that catered for southeastern mainland Australian 

conditions. Changes included removal of attributes such as impedance of hydro-

electric power generation and impacts of freezing while increasing the importance of 

competitive ability, the importance of fluctuating water levels, turbidity, increased 

salinity (southern and inland areas), irrigation and flood control. Additional 

information specific to the trade was included at the request of the aquatic plant trade, 

with assessment of length of time and volume in the trade and whether the species is 

traded as an outdoor (i.e., pond) or aquarium plant. Length of time and volume in the 

trade were scored negatively if a species had been traded for over 30 years without 

naturalising. Pond plants were seen as a much greater risk of naturalising than tropical 

aquarium species, normally grown at a constant 28°C and were therefore scored as 

having a higher risk. The modified model is appended to this report (Appendix 5). 
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5. Competition experiments 

5.1 Construction of experimental facilities 

A fundamental part of the experiments undertaken for this work is the system of 

controlled temperature tanks which allow aquatic plants to be grown under modified 

water temperature conditions while maintaining diurnal temperature fluctuations and 

other environmental variations. 

Heating or cooling of the water contained in the tanks is achieved by means of 

submerged heating or refrigeration coils, with water recirculation to provide full 

mixing of the heated or cooled water. Water temperatures in the treatment tanks are 

controlled in real time relative to the temperature of an unmodified control tank, using 

a series of temperature differentials intended to replicate the range of water 

temperatures expected within Australia. 

5.1.1 New Zealand section 

Seven tanks with internal dimensions of 1200 mm wide x 2400 mm long x 525 mm 

deep, constructed from 75 mm coolstore panel (steel sheathed polystyrene). Water was 

retained within each tank by a UV resistant polythene liner; this liner was protected 

from abrasion below the water level by a layer of synthetic felt. Six of these tanks 

were used as treatment tanks (Figure 1), with the seventh tank used as a reference tank 

for the control system. Full details of the construction and performance of this system 

are described in Burnett et al. (2007). 

The tank system was built within a wire mesh security compound to prevent damage 

by local waterfowl, and reduce the risk of plant escape. 
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Figure 1:  New Zealand controlled temperature tank system. 

 

Three of the 6 tanks used for growing plants were fitted with three U- shaped 1000 

watt electric immersion elements at the bottom of the tank, surrounded with a 75 mm 

layer of washed river gravel.  Elements were fitted with unheated extensions reaching 

above the water surface and connected to the electrical supply by waterproof cables. 

An external earth wire was brazed to the sheath of each element above the water 

surface to provide a ground path in the event of an electrical fault.  

Water was continuously recirculated between pairs of tanks to ensure even 

temperature in all tanks. Both tanks in a pair were fitted with external electric water 

pump and a system of slotted screen tubes buried within the gravel substrate. Water 

was drawn through the screen tubes and pumped into the opposite tank of the pair, 

through a drilled PVC distribution pipe. Even distribution was ensured by joining the 

ends of the distribution pipes to form a loop. A ball valve fitted into the output of each 

pump allowed the desired water levels within each tank to be maintained; flow 

switches were also installed in the pump outlet pipe of the heated tanks to cut power to 

the elements and protect the tanks from overheating in the event of a blockage or 

pump failure. 

Electronic thermostats for each tank pair were remotely housed in a waterproof 

enclosure, measuring water temperature in each treatment tank using a waterproof 

sensor inserted into the inlet pipe of the pump. Reference sensors immersed in the 
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control tank provided differential reference temperatures for each treatment tank. The 

layout of the experimental tanks is shown in Figure 2. 
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emergent 
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submerged 

Figure 2:  Allocation of temperature control and water depth to the six experimental tanks, 
Hamilton. 

 

Temperatures were recorded and logged using Onset temperature loggers (Onset 

Computer Corp., Bourne, Massachusetts, USA) submerged in each tank.  

5.1.2 Australian section 

Fourteen tanks with internal dimensions of 1200 mm wide x 2400 mm long x 725 mm 

deep, were constructed from 75 mm coolstore panel (steel sheathed polystyrene). 

Water was retained by a UV resistant polythene liner inside the tank; this liner was 

protected from abrasion below the water level by a layer of synthetic felt.  

Water was continuously recirculated within each tank to ensure even heat distribution 

by means of an external electric water pump, being drawn through a system of slotted 

screen tubes buried within the gravel substrate and pumped through a PVC housing 

containing an electrical immersion element (Aquasonic Ltd, Wauchope NSW). Each 

of the “Hot” treatment tanks had one 1000 W element and one 2000 W element to 

enable adequate heating. 

Heated water was returned into the tanks through a drilled PVC distribution pipe; even 

distribution was ensured by joining the ends of the distribution pipes to form a loop. 

Flow switches were installed in the inlet pipe of the heater housings to protect against 

overheating in the event of a blockage or pump failure. 
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The “Warm” treatment tanks were paired and used a single 0.5 hp refrigeration unit to 

cool water pumped through a PVC housing containing a conventional refrigeration 

coil (Aquasonic Ltd, Wauchope NSW). Both tanks were fitted with an external 

electric water pump and a system of slotted screen tubes was buried within the gravel 

substrate, with water being drawn through the screen tubes and pumped into the 

refrigeration unit before being discharged into the opposite tank of the pair through a 

drilled PVC distribution pipe. Even distribution of the cooled water within each tank  

was ensured by joining the ends of the distribution pipes into a loop. A ball valve 

fitted into the output of each pump allowed the desired water levels within each tank 

to be maintained. A siphon was fitted between the two tanks to maintain the desired 

water levels. 

Electronic thermostats for all tanks were remotely housed in an enclosure, measuring 

the water temperature of each treatment tank using a waterproof sensor inserted into 

the outlet pipe of the heater enclosure. A second set of sensors immersed in the control 

tank provided reference temperatures for each treatment tank. 

The layout of the experimental tanks is shown in Figure 3. 

 

Figure 3:  Allocation of temperature regime and water depth to the fourteen experimental tanks, 
Grafton. 

Temperatures were measured and logged using Onset temperature loggers (Onset 

Computer Corp., Bourne, Massachusetts, USA) submerged in each tank.  
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5.2 Temperature regime  

The intention of the Hamilton, New Zealand portion of the experiment was to replicate 

the climates of water bodies as found in central Victoria. Continuous temperature 

datasets were sourced from the Victorian Water Quality Data Warehouse and plotted 

to give indications of annual temperature ranges. The central Victorian data relates to 

9 water bodies during the period 2002- 2006. Many of the temperature records for this 

region are not continuous due to water bodies drying up over summer and this may 

possibly bias the temperature data toward the climates of irrigation canals, larger 

rivers or spring-fed streams. 

The intention of the Grafton, NSW portion of the experiment was to replicate the 

climates of water bodies as found in Sydney and central Queensland. Continuous 

water temperature datasets were sourced from Streamwatch (Sydney) and Fitzroy 

Catchment (Central Queensland). The Sydney data relates to 6 creeks and 9 sites, 

recorded between 1995 and 2006. The central Queensland data contains temperature 

records from 10 sites between 1993 and 2006.  

These datasets were plotted to give indications of annual temperature ranges and a set 

of monthly target temperatures were constructed (Figure 4).  
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Figure 4:  Monthly target temperatures for each of the three temperature regimes. The “Warm” 
regime is +5oC above the “Cool” and the “Hot” is +10oC above the” Cool” regime. 
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Temperature fluctuations for the duration of the experiment in Hamilton and Grafton 

are graphed in Figures 5 and 6 respectively.  
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Figure 5:  Plot of target and tank temperatures for Hamilton experimental system. Temperature 
traces for tanks 2, 3, 4 and 6 have been omitted for clarity. 
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Figure 6: Plots of target and tank temperatures for Grafton experimental system.  

 

5.3 Selection of species 

Species selected for the competition trial met some or all of the following criteria: 

• Documented weed potential in Australia or countries with a similar climate 

but insufficient information to run the Australian AWRAM. 

• High volume in the trade and therefore potentially high propagule pressure. 

• Sprawling emergent and submerged life forms to allow a comparison with 

WONS (Weed of National Significance) species.  

 



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia                                                14
  

 

 

Each selected species was grown in competition with a WONS species and a 

widespread indigenous species. The species selected were: 

Submerged 

Indigenous sp.  Hydrilla verticillata   

WONS sp.  Cabomba caroliniana 

Test spp.  Hygrophila polysperma 

Limnophila sessiliflora 

 

Sprawling emergent 

Indigenous sp.  Ludwigia peploides 

WONS sp.  Alternanthera philoxeroides 

Test spp.  Hygrophila polysperma 

Heteranthera reniformis (for Australia only) 

Hygrophila difformis (for New Zealand only) 

 

Hygrophila polysperma is a mainstay of the aquarium trade, but has naturalised both 

overseas and in Eastern Australia and is banned from sale in New South Wales and 

Western Australia. It is therefore a high priority to evaluate. 

Limnophila sessiliflora is another high volume species in the aquarium trade (traded as 

L. heterophylla). It has replaced cabomba since the designation of that species as a 

WONS. It has naturalised in several countries and is federally banned from USA. It 

has also been reported from a field site in New South Wales, but not confirmed as 

such. 

Heteranthera reniformis is traded as an ornamental pond plant. It has a weed history 

in several rice growing countries, but was not known to have naturalised at the 

initiation of this experiment. It does not occur in New Zealand so another highly 

traded species (Hygrophila difformis) was substituted. 

Hygrophila difformis (also known as Hygrophila triflora) is a high volume aquarium 

plant with distinctive submerged foliage (known as water wisteria). There are 

herbarium collections of this plant naturalised in Queensland and New South Wales. 
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Each test species was grown in competition with a WONS or indigenous species, 

comparing the competitive performance of each species in a mixed sward with 

monocultures of each. 

5.3.1 Plant material 

Plant material of each species was collected from sources or localities listed in Tables 

1 and 2.  

Table 1: Origin of plant material- Hamilton Experiments. 

Species Source of plant material 

Alternanthera philoxeroides Port Waikato, Waikato River 

Hygrophila polysperma Cultivated ex. Braeside Aquariums, Te Aroha 

Hygrophila difformis = H. triflora Cultivated ex. Braeside Aquariums, Te Aroha 

Ludwigia peploides Huntly power station, Waikato River 

Hydrilla verticillata Cultivated ex. Lake Tutira, Hawkes bay 

Limnophila sessiliflora Cultivated ex Goldfish Bowl Aquariums, Hamilton 

Cabomba caroliniana Cultivated ex Goldfish Bowl Aquariums, Hamilton 

 

 

Table 2: Origin of plant material- Grafton Experiments. 

Species Source of plant material 

Alternanthera philoxeroides Richmond River, Lismore 

Hygrophila polysperma Pisces Enterprises, Brisbane 

Heteranthera reniformis Pisces Enterprises, Brisbane  

Ludwigia peploides Green Hole (near Bunyip Swamp), Junction Hill 

Hydrilla verticillata Clarence River at Carr's Creek boat ramp, Junction Hill 

Limnophila sessiliflora Pisces Enterprises, Brisbane 

Cabomba caroliniana Glenugie Creek, Grafton 
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Plants were selected at the time of planting on the basis of equal age, size and 

developmental status. Flowering buds were removed and stems or rhizomes trimmed 

where required, ensuring that all plants of a species would be planted with 

approximately equal storage reserves.  

Tanks (2400 x 1200mm) were divided into 8 sections or blocks each measuring 600 x 

600 mm, using internal walls constructed out of coreflute (Figure 7). 

 

 

 

   

 

 

 

   

 

Figure 7:   Division of treatment tanks into eight blocks. 

Polythene planter bags (280mm square x 150mm deep) filled with screened topsoil 

were placed in each tank to give 9 bags per block (72 bags per tank).  

Competition pairs as described in section 2.1 were randomly allocated to each 600 x 

600mm block, and standardised plants were planted into each of the 36 positions in 

each block (Figure 8). In competition pairs where two species were planted in each 

block, 16 individuals of each species were randomly allocated to position the block 

before planting the individuals of the competing species into the remaining spaces. 
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Figure 8:  Planting positions within each block. 
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Plants were allowed a 6 week establishment period after which the temperature 

treatments commenced. Dead or dying plants were replaced as required during the first 

month of the establishment period to provide a full complement of species at the start 

of the experiment. Plants were allowed to grow under treatment conditions for 6 

weeks before monitoring commenced in mid-February 2007. 

5.4 Maintenance of experiments 

5.4.1 New Zealand experiments 

Water levels were maintained by adding water when required, with excess water 

drained by siphoning following heavy rainfall. 

Fertiliser (N: 5.3; P: 4.4; K: 5.0; S: 11.7; Mg: 3.3) was added to all tanks in November 

2007 and January 2008 at a rate of 500g per tank. 

5.4.2 Australian experiments 

Water levels were maintained by adding water when required, with excess water 

drained by siphoning following heavy rainfall. 

Algal growth was controlled when necessary using Algaefix alagecide 

(Poly(oxyethylene) (dimethylimino) ethylene (dimethylimino) ethylene dichloride) 

and later Miraclear algaecide (1,2-Ethanediamine polymer with (chloromethyl) 

oxirane and N-methylmethanamine). 

Leaf chewing insects were controlled by Pyrethrum at 1 mL/L, and Malathion at 45 

mL/tank for aquatic insects 

5.5 Monitoring 

Monitoring consisted of a group of measurements made on each 600 x 600mm block, 

repeated at monthly intervals:  

Maximum and average canopy height was measured in situ (i.e., in the position that 

the plants were growing).  

Occupied area was estimated using a grid of 150 mm squares over the area of the 600 

x 600 mm block. The number of squares that the experimental species appears in was 
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counted. Each square represents 6.25% of the total area so it is possible to get a 

reasonable estimation of the area of the 600 x 600 mm block which is occupied by a 

species. 

Density of cover was estimated using a foliar cover scale as a reference to ensure 

repeatability. The foliar cover scale is appended (Appendix 6). 

5.6 Biomass Harvest 

At the conclusion of the experiments in February 2008, all plant material was 

harvested, separated into above and below ground fractions before drying for 48 hours 

at 70°C. Dried plant material was allowed to cool to room temperature and weighed. 

5.7  Statistical analysis 

A statistical analysis of the data was conducted by Steve Morris (NSW DPI 

biometrician) and the full report is attached as Appendix 7. The following tables and 

figures are sourced from this report. 

5.8 Results 

5.8.1 Biomass  

Biomass data for each species growing in a mixed sward compared with the species 

growing as a monoculture is presented for each temperature regime in Tables 3 to 8. 
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Table 3:  Submerged species; “Hot” temperature regime (log(RY); absolute values > 0.73 
(indicated in bold type) are significantly different from zero). 

 

 Planted with: 

 Cabomba  
caroliniana 

Hydrilla 
verticillata 

Limnophila 
sessiliflora 

Hygrophila 
polysperma 

Cabomba  
caroliniana 

  0.00 0.24 

Hydrilla 
verticillata 

  0.75 0.33 

Limnophila 
sessiliflora 

0.04 -0.27   

Hygrophila 
polysperma 

0.23 -0.50   

 

 

Table 4:  Emergent species; “Hot” temperature regime (log(RY); absolute values > 1.61 
(indicated in bold type) are significantly different from zero). 

 

 Planted with: 

 Alternanthera 
philoxeroides 

Ludwigia 
peploides 

Hygrophila 
polysperma 

Heteranthera 
reniformis 

Alternanthera 
philoxeroides 

  0.26 -2.95 

Ludwigia 
peploides 

  -0.21 -0.51 

Hygrophila 
polysperma 

0.60 0.51   

Heteranthera 
reniformis 

0.25 0.26   
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Table 5: Submerged species; “Warm” temperature regime (log(RY); absolute values > 0.73 
are significantly different from zero). 

  

 Planted with: 

 Cabomba  
caroliniana 

Hydrilla 
verticillata 

Limnophila 
sessiliflora 

Hygrophila 
polysperma 

Cabomba  
caroliniana 

  -0.06 0.00 

Hydrilla 
verticillata 

  -0.11 0.43 

Limnophila 
sessiliflora 

0.0 -0.68   

Hygrophila 
polysperma 

-0.1 -0.61   

 

 

Table 6:  Emergent species; “Warm” temperature regime (log(RY); absolute values > 1.63 
are significantly different from zero). 

 

 Planted with: 

 Alternanthera 
philoxeroides 

Ludwigia 
peploides 

Hygrophila 
polysperma 

Heteranthera 
reniformis 

Alternanthera 
philoxeroides 

  -0.15 -0.19 

Ludwigia 
peploides 

  0.38 0.24 

Hygrophila 
polysperma 

0.34 0.09   

Heteranthera 
reniformis 

0.51 0.46   
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Table 7:  Submerged species; “Cool” temperature regime (log(RY); absolute values > 1.36 
are significantly different from zero).  

 

 Planted with: 

 Cabomba  
caroliniana 

Hydrilla 
verticillata 

Limnophila 
sessiliflora 

Hygrophila 
polysperma 

Hydrilla 
verticillata 

  -0.36 -1.27 

Cabomba  
caroliniana 

  0.56 -0.13 

Hygrophila 
polysperma 

-0.19 -0.17   

Limnophila 
sessiliflora 

0.46 0.51   

NB. Pond 5 was excluded from this model. 

 

Table 8:  Emergent species; “Cool” temperature regime (log(RY); absolute values > 1.45 
(indicated in bold type) are significantly different from zero). 

 
 

 Planted with: 

 Alternanthera 
philoxeroides 

Ludwigia 
peploides 

Hygrophila 
polysperma 

Hygrophila 
difformis 

Alternanthera 
philoxeroides 

  0.33 0.47 

Ludwigia 
peploides 

  0.44 0.73 

Hygrophila 
polysperma 

-0.88 -0.25   

Hygrophila 
difformis 

-1.83 0.35   
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5.8.2 Canopy height, Area and Cover Measures 

Significance within this section is based on the tables of standard errors developed 

from the spline-fitting procedure, where the upper and lower limits of the 95% 

confidence interval are approximately equal to the Mean ±1.96 (SE). In all cases, the 

results described relate to the final monitoring as this represents the accumulated 

effect of competition on the performance of the experimental species. 

“Hot” temperature regime (Grafton) 

Emergent species 

Canopy Height 

No significant differences in canopy height were seen in Heteranthera reniformis or 

Ludwigia peploides throughout the experimental period. The canopy height of 

Alternanthera philoxeroides at the conclusion of the experiment was reduced when 

grown in competition with H. reniformis, although this reduction was not statistically 

significant (Figure 9). 
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Figure 9:  Canopy height of emergent species (Hot treatment). 

Percentage area 

The area occupied by Hygrophila polysperma was significantly reduced when grown 

in competition with Alternanthera philoxeroides. However, this reduction was non-

significant when grown in competition with Ludwigia peploides. Heteranthera 

reniformis did not show any changes in area when grown in competition with those 

two species. L. peploides showed a non-significant reduction in area when grown in 

competition with H. reniformis or H. polysperma. 
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The area occupied by A. philoxeroides was significantly reduced when grown in 

competition with H. reniformis. Competition from H. polysperma did not have a 

significant effect on the area occupied by this species (Figure 10). 

 

Figure 10:  Percentage area of emergent species (Hot treatment). 

Percentage Cover 

The cover of Alternanthera philoxeroides and Ludwigia peploides were significantly 

reduced by competition with Heteranthera reniformis. Similar but non-significant  
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effects were seen when these species are grown in competition with Hygrophila 

polysperma. 

