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Summary 
Growth of alligator weed was measured 
over two years at polluted freshwater 
and estuarine sites, and in flood-plain 
pasture for five years in Australia. 

Stem density and production of nodes 
per stem were highest before mid sum
mer while stem length, weight and leaf 
area index peaked in January or Febru
ary. Mean production rates of nodes 
were higher at the aquatic sites where 
stems were longer, wider and heavier 
with larger leaves. 

Growth was more variable in oasture. 
Temperature was the most important 
single factor affecting growth at aU sites. 
A vailability of moisture affected growth 
in the pasture. Availability of nutrients 
may have limited growth in pasture but 
not at polluted aquatic sites. 

Floods periodically removed mats 
from aquatic sites so there was less accu
mulation of weed than in the pasture. 
However, biomass in aquatic habitats 
exceeded that in pasture despite the 
'top'/'roat' ratios being 5.6 and 0.3 for 
aquatic and terrestrial growth, respec
tively. 

Grazing by cattle increased the den
sity of stems by 40% but reduced stem 
weight. In the absence of introduced 
biological control agents and grazing by 
cattle, the within-season survival of 
stems was high and less than 10% of leaf 
area was damaged by invertebrate her
bivores. 

Introduction 

as an amphibiOUS plant growing in 
mesophytic terrestrial to aquatic habitats 
in South America . In Australia, USA and 
China alligator weed grows in a similar 
range of habitats, however, growth is 
more vigorous under aquatic conditions 
(Davis et al. 1983, Julien and Broadbent 
1980) probably due to the eutrophication 
of waterways, low interspecific competi
tion and the absence of moisture stress 
compared to terrestrial habitats. 

Alligator weed is a pest when floating 
mats cover waterbodies restricting their 
use, excluding other plant species, inter
fering with aquatic ecology and wi th flow 
of water (MitcheIl 1978, Julien and 
Broadbent 1980). Alligator weed has in
vaded agricultural areas where it com
petes with other plant species and con
taminates produce (Julien and Bourne 
1988). 

Each season new stems are produced 
from prostra te mat stems from the previ
ous season's growth. Heavy aquatic infes
tations consist of mats of older stems up 
to 250 mm thick (Sculthorpe 1967, Brown 
1973), supporting erect stems 10-60 cm 
long (Correll and Correll 1975) bearing up 
to seve~ pairs of leaves Gulien and 
Broadbent 1980). Stems are hollow and 
may be rooted into the substrate beneath 
shallow water, rooted to banks or floating 
free in deep water. On land, growth is 
similar to that on water though aerial 
plant parts tend to be smaller and the mat 
thinner (Kay and Haller 1982). Roots are 

AItenumthera philoxeroides (Marti us) 
Grisebach (Amaranthaceae), alligato r 
weed (Figure 1), a native of South 
America, has spread to a number of coun
tries and become a serious pest, particu
larly in southern USA (Center and 
Baiciunas 1975) and China (R. Wang per
sonal communication 1988). It was first 
recorded in Australia in 1946 and al
though locally distributed in New South 
Wales it continues to spread (Julien and 
Bourne 1988). Synonymy and descrip
tions of the weed were reviewed by 
Gangstad and Solymosy (1973) and Julien 
and Broadbent (1980) . 

AUigator weed is a perennial, stolon
iferous herb. Yogt et a1. (1979) described it 

Figure 1 Alternantllera plli/oxeroides, alligator weed: (a) aquatic growth 
habit, (b) terrestrial growth habit including tap-root, (c) inflorescence, and 
(d) flower. Illustration by S. Fiske, 1979 (Julien and Broadbent 1980). 



· 

small and filamentous in water while a 
greater mass of roots including tap-root 
like structures develop in soil (Julien and 
Broadbent 1980). Though all igator weed 
bloo ms, viable seeds are not produced 
(Sculthorpe 1967, Burkhalter et n1. 1972, 
Center and BaJciunas 1975, Spencer and 
Coulson 1976) and all new growth is veg
etative from stem or root (Gangstad and 
Solymosy 1973). 

