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Summary 

Alligator weed, Orsl recorded in Australia 
in 1946 at Carrington, near Newcaslle, 
N.S.W 0, has spread throughout the Lower 
Hunter River Valley, to river systems west 
of Sydney I to Woomargama, near Albury 
and to soulh-eastem Queensland. Out
breaks have been atlribuled to transporta
tion of plant material by man. 

The occurrence and biomass of alligator 
weed, measured onr 9 years, increased in 
infested pastures, while those of other plant 
species decreased. The occurrence of other 
species was cyclical over lime, whereas 
alligator weed steadily increased . 

Biological control reduced Hoating mats 
of the weed on large waterways near 
Sydney, excavation and removal eradicated 
four small terrestrial outbreaks and a 
residual, non·seleclive herbicide eradicated 
the weed from one other sile. However. 
there are no satisfactory control methods 
for smaller waterways, swamps and terres· 
trial infestations and the continued spread 
of the weed threatens water resources in 
Australia . 

Introduction 

Alligator weed, A llernanihera philoxero
ides (Martius) Grisebach (Amaranthaceae), 
is a native of South America. It was first 
found in Aust ralia at Carrington, near 
Newcastle, N.S .W. , in 1946 (Nat ional 
Herbarium of New South Wales record) 
and has a lso appeared in other countries 
including India (M aheshwari 1965) , 
Bumla, Thailand. Indonesia (Sankaran and 
Ramaseshiah 1974), U.S.A. (Center and 
Balciunas 1975), Puerto Rico (Gangstad 
1977), New Zealand (Aston 1973) and 
China (R. Wang pers. comm. 1986). 

A Iligator weed is a perennial, stolon i
ferous herb. that has invaded waterways 
and banks as well as floodplains used for 

pasture, agriculture and turf production in 
Australia. With one exception (at Woomar
garna, southern New South Wales) infesta
tions in Australia occur on the central 
coastal region of New South Wales (Julien 
and Broadbent 1980). In the U.S.A. and 
China infested areas are much larger and 
in a wider variety of habitats a nd climates 
(Coulson 1977i R. Wang pers. comm. 
1988). In Australia, aHigator weed has the 
potent ial to spread throughout the inland 
waters of the mainland, particularly in the 
wetter near-coastal and coastal zones 
(Anon. 1982). 

Infestations consist of a tangled mat of 
o ld, prostrate stems supporting younger 
upright stems bearing pairs of leaves on 
each node. When floating on water, roots 
are adventitious, stems are thicker with 
large air spaces and dense mats of stems 
cover the surface. When on land, stems are 
thinner, ai r spaces smaller or absen t and 
plants develop tap roots. Flowers are white 
in a rounded spike, borne on an axillary 
flower stalk and occur mainly in late 
summer. Viable seeds are not produced and 
propagat ion is by stem fragments (Julien 
and Broadbent J 980). 

The pest status of alligator weed on 
waterways results from excess growth 
which restricts use of water, alters aquatic 
ecology and excludes growth of other plant 
species. It causes problems associated with 
the fl ow of water, flooding, sedimentation 
and provides habitats for disease vectors 
and insect pests such as mosquitoes (Mit
chell 1978; Julien and Broadbent 1980). 
Alligator weed has invaded terrestrial areas, 
including agricultural land, whence it 
may be spread by vehicles or livestock as 
well as in hay. turf, sand or soil .to other 
waterways. The plant's status as a weed is 
enhanced because herbicides..a«J1nable to 
translocate down the stems and, although 
emergent and above-ground parts may die, 
regrowth quickly occurs from submerged 
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or underground material . Biological con
trol reduced large mats of alligator weed 
to edge infestations on large, permanent 
waterways near Sydney but not in smaller 
waterways, drains, swamps or terrestrial 
areas (Julien 1981). 

This paper repons the spread of alligator 
weed in Australia and observations of 
growth in a pasture over a 9-year period. 
The results are discussed in relation to the 
increasing threat that alligator weed poses 
to water and agricultural resources. 

Material. and method. 