The cover of H. reniformis was significantly affected when grown in competition with 

L. peploides, although the effect of A. philoxeroides was non-significant. In contrast, 

H. polysperma was not significantly reduced by competition with L. peploides and A. 

philoxeroides (Figure 11).  

 

Figure 11: Percentage cover of emergent species (Hot treatment). 
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Submerged species 

Canopy Height 

No significant differences in canopy height were seen in Hydrilla verticillata when 

grown in competition with Hygrophila polysperma or Limnophila sessiliflora. 

Likewise, no significant differences in canopy height were seen in Cabomba 

caroliniana although the canopy height of this species was slightly higher when grown 

in competition with Hygrophila polysperma. In the cases of H. polysperma and L. 

sessiliflora, the long-term effect of growth in competition with H. verticillata was not 

displayed. However, no significant differences in canopy height were apparent in 

either of these species when grown in competition with C. caroliniana (Figure 12). 

 

Figure 12:  Canopy height of submerged species (Hot treatment). 
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Percentage area 

Decreases in the area occupied were seen in Hygrophila polysperma and Limnophila 

sessiliflora when grown in competition with Hydrilla verticillata. Likewise, Cabomba 

caroliniana had a negative influence on the area occupied by these species, although 

the effect was non- significant in all cases. C. caroliniana and H. verticillata were also 

negatively affected by H. polysperma and L. sessiliflora, although the effects were 

non-significant in both cases (Figure 13).  

 

Figure 13:  Percentage area of submerged species (Hot treatment). 
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Percentage cover 

No significant differences were apparent for any of the species in relation to 

competition (Figure 14).  

 

Figure 14:  Percentage cover of submerged species (Hot treatment). 
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 “Warm” temperature regime 

Emergent Habit 

Canopy Height 

No significant differences in canopy height were seen in any of the species when 

grown in competition (Figure 15). 

 
 

 

Figure 15:  Canopy height of emergent species (Warm treatment). 

Percentage area 

The area occupied by Hygrophila polysperma was significantly reduced when grown 

in competition with Alternanthera philoxeroides and Ludwigia peploides. In contrast, 
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Heteranthera reniformis did not show any changes in area when grown in competition 

with those two species. 

Ludwigia peploides showed a non-significant reduction in area when grown in 

competition with H. reniformis. Likewise, the area occupied by A. philoxeroides was 

not significantly reduced when grown in competition with H. polysperma or H. 

reniformis although the competing species did have some effect on the area occupied 

by this species earlier in the experimental period (Figure 16). 

 

Figure 16:  Percentage area of emergent species (Warm treatment). 

Percentage Cover 

The cover of Alternanthera philoxeroides and Ludwigia peploides was significantly 

reduced when grown in competition with Heteranthera reniformis. A non-significant 

reduction in cover was seen for those two species when grown in competition with 
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Hygrophila polysperma. In contrast, the cover of H. polysperma and H. reniformis 

was not significantly affected by L. peploides and A. philoxeroides, although H. 

reniformis was later to achieve full cover in competition with those two species 

(Figure 17). 

 

Figure 17:  Percentage cover of emergent species (Warm treatment). 
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Submerged Habit 

Canopy Height 

No significant differences in canopy height were seen in Hydrilla verticillata when 

grown in competition with Hygrophila polysperma or Limnophila sessiliflora. 

Likewise, no significant differences in canopy height were seen in H. polysperma and 

L. sessiliflora when grown in competition with Cabomba caroliniana although the 

canopy height of both of these species was slightly higher when grown in competition 

with H. verticillata. The canopy height of C. caroliniana was lower when grown in 

competition with H. polysperma but the difference was not significant. Likewise, the 

canopy height of C. caroliniana was non-significantly reduced when grown in 

competition with L. sessiliflora (Figure 18). 

 

Figure 18:  Canopy height of submerged species (Warm treatment). 
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Percentage area 

Significant decreases in area were seen in Hygrophila polysperma and Limnophila 

sessiliflora when grown in competition with Hydrilla verticillata. Likewise, Cabomba 

caroliniana had a negative influence on the area occupied by those species, although 

only in Hygrophila polysperma was the effect significant. Conversely, C. caroliniana 

and H. verticillata were negatively affected by H. polysperma and L. sessiliflora at the 

end of the experiment, although the effects were non-significant in both cases (Figure 

19). 

 

Figure 19:  Percentage area of submerged species (Warm treatment). 
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Percentage Cover 

The cover of Cabomba caroliniana was significantly reduced when grown in 

competition with Hygrophila polysperma, and also when grown in competition with 

Limnophila sessiliflora. Non-significant reductions in cover were seen in Hydrilla 

verticillata when growing in competition with H. polysperma and L. sessiliflora. 

Likewise, C. caroliniana and H. verticillata had a non-significant negative effect on 

the cover of H. polysperma and L. sessiliflora (Figure 20). 

 

Figure 20:  Percentage cover of submerged species (Warm treatment). 
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“Cool” temperature regime (Hamilton) 

Emergent species 

Canopy Height 

Slight but non-significant decreases in canopy height were seen in Alternanthera 

philoxeroides throughout the experimental period when growing in competition with 

Hygrophila difformis and Hygrophila polysperma. Likewise, the canopy height of 

Ludwigia peploides decreased toward the end of the experimental period when 

growing in competition with H. polysperma. H. difformis has no significant effect on 

the canopy height of L. peploides during the experimental period. 

Slight but non-significant increases in canopy height were seen in H. difformis toward 

the end of the experimental period when growing in competition with A. 

philoxeroides. A similar pattern was seen in H. polysperma toward the end of the 

experimental period when growing in competition with A. philoxeroides (Figure 21). 
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Figure 21:  Canopy height of emergent species (Cool treatment). 

Percentage Area 

The area occupied by Hygrophila polysperma was significantly reduced when grown 

in competition with Alternanthera philoxeroides but the reduction in area was non-

significant when grown in competition with Ludwigia peploides. In contrast, 

Hygrophila difformis did not show any changes in area when grown in competition 

with these two species. 

The area occupied by L. peploides was non-significantly reduced when this species 

grew in competition with H. difformis and H. polysperma. Likewise, the area occupied 

by A. philoxeroides was not significantly reduced when grown in competition with H. 

polysperma and H. difformis (Figure 22). 
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Figure 22:  Percentage area of emergent species (Cool treatment). 

Percentage cover 

The cover of Hygrophila difformis was significantly reduced when this species is 

grown in competition with Alternanthera philoxeroides, but not when grown in 

competition with Ludwigia peploides. The cover of A. philoxeroides and L.peploides 

was not significantly reduced when grown in competition with H. difformis or H. 

polysperma. Likewise, the cover of H. polysperma was not significantly reduced when 

growing in competition with L. peploides or A. philoxeroides (Figure 23). 
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Figure 23:  Percentage cover of emergent species (Cool treatment). 

5.8.3 Submerged species 

Canopy Height 

No significant differences in canopy height were seen for Cabomba caroliniana and 

Limnophila sessiliflora. A slight but non-significant decrease in Hydrilla verticillata 

canopy height was seen toward the end of the experimental period when growing in 

competition with L. sessiliflora. Likewise, a slight but non-significant decrease in 

Hygrophila polysperma canopy height occurred toward the end of the experimental 

period when growing in competition with C. caroliniana (Figure 24). 
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Figure 24:  Canopy height of submerged species (Cool treatment). 

Percentage area 

The area occupied by Cabomba caroliniana was significantly reduced when grown in 

competition with Limnophila sessiliflora, although the reduction is far smaller and 

non-significant where Hygrophila polysperma is the competitor. Hydrilla verticillata 

is negatively affected by H. polysperma and L. sessiliflora although the effects are 

non-significant in both cases.  
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Non-significant decreases in area were seen in both H. polysperma and L. sessiliflora 

when grown in competition with H. verticillata, and for both species when grown in 

competition with C. caroliniana (Figure 25). 

 

Figure 25:  Percentage area of submerged species (Cool treatment). 

Percentage cover 

Limnophila sessiliflora had a significant effect on the cover of Hydrilla verticillata, in 

contrast to H. polysperma where the effect was non-significant. Similar non-

significant reductions in cover were seen in H. polysperma and L. sessiliflora when 

grown in competition with C. caroliniana and H. verticillata. The cover of Cabomba 
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caroliniana was reduced when grown in competition with Hygrophila polysperma. 

The same effect was apparent when grown in competition with L. sessiliflora, 

although in both cases the reductions in cover were non-significant. (Figure 26).  

 

Figure 26:  Percentage cover of submerged species (Cool treatment). 

5.9 Discussion  

5.9.1 Heteranthera reniformis (Hot/Warm) 

Heteranthera reniformis was a superior competitor to Alternanthera philoxeroides and 

Ludwigia peploides under warm and hot conditions, as shown by the reduced cover of 

these species when grown in competition. The biomass of A. philoxeroides was 
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significantly reduced in the hot treatment However; the cover of H. reniformis was 

also reduced by competition with L. peploides under hot conditions, indicating that L. 

peploides is also capable of reducing the growth of its competitor, and may be a better 

competitor than A. philoxeroides under hot conditions. This is further supported by the 

significant reduction in biomass and in area occupied by A. philoxeroides under hot 

conditions when grown in competition with H. reniformis. This suggests that H. 

reniformis may suppress A. philoxeroides in some situations. 

5.9.2 Hygrophila difformis (Cool only) 

Hygrophila difformis was less competitive than Alternanthera philoxeroides when the 

two species are grown together, as shown by the reduction in cover and biomass of H. 

difformis. However, H. difformis did have a strong ability to persist under competition 

as the occupied area was not reduced when growing in combination with A. 

philoxeroides or L. peploides. 

5.9.3 Hygrophila polysperma  

As an emergent plant, Hygrophila polysperma was not significantly reduced in cover 

by Alternanthera philoxeroides or Ludwigia peploides when grown in competition 

with either of these species, nor did it significantly reduce the cover of either of its 

competitors. The area occupied by Hygrophila polysperma was decreased when 

growing in competition with A. philoxeroides under all temperature treatments, but 

was only reduced by L. peploides under warm conditions. These results indicate that 

A. philoxeroides is able to displace H. polysperma under a wider variety of conditions 

compared to L. peploides, possibly because of the greater numbers of stems produced 

by A. philoxeroides. The relative lack of response seen in the cover parameter may 

relate at least partly to the relatively sparse cover achieved by H. polysperma, even 

when growing in monoculture, in addition to the ability of H. polysperma to grow as a 

sub-canopy underneath taller plants. 

As a submerged plant, significant decreases in the area occupied by Hygrophila 

polysperma are seen when grown in competition with Cabomba caroliniana or 

Hydrilla verticillata under warm conditions, indicating that both of these species are 

able to displace H. polysperma. However, competition with H. polysperma did result 

in a reduced cover of C. caroliniana under warm conditions, without any significant 

reduction in the cover of H. polysperma. Again, H. polysperma has been observed to 

grow well in the shade of other plants and this is a possible explanation for its 

performance in combination with C. caroliniana; H verticillata produces a dense 

canopy that excludes almost all other species. 



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia                                                43
  

 

The results from the “Hot” treatment suggest that H. polysperma is not well suited to 

these conditions, declining in area throughout the experiment even in the absence of 

competition, and declining faster still when planted in competition with H. verticillata. 

It is possible that blue-green algae had an influence on the growth of H. polysperma as 

this type of algae was observed smothering other species in some tanks. 

5.9.4 Limnophila sessiliflora  

Significant decreases in area were seen in Limnophila sessiliflora when grown in 

competition with Hydrilla verticillata under warm conditions, indicating that this 

species is superior in competition, and capable of displacing L. sessiliflora. Under the 

same conditions, the cover of C. caroliniana is significantly reduced when grown in 

competition with L. sessiliflora and the area of L. sessiliflora is also reduced in 

competition with C. caroliniana, indicating that the two species are competitively 

similar and dominance of one species over the other is more likely to result from 

chance events. The outcome of competition is more definite under cool conditions; 

competition with L. sessiliflora reduces the area occupied by C. caroliniana but L. 

sessiliflora is unaffected by C. caroliniana. Further support for the increased 

competitive ability of L. sessiliflora under cool conditions may be taken from the 

reduction of H. verticillata cover when growing with L. sessiliflora under cool 

conditions. 

The decline of L. sessiliflora cover under hot conditions does not relate to competitive 

exclusion as it occurs even in the absence of competing species. It is possible that this 

decline relates to smothering by blue-green algae, as seen in H. polysperma under hot 

treatment conditions. 

5.9.5 Canopy Height 

No significant differences in canopy height were seen in relation to the competitive 

interactions under any of the temperature treatments, suggesting that competition has 

little effect on the overall height growth of each species. This may be the result of 

height growth prior to strong competitive interaction, or height growth in spite of 

competition. 

5.9.6 Replicate treatments 

There were only 3 replicates for each treatment in this experiment, which takes power 

away from tests due to the variability of replicates. Many differences are non-



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia                                                44
  

 

significant as a result of this, where a larger number of replicates would result in a 

more informative set of results. 

Future experiments should be designed with a more robust number of replicates. 
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6. Evaluation of high-risk plants 

The Australian AWRAM was run on 30 species where sufficient information required 

for this evaluation could be sourced (see Table 9). Based on the results of the 

competition experiments and other information from naturalised populations and 

publications the 4 species tested were also evaluated with the model (see Table 9). 

Appendix 8 shows the derivation of Australian WRAM scores for each species.  A 

cut-off score of 50 was proposed and all plants with higher scores were initially 

considered for a national ban. However, species scoring less than 65 were not 

automatically recommended (see Section 7). 
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Table 9: Aquatic plants assessed using the Australian AWRAM and their current management 
status. (If unmanaged in Australia, management status in other countries is included).  

WONS – Weed of National Significance, Tas – Tasmania, SA – South Australia, NT – Northern 
Territory, WA – Western Australia, NSW – New South Wales, Q – Queensland, V – Victoria, 
ACT – Australian Capital Territory, NZ – New Zealand. 

Species Management Status Australian 
AWRAM 

Score 

Alternanthera philoxeroides WONS, banned from sale in all states  96 

Salvinia molesta WONS, banned from sale in all states 91 

Eichhornia crassipes Banned from sale in all states 90 

Myriophyllum aquaticum Banned from sale in Tas, WA, ACT 89 

Gymnocoronis spilanthoides Banned from sale in all states except 
NT, V 

88 

Cabomba caroliniana WONS, banned from sale in all states 87 

Iris pseudacorus Banned from sale in USA, NZ 84 

Ludwigia peruviana Banned from sale in SA, NSW, WA, Q 83 

Egeria densa Banned from sale in Tas, SA, NT, WA, 
NSW 

83 

Hydrocotyle ranunculoides Banned from sale in SA, WA 83 

Pistia stratiotes Banned from sale in all states except 
SA, V 

82 

*Lythrum salicaria Banned from sale in USA, NZ 79 

Nymphaea mexicana  Banned from sale in NZ 77 

Typha latifolia Banned from WA 76 

Ludwigia longifolia  Banned from sale in NSW, WA 75 

Eichhornia azurea Banned from sale in NSW, WA, Q 75 

Hygrophila costata Banned from sale in NSW, WA, Q 74 

Sagittaria platyphylla Banned from sale in Tas, SA, NSW, WA 73 

*Lythrum salicaria is indigenous to Australia, but varieties sourced from overseas are also 
sold. These require further evaluation (see Section 7.2). 
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Species Management Status Australian 
AWRAM 

Score 

Myriophyllum spicatum Banned from sale in NSW, SA, Q, USA, 
NZ 

71 

Lagarosiphon major Banned from sale in all states 70 

Trapa natans Banned from sale in all states except V, 
ACT 

70 

Sagittaria montevidensis Banned from sale in Tas, SA, NSW, WA 67 

Sagittaria sagittifolia Banned from sale in USA, NZ 67 

Nymphoides peltata Banned from sale in USA, NZ 66 

Limnocharis flava  Banned from sale in WA, NT, NSW, Q 63 

Nelumbo lutea excluding 
hybrids 

Banned from WA 59 

Najas guadalupensis  Banned from sale in NZ 52 

Elodea canadensis Banned from sale in Tas, NT, SA, WA 49 

Stratiotes aloides Banned from sale in SA, NSW, WA, Q 47 

Menyanthes trifoliata Banned from sale in NZ 43 

Competition experiment   

Heteranthera reniformis  88 

Limnophila sessiliflora  61 

Hygrophila difformis (H.  
triflora) 

 56 

Hygrophila polysperma Banned from sale in NSW, WA 53 

 

Thirty additional species or genera were considered by the TAG. They were not 

assessed using the Australian AWRAM, either because they were not true aquatics 

(e.g., marginal wetland plants), or there was insufficient information to use the model. 

All available information was summarised and presented at the final TAG meeting 

(May 2008) and decisions made based on this and possible implications for the aquatic 

plant trade. Suggested outcomes were: 

• not to proceed with further evaluation; 
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• to maintain a watch list on species of concern, with or without 

recommendation to carry out future competition trials; or   

• add to a recommended list for a national ban from sale and distribution where 

all parties were in agreement. 

Species recommended for a watch list should be monitored for the presence of 

naturalised populations. If and when these are found, they should be assessed for the 

rate of spread, any species apparently displaced, environmental parameters (e.g., water 

flow, depth, clarity, temperature, pH, nutrient status, substrate type, shade etc.), height 

and plant density, any damage by pests or diseases, and presence of flowers, fruiting 

and seed production and upstream and downstream surveillance undertaken. A record 

sheet to be used for this purpose is appended (Appendix 9). 

The identity and even the presence in Australia, of several of the plants included in 

this discussion have not been confirmed. It is recommended that material of all plant 

entities is sourced and cultivated until diagnostic features are apparent. Specimens 

should then deposited in a recognised herbarium. 

Results of discussions and species recommended for a federal ban on sale and 

distribution are shown in Section 7. A short summary of pertinent information is 

presented for all species recommended for a national ban.  
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7. Recommendations 

7.1 Ban from sale 

Of the species considered, the 3 WONS species alligator weed (Alternanthera 

philoxeroides), cabomba (Cabomba caroliniana) and salvinia (Salvinia molesta) are 

already nationally banned from sale and distribution. Likewise water hyacinth 

(Eichhornia crassipes) and lagarosiphon (Lagarosiphon major) are banned from all 

states. Therefore they do not require any further recommendation as part of this report. 

The following 29 species, 3 genera and 1 cultivar recommended for a national ban 

from sale and distribution (Table 10). Information on each recommendation is 

discussed following the table. 

An additional 20 species and one genus (including the 3 species with Australian 

AWRAM scores of less than 50) were recommended for further evaluation (see 

Section 7.2). 
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Table 10: Aquatic plants recommended for a national ban from sale and distribution.  