Few studies have considered the ecol
ogy of alligator weed and only one has 
compared growth between habitats. 
Davis et n1. (1983) found that total biomass 
of alligator weed peaked at 108 g m" dry 
weight in mid summer on a floodplain in 
South Carolina and at 392 g m" in late 
summer in the mat on an adjacent stream. 
Boyd (1987) and Boyd and Blackburn 
(1970) recorded changes in the dry weight 
of standing crop (aerial shoots), concen
tration of nitrogen in tissue and leaf area 
index during a Single season. There have 
been no studies reporting growth over a 
number of seasons or of the factors that 
influence growth with the following ex
ception. Biomass measured in a paddock, 
as part of the study reported here, aver
aged 2350 g m", was affec ted by availabil
ity of moisture, not affected by gra zing 
and increased steadily at a rate of 22% per 
annum for the period 1978-83 (Julien and 
Bourne 1988). 

A biological control program com
mencing in 1976 achieved control in 
aquatic but not in terrestrial habitats 
(Julien 1981, Julien and Chan 1992). This 
paper presents a summa ry of growth data 
collected on alligator weed during the 
biological control program. Improved 
methods of chemical control specifically 
aimed at alligator weed growing in terres
trial situations are being developed 
(Bowmer personal communication 1991). 
Bowmer el al. (1989) stated that informa
tion on factors affecting growth of the 
weed is critical to this work since they af
fect processes of senescence and 
translocation of assimilates and herbi
cides. Rates of g rowth, timing of peak 
growth, biomass ratios, leaf area index 
and the effects of climate, habitat varia
tion and grazing may all be important in 
determining type of herbicide, timing of 
application and droplet size for best con
trol (Bowmer el n/. 1989) . 

Materials and methods 

Sites 
Estuarine and freshwater sites with float
ing mats of alligator weed were selected 
in the greater Sydney area (lat. 33' 55'S) 
and a terrestrial site was selected at 
Williamtown (lat. 320 49'S), near Newcas
tle. 

The estuarine site was on a large pond, 
open to the Georges River, 6.5 km down
stream from Liverpool weir. The mat of 

Plant Protection Quarterly VoI.7(3) 1992 103 

alligator weed was continuous along the 
bank and up to 70 m wide. The river re
ceived outflow from sewage treatment 
plants upstream and levels of nitrogen 
(N) and phosphorus (P) were usually 
high. Means of mid-stream recordings 
taken between 1976--78 (Environmental 
Control Study of Botany Bay 1979b), from 
the estuarine section of Georges River up
stream of our sampling site, were: Total-P 
(mg L") 0.624 and 0.226 during low and 
high flow respectively, and similarly for 
Total-N, 2.1 75 and 1.758, while recordings 
upstream of urban development were 
much lower. Salinity levels were com
monly 10 g L·' in dry weather and zero in 
wet weather (Environmenta l Control 
Study of Botany Bay 1979a). 

The freshwater site was on Duck River, 
a tributary of Parramatta River, which re
ceived urban run-off and in dry weather 
remained ponded when flow ceased. The 
muddy banks also supported growth of 
Typha oriellin/is C. Presl (broadleaf 
cumbungi), Persicaria lapathifolium (L.) 
Gray (pale knotweed), P. decipiens R. 
Brown (K. L. Wilson) (slender knotweed) 
and Sagittaria gramiuea Michaux 
(sagittaria). The study site was 60 m long 
and 20 m wide supporting a matof alliga
tor weed which covered 80% of the wa
ters' surface in January 1977. 