The localit ies and histories of alligator weed 
infestations were collected from herbarium 
records, minutes of the Co-ordinating 
Committee Against Alligator Weed In The 
Hunter Region and through personal 
observa tions and communications. All 
infestations listed in Tables I and 2, except 
Kooragang Island, near Newcastle, and 
Woomargama near Albury/Wodonga, were 
visited in February 1988. Specimens of 
alligator weed were collected and lodged 
with the National Herbarium of New South 
Wales in Sydney with duplicates to the 
National Herbarium in Canberra. 

Repeated observations were made and 
samples taken in a paddock 3 km south of 
Williamtown, on the Lower Hunter River 
fl oodplain. The paddock was grazed by 
catt le and contained permanent pasture 
comprising Penniselum clandestinum 
(kikuyu), Trifolium repens (white clover) 
and Paspalum paspalodes (water couch) 
and other species, particularly Eleocharis 
acuta (common spikerush), which had been 
invaded by alligator weed. The south
eastern section of the paddock was slightly 
lower and heavily infested with alligator 
weed, while on the higher north-western 
section the occurrence of alligator weed 
decreased to nil. 

The presence or absence of plant species 
were recorded in 20-cmz quadrats at 2-m 
intervals along five parallel transects 20 m 
apart and each 100 m long, on-41 occasions 
between May 1978 and May 1987. Some of 
the transects included areas where alliga
tor weed was not present in May 1978. Data 
were collected for each of the most abun
dant species, alligator weed, kikuyu, clover, 
spikerush and for 'others', i.e. all remain
ing plant species. 

Plant biomass was measured on 20 
occasions between 1978 and 1983 in the 
paddock and in an area 1 S m x I S om that 
was fen ced to exclude catt le. The sample 
areas were between transect lines in the 
south-eastern section of the paddock. Six 
random samples of soil and plant material, 
each 27 cm diameter and SO em deep, were 
taken from each area . Soil was washed 
from roots and alligator weed was separ
ated from all other plant species for each 
sample. Tops, i.e. leaves and green stems, 
of alligator weed were then separated from 
o lder stems and roots. These two portions 
of alligator weed and the 'other' plants 
were dried to constant weight at 700 and 
weighed. 
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Tabl. I Details of alligator weed infestations at locations north of Sydney 

Location DateA SizeB 
Distance in km Cause or 

Habitat Treat- Stalus from Carrington infestation ment 

Newcastle City Council 

Carrington --0346' 0 Foreign Marsh Earliest 
190546' 274 m2 0 intro. herbarium 
160549' 0 records 

Tarroe Before 0780 6.6 ha 14 E Drains. H Spreading 
pastures 

Elermore Vale --028 1 0.25 ha 10 Turf Lawn in private R Eradicated 
residence 

Short land sewerage Before 0381 5 ha 9 Unknown Swamp, H Spreading 
treatment works terrestrial 

ITanbark Creek 7.4 km 
Shonland Before 0381 10 
Elermore Vale Before 0281 10 Unknown Creek, banks H Spreading 
Walisend Park 151084 10 

Kooragang I sland 100381 200 m' 10 Unknown Terrestrial H Spreading 

PorI Stephens Shire Council 

Williamtownl 061262' 1000 ha 14 Unknown Marsh; drains, H Spreading 
Fullerton Cove creeks. banks; 

pastures; nil 
cultivation 

Heatherbrae Before 1980 200 ha 17 Unknown Drains, H Spreading 
pastures, marsh ni l 

Mt Kanwary 080580 2.2 ha 22 Unknown Cultivation H Spreading 

Seaham 260580 I ha 27 Turf River's edge, H,R Spreading 
banks, grassed 
reserve 

Nelson Plains 201185 10 m' 18 Unknown Shallow drain R,H Persist ing 
in pasture 

Medowie 270386 75 m2 19 Fill Roadside R,H Persisting 

Maitland City Council 

East Maitland - - 1265' 25 Herbarium recdrd 

Tarro Before 0780 < 0.5 ha 14 E Drains, H Spreading 
(see C above) pastures 

Woodberry Before 0684 0.25 km 15 E Drain H Contained 

Thornton --0288 200 m 18 Unknown Natural drain H Recently found 

Cessnock City Council 

Cessnock Before 0980 10 m2 39 Turf Grassed oval R Eradicated 

Lake Macquarie City Council 

Belmont North ----83 16 m2 15 Unknown Grassed parkland H Eradicated 

Barnsley --0583 50 m 17 E Creek bed; bank H Eradicated 

Fennel Bay ----83 16 m2 19 E Roadside R Reduced 1 
Cardiff ----83 150 m' 10 Unknown Creek. banks H Spreading; was 