Common name Botanical name 

Anchored water hyacinth Eichhornia azurea 

Arrowhead Sagittaria montevidensis 

Arrowhead Sagittaria sagittifolia 

Chameleon plant  Houttuynia cordata 

Dense waterweed or elodea Egeria densa 

Horsetails  Equisetum (entire genus) 

Eurasian milfoil  Myriophyllum spicatum 

Fringed water lily  Nymphoides peltata 

Greater reedmace  Typha latifolia 

Green Goddess cultivar of arum lily  Zantedeschia aethiopica cv. ‘Green Goddess’ 

Hydrocotyle  Hydrocotyle ranunculoides 

Hygrophila  Hygrophila costata 

Limnobium Limnobium laevigatum 

Limnobium Limnobium spongia 

Long-leaf water primrose  Ludwigia longifolia 

Ludwigia Ludwigia peruviana 

Mud plantain  Heteranthera reniformis 

Parrot’s feather  Myriophyllum aquaticum 

Sagittaria  Sagittaria platyphylla 

Salvinia Salvinia (entire genus) 

Senegal tea  Gymnocoronis spilanthoides 

Southern naiad  Najas guadalupensis 

Water caltrop  Trapa (entire genus) 

Water lettuce  Pistia stratiotes 

Water mimosa  Neptunia oleracea 

Water mimosa Neptunia plena 

Yellow burrhead  Limnocharis flava 
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Common name Botanical name 

Yellow flag iris  Iris pseudacorus 

Yellow lotus (excluding hybrids) Nelumbo lutea 

Yellow waterlily  Nymphaea mexicana 

 Alisma gramineum 

 Bacopa rotundifolia 

 Ottelia ulvifolia 

 

7.1.1 Anchored water hyacinth (Eichhornia azurea)  Pontederiaceae 

Anchored water hyacinth (Eichhornia azurea (Swartz) Kunth) is an obligate aquatic 

plant with both floating leaved (similar to water hyacinth Eichhornia crassipes) and 

submerged leaf forms. The submerged form is distributed in the aquarium trade and 

has been reported from Australia, including an offer of sale on Ebay (A. 

Petroeschevsky pers. comm.). It is native to tropical South America where it forms 

dense floating mats in a similar way to the related water hyacinth. It has also been 

reported as naturalised in Florida, Texas and S.E. Asia. It is currently banned from 

sale in Western Australia, Queensland and New South Wales, also federally banned 

from USA. Champion and Clayton (2001a) did not consider it a risk in New Zealand 

as it was seen as an obligate tropical plant and unlikely to become established under 

New Zealand climatic conditions. However, it is seen as a major threat to warmer 

parts of Australia. 

It had an Australian AWRAM score of 75 scoring highly in competitive ability, sexual 

and asexual reproductive output and potential impact on water use and the 

environment in water areas. It is rarely found in the aquarium/pond plant trade within 

Australia. 

7.1.2 Arrowheads (Sagittaria montevidensis and S. sagittifolia)  Alismataceae 

The arrowheads (Sagittaria montevidensis Cham. & Schlecht and S. sagittifolia L.) are 

emergent aquatic plants with distinctive arrow-shaped leaves. Both are distributed as 

ornamental pond plants with S. sagittifolia also used as a food plant, the tubers being a 

popular vegetable especially in China. S. montevidensis is native to South America 

and southern USA. It is naturalised in the Americas outside of its native range from 

Canada to Chile and also in Uzbekestan, East Africa, Java, New Zealand and 
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Australia, where it is a major irrigation weed in New South Wales (Parsons and 

Cuthbertson 1992). It is a NPPA plant in New Zealand and banned from sale in 

Tasmania, Western Australia, South Australia and New South Wales. S. sagittifolia is 

native to Europe and temperate Asia. It is banned from sale in the USA and New 

Zealand. 

Both species had an Australian AWRAM score of 67 scoring highly in reproductive 

output (very high seed production), potential impact on water use especially in 

irrigation areas and environmental impact in seasonally wet areas. It was commonly 

found in the pond plant trade and it is likely that S. sagittifolia has been imported as a 

vegetable. Resistance to ALS herbicides has been reported in S. montevidensis in 

Brazil. 

7.1.3 Chameleon plant (Houttuynia cordata)  Saururaceae 

Chameleon plant (Houttuynia cordata Thunb.) is a wetland plant, with cultivated 

forms having variegated red, yellow, cream and green foliage that normally reverts to 

green once naturalised. It is widely distributed as a ‘bog’ plant for marginal plantings 

around water features. It is native to eastern Asia and is widely cultivated through 

temperate parts of the world. It is weed within its native range in China and Taiwan 

and has naturalised sparingly in USA and New Zealand. It is a NPPA plant in New 

Zealand. 

Chameleon plant is not a true aquatic and cannot be evaluated using the Australian 

AWRAM. However, this plant has been evaluated using the Pheloung weed risk 

assessment model for screening plant imports into Australia (Pheloung 2001) with a 

score of 9 (MAF BNZ 2008). This would prevent the importation of this plant into 

Australia and therefore could be seen as a justification for its management through the 

banning of its sale. Its attractive foliage and medicinal properties (ISSG 2008) could 

make this a popular plant and therefore effectively disperse it to favourable sites. It is 

likely to be problematic in moist cool temperate areas. 

7.1.4 Dense waterweed or elodea (trade name) (Egeria densa)    Hydrocharitaceae 

Egeria densa Planch. is a perennial submerged aquatic plant, with dense leafy stems 

giving the plant one of its common names. It is widely distributed as an aquarium 

plant, and is probably the largest selling aquarium plant in Australia. It is native to 

South America and has been widely dispersed through the aquarium trade being 

naturalised in Asia, North America South Africa, Europe, Africa, Polynesia, New 

Zealand and Australia. It is a NPPA plant in New Zealand and is banned from several 
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states in the USA. It is banned from sale in Tasmania, Western Australia, South 

Australia, Northern Territory and New South Wales. 

It had an Australian AWRAM score of 83 scoring highly in competitive ability, 

asexual spread, impact on natural areas and water uses, resistance to control, overseas 

weed history and current high volume in the aquarium/pond plant trade.  

7.1.5 Eurasian milfoil (Myriophyllum spicatum)  Haloragaceae 

Eurasian milfoil (Myriophyllum spicatum L.) is a perennial submerged aquatic plant, 

with divided feathery leaves arranged in whorls. It is sold as an aquarium plant 

internationally. It is native to Europe, Asia and northern Africa and is a problem 

introduced weed in North America. It has been recorded as naturalised in Australia 

(Cook 1985), but no records of it exist in herbaria or Australian literature (e.g., 

Parsons and Cuthbertson 1992; Sainty and Jacobs 2003) but the species was offered 

for sale on the Wormborough price list. It is federally banned from the USA and New 

Zealand and banned from sale in South Australia, Queensland and New South Wales. 

It had an Australian AWRAM score of 71 scoring highly in competitive ability, 

asexual spread, impact on natural areas and water uses and resistance to control. Its 

status in Australia is unknown and Wormborough plants should be the identified. It 

would have limited appeal in the aquarium/pond plant trade, with a large range of 

similar indigenous Myriophyllum species available. It is likely to be problematic in 

cool temperate areas. 

7.1.6 Fringed water lily or yellow floating heart (Nymphoides peltata)  Menyanthaceae 

Fringed water lily (Nymphoides peltata (S. G. Gmel.) Kuntze) is a waterlily-like plant 

and is grown as a pond plant. It is native in most of Europe, temperate Asia (including 

northern India) and is naturalised and invasive in other parts of Europe (Scandinavia 

and Ireland), North America and New Zealand. It is banned from sale in several US 

states and has been eradicated in New Zealand (Champion and Clayton 2003) where it 

is also a NPPA plant. It has been reported as sold in Australia (R. Randall pers. 

comm.) but did not appear on any of the price lists sighted.  

It had an Australian AWRAM score of 66 scoring highly in ecological adaptation, 

cloning and seed production and bird dispersal of seed, impact on natural areas and 

resistance to control. Its status in Australia is unknown and presence of plants should 

be confirmed. It would have some appeal in the pond plant trade, with attractive 
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foliage and flowers; although a large range of similar indigenous Nymphoides species 

are already available. It is likely to be problematic in cool temperate areas. 

7.1.7 Greater reedmace (Typha latifolia)  Typhaceae 

Greater reedmace (Typha latifolia L.) is an erect emergent reed in the same genus as 

two indigenous species (T. orientalis and T. domingensis) known as cumbungis (a 

name also used for T. latifolia). It is native to most temperate Northern Hemisphere 

countries and is grown as a pond plant. Within its native range greater reedmace is 

considered a serious weed in 12 countries (Holm et al. 1979). It has been found in one 

location in New Zealand, but is widely naturalised in Tasmania and Victoria with one 

site in New South Wales (Sainty and Jacobs 2003). All Typha species are banned from  

Western Australia and T. latifolia is a NPPA plant in New Zealand.  

It had an Australian AWRAM score of 76 scoring highly in ecological adaptation, 

competitive ability, seed production and wind dispersal of seed, impact on natural 

areas and water use, and resistance to control. The prevention of use of this species for 

wetland restoration and as an ornamental pond plant should reduce its rate of spread 

and impact. It is likely to be problematic in temperate areas. It does not appear to be 

commonly available in the pond plant trade within Australia. 

7.1.8 Green Goddess arum lily (Zantedeschia aethiopica)  Araceae 

Green Goddess is a cultivar of arum lily (Zantedeschia aethiopica (L.) Spreng.) that is 

much more aggressive than the parent species in wet areas such as wetlands. The 

species originates from South Africa and the cultivar has been widely spread as a pond 

or bog plant, naturalising in warm temperate zones worldwide. It is a NPPA plant in 

New Zealand. 

It is not a true aquatic and cannot be evaluated using the Australian AWRAM. 

However, Green Goddess was evaluated using the Pheloung weed risk assessment 

model for screening plant imports into Australia (Pheloung 2001) with a score of 18 

(MAF BNZ 2007). This would prevent the importation of this plant into Australia and 

therefore could be seen as a justification for its management through the banning of its 

sale. 

7.1.9 Horsetail (Equisetum) - All species  Equisetaceae 

Horsetails including Equisetum arvense L., E. hyemale L. and E. ramosissimum Desf. 

are fern allies, an ancient group of plants which are among the world’s worst 
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agricultural weeds. They are cultivated as ‘bog’ plant or for medical purposes. 

Horsetails are native to most countries except Australia and New Zealand and have 

been found naturalised in both. One or more species is banned from sale in all 

Australian states apart from the Northern Territory (CRC Weed Management 2003) 

and E. hyemale and E. arvense are NPPA plants in New Zealand.  

Horsetails are not true aquatics and cannot be evaluated using the Australian 

AWRAM. However, E. hyemale and E. arvense have been evaluated using the 

Pheloung weed risk assessment model for screening plant imports into Australia 

(Pheloung 2001) with scores of 22 and 21 respectively (MAF BNZ 2008). This would 

prevent the importation of this plant into Australia and therefore could be seen as a 

justification for its management through the banning of its sale. Weed issues include 

their resilience, toxicity (both causing scours and alkaloids toxic to livestock) and 

propensity to dominate poorly drained farmland and pastures. They could also become 

persistent weeds of wetlands and other low-lying areas in southern Australia and are 

very difficult to control because of their extensive, inaccessible, underground parts.  

7.1.10 Hydrocotyle (Hydrocotyle ranunculoides)  Apiaceae 

Hydrocotyle (Hydrocotyle ranunculoides L.f.) is a sprawling emergent aquatic and 

wetland plant, typically forming dense floating mats over still or slow-flowing water. 

It is grown as a pond plant and is also used as an aquarium plant. It is native to North 

America and has an introduced range including South and Central America, southern 

Europe and the UK and Netherlands, North Africa, Japan and Perth in Western 

Australia. It is weedy in modified water bodies e.g., irrigation and drainage ditches 

within its native range (DiTomaso and Healy 2003). It is currently banned from sale in 

South Australia and Western Australia and some European countries. 

It had an Australian AWRAM score of 83 scoring highly in ecological adaptation, 

competitive ability, seed and asexual reproduction, impact on natural areas and water 

use, potential habitat and resistance to control. It is likely to be problematic in much of 

Australia. It is apparently rare in the aquarium/pond plant trade within Australia.  

7.1.11 Hygrophila (Hygrophila costata)  Acanthaceae 

Hygrophila (Hygrophila costata Nees et al.) is an erect emergent aquatic and wetland 

plant, typically forming dense floating beds over still or slow-flowing water and 

growing as thick riparian beds on flowing water margins. It is sold under a variety of 

names including H. brasiliensis, H. guianensis, H. conferta and sword-leaf hygro as 

an aquarium plant. It is native to Central and South America and is apparently 
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naturalised in many tropical areas and is naturalised and weedy in Queensland and 

northern New South Wales. It is banned from sale in Western Australia, Queensland 

and New South Wales. 

It had an Australian AWRAM score of 74 scoring highly in ecological adaptation, 

competitive ability, high seed production and impact on natural areas and water 

access. It is likely to be problematic in much of northern coastal Australia. It is 

apparently rare in the aquarium trade within Australia.  

7.1.12 Limnobium laevigatum and L. spongia  Hydrocharitaceae 

The spongeplants or frogbits Limnobium laevigatum (Humb. & Bonpl. ex Willd.) 

Heine and L. spongia (Bosc) L.C. Rich. ex Steud. are free-floating aquatic plants 

native to South America and South Eastern USA respectively. L. laevigatum is sold as 

an aquarium plant and distributed by Tropica. L. laevigatum was found in California 

in 2000 and a statewide eradication programme initiated in 2005 (California 

Department of Food and Agriculture 2008) and has also been recorded from Japan. L. 

spongia is reported as introduced in New England, north of its natural range (Les and 

Mehrhoff 1999). A Limnobium species was found in New South Wales in 2007 (A. 

Petroeschevsky pers. comm.), but it has failed to flower, therefore making its identity 

uncertain. The Australian AWRAM was not used to evaluate these species due to 

insufficient information, but the rapid growth rate of these species, seed production 

and weed potential described by California Department of Food and Agriculture 

(2008) were sufficient for the TAG to unanimously recommend this genus to be 

banned from sale. 

7.1.13 Long-leaf water primrose (Ludwigia longifolia)  Onagraceae 

Long-leaf water primrose (Ludwigia longifolia (DC.) Hara) is an erect emergent 

aquatic and wetland plant, invasive in swamps and marshes. It was introduced as a 

pond plant. It is native to central South America and has been naturalised in Florida 

and in New South Wales and Queensland where it is considered to be a noxious weed. 

It is banned from sale in Western Australia and New South Wales. 

It has an Australian AWRAM score of 75 scoring highly in competitive ability, high 

seed production and ease of dispersal, and impact on natural areas and water use.  It is 

likely to be problematic in much of warm temperate and tropical Australia. It does not 

appear to be available in the pond trade within Australia.  
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7.1.14 Ludwigia (Ludwigia peruviana)  Onagraceae 

Ludwigia (Ludwigia peruviana (L.) Hara) is a tall erect emergent aquatic and wetland 

plant, invasive in waterbody margins, swamps and marshes. It was introduced as a 

pond plant. It is native to South and Central America and is naturalised in USA (as far 

north as Washington State), France, India, Indonesia and New South Wales in 

Australia. It is prohibited entry into New Zealand and banned from sale in South 

Australia, Western Australia and Queensland. It is not banned from sale in New South 

Wales, but is a noxious plant in that state.  

It has an Australian AWRAM score of 83 scoring highly in competitive ability, high 

seed production and ease of dispersal, impact on natural areas and water use, and 

potential habitat.  It is likely to be problematic in much of Australia. It does not appear 

to be available in the pond trade within Australia.  

7.1.15 Mud plantain (Heteranthera reniformis)  Pontederiaceae 

Mud plantain (Heteranthera reniformis Ruiz & Pav.) is a sprawling emergent aquatic 

and wetland plant, typically forming dense floating mats over still or slow-flowing 

water. It is sold as a pond plant. It is native to the Americas ranging from south eastern 

USA to Argentina and has naturalised in Italy and Spain where it is a weed of rice 

fields. It was first found in Queensland as a naturalised plant in 2007, with several 

sites now found there and also in Sydney.  

In the competition experiment (Chapter 5) mud plantain grew rapidly and significantly 

reduced the cover of alligator weed (Alternanthera philoxeroides) and water primrose 

(Ludwigia peploides) in both warm and hot treatments, and reduced the biomass of 

alligator weed in the hot treatment. Thus it persists with and even suppresses the 

growth of the WONS species alligator weed. Additionally, plants flowered and set 

abundant viable seed.  It has an Australian AWRAM score of 88 scoring highly in 

ecological adaptation, competitive ability, high seed production and impact on water 

use. It is a rapid coloniser and thrives in disturbed habitats and could therefore be 

problematic in irrigation and rice growing areas. It is likely to be problematic in much 

of warm temperate and tropical Australia. It is widely available in the pond trade 

within Australia.  

7.1.16 Parrot’s feather (Myriophyllum aquaticum)  Haloragaceae 

Parrot’s feather (Myriophyllum aquaticum (Vell. Conc.) Verdc.) is a sprawling 

emergent plant forming dense floating mats over still or slow-flowing water and 
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nutrient rich wetlands. It is commonly sold as an aquarium and pond plant. It is native 

to much of South America and is naturalised and invasive throughout most United 

States and southern Canada, Europe, Japan, Java, New Zealand and all states of 

Australia. It is a NPPA plant in New Zealand and banned from sale in Tasmania, 

Western Australia and Australian Capital Territory. 

It has an Australian AWRAM score of 89 scoring highly in ecological adaptation, 

competitive ability, asexual reproduction, impact on natural areas and water use, 

potential habitat, overseas weed history and current high volume in the aquarium/pond 

plant trade. 

7.1.17 Sagittaria (Sagittaria platyphylla) and other similar taxa  Alismataceae 

Sagittaria (Sagittaria platyphylla (Engelm.) J.G. Sm.) is an obligate aquatic plant with 

both erect emergent and submerged leaf forms. It is sold as both an aquarium and 

pond plant and was formerly known as S. graminea subsp. platyphylla. It is native to 

eastern USA and Panama and is naturalised in New Zealand, Java and Australia where 

it extremely problematic in irrigation channels in central Victoria. It is a NPPA plant 

in New Zealand and banned from sale in Tasmania, South Australia, Western 

Australia and New South Wales.  

Another taxon, tentatively identified as S. graminea has been noted by the authors as 

naturalised in Queensland and New South Wales. The identity and weed potential of 

this Sagittaria requires attention. Similarly, the arrowhead Sagittaria latifolia is 

reported to occur in Australia. This species has rhizomes and tubers similar to S. 

sagittifolia. Its presence and weed threat need evaluation. 

S. platyphylla has an Australian AWRAM score of 73 scoring highly in ecological 

adaptation, reproductive output (very high seed production and tuber production), 

potential impact on water use especially in irrigation areas and environmental impact 

in seasonally wet areas.  It was a popular aquarium plant grown for its Vallisneria-like 

submerged foliage. 

7.1.18 Salvinia -All species  Salviniaceae 

There are records of Salvinia auriculata occurrence in Australia (R. Randall pers. 

comm.). This and the many other Salvinia species are superficially very similar to the 

WONS plant S. molesta and all are potential weeds, although their impact is likely to 

be less than S. molesta, with a tentative score of 67 assigned to S. auriculata using the 

Australian AWRAM. Much of the weed history of this plant is attributable to S. 
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molesta a plant with which it was formerly confused. All Salvinia species are banned 

from sale in Queensland and Tasmania has banned S. auriculata and S. rotundifolia 

(given synonymy with S. molesta) and due to the problems with identification and the 

limited distribution of other Salvinia species in Australia the TAG unanimously 

recommended the entire genus to be banned from sale. 

7.1.19 Senegal tea (Gymnocoronis spilanthoides)  Asteraceae 

Senegal tea (Gymnocoronis spilanthoides (D. Don) DC. is an erect emergent aquatic 

plant which can form obstructive growths in flowing water and floating mats over still 

or slow-flowing water. It is sold as a pond plant and is also a popular aquarium plant. 