The terrestrial site was on the lower 
Hunter River floodplain 3 km south of 
William town. Levee banks and drainage 
channels prevented frequent flooding but 
periodic flooding occurred. After wet 
weather the pastures remained fully to 
pa rtially submerged for several days. 10 
dry conditions the heavy clay-loam soil 
cracked. The pasture comprised 
Pennisetum cIaudestinum C. Hochstetter 
and Chiovenda (Kikuyu), Trifolium repens 
L. (white clover) and Paspalum distichllm 
L. (water couch) and had been invaded by 
alligator weed . Other species were com
mon, particularly Eleocharis aClita R. 
Brown (common spikerush). The 
substrate consisted of a mat of organ ic 
matter up to 20 em deep comprising 
mostly sterns and roots of alligator weed, 
rhizomes of grasses, other roots and dead 
plant material. Under this was dark, 
heavy clay-loam at least 1.0 m deep. The 
pasture was grazed by cattle except for a 
fenced section 15 m x 15 m in which most 
observations were made. 

Plant measllremmts 
'Tops' were defined as that part of the 
plant that was green and 'roots' as the re
mainder, i.e., yellowish stems plus roots. 
Biomass was the sum of the weights of 
' tops' and 'roots'. 'Stem' was that portion 
of the green stem bearing leaves. 

Measurements in the pasture were 
made over the period 197&-83 and unless 
indicated were from ungrazed pasture. 
Observations reported here for the 

aquatic si tes were fo r the two seasons 
(1977-78) before biological control signifi
cantly reduced growth (Julien 1981). 

The following measurements were 
taken every four weeks during the grow
ing season and six to eight weeks in win
ter. At the aquatic sites stem density was 
recorded from eight random 50 ern x 50 
em quadrats and numbers of nodes, 
leaves, and length of sterns for 12 'stems' 
from each of four random quadrats. In the 
ungrazed pasture, stem density was 
measured in three fixed 50 cm x 50 cm 
quadrats. In grazed pasture, stem density 
was counted in 15 random 30 cm x 30 cm 
quadrats. Dry weight per 'stem' was esti
mated from 30 'sterns' per site after dry
ing to constant weight. The percentage of 
leaf area damaged by invertebrates on at 
least 16 sterns at each site was coded 0 for 
no damage, 1 for 1-24%, 2 for 25-49%, 3 
for 5~74% and 4 for 75-100%. 

Plant biomass, measured at least three 
times per season for five seasons in the 
grazed and ungrazed pasture during this 
study were reported in Julien and Bourne 
(1988). At the aquatic sites, six quadrat 
samples of 50 ern x 50 em for the depth of 
each mat were taken on four occasions in 
]977. 'Tops' were separated from ' roots' 
before they were dried and weighed. 

Ionic concentrations were measured 
(A.P. H.A. 1975) on three to nine occasions 
between March 1977 and February 1978 
on samples of water collected 50 ern be
neath alligator weed. from the two aquatic 
sites and from a drain near the terrestrial 
site. Conductivities were measured at 
2S"C with a conductivity meter. At each 
site, on a variable number of occasions, 
samples of leaf-bearing stems were col
lected and analysed for N, P and K (potas
sium) using techniques of Johnson et al. 
(1985). On some occasions additiona l 
samples were taken so that each node 
with its leaves and adjacent stem could be 
analysed. 

For growth rate determinations, up to 
16 sterns were tagged monthly or bi
monthly at each site and numbers of 
nodes bearing leaves above and below 
tags recorded together with internode 
lengths at the time of tagging and again at 
the next visit. Leaf areas for up to 24 stems 
were measured at the aquatic sites during 
1977-78and in the ungrazed pasture from 
September 1982 to May 1983 using a 
Paton Electroplan leaf area meter having 
an error of less that 1 %. 