6 m' I 

Whitebridge --0285 9 m' 8 Unknown Roadside drain R Eradicated 

Caves Beach 191285 25 m2 24 Turf Grassed parkland H Contained 

Gos/ord City Council 

Narara Creek --1282 Ikm 66 Turf Creek, banks, H Spreading 
fiats 

Woy Woy Creek 020383 2 km 75 Turf Creek, banks H Spreading 

Bentley Road Creek - -0486 0.4 km 66 Unk nown Creek, banks H Contained 

Wyoming Creek 011286 Ikm 67 Unknown Creek, banks H Spreading 

Wyong Shire Council 

Canton ik ;Ich early 1985 150 m 45 Unknown Drain H Contained 
CaraVi.l11 Park 230 m' Marsh, parkland H Contained 

Budgewoi 180286 1 ha 41 E Grassed parkland H Spreading in grass 
Beach H Contained on 

beach 
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Table 1 Details of alligator weed infes tat ions at locations north of Sydney (cont.) 

Location DateA Size· 

Limeburners C reek 180286 0.25 ha 

Girvan 180286 2km 

Indooroopiliy --0784 132 m' 

Distance in km 
from Carrington 

Cause of 
infestaHon Habital 

Great Lakes Shire Council 

37 Sand House garden 
and lawn 

57 E Creek, banks 

Brisbane City Council 

>700 X Drain , swamp 

Trealmenl SIal us 

H Contained 

H Persisting 

R Eradicated 

Sources of information : personal observation by M. H. Julien, personal communication with weed control personnel from the respective Counci ls (sec Acknowledgments), 
minutes of the Co-ordinating Commillee Against AlligalOr Weed In The Hunter Region. INalional Herbarium of New South Wales records. 

,. Date of earliest observation or herbarium record · . 
a Estimated current size of irifestation or size prior to eradication. in area or length of waterway. 

E, suspected introduction on e"cavatlon. drilling or construction equipment. 
H, treated with herbicides. 
R. plants excavated and removed. 
"< , deliberately introduced from Sydney by CSIRO fo r biologica l studies. escaped from glasshouse. 

Table 2 Details of alligalOr weed infestations at locations south and west of Sydney 

Location 

Duck River 

Haslam's Creek 

Woomargama 

Georges River and 
tributaries
Bunburry Curran Ck 
Cabramalla Ck 
Prospect Ck 
Harris/ Williams Ck 

Camden 

Date" SizeR 
Distance in km 

from Carrington 
Cause of . 

infestation Habitat 

Parramatta City Council and A uburn Municipal Council 

190469' 5.5 km 125 kn. Unknown Creek, bank s 

Before 1976 > 0.5 ha 

101167' I ha 

and flats 
125 km Unknown Flats 

Holbrook Shire Council 
535 k m Deliberate 

intro. 
Lake margin, 
creek, banks 

Liverpool, Campbelltown, Fairfield and Bankstown City Councils 

110371' 32 km 135 km Unk nown Tidal and fresh-

--1281 

2km 
0.1 km 
6.2 km 
1.1 km 

500 m' 

Camden Shire Council 

water aquatic; 
creeks, drains, 
banks; marshes; 
beaches; flats; 
floodplain re
serves, ponds and 
lakes; dryland 

175 km Unknown House block 

Treatmenl Status 

B 

nil 

H,R 

H ,B 

H 

Spreading 

Unknown 

Spreading 

Aquatic mats 
reduced by bio
logical cl1ntrol; 
no other control 
current ly being 
used. 

Spreading 

Sources of information: persona l observation by M. H. Julien. personal communication with weed control personnel from the respective councils and C. Ripper, Waler 
Resources Commission of N.S.W., National Herbarium of New South Wales records. 
,. Date of earliest observation or herbarium record. · 
R Estimated current size of infestat ions in arca or length of waterway. 

H, treated with herbicide. 
R, plants e:o:cavaled and removed. 
B, biological contro l uscd. 