It is native to Central and South America. It is naturalised in Hungary, India, and New 

Zealand, and in Tasmania, Western Australia, Victoria, Queensland and New South 

Wales in Australia. It is a NPPA plant in New Zealand and banned from sale in all 

states except the Northern Territory. 

It has an Australian AWRAM score of 88 scoring highly in ecological adaptation, 

competitive ability, potential impact on natural areas and water use, and use in the 

trade.   

7.1.20 Southern naiad (Najas guadalupensis)  Najadaceae 

Southern naiad (Najas guadalupensis (Spreng.) Magnus) is an annual submerged 

aquatic plant. It is widely distributed as an aquarium plant in the USA, especially as a 

spawning medium for various tropical fish. It is native to most temperate and tropical 

parts of the Americas, reported as naturalised in New England (Les and Mehrhoff 

1999) and Hawaii (Conant 1995). It is reported to be present in Australia, but not seen 

as part of this project. 

It has an Australian AWRAM score of 52 scoring highly in high reproductive output 

and naturally dispersed propagules, potential impact of water use in disturbed areas 

like irrigation channels and wide potential distribution.   

7.1.21 Water caltrop (Trapa) All species  Trapaceae 

Water caltrop or water chestnut (Trapa natans L. and T. bispinosa Roxb.) are annual 

floating attached aquatic plants that grow in still or slow moving water. They are 

commonly classified as 2 subspecies of T. natans. Plants distributed as an ornamental 

pond subjects and the seeds (especially T. bispinosa) are a popular Asian vegetable. 

Trapa species are native to Asia North Africa and Europe and naturalised in North 
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America, especially the north eastern USA and adjacent parts of Canada. There are 

several web links that refer to this plant being naturalised in Australia although there is 

no evidence of this. Possibly the inclusion of it in Sainty and Jacobs (2003) and in 

state banned lists may have led to this assumption. However, there is anecdotal 

evidence of the plant being present in Australia (E. Frazer pers. comm.) and the 

importation of plants for seed production is a possibility. Most states, with the 

exception of the Australian Capital Territory have prohibited the sale of the species T. 

natans or all species within this genus. 

T. natans has an Australian AWRAM score of 70 scoring highly in competitive 

ability, potential impact on natural areas and water use, and wide potential 

distribution. The TAG unanimously supported the banning of the entire Trapa genus.   

7.1.22 Water lettuce (Pistia stratiotes)  Araceae 

Water lettuce (Pistia stratiotes L.) is a free-floating aquatic plant which can form 

dense floating mats in warm temperate and tropical areas. It is a popular and widely 

distributed pond plant. Its native range is unknown (Cook 1985), with its distribution 

now spanning most tropical and subtropical countries including Australia. It is 

possibly native to the Northern Territory, but introduced in New South Wales and 

Queensland (Sainty and Jacobs 2003). It is a NPPA plant and has been eradicated 

from New Zealand (Champion and Clayton 2003) also banned from several US states. 

In Australia it is banned from sale in all states except South Australia, Victoria and 

Tasmania.  

It has an Australian AWRAM score of 82 scoring highly in competitive ability, 

asexual reproduction, impact on natural areas and water use, overseas weed history 

and current volume in the pond plant trade.  

7.1.23 Water mimosa (Neptunia oleracea and N. plena)  Fabaceae 

Water mimosa (Neptunia oleracea Lour. and N. plena (L.) Benth.) are sprawling 

emergent or marginal nitrogen-fixing leguminous plants which can form dense 

sprawling mats in tropical areas. Both species have pan-tropical distributions 

inhabiting warm, slow-moving, and frequently stagnant waters in Asia, Africa, and 

Central and South America. N. oleracea is a perennial aquatic herb that is widely 

distributed in the tropics. The origin of the species is uncertain. It occurs wild and 

cultivated as a vegetable throughout South-East Asia particularly in Thailand and 

Indo-China. It is also distributed internationally as an ornamental pond plant. N. plena 

is recorded as a troublesome weed in several tropical countries. N. oleracea was 
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discovered in several field sites in Queensland in 2006 (CRC Weed Management 

2008). Both species are banned from entry into Australia (AQIS 2008) and also 

banned from Queensland. 

There was insufficient information on these species to run the Australian AWRAM. 

However the TAG decided that the rampant growth and release of nitrogen into water 

bodies which could lead to increased algal blooms and increased vigour of associated 

pest plants warranted its inclusion of the 2 Neptunia species on the banned species list. 

7.1.24 Yellow burrhead (Limnocharis flava)  Hydrocharitaceae 

Yellow burrhead (Limnocharis flava (L.) Buch.) is an erect emergent aquatic plant 

which can form floating mats over still or slow-flowing water. It is distributed as a 

pond plant and also as a green vegetable in South East Asia. It is native to Central and 

South America and has naturalised in South East Asia, Polynesia, Africa and northern 

Queensland. It is also known from the USA. It is a banned species in several of the US 

states and is banned from sale in Western Australia, Queensland, the Northern 

Territory and New South Wales. 

It has an Australian AWRAM score of 63 scoring highly in competitive ability, seed 

and asexual reproduction and impact on water use.  It is not sold in the aquarium/pond 

plant trade in Australia and was probably introduced accidentally or as a food plant. It 

could become problematic in nutrient-rich tropical waters. 

7.1.25 Yellow flag iris (Iris pseudacorus)  Iridaceae 

Yellow flag iris (Iris pseudacorus L.) is an erect emergent aquatic plant which can 

form floating mats over still or slow-flowing water, also forming dense riparian stands 

on flowing water margins and invading both freshwater and estuarine wetlands in 

temperate regions. It is native to Eurasia and North Africa, being naturalised and 

weedy in North America and New Zealand. It has been collected from Victoria and 

South Australia but is likely to be much more widespread. It is banned from sale in 

several US states and is a NPPA plant in New Zealand. 

It has an Australian AWRAM score of 84 scoring highly in ecological adaptation, 

competitive ability, seed production, impact on natural areas and water use, and use in 

the trade. It is likely to be invasive in temperate areas including those that are saline 

influenced. 
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7.1.26 Yellow lotus (Nelumbo lutea) excluding hybrids  Nelumbonaceae 

Yellow lotus (Nelumbo lutea (Wild.) Pers.) is an emergent waterlily-like plant which 

can form dense pure stands in nutrient-rich warm shallow waters. It is sold as a pond 

plant. It is native to North America extending from Texas and Florida north to 

Ontario. It is regarded as an aggressive weed in the southern part of its natural range 

(Les and Mehrhoff 1999). It is unknown as a naturalised plant outside of its native 

range. Western Australia has declared it a prohibited plant. 

It has an Australian AWRAM score of 59 scoring highly in competitive ability, seed, 

stolon and tuber production, impact on natural areas and water use.  

Yellow lotus has been hybridised with the other lotus species (Nelumbo nucifera) a 

native of Northern Australia, with named hybrids including ‘Carolina Queen’, 

‘Flavescens’, ‘Glen Gibson’, Mrs. Perry D. Slocum’ and ‘The Queen’ (Slocum and 

Robinson 1996). These hybrids have not shown any invasive characters to date and are 

therefore excluded from the recommendation for ban from sale. 

7.1.27 Yellow waterlily (Nymphaea mexicana)  Nymphaeaceae 

Yellow waterlily (Nymphaea mexicana Zucc.) is a true waterlily which can form dense 

pure stands in nutrient-rich still or slow-flowing waterbodies. It is sold as a pond plant. 

It is native to Mexico and the southern USA. It is naturalised in Spain, South Africa 

and New Zealand, and in Victoria, Western Australia, Queensland and New South 

Wales in Australia. Plants outside of the indigenous range may be of hybrid origin. 

The characteristics that identify this from other ‘hardy’ waterlilies are vertical rather 

than horizontal rhizomes, long white fleshy stolons which often produce ‘brood 

bodies’ that resemble a tiny hand of bananas (hence the alternative common name of 

banana waterlily). It is a NPPA plant in New Zealand. 

It has an Australian AWRAM score of 77 scoring highly in competitive ability, seed, 

stolon and brood body production, impact on natural areas and water use, and 

potential distribution.  

Yellow waterlily is commonly hybridised with other species to produce yellow and 

orange blooms, which change in colour over their lifespan (Slocum and Robinson 

1996). The weedy plants in Australia may be the result of reversions to type from 

early acclimatisation efforts (Sainty and Jacobs 2003). Named hybrids without erect 

rhizomes, stolons or brood bodies such as ‘Sioux’, ‘Yellow Comanche’ and ‘Texas 

Dawn’ are excluded from the recommendation for ban from sale.  
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7.1.28 Ottelia ulvifolia, Alisma gramineum and Bacopa rotundifolia 

These three species were not evaluated with the Australian AWRAM as there was 

insufficient information to carry out this evaluation. 

Ottelia ulvifolia (Planch.) Walp. is a submerged aquatic plant originating from tropical 

Africa and is distributed in the aquarium trade. It was found to be a prolific seeder in 

tropical tanks (E. Frazer pers. comm.) and was seen as a potential weed should it 

establish in the wild. He has actively discouraged its use in the trade.  

Alisma gramineum (Lej.) is reported as present in Australia (Global Biodiversity 

Information Facility 2008) but there are no records elsewhere. It is native to North 

America and Europe and is not commonly distributed in the trade.  

Bacopa rotundifolia (Michx.) Wettst. is a North American plant which has widely 

naturalised and is a rice weed in South East Asia, Spain and Japan. Resistance to ALS 

herbicides has been reported in Malaysia. It is distributed as an aquarium and pond 

plant, but no specimens have been obtained in this project. 

The TAG supported a national ban from sale of all these species. 

7.2 Recommendations for other species identified as potential weeds 

Additional species discussed by the TAG but not recommended for a national ban. 

The TAG decided that 20 species and 1 genus required further evaluation before any 

management decision could be made and it was suggested that a watch list be 

maintained on species of concern (Table 11). Information on the 3 species evaluated in 

Section 5 is discussed following the table. 

The TAG decided not to not proceed with further evaluation for a further 6 species 

(Table 12). 
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Table 11:  Species recommended for inclusion on a watch list, including those recommended for 
competition experiments. 

Common name Species Suggested actions 

Ambulia Limnophila sessiliflora Determine the status of the reported field 
site, evaluate field populations 

Arrowhead Sagittaria latifolia Source material, conduct competition 
experiment 

Bladderwort Utricularia inflata Source material, conduct competition 
experiment 

Bogbean Menyanthes trifoliata Conduct competition experiment 

Canadian 
pondweed 

Elodea canadensis Evaluate field populations, conduct 
competition experiment 

Hygro (East 
Indian hygrophila) 

Hygrophila polysperma Evaluate field populations 

Lemon bacopa Bacopa caroliniana           Evaluate field populations, conduct 
competition experiment 

Pickerelweed Pontederia cordata var. 
lanceolata 

Conduct competition experiment 

Purple loosestrife Lythrum salicaria Compare native and introduced cultivars 

Red ludwigia Ludwigia repens  Evaluate field populations, conduct 
competition experiment 

Sagittaria Sagittaria graminea? Determine the taxonomic status of this plant. 
Evaluate field populations, conduct 
competition experiment 

Stargrass Heteranthera zosterifolia Conduct competition experiment 

Water poppy Hydrocleys nymphoides  Evaluate field populations, conduct 
competition experiment 

Water purslane Ludwigia palustris  Evaluate field populations, conduct 
competition experiment 

Water soldier Stratiotes aloides Source material, conduct competition 
experiment 

Water wisteria Hygrophila difformis Evaluate field populations 

Yellow pond lily Nuphar (entire genus) Source material, conduct competition 
experiments on representative species 

 Egeria najas Source material, conduct competition 
experiment 

 Myriophyllum pinnatum Conduct competition experiment 

 Neobeckia aquatica Source material, conduct competition 
experiment 

 Typha laxmannii Conduct competition experiment 

 

7.2.1 Ambulia (Limnophila sessiliflora)  Plantaginaceae 

Ambulia (Limnophila sessiliflora (Vahl) Blume) is a submerged aquatic with 

emergent stems that produce pale blue flowers. It is cultivated as an aquarium plant. It 
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is native to India, Sri Lanka and the Philippines and has naturalised in Italy, China and 

Japan. It is a rice weed in those countries and also through its native range. It is also 

sparing naturalised in Florida and Texas and has been declared a Federal Noxious 

Weed in the USA. However, it has not appeared to spread there in the last 25 years 

and is still commonly sold as an aquarium plant. This species was reported to be 

naturalised at one site in New South Wales, but its identity was not confirmed and it 

apparently has now been eradicated. 

Spenser and Bowes (1985) evaluated the weed potential of this species and 

Hygrophila polysperma (see section 7.2.3) comparing their performance with hydrilla 

(Hydrilla verticillata) in Florida. They considered ambulia the be the lowest of the 3 

species as it had lowered photosynthetic rates below 20ºC with seasonal dormancy, 

limited regrowth potential from stem fragments and even though biomass was 

compatible to the other species, distribution of biomass was spread through the water 

column compared with the dense canopy formation of hydrilla. Unlike the other 

species, ambulia produced viable seed in Florida (~300 seed/flower).  Findings from 

the competition experiment (Chapter 5) showed that ambulia was significantly 

reduced in area occupied when grown with hydrilla in the warm treatment. Under the 

same conditions, the cover of cabomba (C. caroliniana) is significantly reduced when 

grown in competition with ambulia and the area of ambulia is also reduced in 

competition with cabomba, indicating that the two species are competitively similar 

and dominance of one species over the other is more likely to result from chance 

events. In the cool treatment ambulia was more competitive than cabomba. Shoots 

spread laterally across the bottom of cold treatment tanks, with vertical shoots then 

occupying all available habitat, although it co-existed with cabomba and hydrilla when 

grown in competition with these. Ambulia flowered but no seed was set.  

It had an Australian AWRAM score of 61 scoring highly in competitive ability and 

asexual reproduction natural areas and water use, and potential distribution. This 

species is one of the main aquarium plants sold in Australia. Despite the relatively 

high AWRAM score, the absence of verified naturalised populations of ambulia after 

30+ years in the trade and the lack of conclusive demonstration of invasive capability 

by the competition experiment were seen by the TAG as sufficient reason not to ban 

the sale of this species. It should be placed on the watch list.   

7.2.2 East Indian hygrophila or hygro (Hygrophila polysperma)  Acanthaceae 

East Indian hygrophila or hygro (trade name) (Hygrophila polysperma (Roxb.) T. 

And.) is an amphibious aquatic plant able to grow both as a submerged plant and 
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immersed on the margins of water bodies. It is native to India and South East Asia and 

has been distributed internationally as an aquarium plant.  

A plant regarded as a form of this plant has naturalised in the southern USA in Texas, 

Virginia and Florida. It has become problematic in several areas (Spenser and Bowes 

1985; Doyle et al. 2003) and is a Federal Noxious Weed in the USA, also banned from 

sale in many states. Based on this evidence the New South Wales Department of 

Primary Industries declared East Indian hygrophila a Class 1 Noxious Plant after 

naturalised populations attributed to this species were found. Interestingly, US plants 

are hairy and they flower and seed freely, whereas Australian plants have glabrate 

emergent foliage and appear to flower sparingly, with none found during the 

competition experiment. Rataj and Horeman (1977) describe the 2 forms of the plant, 

the non-flowering form being in the trade for much longer. Cultivated flowering and 

fruiting material sourced from wild plants in Australia was forwarded to Robyn Barker 

(State Herbarium of South Australia), an expert in the Acanthaceae. She confirmed the 

material as Hygrophila polysperma (also named Hemiadelphus polysperma) 

distinguished from other Hygrophila species by 2 rather than 4 stamens and lack of 

hooks on the capsule. US invasive plant material attributed to this species is illustrated 

with hooked capsules and a different flower shape. Thus, the American plant is likely 

to be a different species and therefore the invasive traits of US naturalised plants used 

to justify its ban in Australia cannot be supported. 

Champion et al. (2007) grew New Zealand cultivated submerged and emergent 

material of this plant under competition trials and found it had little weed potential 

under New Zealand conditions. Findings from the competition experiment (Chapter 5) 

showed that this plant when grown as a submerged specimen was significantly 

reduced in area occupied when grown with hydrilla or cabomba (Cabomba 

caroliniana) in the warm treatment. As an emergent area occupied was significantly 

reduced by alligator weed in all treatments and by water primrose in warm and cool 

treatments. Thus hygrophila did not impact on the growth of other species tested, but 

was reduced in the presence of some of these. Even when grown as a monoculture 

only sparse covers of this plant developed over the course of the experiment. 

Similarly, field populations of this plant appear to be displaced by a range of other 

species (A. Petroeschevsky pers. comm.). It had an Australian AWRAM score of 53. 

The TAG agreed that the entity in Australia had little weed potential compared to 

other species and did not support its ban from sale, but it should be added to the watch 

list, with monitoring of field populations.  
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7.2.3 Water wisteria (Hygrophila difformis)  Acanthaceae 

Water wisteria (Hygrophila difformis (L.f.) Blume) also known as H  triflora (Roxb.) 

Fosberg & Sachet. is an amphibious aquatic plant able to grow both as a submerged 

plant and immersed on the margins of water bodies. It is native to India and South 

East Asia and has been distributed internationally as an aquarium plant. It has been 

reported as naturalised in Queensland and New South Wales. 

In the competition experiment (Chapter 5) water wisteria was evaluated as an 

emergent weed in the cool treatment only. It was significantly reduced in % cover and 

biomass by alligator weed but all other interactions were non-significant. Thus water 

wisteria could co-exist with both alligator weed and water primrose, but it is not as 

competitive as alligator weed. Field populations of this plant have not been assessed. 

It had an Australian AWRAM score of 56. The TAG did not support its ban from sale, 

but it should be added to the watch list, with monitoring of field populations. 

Table 12:  Species assessed as having no immediate weed risk with no further action required. 

Species Comments 

Azolla caroliniana Superficially similar to A. filiculoides, although 
possessing weed potential, a ban would not be 
enforceable 

Blyxa japonica Dwarf form in the trade, not vigorous 

Ceratopteris pteridoides Most likely a misidentification of indigenous 
species, no threat 

Echinodorus cordifolius Unlikely to be more than a minor weed, no 
naturalisation history 

Eichhornia paniculata Unlikely to be more than a minor weed, no 
naturalisation history 

Zosterella dubia No specimens seen, unlikely to be more than a 
minor weed 
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10. Appendix 1: Contact details of aquatic plant suppliers referred to in 
this report 

Pisces Enterprises http://piscesenterprises.com/joomla/ 

Wormborough http://www.wormborough.com.au/welcome.html 

Aquagreen http://www.aquagreen.com.au/catalog.html 

Watergarden Paradise www.watergardenparadise.com.au 

Triffid Park http://triffidpark.com.au/htm_pages/water_plants.htm 

Boronia Aquarium http://www.boroniaaquarium.com.au/index.php?cPath=5 

Austral Watergardens Kevin and Lisa Metelik, 1295 Pacific Highway, Cowan, NSW 

2081. 
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11.  Appendix 2:  Aquatic plant species reported as present in Australia, with family, common or trade names and  
     synonyms, their status (indigenous, naturalised or non-naturalised) and their ornamental use  
     (aquarium, pond, bog and/or food plants).  