Meteorological data were from the Bu
reau of Meteorology stations, William
town Aero (no. 061078) and Liverpool 
Council (no. 067035), located near the ter
restrial and aquatk si tes, respectively. The 
soil water balance model of Fitzpatrick 
and Nix (1969) was used to calculate a 
simple soil moisture index between 0% 
and 100%, using rainfall, ternperatureand 
evaporation data . 
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Statistical analysis Table 1. M.an ionic con c.ntration s for total nitrog.n (N), total phosphat. 
Analyses of variance assessed differences (P), potassium (K) an d for conductivity for wat.r sam p l.s from G.org.s 
in plant parameters between si tes and the River includ ing the estuarine site, the Duck River site and a drain adjacen t 
effects of temperature, rainfall and soil to the t.rr.strial sit. a t Williamtown. S"mpl.s w.r. tak.n for this s tudy 
moisture index on seasonal growth. Data (1977-78) .xc.p t at Long Point wh.r. samples w.r. tak.n b.tw •• n 1971-78 
were transformed to a log sca le when re-
quir.d to equalize variance before analy- (Environ m.ntal Con trol Study of Bo tany Bay 1979b ). Th. numb.rs of 
sis. The mean temperature and soil mois- _sa_m...,!p_I_. _s_a_r_. _i_n""p,..,a_r_._n_t_h_._s_. _s. _ ___________________ _ 

ture index for one week and rainfall for Sa mple sites To tal-N Total-P K Conductivity 
two weeks prior to each sampledate were (mg L") (mg L") (mg L") (IlS em") 
used . An annual cycle using all available -::-__ -:::--______ ___________________ _ _ 

data was fitted to each g rowth parameter. Georges River 
A sine and a cosine curve were fitted and, (i) Fresh water section 
when summed, produced a sine curve Long Point'" 
with phase adjusted to allow the time of GI.nfield sewerage works (5) 
ma ximum growth to be estima ted, and Glenfield Bridge (5) 
with amplitude used to estimate range. Liv.rpool Golf Course (5) 

Rates of production of new nodes and (ii) Estuarine section 
of stem elongation througho ut the year estuarine site (7) 
were calculated from the data fro m Duck River 

0.7 (10) <0.1 (182) 
5.1 3.3 5.3 343 
7.5 3.4 6.1 450 
5.7 2.9 6.6 505 

1.6 0.3 57.9 7061 

tagged plants collected over several sea- freshwater site (9) 
sons. Node growth was expressed as new Williamtown 
nodes d-! and increase in internode drain (3) 

1.5 0.3 10.3 1320 

0.6 0.1 5.2 497 
lengths as cm dol. Relative growth rates 
(RGR) w.re caleula ted fo r biomass 
(g g" d"). 

... Long Point was about 16 km upstream of Liverpoo! Weir and above urban run off 
and sewerage outflows on the Georges River. Glenfield Sewerage Works, Glenfield 
Bridge and Liverpool GoU Course were 6.7, 5.5 and I km upstream from the weir. 

R.sults 

Water quality 
Concentrations of N, P and K and conduc
tivities for water samples are presented in 
Table I. Data for additional fr.sh water 
sites on Georges River were included for 
comparison. Below Long Point the influ
ence of urban waste dramatically in
creased concentrations of nutrients and 
conductivity in Georges River. Alligator 
weed grew at all sites except Long Point. 
The two aquatic sites o f this study had 
similar concentrations of Total-N and To
tal-P but the estuarine site had higher con
centrations of K, as expected. 

Temperature, rainfall and growth of 
alligator weed 
Although the mean temperatures were 
Simila r, 17.3"C and 17.8' C at aquatic and 
terrestrial sites respectively, diurnal fluc
tuations were greater at the latter. Annual 
sinusoidal curves fitted to daily mean 
temperatures for the two loca tions ex
plained 75% of the variation in tempera
ture and had maxima in late January. In 
the analyses tempera ture was the most 
important single factor affecting growth 
at all sites. 

Annual sinusoidal curves fitted to ob
servations on plant growth permitted 
compa risons with the temperature curves 
and estimations of timing and sizeof peak 
growth for each parameter (Table 2) and 
helped interpret, in some cases, quite vari
able data that was seasonal in nature. The 
smoothing effect of fitting curves under
estimated peak values so the ranges for 
the raw data were included in Table 2. 