Statistical analyses 
In order to test the null hypothesis that 
anigator weed was not spreading in space 
within the paddock, the five transects were 
divided into three sections each and the 
percentage presence of each species in 
quadrats in the 15 sec tions was calculated. 
Analysis of variance was used to investigate 
the annual seasonal cycle, filled as a sine 
curve, and long-term trends, filled as poly
nomials, for the percentage presence of 
species in each sect ion . Changes in the 
biomass data were similarly related to time 

as well as to temperature, as well as to rain
fall data obtained from the Williamtown 
Aero Meteorological Station (No. 061078) 
and to a so il moisture index derived from 
climatic data (SutherS! and Maywald 1985). 

Results 

Infestations in Australia 

The locations of current and past infesta
tions of alligator weed are shown in Figures 
1 and 2 with the exceptions of those at 

Indooroopilly. Qld. and Woomargama. 
southern N.S.W. The size. habitat, treat
ment, status and distance from Carrington 
of infestations are shown in Table I for 
areas north of Sydney and Table 2 for areas 
south and west of Sydney. 

Past records suggest that Carrington was 
the single point of entry of all igator weed 
into Australia. Itthen spread in the Lower 
Hunter region (Williamtown 1962; East 
Mait land 1965 - herbarium records) and 
most probably to the Sydney area (Duck 
River 1969; Casula. Georges River 1971 -
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Figure 1 Alligator weed infestations in New South Wales north of Sydney. 
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Figure 2 Alligator weed infestations in the Sydney region. 
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Table 2). Infestations at Woomargama and 
other sites are known to have resuhed from 
material taken deliberately (Woomargama 
and Indooroopilly) or inadvertently from 
the Sydney or Hunter regions (Tables I 
and 2). The infestation at Indooroopilly 
occurred in a drain that received washings 
from a glasshouse where A. philoxeroides 
was grown to maintain biological control 
agents. 

The original collections from Carrington 
were from a marsh. Carrington has since 
been developed for housing and industry 
and neither marshland nor a lligator weed 
were found in February 1988. Of 33 other 
sites where non· biological control measures 
have been employed, eradication of the 
weed has resulted at only six (Tables 1 and 
2). The application of herbicide resulted in 
eradication at one of these sites, Belmont 
North . Here a residual complete herbicide, 
Usti lan (trade name), was applied twice 
between 1983 and 1985 and three remaining 
plants were dug out before the th ird a nd 
final application in 1985 . At another site, 
a creek bed at Barnsley, the herbicide 
Banvel M (trade name) was applied once 
in 1983. Three separate but small infesta· 
lions were noted in 1985 but none has been 
present from 1986 to date (A. Hejalis, pers. 
comm. 1988). Scouring of the creek bed 
during fast flows may have removed the 
weed. At four other sites excavation and 
removal of the weed resul ted in eradica
tion. Of the remaining 26 sites, herbarium 
records were unconfirmed at one, the weed 
was recently found at one, the area of alii· 
gator weed was reduced by excavation at 
one, contained or persisted at eight and is 
increasing at 15 (Tables I and 2). 

Outbreaks of alligator weed were recor· 
ded at four new sites in the 1960s, five in 
the I 970s and 17 in the 1980s up to March 
1988. Sixteen outbreaks have been linked 
to transportation of plant material mainly 
in lurf, sand or fill from the WiUiamtown 
area, or on excavation machinery that had 
been used in areas known to be infested 
with the weed. The cause of most o ther 
infes tations remains in doubt. However, 
most are associated with suburban water· 
ways suggesting that introduction may have 
been via oneofthemethods indicated above. 

Transect data 

Percentage presence of alligator weed in 
quadrats of the first and fifth transects over 
the 9·year period at William town are shown 
in Figure 3 a nd are representative of the 
presence/ absence data collected. The first 
transect passed through the area with the 
least alligator weed in 1978 and the fifth the 
most. 

Over the 9 years, the grand mean percen
tage of quadrats containing alligator weed 
was 81 0'/0, kikuyu 25070, clover 37070 , spike· 
rush 34'10 and 'others' 48"10 . All plants, 
except clover, had an annual cycle of 
occurrence, with peaks in March for alii· 
gator weed and kikuyu, in November for 
spikerush and in September for 'others'. 
The amplitudes of the annual cycles about 
the mean for the four species were 6, 7, 9 
and 9070 respectively. 