Species Family Status in Australia Ornamental Use 

  

Common or trade 
names and synonyms 

Indigenous Naturalised aquarium pond bog food 

Abelmoschus moschatus Malvaceae  y    y  
*Acorus calamus  Acoraceae    y y  y 
*Acorus gramineus var gramineus Acoraceae    y y   
Acorus gramineus var pusillus Acoraceae var. variegatus   y y   
Aldrovanda vesiculosa Droseraceae Water Wheel Plant y  y    
*Alisma gramineum Alismataceae     y   
Alisma plantago-aquatica Alismataceae   y  y   
*Alternanthera philoxeroides Amaranthaceae   y  y  y 
Alternanthera reineckii   Amaranthaceae includes lilacina, 

rosaefolia 
  y    

Alternanthera sessilis  Amaranthaceae    y y  y 
Ammannia baccifera Lythraceae Daly River Ammannia y  y    
Ammannia gracilis  Lythraceae    y    
*Ammannia senegalensis  Lythraceae    y    
Anubias afzelii  Araceae    y    
Anubias barteri var. barteri  Araceae includes Anubias 

coffeefolia    
  y    

Anubias barteri var. caladiifolia  Araceae    y    

Anubias barteri var. glabra  Araceae Anubias lanceolata    y    
Anubias barteri var. nana   Araceae A. nana   y    
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Species Family Status in Australia Ornamental Use 

  

Common or trade 
names and synonyms 

Indigenous Naturalised aquarium pond bog food 

Anubias gracilis  Araceae    y    
Anubias hastifolia  Araceae    y    
Anubias heterophylla  Araceae Anubias congensis    y    
Anubias hybrids  Araceae 7 types   y    
Aponogeton boivinianus  Aponogetonaceae    y    
Aponogeton capuronii  Aponogetonaceae    y    
Aponogeton crispus   Aponogetonaceae A. echinatum, Ruffled 

Aponogeton 
  y    

*Aponogeton distachyus Aponogetonaceae A. distachyos  y  y   
Aponogeton elongatus  Aponogetonaceae  y  y   y 
Aponogeton euryspermus Aponogetonaceae Red Lace Plant y  y    
Aponogeton longiplumulosus  Aponogetonaceae    y    
Aponogeton madagascariensis   Aponogetonaceae Madagascar Lace 

Plant includes A. 
fenestralis, guilloti, 
henkelianus 

  y    

*Aponogeton natans  Aponogetonaceae    y    
*Aponogeton rigidifolius  Aponogetonaceae    y    
Aponogeton tofus   Aponogetonaceae  y      
Aponogeton ulvaceus  Aponogetonaceae    y    
Aponogeton undulatus  Aponogetonaceae Aponogeton 

stachyosporus  
  y    

Aponogeton vanbruggenii Aponogetonaceae NT Lace Plant y  y   y 
Aponogeton womersleyi Aponogetonaceae    y    
*Azolla caroliniana  Azollaceae Fairy Moss    y   
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Species Family Status in Australia Ornamental Use 

  

Common or trade 
names and synonyms 

Indigenous Naturalised aquarium pond bog food 

Azolla filiculoides  Azollaceae  y   y   
Azolla pinnata  Azollaceae  y   y   
*Bacopa caroliniana  Scrophulariaceae Giant Red Bacopa, B 

amplexicaulis  
 y  y y  y 

Bacopa floribunda  Scrophulariaceae  y  y    
Bacopa lanigera  Scrophulariaceae    y y   
Bacopa monnieri  Scrophulariaceae Dwarf Bacopa  y  y y  y 
Bacopa rotundifolia  Scrophulariaceae    y    
Barclaya longifolia   Nymphaeaceae Orchid Lily   y    
Baumea articulata Cyperaceae  y   y   
Baumea juncea Cyperaceae  y   y   
Baumea rubiginosa Cyperaceae  y   y   
*Berula erecta Apiaceae   y  y   
Blyxa alternifolia Hydrocharitaceae    y    
Blyxa aubertii  Hydrocharitaceae Blyxa echinosperma  y  y    
*Blyxa japonica  Hydrocharitaceae Bamboo Plant   y    
Blyxa novoguineensis  Hydrocharitaceae    y    
Bolbitis heteroclita  Lomariospidaceae    y    
Bolbitis heudelotii   Lomariospidaceae African Fern   y    
Bolboschoenus fluviatilis Cyperaceae  y   y   
Bolboschoenus medianus Cyperaceae  y   y   
Brasenia schreberi  Cabombaceae  y  y y   
Butomopsis latifolia  Limnocharitaceae  y   y   
*Butomus umbellatus Butomaceae     y   
Cabomba aquatica   Cabombaceae Yellow Cabomba   y    
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*Cabomba caroliniana   Cabombaceae Cabomba australis, 
Cabomba pulcherrima, 
Green Cabomba  

 y  y y   

Cabomba furcata Cabombaceae Cabomba piauhyensis, 
Red Cabomba 

  y    

Calla palustris Araceae      y  
Callitriche spp.  Callitrichaceae 7 native, 3 introduced 

spp. 
y  y y   

*Caltha palustris Ranunculaceae     y   
Canna spp. Cannaceae incl. Holbrook hybrid  y  y   
Cardamine flexuosa  Brassicaceae    y    
Cardamine lyrata   Brassicaceae Chinese Ivy   y    
Carex appressa Cyperaceae  y   y y  
Carex elata Cyperaceae      y  
Carex fascicularis Cyperaceae  y   y   
Carex paludosa  Cyperaceae     y   
*Carex riparia  Cyperaceae     y   
Centella asiatica  Apiaceae  y  y y   
Ceratophyllum demersum Ceratophyllaceae Hornwort y  y y   
Ceratophyllum muricatum  Ceratophyllaceae variety of C. 

submersum 
y  y    

Ceratopteris cornuta  Parkeriaceae  y  y    
Ceratopteris froesii  Parkeriaceae    y    
Ceratopteris pteridoides  Parkeriaceae Watersprite   y    
Ceratopteris siliquosa  Parkeriaceae    y    
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Ceratopteris thalictroides  Parkeriaceae Indian Fern y  y   y 
Chlorophytum bichetii Anthericaceae    t  y  
Chlorophytum comosum  Anthericaceae    t    
Chorizandra enodis Cyperaceae  y   y y  
Colocasia esculenta Araceae   y   y y 
Cotula coronopifolia Asteraceae  y   y y  
*Crassula bonariensis  Crassulaceae    y    
Crassula helmsii  Crassulaceae  y  y y   
Crinum campanulatum  Amaryllidaceae Crinum aquaticum, C. 

erubescens 
  y    

Crinum calamistratum  Amaryllidaceae    y    
Crinum natans  Amaryllidaceae    y    
Crinum pedunculatum  Amaryllidaceae  y   y y  
Crinum thaianum   Amaryllidaceae Onion Plant   y    
Cryptocoryne affinis  Araceae    y    
Cryptocoryne albida  Araceae Cryptocoryne costata, 

C. korthausae 
  y    

Cryptocoryne aponogetifolia  Araceae    y    
Cryptocoryne auriculata  Araceae    y    
*Cryptocoryne beckettii  Araceae Cryptocoryne petchii    y    
Cryptocoryne bogneri  Araceae    y    
Cryptocoryne ciliata  Araceae    y    
Cryptocoryne cordata  Araceae Cryptocoryne blassii, 

C. evae, C.siamensis  
  y    
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Cryptocoryne crispatula  Araceae Cryptocoryne 
balansae, C. 
tonkinensis 

  y    

Cryptocoryne griffithii  Araceae    y    
Cryptocoryne lingua Araceae    y    
Cryptocoryne longicauda  Araceae Cryptocoryne 

johorensis  
  y    

Cryptocoryne moehlmannii  Araceae    y    
Cryptocoryne nevillii  Araceae    y    
Cryptocoryne nurii  Araceae    y    
Cryptocoryne parva  Araceae    y    
Cryptocoryne pontederiifolia  Araceae    y    
Cryptocoryne purpurea  Araceae    y    
Cryptocoryne retrospiralis  Araceae Lagenandra dalzellii    y    
Cryptocoryne schulzei  Araceae    y    
Cryptocoryne scurrilis  Araceae Cryptocoryne bullosa    y    
Cryptocoryne spiralis  Araceae    y    
Cryptocoryne striolata  Araceae Cryptocoryne gracilis    y    
Cryptocoryne thwaitesii  Araceae    y    
Cryptocoryne undulata  Araceae Cryptocoryne axelrodii, 

C. willisii  
  y    

Cryptocoryne usteriana  Araceae    y    
Cryptocoryne versteegii  Araceae    y    
Cryptocoryne walkeri  Araceae Cryptocoryne legroi, C. 

lutea  
  y    
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*Cryptocoryne wendtii  Araceae incl Mi-oya   y    
Cryptocoryne x willisii  Araceae Cryptocoryne lucens, 

C. nevillii (pre 1979) 
  y    

Cryptocoryne zonata  Araceae    y    
Cryptocoryne zukalii  Araceae    y    
*Cyperus involucratus  Cyperaceae Cyperus alternifolius  y  y   
*Cyperus papyrus Cyperaceae   y  y   
*Cyperus prolifer Cyperaceae     y   
Cyperus vaginatus Cyperaceae Aus native y   y   
Dichondra micrantha  Apiaceae  y  y y   
Didiplis diandra  Lythraceae Water Hedge    y    
Echinodorus amazonicus  Alismataceae Amazon Sword   y    
Echinodorus angustifolius Alismataceae    y    
Echinodorus aschersonianus  Alismataceae    y    
Echinodorus berteroi  Alismataceae    y    
Echinodorus bleheri  Alismataceae Broad Leafed Amazon 

Sword  
  y    

*Echinodorus bolivianus  Alismataceae    y    
*Echinodorus cordifolius   Alismataceae Radicans Sword pond, 

incl. Tropica Marble 
Queen 

  y y   

*Echinodorus grandiflorus  Alismataceae Echinodorus 
argentinensis. E. 
muricatus  

  y y   

Echinodorus grisebachii  Alismataceae    y    
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Echinodorus harbich  Alismataceae    y    
Echinodorus horizontalis  Alismataceae    y    
Echinodorus hybrids most with osiris 
parentage 

Alismataceae 26 named varieties   y    

Echinodorus macrophyllus  Alismataceae Echinodorus scaber    y    
Echinodorus martii  Alismataceae Ruffled Sword E major   y    
Echinodorus opacus  Alismataceae    y    
*Echinodorus osiris  Alismataceae Red Amazon Sword    y    
Echinodorus paniculatus  Alismataceae    y    
Echinodorus parviflorus  Alismataceae    y    
Echinodorus portoalegrensis  Alismataceae    y    
*Echinodorus quadricostatus   Alismataceae Echinodorus 

isthmicus, E. latifolius, 
E. magdalenensis   

  y    

Echinodorus rigidifolius  Alismataceae Rangeri sword   y    
Echinodorus schlueteri  Alismataceae    y    
Echinodorus subalatus  Alismataceae E. intermedius   y    

Echinodorus tenellus   Alismataceae Pygmy Chain Sword   y    
*Echinodorus uruguayensis  Alismataceae Echinodorus horemanii    y    
Echinodorus barthii  Alismataceae    y    
*Egeria densa   Hydrocharitaceae Giant Elodea  y y y   
*Egeria najas Hydrocharitaceae    y    
*Eichhornia azurea  Pontederiaceae    y y   
*Eichhornia crassipes   Pontederiaceae Water Hyacinth  y y y   
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*Eichhornia diversifolia  Pontederiaceae    y    
*Eichhornia paniculata Pontederiaceae     y   
Elatine gratioloides  Elatinaceae  y  y    
Elatine hydropiper  Elatinaceae    y    
Elatine macropoda  Elatinaceae    y    
*Eleocharis acicularis   Cyperaceae Dwarf Hairgrass   y    
Eleocharis acuta   Cyperaceae  y   y   
Eleocharis caespitosissima   Cyperaceae  y      
ψEleocharis dulcis Cyperaceae  y   y  y 
Eleocharis equisetina Cyperaceae  y   y   
Eleocharis minima  Cyperaceae    y    
Eleocharis montevidensis Cyperaceae    y    
Eleocharis obtusa  Cyperaceae    y    
Eleocharis parvula  Cyperaceae Hairgrass   y    
Eleocharis plana Cyperaceae  y   y   
Eleocharis sphacelata Cyperaceae  y   y   
*Elodea canadensis  Hydrocharitaceae Anacharis, Elodea 

minor? 
 y y y   

*Equisetum arvense Equisetaceae   y   y  
*Equisetum hyemale Equisetaceae   y   y  
Eriocaulon setaceum  Eriocaulonaceae  y  y    
Eriophorum angustifolium Cyperaceae     y   
Fontinalis antipyretica  Fontinalaceae    y    
Glossostigma diandrum  Scrophulariaceae  y  y    
Glossostigma elatinoides  Scrophulariaceae  y  y    
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Goodenia dimorpha  Goodeniaceae  y    y  
Goodenia humilis  Goodeniaceae  y   y   
Goodenia purpurascens  Goodeniaceae  y  y    
Gratiola latifolia Scrophulariaceae  y   y   
Gratiola peruviana Scrophulariaceae  y   y   
*Gymnocoronis spilanthoides  Asteraceae Spade-leaf Plant  y  y y   
Hemigraphis alternata   Acanthaceae Hemigraphis colorata, 

H. var. exotica 
  t    

Hemigraphis repanda Acanthaceae    t    
*Heteranthera reniformis  Pontederiaceae   y y y   
*Heteranthera zosterifolia   Pontederiaceae Indian Stargrass    y y   
Hibiscus coccineus Malvaceae     y   
*Hippuris vulgaris Hippuridaceae        
*Hottonia palustris  Primulaceae    y    
*Houttuynia cordata  Saururaceae    t y y  
Hydrilla verticillata  Hydrocharitaceae  y  y y   
Hydrocharis dubia  Hydrocharitaceae  y   y   
*Hydrocleys nymphoides  Limnocharitaceae Hydrocleis 

nymphoides 
 y   y   

*Hydrocotyle bonariensis  Apiaceae    y y   
*Hydrocotyle leucocephala  Apiaceae  Brazilian pennywort   y y   
*Hydrocotyle ranunculoides  Apiaceae   y  y y   
Hydrocotyle verticillata   Apiaceae Umbrella Plant y  y y   
Hydrocotyle vulgaris   Apiaceae Umbrella Plant y  y y   
Hydrotriche hottoniiflora  Scrophulariaceae    y    
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Hygrophila 3 unnamed spp. Acanthaceae    y    
Hygrophila corymbosa   Acanthaceae Temple Plant, Giant 

Hygro, Hygrophila 
angustifolia?  
Nomaphila corymbosa, 
N. stricta, H. lacustris 

  y    

*Hygrophila costata   Acanthaceae Hygrophila guianensis, 
H. brasiliensis, H. 
conferta, sword-leaf 
hygro  

 y y y   

Hygrophila lancea  Acanthaceae    y    
Hygrophila longifolia  Acanthaceae    y    
*Hygrophila polysperma  Acanthaceae Dwarf Hygro, incl 

rosanervig 
 y y    

Hygrophila salicifolia   Acanthaceae Willow Leaf Hygro    y    
Hygrophila stricta  Acanthaceae Thai Stricta    y    
*Hygrophila triflora   Acanthaceae Water Wisteria, H. 

difformis   
 y  y    

*Hypericum elodes Clusiaceae    y y   
Imperata cylindrica Poaceae Japanese blood grass     y  
ψIpomoea aquatica Convolvulaceae  y   y  y 
Iris ensata Iridaceae Iris  kaempferi    y y  
Iris japonica Iridaceae      y  
Iris laevigata Iridaceae   y  y y  
Iris 'louisiana' Iridaceae group of 5 spp.    y y  
*Iris pseudacorus Iridaceae   y    y  
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Iris siberica Iridaceae      y  
Iris virginica  Iridaceae      y  
Isachne confusa  Poaceae  y   y   
Isolepis nodosa Cyperaceae  y    y  
Isotoma fluviatilis Lobeliaceae  y  y y   
Juncus effusus Juncaceae var. spiralis    y y  
Juncus repens  Juncaceae    y    
Juncus usitatus Juncaceae  y   y   
*Lagarosiphon major  Hydrocharitaceae Lagarosiphon 

muscoides  
 Reported but not recently seen y    

Lagenandra lancifolia  Araceae    y    
Lemna aequinoctialis  Lemnaceae  y  y y   
Lemna disperma   Lemnaceae L. minor y  y y   
Lemna trisulca  Lemnaceae  y  y y   
Lepidosperma longitudinale Cyperaceae  y    y  
Lepironia articulata Cyperaceae  y   y   
Lilaeopsis brasiliensis Apiaceae Lilaeopsis novae-

zelandiae  
  y    

Lilaeopsis brisbanica  Apiaceae  y  y y   
Lilaeopsis polyantha  Apiaceae incl. Fraser Is plant? y  y y   
*Limnobium laevigatum   Hydrocharitaceae Limnobium 

stoloniferum, Amazon 
Frogbit, could be L. 
spongia  

  y y   

*Limnocharis flava  Limnocharitaceae   y  y  y 
Limnophila aquatica   Scrophulariaceae Giant Ambulia y  y    
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Limnophila aromatica  Scrophulariaceae  y  y   y 
Limnophila aromaticoides Scrophulariaceae    y    
Limnophila australis Scrophulariaceae Berry Creek Ambulia y  y    
Limnophila brownii Scrophulariaceae Darwin River Ambulia y  y    
Limnophila chinensis Scrophulariaceae  y  y    
Limnophila fragrans Scrophulariaceae  y  y    
Limnophila gratioloides  Scrophulariaceae Australian Limnophila 

indica  
y  y    

Limnophila heterophylla  Scrophulariaceae    y    
*Limnophila sessiliflora  Scrophulariaceae Dwarf Ambulia   possibly y    
Lindernia tenuifolia  Scrophulariaceae  y  y y   
Liriope muscari  Liliaceae variegated     y  
Lobelia alsinoides Lobeliaceae      y  
Lobelia cardinalis  Lobeliaceae    y y   
Lobelia quadrangularis  Lobeliaceae Aus native y   y   
Ludwigia arcuata  Onagraceae Needle Leaf Ludigia   y y   
Ludwigia glandulosa  Onagraceae    y    
*Ludwigia longifolia Onagraceae   y  y   
Ludwigia octovalvis Onagraceae  y   y   
*Ludwigia palustris  Onagraceae   y y y   
Ludwigia palustris x repens  Onagraceae    y    
Ludwigia peploides Onagraceae  y   y   
*Ludwigia peruviana Onagraceae   y   y   
*Ludwigia repens  Onagraceae Ludwigia mullertii (red 

ludwigia), L. natans  
 y  y   
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*Lysichiton americanus Araceae     y y  
*Lysimachia nummularia    Primulaceae Creeping Penny   y  y  
*Lysimachia vulgaris    Primulaceae yellow loosestrife, var 

davurica 
    y  

ψLythrum salicaria Lythraceae both indigenous and 
exotic varieties 

y   y y  

Maidenia rubra  Hydrocharitaceae  y  y    
Marsilea costulifera   Marsileaceae  y  y y   
Marsilea crenata   Marsileaceae Dwarf Four-leaf Clover y  y    
Marsilea drummondii  Marsileaceae Clover Fern, Marsilea 

exarata 
y  y y   

Marsilea hirsuta  Marsileaceae Hansen's Nardoo y  y    
Marsilea mutica  Marsileaceae Marsilea brownii  y  y y   
Maundia triglochinoides Juncaginaceae  y   y   
Mayaca fluviatilis  Mayacaceae M. vandellii  y  y    
Mazus pumilio Scrophulariaceae  y   y   
Mentha aquatica Lamiaceae     y  y 
Mentha diemenica Lamiaceae  y  y y   
*Menyanthes trifoliata Menyanthaceae     y   
Micranthemum micranthemoides  Scrophulariaceae Hemianthus 

micranthemoides  
  y    

Micranthemum umbrosum  Scrophulariaceae Hemianthus 
callitrichoides 

  y    
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Microcarpaea minima Scrophulariaceae  y  y    
Microsorium pteropus   Polypodiaceae Java Fern and 

varieties 
  y    

Mimulus repens Primulaceae  y   y   
Mimulus uvedaliae Primulaceae  y  y    
Monochoria cyanea  Pontederiaceae Monochoria 

australasica  
y   y   

Monochoria vaginalis  Pontederiaceae  y   y   
Myosotis scorpioides Boraginaceae     y   
*Myriophyllum aquaticum   Haloragaceae Myriophyllum 

brasiliense, Brazilian 
Milfoil 

 y y y   

Myriophyllum caput-medusae  Haloragaceae  y  y y   
Myriophyllum crispatum  Haloragaceae  y  y y   
Myriophyllum dicoccum  Haloragaceae Howard River Milfoil y  y    
Myriophyllum heterophyllum  Haloragaceae    y    
Myriophyllum hippuroides  Haloragaceae    y    
Myriophyllum mattogrossense  Haloragaceae Red Milfoil   y    
Myriophyllum papillosum  Haloragaceae  y  y y   
*Myriophyllum pinnatum  Haloragaceae Foxtail, Myriophyllum 

scabratum 
  y    

Myriophyllum simulans Haloragaceae  y  y y   
*Myriophyllum spicatum Haloragaceae    y    
Myriophyllum tuberculatum Haloragaceae Myriophyllum 

muricatum, Berry 
Creek Milfoil  

y  y    
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Myriophyllum variifolium  Haloragaceae  y  y y   
Najas graminea  Najaceae  y  y    
*Najas guadalupensis  Najaceae Najas microdon    y    
Najas indica  Najaceae    y    
Najas marina  Najaceae  y  y    
Najas tenuifolia Najaceae  y  y    
Nasturtium officinale Brassicaceae Rorippa nasturtium-

aquaticum  
 y  y   

Nelsonia campestris  Acanthaceae  y  y    
*Nelumbo lutea Nelumbonaceae     y  y 
Nelumbo nucifera Nelumbonaceae  y   y  y 
*Neobeckia aquatica Brassicaceae    y    
Neopaxia australasica Potulacaceae  y    y  
*Neptunia oleracea Fabaceae   y y y   
*Neptunia plena Fabaceae   y     
Nesaea crassicaulis  Lythraceae    y    
Nesaea sp.  Lythraceae Red leaved Nesaea   y    
Nitella cristata Characeae  y  y    
Nitella gracilis  Characeae  y  y    
Nitella penicillata Characeae  y  y    
*Nuphar japonica  Nymphaeaceae Nuphar 

subintegerrimum, 
Japanese Spatterdock, 
incl. var. rubrotincta 

  y y   

*Nuphar lutea  Nymphaeaceae    y y   
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*Nuphar lutea subsp. advena Nymphaeaceae Nuphar advena    y   
*Nuphar lutea subsp. pumila Nymphaeaceae Nuphar pumila, 

Spatterdock 
  y y   

*Nuphar polysepala Nymphaeaceae        
Nymphaea alba  Nymphaeaceae and hardy hybrids  y  y   
Nymphaea caerulea  Nymphaeaceae Nymphaea maculata   y  y   
Nymphaea elleniae Nymphaeaceae  y      
Nymphaea gigantea  Nymphaeaceae  y   y  y 
Nymphaea lotus  Nymphaeaceae Nymphaea zenkeri, 

Tiger Lotus 
  y y   

*Nymphaea mexicana Nymphaeaceae possibly N. flava 
hybrid 

 y  y   

Nymphaea micrantha Nymphaeaceae     y   
Nymphaea nouchali  Nymphaeaceae     y   
Nymphaea pubescens  Nymphaeaceae Nymphaea rubra    y y   
Nymphaea stellata  Nymphaeaceae     y   
Nymphaea stellata green form  Nymphaeaceae     y   
Nymphaea violacea  Nymphaeaceae  y   y   
Nymphaea x daubenyana  Nymphaeaceae     y   
*Nymphoides aquatica  Menyanthaceae Banana Plant   y    
Nymphoides crenata  Menyanthaceae  y   y   
Nymphoides geminata  Menyanthaceae  y   y   
Nymphoides humboldtiana  Menyanthaceae     y   
Nymphoides indica  Menyanthaceae  y   y   
Nymphoides minima Menyanthaceae  y   y   
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*Nymphoides peltata  Menyanthaceae     y   
Nymphoides spinulosperma Menyanthaceae  y   y   
Nymphoides spongiosa  Menyanthaceae  y   y   
*Oenanthe javanica  Apiaceae Flamingo    y   
Ophiopogon japonicus  Liliaceae incl Kyoto Dwarf     y  
*Orontium aquaticum Araceae     y   
Ottelia alismoides  Hydrocharitaceae  y  y    
Ottelia ovalifolia Hydrocharitaceae  y   y   
*Ottelia ulvifolia  Hydrocharitaceae    y    
Peltandra virginica Araceae     y   
Phalaris arundinacea var. picta Poaceae      y  
Philydrum lanuginosum Philydraceae  y   y   
Phragmites australis Poaceae  y   y y  
Physostegia leptophylla Lamiaceae    y    
Pilea cadierei Urticaceae    t    
ψPistia stratiotes  Araceae Water Lettuce Probably not y y y   
Pogostemon stellatus  Lamiaceae Eusteralis stellata, 

Dysophylla verticillata  
y  y y   

Polygonum hydropiperoides Polygonaceae     y   
Polygonum pedunculare Polygonaceae    y y   
*Pontederia cordata Pontederiaceae Includes Pontederia 

cordata var. lanceolata  
 y  y   

Potamogeton crispus  Potamogetonaceae y  y y   
*Potamogeton gayi  Potamogetonaceae   y    
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Potamogeton octandrus  Potamogetonaceae Potamogeton 
javanicus  

y  y    

*Potamogeton oxyphyllus  Potamogetonaceae ?  y    
Potamogeton perfoliatus  Potamogetonaceae y  y y   
Potamogeton tricarinatus  Potamogetonaceae incl. P. sulcatus y  y y   
Proserpinaca palustris  Haloragaceae    y    
Ranunculus inundatus Ranunculaceae  y   y   
Ranunculus trichophyllus Ranunculaceae Ranunculus aquatilis, 

Batrachium 
trichophyllus 

y  y    

Riccia fluitans   Ricciaceae Crystalwort, incl fine 
leaf 

y  y y   

Rotala macrandra  Lythraceae Giant Red Rotala   y y   
Rotala mexicana Lythraceae  y  y    
Rotala occultiflora Lythraceae  y  y    
Rotala rosea Lythraceae     y    
*Rotala rotundifolia  Lythraceae Rotala indica, Dwarf 

Rotala  
 y  y y   

Rotala wallichii  Lythraceae    y    
*Sagittaria graminea  Alismataceae    y y   
*Sagittaria latifolia Alismataceae     y  y 
*Sagittaria montevidensis Alismataceae   y  y  y 

*Sagittaria platyphylla   Alismataceae Sagittaria graminea 
var. platyphylla, Giant 
Sag 

 y y y   
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*Sagittaria sagittifolia  Alismataceae Sagittaria japonica 
including double 
flowered 'Flore Pleno' 

   y  y 

*Sagittaria subulata  Alismataceae Sagittaria natans, S. 
pusilla  

  y y   

*Salvinia auriculata  Salviniaceae Butterfly Fern, Salvinia 
rotundifolia 

  y y   

*Salvinia molesta  Salviniaceae   y y y   

Samolus repens  Primulaceae  y  y y   
*Samolus valerandi  Primulaceae Samolus parviflorus      y    
Saururus cernuus  Saururaceae Lizard's Tail    y   
*Schizostylis coccinea Iridaceae     y   
Schoenoplectus litoralis Cyperaceae  y      
Schoenoplectus mucronatus Cyperaceae  y   y   
Schoenoplectus pungens Cyperaceae  y   y   
Schoenoplectus tabernaemontani Cyperaceae incl. Zebra, Albescens 

striped 
y   y   

*Scrophularia auriculata Scrophulariaceae     y y  
Selliera radicans Goodeniaceae  y   y y  
Shinnersia rivularis  Asteraceae Mexican Oak Leaf, 

Trichocoronis rivularis  
  y    

Spathiphyllum spp. Araceae several vars   t    
Spiranthes odorata Orchidaceae Spiranthes cernua, 

Water Orchid 
  ?    
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Species Family Status in Australia Ornamental Use 

  

Common or trade 
names and synonyms 

Indigenous Naturalised aquarium pond bog food 

Spirodela polyrhiza  Lemnaceae  y  y y   
Staurogyne leptocaulis  Acanthaceae  y  y    
*Stratiotes aloides Hydrocharitaceae    y y   
Syngonium podophyllum var. albovirens  Araceae   y t    
*Thalia dealbata Marantaceae   y  y   
*Thalia geniculata Marantaceae   y  y   
Tonina fluviatilis Eriocaulonaceae    y    
*Trapa natans Trapaceae Water Chestnut    y  y 
Triglochin procerum Juncaginaceae  y   y   
Triglochin striatum Juncaginaceae  y   y   
Typha domingensis Typhaceae  y   y   
*Typha latifolia Typhaceae   y  y   
*Typha laxmannii Typhaceae     y   
Typha minima Typhaceae     y   
Typha orientalis Typhaceae  y   y   
*Typhonodorum lindleyanum Araceae     y   
Utricularia aurea Lentibulariaceae  y  y    
Utricularia australis  Lentibulariaceae  y  y    
Utricularia gibba  Lentibulariaceae Utricularia exoleta  y  y    
*Utricularia inflata Lentibulariaceae    y y   
Vallisneria americana  Hydrocharitaceae V. asiatica incl. var. 

biwaensis, V. 
neotropicalis 

  y    

Vallisneria caulescens  Hydrocharitaceae  y  y    
Vallisneria gigantea  Hydrocharitaceae Jungle Val, V. y  y y   
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Species Family Status in Australia Ornamental Use 

  

Common or trade 
names and synonyms 

Indigenous Naturalised aquarium pond bog food 

gigantea syn. V. 
americana? 

Vallisneria nana Hydrocharitaceae  y  y    
Vallisneria tortifolia  Hydrocharitaceae twisted leaf forms   y    
Vallisneria triptera  Hydrocharitaceae  y  y    
Vesicularia dubyana    Hypnaceae Java Moss   y    
Victoria cruziana Nymphaeaceae     y   
Villarsia albiflora Menyanthaceae  y   y   
Villarsia exaltata Menyanthaceae  y   y   
Villarsia reniformis Menyanthaceae  y   y   
Villarsia umbricola Menyanthaceae  y   y   
Wachendorfia thyrsiflora Haemodoraceae   y    y  
Wolffia angusta  Lemnaceae  y  y y   
Wolffia australiana  Lemnaceae  y  y y   
*Xanthosoma sagittifolium Araceae   y  y  y 
*Xanthosoma violaceum Araceae Colocasia violacea, 

Black Magic 
   y   

*Zantedeschia aethiopica Araceae incl. Green Goddess  y  y y  
*Zosterella dubia  Pontederiaceae Heteranthera dubia    y    

*Potential weeds are marked with an asterisk. 
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12.  Appendix 3:  Aquatic plant species not reported as present in Australia, with family, common or trade names  
     and synonyms and their ornamental use (aquarium, pond, bog and/or food plants).  

 

Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

Aeschynomene fluitans Fabaceae   y   
Ammannia latifolius  Lythraceae  y    
Anubias gilletii  Araceae  y    
Anubias gigantea Araceae  y    
Apalanthe granatensis Hydrocharitaceae  y    
Aponogeton abyssinicus Aponogetonaceae  y    
Aponogeton bernieranus  Aponogetonaceae  y    
Aponogeton loriae  Aponogetonaceae  y    
Aponogeton tenuispicatus Aponogetonaceae  y    
Bacopa crenata  Scrophulariaceae  y    
Bacopa madagascariensis  Scrophulariaceae  y    
Bacopa myriophylloides  Scrophulariaceae  y    
*Baldellia ranunculoides Alismataceae   y   
Barclaya motleyi   Nymphaeaceae  y    
Cabomba palaeformis Cabombaceae  y    
Callitriche verna  Callitrichaceae  y    
*Canna glauca Cannaceae   y   
Cladophora aegagropila Cladophoraceae  y    
Clinopodium brownei Lamiaceae Micromeria brownei y    
Crassula aquatica  Crassulaceae  y    
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Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

*Crassula vaillantii  Crassulaceae  y    
Crinum purpurascens  Amaryllidaceae    y  
Cryptocoryne dewitii Araceae  y    
Cryptocoryne diderici  Araceae  y    
Cryptocoryne ferruginea  Araceae  y    
Cryptocoryne fusca  Araceae  y    
Cryptocoryne hudoroi  Araceae  y    
Cryptocoryne keei  Araceae  y    
Cryptocoryne minima  Araceae Cryptocoryne zewaldiae  y    
Cryptocoryne retrospiralis  Araceae Lagenandra dalzellii  y    
Cryptocoryne spiralis  Araceae  y    
Cryptocoryne undulata  Araceae Cryptocoryne axelrodii, C. 

willisii  
y    

Cyperus haspan Cyperaceae   y y  
Cyperus helferi Cyperaceae  y    
Echinodorus humilis  Alismataceae African Dwarf Sword  y    
Echinodorus longiscapus  Alismataceae  y    
Echinodorus palaefolius   Alismataceae  y    
Echinodorus pellucidus  Alismataceae  y    
Eichhornia heterosperma  Pontederiaceae  y y   
Eichhornia natans  Pontederiaceae  y    
Eleocharis pusilla Cyperaceae  y    
Eleocharis vivipara  Cyperaceae Umbrella Grass y    
*Elodea nuttallii  Hydrocharitaceae  y y   
*Eriocaulon cinereum  Eriocaulonaceae  y    
Euryale ferox Nymphaeaceae  y y   
Hottonia inflata   Primulaceae Water Violet y    
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Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

*Hydrocharis morsus-ranae Hydrocharitaceae   y   
Hydrocleys martii  Limnocharitaceae   y   
*Hydrocotyle sibthorpioides  Apiaceae H. maritima y y   
Hydrothrix gardneri  Pontederiaceae  y    
Hygrophila balsamica  Acanthaceae  y    
Hygrophila violacea  Acanthaceae  y    
*Hygroryza aristata  Poaceae  y y   
Isoetes echinospora  Isoetaceae  y    
Isoetes flaccida  Isoetaceae  y    
Isoetes lacustris  Isoetaceae  y    
Isoetes malinverniana  Isoetaceae  y    
Isoetes setacea  Isoetaceae  y    
Isoetes velata Isoetaceae  y    
Lagarosiphon cordofanus  Hydrocharitaceae  y    
Lagarosiphon 
madagascariensis  

Hydrocharitaceae  y    

Lagenandra koenigii  Araceae  y    
Lagenandra meeboldii  Araceae  y    
Lagenandra ovata  Araceae  y    
Lagenandra praetermissa  Araceae  y    
Lemna gibba  Lemnaceae   y   
Leptodictyum riparium  Amblystegiaceae  y    
Lilaeopsis mauritiana Apiaceae L. mauritius y    
*Limnobium spongia  Hydrocharitaceae   y   
Limnophila glabra  Scrophulariaceae  y    
Limnophila hippuridoides Scrophulariaceae  y    
Lindernia parviflora Scrophulariaceae Ilysanthes parviflora  y y   
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Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

Lindernia rotundifolia  Scrophulariaceae  y y   
Littorella uniflora Plantaginaceae  y    
Ludwigia alternifolia  Onagraceae   y   
Ludwigia brevipes  Onagraceae  y    
Ludwigia helminthorrhiza Onagraceae  y y   
Ludwigia hyssopifolia Onagraceae   y   
Ludwigia repens x arcuata  Onagraceae  y    
Ludwigia sedioides Onagraceae  y y   
Luronium natans  Alismataceae   y   
Lysichiton camtschatcensis Araceae   y y  
*Marsilea quadrifolia  Marsileaceae  y    
Monosolenium tenerum Monoseleniaceae  pellea y    
Myriophyllum alterniflorum  Haloragaceae  y    
Myriophyllum ussuriense  Haloragaceae  y    
Myriophyllum verticillatum  Haloragaceae  y    
Najas conferta Najaceae  y    
*Neptunia plena Fabaceae      
Nesaea pedicellata  Lythraceae  y    
Nitella flexilis  Characeae  y    
*Nuphar lutea subsp. 
sagittifolia 

Nymphaeaceae Nuphar sagittifolia y y   

Ottelia brasiliensis Hydrocharitaceae  y    
Phyllanthus fluitans Euphorbiaceae  y y   
Physostegia purpurea Lamiaceae  y    
Pilularia americana  Marsileaceae  y    
Pilularia globulifera  Marsileaceae  y    
*Pontederia rotundifolia Pontederiaceae      
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Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

Potamogeton illinoensis Potamogetonaceae  y    
Potamogeton malaianus  Potamogetonaceae  y    
Potamogeton mascarensis  Potamogetonaceae  y    
Proserpinaca pectinata  Haloragaceae  y    
Ranalisma humile  Alismataceae  y y   
Ranalisma rostrata  Alismataceae  y y   
Ranunculus limosella Ranunculaceae  y    
Ranunculus nipponicum  Ranunculaceae  y    
Rorippa amphibia  Brassicaceae  y    
Rotala 'Nanjenshan' Lythraceae  y    
*Sagittaria graminea var. 
weatherbiana  

Alismataceae old but incorrect name for S. 
platyphylla 

y y   

Sagittaria lancifolia  Alismataceae   y   
Sagittaria teres  Alismataceae Sagittaria graminea var. teres  y    
*Salvinia cucullata  Salviniaceae  y y   
*Salvinia minima  Salviniaceae  y y   
*Salvinia natans  Salviniaceae  y y   
*Salvinia oblongifolia  Salviniaceae  y y   
*Salvinia sprucei  Salviniaceae  y y   
Saururus chinensis Saururaceae   y   
Sium floridanum  Apiaceae  y    
*Trapa bicornis Trapaceae Devils pod  y   
Utricularia minor  Lentibulariaceae  y    
Utricularia neglecta  Lentibulariaceae  y    
Utricularia vulgaris  Lentibulariaceae  y    
Vallisneria portugalensis  Hydrocharitaceae  y    
Vesicularia spp    Hypnaceae Christmas moss etc. y    



 

 
 
 
 

Risk assessment of tradeable aquatic plant species in Australia                                                 102 
 

 

Species Family Ornamental use 
  

Common or trade names and 
synonyms aquarium pond bog food 

Wolffia arrhiza  Lemnaceae Dwarf Duckweed y y   
Wolffiella welwitschii Lemnaceae  y y   

 *Potential weeds are marked with an asterisk.
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14.  Appendix 5:   Australian Aquatic Weed Risk Assessment Model 
 

 
 

Sub-group Notes 

Ecological 
adaptation  22 

Versatility 2-13     

  range of habitat 1-3 Maximum if able to grow from water to dry land, 2 if water to wetland, or from shallow to deep 
(>5 m) water, 1 narrow range.  

  water level fluctuation 0-3 tolerates periodic flooding/drying 

  water nutrient 
content/substrate type 

1-2 Maximum if tolerant of sandy to muddy (or peaty) substrate, or oligotrophic to eutrophic 
waters, 1 if restricted by either. 

  water clarity 0-3 Maximum if unaffected by water clarity, i.e., floating, or emergent. 

  salinity 0-2 Can tolerate saline conditions, or not. 