The long· term trends in percentage pres· 
ence of the four species and 'others' after 
adjustment for the annual cycle are shown 
in Figure 4 together with the half yearly 
rainfall for the period 1978 to 1987. The 
area was subjected to high rainfall in 1 fT17 / 
78 followed by drought during 1979 and 
1980. Thereafter, rainfall returned to 'nor
ma l'; the 30·year mean being 1134 mm 
annua lly. The change in rainfall affected 
the occurrence of all plant species except 
alligator weed. Spikerush was most severely 
affected by the drought and had not recov
ered by 1987. 'Others' increased as con
ditions became drier and decreased after 
the drought. Kikuyu decreased from 1978 
to 1983/ 84 and then gradually increased. 
Clover increased in the drought years. 
decreased until 1985 and thereafter increas· 
ed. The occurrence of clover. which was 
not cyclical within seasons. may be cycli· 

100% 

cal over longer periods not necessarily in 
relation to changing rainfall patterns. 

Alligator weed increased steadily over the 
9-year period. The regression coefficients 
for alligator weed presence against time 
varied in the 15 sections into which the pad
dock had been divided for analysis. The 
sections could be divided into two homo
geneous groups which related broadly to 
physical differences in the paddock. In the 
lower south-eastern pan of the paddock 
tbat was more consistently infested with 
alligator weed, e.g. transect 5 in Figure 3, 
the coefficients were lower, 0.25 to 1.25 . In 
the remaining, slightly elevated part on 
which the presence of alligator weed varied 
more, e.g. transect 1 in Figure 3, the coeffic· 
ients ranged from 2.18 to 7.03. Although 
the increase in alligator weed was less in the 
lower south·eastern pan than in the re
mainder, it was still significantl(P < 0.05). 
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Figure 3 Frequency of occurrence of alligator weed In two transects in a grazed paddock at 
Williamtown, N.S.W. 

Figure 4 

, Alligator weed 

Changes in the percentage occurrence of alligator weed, kikuyu, clover, Jspikerush 
and 'other' plant species across a permanent pasture at Williamtown, N.S.W. and 
half yearly rainfall data, for the period 1978 to 1987. 
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The mean percentage presence of alligator 
weed on the lower part was 97'1. and 00 

the higher part 61., • . 

810m .... 

The mean biomass of alligator weed for the 
whole period of sampling at William town 
was 2347 g m-', s.d. 1109.0. Biomass in
creased with time at a rate of 22'1. per 
annum (b = 0.0869 s.e. 0.0147 on the 
10glO scale). The rate of increase was not 
affected by grazing but was affected by soil 
moisture. Soil moisture proved a moresatis
factory predictor than rainfall. Biomass 
increased 55." , (b = 0.0019 s.e. 0.00056 
on the log scale) when soil moisture increas
ed from 0 to 100.", but did not change with 
temperature. The annual increase in bio
mass and the effect of soil moisture explained 
69'10 of the variation between sampling 
dates . 

The weight of alligator weed tops had an 
annual cycle with maxima in early Novem
ber. Maxima were higher in the fenced area 
by 38'1" estimates on the log scale being 
1.925 and 1.785 with S.E.D. 0.0526 forthe 
fenced and unfenced areas. There was no 
effect of grazing or seasonal cycle on the 
weight of roolS. Weight of both tops and 
roots increased over time, 55'70 and 18'7. 
per year respectively, and weights increased 
400." and 34'1, respectively when soil moio
tureincreased fromOto 100'10. The increase 
with time and soil moisture explained 6''1. 
of variation in weight of roots, while those 
two factors and the annual cycle explained 
70'10 of the variation in top weight. 

Plant species other than alligator weed 
accounted for an average of 14'10 of total 
biomass with no difference in percentage 
between fenced and unfenced areas. The 
weight and percentage of those species 
decreased 60010 and 5010 respectively per 
annum. Soil moisture did not affect the 
weight but percentage decreased 18." when 
soil moisture decreased from 100 to 0.,. . 