 Habitat 1-9 lentic- rivers, streams, 
drains, irrigation channels 

0-3 Maximum if major weed, 2 if minor weed, 1 if present but not weedy, 0 absent. 

  lotic- ponds, shallow and 
deep lakes 

0-3 Maximum if major weed, 2 if minor weed, 1 if present but not weedy, 0 absent. 

    wetland- water margin, 
swamp, marsh, bog 

0-3 Maximum if major weed, 2 if minor weed, 1 if present but not weedy, 0 absent. 

Competition 20 Competitive ability 0-20 within growth form i.e., 
submerged, floating, 
emergent 

0-15 relative to other weeds and native spp. 

  between growth form 0-5 Maximum if able to completely displace another growth form, 1 if some suppression, 0 no 
interaction.  
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Reproduction 
and dispersal 20 

Propagule dispersal 
1-10 

dispersal outside catchment 
by natural agents e.g., birds, 
wind 

0-5 Maximum if propagule well adapted for bird/wind distribution, 1 if propagule could be spread 
in bird crop. 

  dispersal outside catchment 
by accidental human activity 
e.g., drainage machinery, 
boat trailers, eel nets  

0-3 Maximum if spread by 3 methods etc. 

  dispersal outside catchment 
by deliberate introduction  

0-1 Maximum if attractive to humans (ornamental fishpond or aquarium) 

  effective spread within water 
body/ catchment 

0-1 Maximum if effective spread within waterbody by seed, or plant fragments 

 Seeding ability  0-5 quantity 0-3 Maximum if >1000 seed/plant, 2 100-1000, 1 <100, 0 

  viability/persistence 0-2 Maximum if high viability for several years, 1 low viability 

 Cloning ability   0-5  Maximum for far-reaching rhizomes/stolons/fragmentation capable of forming new colonies, 3 for 
rhizome/stolons, 1 for clump forming, 0 no vegetative spread. 

Impact 23 Obstruction 0-10 physical- water use 
(recreation) 

0-2 Maximum for major nuisance, 1 minor nuisance. 

  physical- access 0-1 

  physical- water flow 0-1 

  physical- irrigation, flood 
control 

0-5 Maximum for major nuisance grading to 1 for minor nuisance. 

  aesthetic- visual, olfactory 0-1 

 Damage to natural 
areas 0-10 

reduce biodiversity 0-5 Maximum for forming monospecific stands, reducing score for lessening impact. 

  reduce water quality 0-3 Maximum for major impacts especially deoxygenation. 

  negatively affect physical 
processes 

0-2 Maximum for major effects on substrate stability, hydrology (flooding). 
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 Other undesirable 

traits 0-3 
health impairment e.g., 
drowning, poisonous, sharp 
leaf edges, mosquito 
breeding habitat 

0-2 Maximum for 2 or more effects. 

    weed of agriculture 0-1 Maximum if a problem terrestrial weed. 

Potential 
distribution 10 

Extent of suitable 
habitat 0-10 

Divided into tropical, 
subtropical and temperate 
zones 

Available habitat present in E. Australia (excluding Tasmania) scored out of 10, amount of 
available habitat not occupied scored as a fraction (e.g., 2/6 scores 2).  

Management 10 Resistance to 
management 0-10 

ease of implementation 0-2 Maximum if accessibility to weed is difficult e.g., dense tall impenetrable growths 

  recognition of problem 0-1 Maximum if difficult to assess weed e.g., submerged. 

  scope of control methods 0-2 Maximum if no control method, 1 if only one control option. 

  suitability 0-1 Maximum if control method not always acceptible e.g., grass carp, unregistered  
herbicide. 

  effectiveness 0-2 Maximum if ineffective, 1 if partial control. 

    duration of control 0-2 Maximum if no control, 1 if control for 3+ months. 

Weed history 15 
(-5 to 10) 

Problem in other 
countries  
0-5 

Divided into tropical, 
subtropical and temperate 
zones 

Maximum if widespread problem weed in similar climate zone, 4 only problem in some countries 
with similar climate zone, 3 if if adventive, but not weedy in weedy in same zone, 2 weedy in 
other zones, 1 if adventive, but not weedy in other zones, 0 not adventive elsewhere. 

 History in Australia -
5 to 5 

 If cultivated for >30 years without naturalising score -5, if naturalised score 1, if weedy score 5 

Assessment as a 
cultivated plant  
20 

Use as a cultivated 
plant 1-10  

  If cultivated as an aquarium plant score 1, pond plant 3, foodplant 3, constructed  
wetland plant 3 

  Volume of trade -5 to 
5 

  If the major seller score 5 scale down to 1 rarely sold (negative score if not naturalised after >30 
years 
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15. Appendix 6:  Foliar cover scale for estimation of percentage cover  
   occupied by each species 
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16. Appendix 7: Statistical analysis report 
 
 

 
Title: Aquatic plant competition trials 
 
 

Author/s: Stephen Morris, Sue Hayward, David Officer, David Burnett 
 

1.  Biometric Consulting Series - Analysis 

Name:Stephen Morris  
Position: Biometrician 
Location:Wollongbar Agricultural Institute 
Address: 1243 Bruxner Hwy, Wollongbar,  2477 
Phone: 6626 1216 
Fax: 6628 1744 
Email :Stephen.morris@dpi.nsw.gov.au 
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16.1 Introduction 

Tradeable aquatic plant species such as those sold for home aquariums pose an 

unknown risk to Australian water ways. Currently, several hundreds of species are 

present in the aquarium and nursery trades. While a number of species have been 

declared as “weeds of national significance” by various state authorities, there are 
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concerns that such conclusions have been reached in an ad hoc manner and without 

scientific foundation. 

A project has been designed to reach a formal risk assessment of these aquatic plants. 

A component of that project was to conduct a plant competition experiment in order to 

assess the performance of several test species in the presence of species with known 

habits. This report aims to summarise the results of that experiment. 

16.2 Experimental Design 

The competition experiment was conducted in a set of artificial ponds; rectangular 

open boxes (2400x1200x750mm deep) with walls built from insulating material 

sandwiched between metal sheets. The boxes were lined with heavy duty clear plastic 

and filled with water. Corflute partitions were used to create eight plots (600x600mm) 

within each pond. Planting units were soft heavy duty plastic pots filled with top soil 

with a thin layer of washed builder’s sand on top. Each plot accommodated 36 plants 

in a six by six array.  

Competition was to be measured by comparing performance of each species in a 

mixed sward to its performance in monoculture. Benchmark species were an 

Australian native and a Weed of National Significance (‘WONS’). Two test species 

were chosen and so the eight plots within each artificial pond were planted in the 

following combinations: 

 
1. Test Species 1 
2. Test Species 2 
3. Native 
4. WONS 
5. Test Species 1/Native 
6. Test Species 2/Native 
7. Test Species 1/WONS 
8. Test Species 2/WONS 

 

There were three replicate ponds containing these combinations. The trial was 

conducted at two locations; Grafton (NSW) and Hamilton (NZ). Each site ran one 

experiment using species with a submerged environment and one experiment using 

species with an emerged/sprawling growth habit. The Grafton site used water heating 

units and chillers to run an additional temperature stratum (“hot” and “warm”) in 

combination with each species class. Thus the Grafton site maintained twelve ponds (2 

habits by 2 temperatures by 3 replicates) and the Hamilton site maintained six (2 

habits by 3 replicates).   
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The species planted at each location were: 
 
Submerged 

• Hydrilla verticillata (Hv) (Native) 
• Cabomba caroliniana (Cc) (WONS) 
• Hygrophila polysperma (Hp) (Test Sp) 
• Limnophila sessiliflora (Ls) (Test Sp) 

 
Emergent/Sprawling 

• Ludwigia peploides (Lp ) (Native) 
• Alternanthera philoxeroides (Ap) (WONS) 
• Hygrophila polysperma (Hp) (Test Sp) 
• Heteranthera reniformis (Hr ) (Test Sp; Grafton only) 
• Hygrophila difformis (Hd) (Test Sp; NZ only) 

 

The combinations planted within each pond class are listed in the following tables 

where presence of a “Y” in a cell indicates that the corresponding “Sp” was “Planted 

with” the corresponding companion. 

 
GRAFTON EMERGED 
  Planted with: 
  Lp Ap Hp Hr 
Spp: Lp  Y  Y Y 
 Ap  Y Y Y 
 Hp Y Y Y  
 Hr Y Y  Y 

 
 
NZ EMERGED 
  Planted with: 
  Lp Ap Hp Hd 
Spp: Lp Y  Y Y 
 Ap  Y Y Y 
 Hp Y Y Y  
 Hd Y Y  Y 
 
 
GRAFTON & NZ SUBMERGED 
  Planted with: 
  Hv Cc Hp Ls 
Spp: Hv Y  Y Y 
 Cc  Y Y Y 
 Hp Y Y Y  
 Ls Y Y  Y 
 

Twelve observations were obtained from each pond; one from each of the four 

monoculture plots and two observations from each mixed sward; one for each 

component.  
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16.3 Data collection 

Planting took place in Australia in late April/early May 2007 and the plants were 

harvested in February 2008. A series of non-destructive measurements such as plant 

heights and surface cover were recorded monthly. The harvested material was dried 

and weighed to provide records of the biomass of each species in each plot. 

16.4 Statistical modelling-Biomass 

The biomass of each species in each sward was estimated by fitting a nested linear 

model: 

Biomass ~ mixture:Spp + Pond + Pond:quadrant 

Where ‘mixture:Spp’ indexes the twelve species responses and the italicised terms are 

blocking factors used to stratify the experimental error into components due to 

between and within pond variability. 

With the estimates in hand, it is necessary to define a mathematical indicator of 

competition. There are many options; Weigelt & Jolliffe (2003) for example, review 

fifty competition indices. At this stage, we will consider the ‘relative yield’ (RY) for 

each Spp as suggested in the experimental design notes for this project. 

 
RY = yield in mixed sward/yield in monoculture 
 

• RY>1 implies “synergy”; the Spp has grown better with the companion plant 
than in monoculture 

• RY<1 implies “antagonism”; the Spp has grown worse with the companion 
plant than in monoculture 

 

It should be noted that modelling the data on the log scale leads to a simple inferential 

tool. Letting YSaSb be the average log yield observed for Spp ‘a’ in the presence of Spp 

‘b’. Then the following matrix of log values can be obtained from the model (using 

Grafton emergent entries as an example): 

 
  Planted with: 
  Lp Ap Hp Hr 
Spp: Lp YLp  YLpHp YLpHr 
 Ap  YAp YApHp YApHr 
 Hp YHpLp YHpAp YHp  
 Hr YHrLp YHrAp  YHr 
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Subtracting the corresponding monoculture log yield from each entry in the matrix 
gives: 
 
  Planted with: 
  Lp Ap Hp Hr 
Spp: Lp 0  YLpHp- YLp YLpHr- YLp 
 Ap  0 YApHp- YAp YApHr- YAp 
 Hp YHpLp- YHp YHpAp- YHp 0  
 Hr YHrLp- YHr YHrAp- YHr  0 
 

And these figures are the log(RY) values (since log(a/b) = log(a)- log(b)). Thus, on 

this scale for species ‘a’ and ‘b’: 

• log(YSaSb ) – log(YSa) = log(RY)  > 0 implies “synergy”; the Spp has grown 
better with the companion plant than in monoculture 

• log(YSaSb ) – log(YSa) = log(RY) < 0 implies “antagonism”; the Spp has grown 
worse with the companion plant than in monoculture 

And so, inference can be drawn by construction of the log relative yield matrix and 

study of the sign of the figure in each cell. Negative entries indicate antagonism by the 

companion plant while positive entries indicate synergism. Statistical importance of 

each entry can be assessed by comparison with the estimate of ‘least significant 

difference’ from the linear model. 

It should, however, be noted that relative performance is probably only part of the 

picture. With that in mind, absolute yields of the species in each mixture will also be 

presented. 

16.5 Results - Biomass 

Note: All monoculture results divided by 2 so that all data is on the same yield per 
planted area basis 
 
Biomass measurements were modelled on the natural log scale (log(x+1)) in order 
to accommodate a dependence between variance and mean observed in the original 
data.  

16.5.1 Grafton study; emergent species; warm ponds 

Average log(total biomass); LSD=1.63 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap 5.92  5.77 5.72 
 Lp  4.18 4.55 4.42 
 Hp 1.78 1.54 1.44  
 Hr 5.46 5.42  4.95 
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log(RY); absolute values > 1.63 are significantly different from zero 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap   -0.15 -0.19 
 Lp   0.38 0.24 
 Hp 0.34 0.09   
 Hr 0.51 0.46   
 

So, for example, Ap biomass was reduced in the presence of Hr (log(RY) = -.19) and 

conversely Hr was increased in the presence of Ap (log(RY) = .51). But all changes in 

the warm ponds were not statistically important (all absolute values <1.61) 

It is important to keep the absolute biomass yields in mind as shown in the table 

below. Here, for example, it can be seen that while Hp performance was enhanced in 

the presence of Ap compared to monoculture, the improvement from 4.2g to 5.9g 

seems very slight relative to Ap production of 319.5g in the mixture. 

The issue of how competition indexed in relative terms applies in the real world 

requires careful biological interpretation. 

 
Estimated biomass (back-transformed) 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap 371.74 NA 319.52 305.90 
 Lp NA 65.19 94.97 83.05 
 Hp 5.92 4.65 4.23 NA 
 Hr 235.46 225.09 NA 141.70 

16.5.2 Grafton study; emergent species; hot ponds 

 
log(total biomass); LSD=1.61 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap 6.40  6.66 3.45 
 Lp  5.35 5.14 4.84 
 Hp 3.35 3.26 2.74  
 Hr 4.20 4.21  3.95 
 
 
log(RY); absolute values > 1.61 are significantly different from zero 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap   0.26 -2.95 
 Lp   -0.21 -0.51 
 Hp 0.60 0.51   
 Hr 0.25 0.26   
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estimated biomass(back-transformed) 
  Planted with: 
  Ap Lp Hp Hr 
Spp: Ap 601.98  780.13 31.45 
 Lp  210.82 170.32 126.87 
 Hp 28.42 25.98 15.55  
 Hr 66.45 67.10  51.75 

16.5.3 Grafton study; submerged species; warm ponds 

 
Average log(total biomass); LSD=0.73 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc 2.26  2.20 2.26 
 Hv  4.51 4.40 4.94 
 Ls 1.67 0.99 1.67  
 Hp 1.07 0.56  1.18 
 
 
log(RY); absolute values > 0.73 are significantly different from zero 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc   -0.06 0.00 
 Hv   -0.11 0.43 
 Ls 0.0 -0.68   
 Hp -0.1 -0.61   
 
 
estimated biomass (back-transformed) 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc 9.63  9.04 9.60 
 Hv  91.03 81.77 139.43 
 Ls 5.33 2.70 5.31  
 Hp 2.93 1.75  3.24 

16.5.4 Grafton study; submerged species; hot ponds 

 
Average log(total biomass); LSD=0.73 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc 0.00  0.00 0.24 
 Hv  4.66 5.41 4.98 
 Ls 0.31 0.00 0.27  
 Hp 0.73 0.00  0.50 
 
 
log(RY); absolute values > 0.73 are significantly different from zero 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc   0.00 0.24 
 Hv   0.75 0.33 
 Ls 0.04 -0.27   
 Hp 0.23 -0.50   
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estimated biomass (back-transformed) 
  Planted with: 
  Cc Hv Ls Hp 
Spp: Cc 0.00  0.00 0.27 
 Hv  104.3 221.54 144.93 
 Ls 0.36 0.0 0.31  
 Hp 1.09 0.0  0.65 
 

16.5.5 NZ study; emergent species 

 
Average log(total biomass); LSD=1.45 
  Planted with: 
  Ap Lp Hp Hd 
Spp: Ap 6.94  7.27 7.41 
 Lp  4.80 5.25 5.54 
 Hp 1.95 2.59 2.83  
 Hd 2.64 4.83  4.47 
 
 
log(RY); absolute values > 1.45 are significantly different from zero 
  Planted with: 
  Ap Lp Hp Hd 
Spp: Ap   0.33 0.47 
 Lp   0.44 0.73 
 Hp -0.88 -0.25   
 Hd -1.83 0.35   
 
 
estimated biomass(back-transformed) 
  Planted with: 
  Ap Lp Hp Hd 
Spp: Ap 1033.23  1430.42 1651.68 
 Lp  121.98 189.79 254.05 
 Hp 7.04 13.27 17.02  
 Hd 14.06 124.71  87.61 
 

16.5.6 NZ study; submerged species 

NB Pond 5 was excluded from this model. 
 
log(total biomass); LSD=1.36  
  Planted with: 
  Hv Cc Hp Ls 
Spp: Hv 2.34  1.98 1.08 
 Cc  2.37 2.94 2.24 
 Hp 1.80 1.82 1.99  
 Ls 3.99 4.03  3.53 
 
 



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia  118   

 

 

 
log(RY); absolute values > 1.36 are significantly different from zero  
  Planted with: 
  Hv Cc Hp Ls 
Spp: Hv   -0.36 -1.27 
 Cc   0.56 -0.13 
 Hp -0.19 -0.17   
 Ls 0.46 0.51   
 
estimated biomass(back-transformed) 
  Planted with: 
  Hv Cc Hp Ls 
Spp: Hv 10.4  7.3 2.9 
 Cc  10.7 18.9 9.4 
 Hp 6.1 6.2 7.3  
 Ls 54.0 56.5  34.0 
 

16.6 Results – Monthly monitoring 

The monthly observations of canopy height, surface cover and ground cover were 

modelled similar to the biomass data but with the extra dimension of time. The time 

factor was accommodated using a repeated measures regression approach that allowed 

for a smooth change in response over time for each species observed in each sward. 

Details of this approach can be found in Verbyla et al (1999). 

The model enables prediction of a series of twelve response curves; one for each 

species/sward combination. At this stage, presentation of the model will be via 

grouping the twelve curves into sets of three; the species in monoculture and with each 

competitor.  

The data processing was accomplished by use of the asreml package (Butler et al 

2007) in the R environment (R Development Core Team 2008). 
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16.6.1 Grafton study; emergent species; warm ponds; Canopy Height 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture. Disconnections in each time 

series such as those evident for two tanks in the “Ap-Ap|Hr” series indicate times 

when the observations were not recorded. 

 



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia  120   

 

 

 

This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

It can be seen that canopies were, in general, higher for species in monoculture than in 

mixtures. 
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16.6.2 Grafton study; emergent species; warm ponds; Percentage area 

 

This graph shows change in surface cover over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

Many trends are apparent such as the gradual loss of Hp presence in mixture with Lp 

and Ap (lower left sub-plot). 