Dlecuulon 

Hockley (1974) suggested that alligator 
weed was brought to Australia in ships' 
ballast but extracts of a letter by E. Riley, 
dated May 1946, accompanying the early 
specimens of alligator weed, indicated that 
the last ballast was dumped at Carrington 
in 1914. It is more likely that alligator weed 
was introduced via ships' cargo at a later 
date, perhaps during the second world war 
(A. Kanis, pers. comm. 1979). Records 
suggest that all alligator weed in Australia 
is a clone of the same parent material that 
has spread from the point of entry at Car
rington. 

Interest in the control of alligator weed 
increased during the 19705. Its distribution 
was localized and costs to the community 
small, but the lack of suitable controls and 
the potential for spread, considering its dis
tribution in other countries, indicated that 
this weed could become a very serious pro~ 
lem (Julien and Broadbent 1980; Julien 
1981; Jacobs and Sainty 1987). Although 
it is an aggressive colonizer, its rate of 
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spread by growth of meristems is slow in 
terrestr ial habitats. In pasture, alligator 
weed maintained a slow but steady increase 
in occurrence (Figures 3 and 4) and biomass 
regardless of grazing and other fac tors, 
including rainfall, that caused the occur
rence of other species to vary with time. 
Percentage occurrence of alligator weed 
increased mainly in areas where it was least 
abundant, but also increased significantly 
in areas already heavily infested. Though 
abundance of plants was not measured, the 
increase in occurrence and biomass of alli
gator weed and the decrease in other plant 
species suggest that alligator weed is com
petitively displacing other species. 

The rate of invasion of new areas by 
alligator weed is increasing (Tables I and 
2). Consequently, the source area from 
which furt her spread may occur is also 
increasing. Most of the recent spread of 
the weed has been from the Newcastle 
region (Figure 2). Spread from the Georges 
River and Duck River infestat ions has been 
limited, probably because the movement of 
material likely to be contaminated has been 
into. rather than out of, this region. 
However, the outbreak at Camden, which 
may have come from the Sydney region. 
threatens the whole of Sydney's western 
hinterland. 

There are no sat isfactory methods of 
reducing or eradicat ing alligator weed in 
most habitats where it grows. Floating mats 
on large permanent waterways near Sydney 
have been reduced by biological comrol 
agents (Ju lien 1981) but no control was 
achieved on smaller waterways, swamps or 
on infested land. Excavation of small , ter
restrial infestations has been success ful bUI 
the technique has limited application. 
Eradicat ion did not occur al some sites 
because subsequent visits to remove missed 
plant material were not made. The appli
ca tion of herbicides remains the most wide
ly used control method (Tables I and 2) , 
though the a reas trea ted have rarely been 
reduced and repeated applicat ions during 
each growing season are required to reduce 
the standing crop. 

Problems faced in attempting to eradi
cate this weed are highlighted by the 
infestation at Woomargama. Prior to 1967, 
alligator weed was introduced to a lake as 
an ornamental plant. Application of her
bicides began in February 1972 when it 
infested 0.3 ha. In early 1973 the lake was 
partia lly drained and deepened and the 

weed was moved to the banks in excavated 
soil . Outb reaks were found downstream in 
Woomargama Creek and removed. There
after, regular application of herbicides 
including Kuron. Silvex, Frenock, Glypho
sa te, Roundup and Tetrapion (trade 
names), as well as excavation of some plant 
material, has continued for 15 years. Stand
ing crop has been reduced, but not the area 
infested (Table 2) and plants have at 
various times been found downstream and 
removed (c. Ripper, peTS. comm. 1988). 

There has been a concerted, but as yet 
unsuccessful, attempt by the Co-ordinating 
Committee Against Alligator Weed In The 
Hunter Region, a body comprising rep
resentatives of local , State and Federal 
Governments, to obtain legislation against 
the movement of turf, soil, fodder and 
vehicles contaminated with alligator weed 
(Minutes of the Co-ordinating Committee 
1980-88). Such legislation is vital since it 
is suspected that most outbreaks have been 
the result of transportation in produce, soil 
or on machinery. Studies are now being 
undertaken by the CSIRO, Division of 
Water Resources, supported by the Aus
tralian Water Resources Advisory Council 
and the Rural Credits Development Fund, 
to assess the weeds' response to herbicides 
and develop more effective control strate
gies. Unless satisfactory control techniques 
are found and restrict ions placed on trans
porting the weed, the rate of spread will 
continue. 
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