The careful reader will note that the predicted curves do not stay within the nominal 

bounds of 0-16 units. This constraint should be included in the model but time is short 

at the moment. Nonetheless, good agreement with the observed values is evident so 

readers are asked to take these results as indicative but not quite definitive at this 

stage. 
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Grafton study; emergent species; warm ponds; Percentage Cover. 

 

This graph shows change in estimated ground cover over time for each species in each 

sward. Each sub-graph is titled by the species within each mixture and shows the 

progress observed over time within each tank. For example the plot labelled “Hp-

Ap|Hp” references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.3 Grafton study; emergent species; hot ponds; Canopy Height 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture. Disconnections in each time 

series such as those evident for two tanks in the “Ap-Ap|Hr” series indicate times 

when the observations were not recorded. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

It can be seen that canopies were, in general, higher for species in monoculture than in 

mixtures. The exception is Hp. 
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16.6.4 Grafton study; emergent species; hot ponds; Percentage Area 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture. Disconnections in each time 

series such as those evident for two tanks in the “Ap-Ap|Hr” series indicate times 

when the observations were not recorded. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

Many trends are apparent such as the gradual loss of Hp presence in mixture with Ap 

(lower left sub-plot). 

The careful reader will note that the predicted curves do not stay within the nominal 

bounds of 0-100 units. This constraint should be included in the model but time is 

short at the moment. Nonetheless, good agreement with the observed values is evident 

so readers are asked to take these results as indicative but not quite definitive at this 

stage. 
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16.6.5 Grafton study; emergent species; hot ponds; Percentage Cover 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture. Disconnections in each time 

series such as those evident for two tanks in the “Ap-Ap|Hr” series indicate times 

when the observations were not recorded.  

“Jumps” in the observations from near total to near nil cover as seen for example in 

the “Hr-Hr|Lp” series should probably be investigated for data entry issues. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

Extreme variability over time noted in the observed values has reduced the sensitivity 

of the model to detecting trends. This presentation should be treated cautiously for 

now although there is general agreement between model and observations. 
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Grafton study submerged species; warm ponds; Canopy Height. 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture.. Disconnections in each time 

series such as those evident for one tank in the “Ls-Hv|Ls” series indicate times when 

the observations were not recorded. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.6 Grafton study submerged species; warm ponds; Percentage Area 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.7 Grafton study submerged species; warm ponds; Percentage Cover 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.8 Grafton study submerged species; hot ponds; Canopy Height 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture. Disconnections in each time 

series such as those evident for two tanks in the “Hp-Hp|Hv” series indicate times 

when the observations were not recorded. 
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.9 Grafton study submerged species; hot ponds; Percentage Area 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.10 Grafton study submerged species; hot ponds; Percentage Cover 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Cc-Cc|Hp” 

references the “Cc” canopy in the “Cc|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.11 NZ study emergent species; Canopy Height 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.12 NZ study emergent species; Percentage Area 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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NZ study emergent species; Percentage Cover. 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 

It can be seen that canopies were, in general, higher for species in monoculture than in 

mixtures. 
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16.6.13 NZ study submerged species; Canopy Height 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.14 NZ study submerged species; Percentage Area 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia  152   

 

 

 

This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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16.6.15 NZ study submerged species; Percentage Cover 

 

This graph shows change in canopy height over time for each species in each sward. 

Each sub-graph is titled by the species within each mixture and shows the progress 

observed over time within each tank. For example the plot labelled “Hp-Ap|Hp” 

references the “Hp” canopy in the “Ap|Hp” mixture.  
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This graph shows the twelve response curves estimated by the repeated measures 

model. The curves were classified by species and each graph shows the growth in 

monoculture (black) and in mixture (red and blue). 
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17. Appendix 8:  Derivation of Australian Aquatic Weed Risk Assessment  
   Scores for each species in Table 9. (* no score as species is also 
   indigenous to Australia). 
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Alternanthera 
philoxeroides 

Cabomba 
caroliniana 

Egeria 
densa 

Eichhornia 
azurea 

Eichhornia 
crassipes 

Elodea 
canadensis 

Ecological adaptation       
water level fluctuation 0-3 3 2 2 3 3 2 
salinity 0-2 1 0 0 0 0 0 
water/substrate 1-2 2 1 1 2 2 2 
clarity 0-3 3 1 1 3 3 1 
habitat range 1-3 3 1 1 1 2 1 
lentic 0-3 2 1 3 3 3 2 
lotic 0-3 1 3 3 1 1 1 
wetland 0-3 3 0 0 0 1 0 
Competition       
within 0-15 15 15 14 12 15 5 
between 0-5 5 0 0 5 5 0 
Reproduction/dispersal       
Dispersal       
bird/wind 0-5 0 0 0 0 0 0 
accidental 0-3 3 3 3 3 3 3 
deliberate 0-1 1 1 1 1 1 1 
within 0-1 1 1 1 1 1 1 
Seeding       
quantity 0-3 0 1 0 3 3 0 
viability 0-2 0 1 0 2 2 0 
Cloning 0-5 5 5 5 5 5 5 
Impact       
water use 0-2 2 2 2 2 2 1 
access  0-1 1 0 0 1 1 0 
flow  0-1 1 0 1 2 2 0 
irrigation  0-5 5 3 2 5 5 1 
aesthetic  0-1 1 1 1 1 1 1 
Natural areas       
biodiversity  0-5 5 5 5 5 5 3 
water quality  0-3 3 3 3 1 2 1 
physical  0-2 2 1 2 1 1 0 
Other       
health  0-2 1 0 0 1 1 0 
terrestrial weed  0-1 1 0 0 0 0 0 
Potential distribution 0-10 5 7 5 4 3 3 
Resistance to mgt.       
implementation  0-2 2 1 1 1 1 1 
recognition  0-1 1 1 1   1 
scope  0-2 2 1 0 1 1 0 
suitability  0-1 1 1 1 1 1 1 
effectiveness  0-2 2 2 1   0 
duration  0-2 2 1 1 1 1 1 
Weed History       
Other countries 0-5 5 5 5 2 5 1 
History in Australia -5-+5 5 5 5 0 5 5 
Cultivation history       
Use 1-10 1 7 7 1 3 4 
Volume -5-+5 0 5 5 0 0 1 
TOTAL SCORE 96 87 83 75 90 49 
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Gymnocoronis 
spilanthoides 

Hydrocotyle 
ranunculoides 

Hygrophila 
costata 

Iris 
pseudacorus 

Lagarosiphon 
major 

Limnocharis 
flava 

Ecological adaptation       
water level fluctuation 0-3 3 3 3 3 2 3 
salinity 0-2 0 0 0 1 0 0 
water/substrate 1-2 2 2 2 2 1 2 
clarity 0-3 3 3 3 3 1 3 
habitat range 1-3 2 3 3 2 1 2 
lentic 0-3 2 1 1 2 3 0 
lotic 0-3 1 2 2 2 3 1 
wetland 0-3 2 2 3 2 0 2 
Competition       
within 0-15 10 10 10 10 12 12 
between 0-5 5 5 5 5 0 5 
Reproduction/dispersal       
Dispersal       
bird/wind 0-5 0 0 0 0 0 0 
accidental 0-3 3 3 2 3 3 1 
deliberate 0-1 1 1 1 1 1 1 
within 0-1 1 1 1 1 1 1 
Seeding       
quantity 0-3 2 2 3 3 0 3 
viability 0-2 1 1 2 2 0 2 
Cloning 0-5 5 5 3 3 5 3 
Impact       
water use 0-2 2 1 2 1 2 2 
access  0-1 1 1 1 1 1 1 
flow  0-1 2 0 1 1 1 0 
irrigation  0-5 5 2 1 3 2 2 
aesthetic  0-1 1 1 1 1 1 1 
Natural areas       
biodiversity  0-5 4 4 5 3 5 3 
water quality  0-3 1 1 0 0 3 0 
physical  0-2 0 0 1 2 2 1 
Other       
health  0-2 1 0 0 1 0 0 
terrestrial weed  0-1 0 1 0 0 0 0 
Potential distribution 0-10 7 7 5 5 3 3 
Resistance to mgt.       
implementation  0-2 1 1 1 1 1 1 
recognition  0-1 0 1 0 0 1 0 
scope  0-2 0 1 1 0 0 0 
suitability  0-1 0 1 0 0 1 0 
effectiveness  0-2 1 1 0 0 1 0 
duration  0-2 1 1 1 0 1 0 
Weed History       
Other countries 0-5 4 5 3 4 5 3 
History in Australia -5-+5 5 5 5 5 5 1 
Cultivation history       
Use 1-10 4 4 1 6 1 3 
Volume -5-+5 5 1 1 5 1 1 
TOTAL SCORE 88 83 74 84 70 63 
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Ludwigia 
peruviana 

Ludwigia 
longifolia 

Lythrum 
salicaria 

Menyanthes 
trifoliata 

Myriophyllum 
aquaticum 

Myriophyllum 
spicatum 

Ecological adaptation       
water level fluctuation 0-3 3 3 3 2 3 2 
salinity 0-2 0 0 1 0 1 0 
water/substrate 1-2 2 2 2 2 2 2 
clarity 0-3 3 3 3 1 3 0 
habitat range 1-3 2 1 2 2 2 2 
lentic 0-3 0 0 0 1 3 2 
lotic 0-3 3 2 1 2 2 3 
wetland 0-3 2 2 3 1 2 0 
Competition       
within 0-15 15 15 12 5 10 12 
between 0-5 3 3 3 1 5 0 
Reproduction/dispersal       
Dispersal       
bird/wind 0-5 2 2 2 0 0 0 
accidental 0-3 2 2 3 1 3 2 
deliberate 0-1 1 1 1 1 1 1 
within 0-1 1 1 1 1 1 1 
Seeding       
quantity 0-3 3 3 3 2 0 0 
viability 0-2 2 2 2 2 0 0 
Cloning 0-5 3 3 1 5 5 5 
Impact       
water use 0-2 1 1 2 1 1 2 
access  0-1 1 1 2 1 0 1 
flow  0-1 0 0 0 0 1 1 
irrigation  0-5 4 4 4 0 5 5 
aesthetic  0-1 1 1 1 1 1 2 
Natural areas       
biodiversity  0-5 5 5 5 3 4 5 
water quality  0-3 0 0 0 1 1 3 
physical  0-2 1 1 1 0 0 1 
Other       
health  0-2 0 0 0 0 1 1 
terrestrial weed  0-1 0 0 0 0 0 0 
Potential distribution 0-10 7 5 5 5 5 7 
Resistance to mgt.       
implementation  0-2 1 1 1 0 1 1 
recognition  0-1 0 0 0 0 0 1 
scope  0-2 0 0 1 1 0 0 
suitability  0-1 0 0 1 0 1 1 
effectiveness  0-2 0 0 2 1 1 1 
duration  0-2 1 1 1 0 2 1 
Weed History       
Other countries 0-5 5 1 4 0 5 4 
History in Australia -5-+5 5 5 * -2 5 0 
Cultivation history       
Use 1-10 3 3 6 3 7 1 
Volume -5-+5 1 1 * -1 5 1 
TOTAL SCORE 83 75 79 43 89 71 
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Najas 

guadalupensis 
Nelumbo 

lutea 
Nymphaea 
mexicana 

Nymphoides 
peltata 

Pistia 
stratiotes 

Sagittaria 
montevidensis 

Ecological adaptation       
water level fluctuation 0-3 1 3 2 3 3 3 
salinity 0-2 0 0 0 0 0 0 
water/substrate 1-2 1 2 1 2 2 2 
clarity 0-3 1 3 3 3 3 3 
habitat range 1-3 1 2 1 2 2 2 
lentic 0-3 1 1 1 1 2 0 
lotic 0-3 2 2 2 2 3 1 
wetland 0-3 0 1 0 0 0 3 
Competition       
within 0-15 5 10 12 8 12 8 
between 0-5 0 5 5 5 5 2 
Reproduction/dispersal       
Dispersal       
bird/wind 0-5 5 0 0 5 0 0 
accidental 0-3 3 1 1 1 3 3 
deliberate 0-1 1 1 1 1 1 1 
within 0-1 1 1 1 1 1 1 
Seeding       
quantity 0-3 3 1 1 3 2 3 
viability 0-2 2 2 2 2 2 2 
Cloning 0-5 5 3 5 5 5 0 
Impact       
water use 0-2 1 1 2 1 2 0 
access  0-1 0 1 1 0 1 1 
flow  0-1 0 0 0 0 2 0 
irrigation  0-5 5 0 1 1 5 5 
aesthetic  0-1 1 1 1 1 1 0 
Natural areas       
biodiversity  0-5 3 5 5 4 5 2 
water quality  0-3 0 1 1 1 2 0 
physical  0-2 0 1 1 0 1 0 
Other       
health  0-2 0 0 0 0 1 0 
terrestrial weed  0-1 0 0 0 0 0 0 
Potential distribution 0-10 7 5 7 3 3 6 
Resistance to mgt.       
implementation  0-2 1 1 1 1 1 1 
recognition  0-1 0 0 0 0 0 0 
scope  0-2 0 0 1 2 1 0 
suitability  0-1 0 0 0 1 1 0 
effectiveness  0-2 0 0 0 0 0 0 
duration  0-2 1 1 1 1 1 2 
Weed History       
Other countries 0-5 0 0 5 2 5 4 
History in Australia -5-+5 0 -1 5 -1 * 5 
Cultivation history       
Use 1-10 1 6 6 6 3 6 
Volume -5-+5 0 -1 1 -1 1 1 
TOTAL SCORE 52 59 77 66 82 67 
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Sagittaria 

platyphylla 
Sagittaria 
sagittifolia 

Salvinia 
auriculata 

Salvinia 
molesta 

Stratiotes 
aloides 

Typha latifolia 

Ecological adaptation       
water level fluctuation 0-3 3 3 3 3 3 3 
salinity 0-2 0 0 0 0 0 1 
water/substrate 1-2 2 2 2 2 1 2 
clarity 0-3 3 3 3 3 2 3 
habitat range 1-3 2 2 2 2 2 2 
lentic 0-3 0 0 3 3 3 0 
lotic 0-3 1 1 3 3 0 3 
wetland 0-3 3 3 0 0 0 2 
Competition       
within 0-15 8 8 10 15 8 15 
between 0-5 2 2 5 5 4 0 
Reproduction/dispersal       
Dispersal       
bird/wind 0-5 0 0 0 0 0 5 
accidental 0-3 3 3 3 3 3 1 
deliberate 0-1 1 1 1 1 1 1 
within 0-1 1 1 1 1 1 1 
Seeding       
quantity 0-3 3 3 0 0 0 3 
viability 0-2 2 2 0 0 0 1 
Cloning 0-5 5 5 5 5 5 3 
Impact       
water use 0-2 0 0 1 2 1 1 
access  0-1 1 1 0 1 0 1 
flow  0-1 0 0 0 1 0 0 
irrigation  0-5 5 5 3 5 1 3 
aesthetic  0-1 0 0 1 1 1 1 
Natural areas       
biodiversity  0-5 2 2 4 5 2 5 
water quality  0-3 0 0 1 3 0 0 
physical  0-2 0 0 1 2 0 0 
Other       
health  0-2 0 0 0 0 0 0 
terrestrial weed  0-1 0 0 0 0 0 0 
Potential distribution 0-10 6 8 5 4 6 5 
Resistance to mgt.       
implementation  0-2 1 1 1 2 0 1 
recognition  0-1 0 0 0 0 0 0 
scope  0-2 0 0 0 0 0 0 
suitability  0-1 0 0 0 1 0 0 
effectiveness  0-2 0 0 0 1 0 0 
duration  0-2 2 2 0 2 0 1 
Weed History       
Other countries 0-5 4 4 5 5 0 5 
History in Australia -5-+5 5 -5 0 5 0 0 
Cultivation history       
Use 1-10 7 6 3 4 3 6 
Volume -5-+5 1 4 1 1 0 1 
TOTAL SCORE 73 67 67 91 47 76 



 

 
 
 
 
Risk assessment of tradeable aquatic plant species in Australia  162   

 

 

 

Trapa natans Hygrophila 
polysperma 

Hygrophila 
difformis 

Heteranthera 
reniformis 

Limnophila 
sessiliflora 

Ecological adaptation      
water level fluctuation 0-3 2 3 3 3 3 
salinity 0-2 0 0 0 0 0 
water/substrate 1-2 2 2 2 2 2 
clarity 0-3 3 2 2 3 2 
habitat range 1-3 2 2 2 2 2 
lentic 0-3 0 0 0 1 1 
lotic 0-3 3 2 0 2 3 
wetland 0-3 1 0 1 1 1 
Competition      
within 0-15 15 5 8 15 12 
between 0-5 5 0 2 5 1 
Reproduction/dispersal      
Dispersal      
bird/wind 0-5 0 0 0 0 0 
accidental 0-3 3 1 0 3 1 
deliberate 0-1 1 1 1 1 1 
within 0-1 1 1 1 1 1 
Seeding      
quantity 0-3 2 0 1 2 1 
viability 0-2 2 0 1 2 1 
Cloning 0-5 5 5 3 5 5 
Impact      
water use 0-2 2 0 0 1 0 
access  0-1 1 0 0 1 0 
flow  0-1 0 1 1 1 0 
irrigation  0-5 0 2 1 3 3 
aesthetic  0-1 1 0 0 0 0 
Natural areas      
biodiversity  0-5 5 2 2 4 4 
water quality  0-3 0 0 0 2 1 
physical  0-2 0 0 0 1 0 
Other      
health  0-2 0 0 0 1 1 
terrestrial weed  0-1 0 0 0 0 0 
Potential distribution 0-10 7 7 7 6 8 
Resistance to mgt.      
implementation  0-2 1 1 1 1 1 
recognition  0-1 0 1 0 0 0 
scope  0-2 0 0 0 0 0 
suitability  0-1 0 0 0 0 0 
effectiveness  0-2 0 0 0 1 0 
duration  0-2 1 1 1 1 1 
Weed History      
Other countries 0-5 2 4 3 5 4 
History in Australia -5-+5 0 1 1 3 -5 
Cultivation history      
Use 1-10 3 4 4 4 1 
Volume -5-+5 0 5 8 5 5 
TOTAL SCORE 70 53 56 88 61 
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18. Appendix 9: Record sheet for reporting new introduced aquatic weed sites 
Site name Date 
 
Land Tenure (reserve, private, council etc.)  
Location (GPS, Map reference) 
Access to site (Contact name, physical access) 
 
Waterbody type (lake, pond, dam, stream, river, wetland) 
 
Waterbody use (natural, ornamental, stock water, firefighting, irrigation, other) 
 
Environmental parameters  
Water flow (still, slow moderate, fast) 
Clarity (clear, turbid, tannin stained) 
Substrate type (muddy, silty, sandy, stony) 
Water temperature pH 

Nutrient status (high, medium low) Depth 

Waterbody margin (steep, gentle slope) 
Shade (deep, partial, open) 
 
Species parameters 
Name 
Area occupied  
% cover (estimate)  
Height (maximum, average) 
Flowering  Fruiting Seeding 
Evidence of damage by pests/diseases 
 
Other vegetation- species list (rank 1-10)  
 
 
 
 
 
 
 
Plants of horticultural origin present? (possible garden dump site?) 
 
Surveillance 
Upstream 
Are invasive species present upstream? Same/other (indicate species) 
 
Downstream 
Are invasive species present downstream? Same/other (indicate species) 
 
Outlets (possible sites for further spread) 
 

 