The seasona l pattern was more pro
nounced at the aquatic si tes. The scatter of 

Noles: 
N:P ratios (wt/ wt) at Long Point varied between 20 and 80 whereas at all other sites 
the ratio was below 6. 
Alligator weed was growing at all sites except Long Point. 

raw data about the fitted cycles for num
bers of new nodes stem'! d-I at the com
bined aquatic sites compared to the ter
restrial site illustrates this (Figure 2). 

The percentage of variation explained by 
the soil moisture index, which was a better 
predictor than rainfall for growth at the ter
restria l site is shown in Table 2. Annual 
frosts killed stems in the pasture, whereas 
a ll igator weed grew continuously, though 
slowly, in winter over water. Some param
eters, such as the numbers of stems m-2 and 
the number of new nodes per day (Figure 
2), reached their maxima in early summer. 
All others reached their maxima in January 
when temperatures were highest or shortly 
afterwards. 

Flowering 
Flowering over water matched the tem
perature cycle, pea king in January with 
one flower per stem. Flowering on land 
was more erratic, peaking between No
vember and January with an average 0.8 
flowers per stem. Seeds and seedlings 
w.re n.ver found and young plants al
ways grew from older sections of shoot or 
root material. 

Stems and leaves 
Though the mean number of stems m-2 

was not Significantly different between 
si tes the range was greater at the terres
trial sit. (Table 2). St.m d.nsity doubled 
on land when the soil moisture index in
creased from zero to 100%. 

Stems were longest at the fresh water 
site and shortest in the pasture (Table 2). 
Branches were included in stem length, 
but even without them, the aquatic stems 
were longest. Very few branches occurred 
at the terrestrial site while an estimated 0.5 
branches per stem, raw data range 0-1.6, 
occurred at both aquatic sites with maxi
mum branching in January. 

Rates of stem elongation, estimated for 
the fi rst (youngest) to the fifth internode 
differed significantly between sites. The 
maximum rates which occurred in early 
summer are shown in Figure 3 together 
with mean internode length. Elongation 
rates were greatest for the second or third 
internode. At the aquatic sites during will
terint.mode elongation had ceased by the 
fifth internode, whereas in early summer 
it continued as far down as the twelfth 
internode, weU below the leaf-bearing 
portion of the stem. 

'Stems' from aquatic a lliga tor weed 
were longer, wider and the air spaces in 
the hollow internodes were larger. Com
pa ra tive measurements a t the fourth 
internode on 20 stems collected in Febru
ary from an aquatic mat and from pasture 
were (means and s.e.): internode length 
9.2 em (0.7) and 4.1 em (0.4); stem diam
et. r 5.4 mm (0.23) and 3.4 mm (0.18); 
width of the internal air space 3.4 mm 
(0.4) and 1.0 mm (0.3). 

'Stems' from the aquatic sites were more 
than three times heavier than 'stems' from 
the pasture (Table 2). On land 'stem' dry 
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Table 2. Estimated mean and seasonality of parameters measured for alligator weed growing at a terrestrial and 
two aqu atic sites. The ranges of raw data are also included. 

Parameters Range of raw data Estimated Annual Cycle Soil Moisture Index 

Mean Time of 
maximum 

Stem length (cm) 
estuarine'" 8 - 53 24a February 
freshwater* 15 - 81 33b January 
terrestrial 4 · 44 14c January 
Leaf area per s t~m-I (cm2) 
estuarine· 32 - 162 83a February 
freshwater'" 34 -ISS 83a January 
terrestria l"'" 8 - 32 22b 
Stem weight (g) 
estuarine 0.21 - 1.54 O.65a January 
freshwater 0.20 - 1.37 0.66a February 
terrestrial 0.30 - 0.75 0.20b January 
No. stems per m l 

estuarine 308 - 1246 571a November 
freshwater 337 - 943 512a October 
terrestria I 184 - 1524 529a December 
New n odes stem -l d-l 

estuarine 0-0.170 0.076a December 
freshwater 0.011 - 0.122 0.071a December 
terrestria l 0-0.137 0.044b December 

Values followed by the same letter were not Significantly different at P < 0.05. 
It includes branches •• one season only 

• 
0. 18 

0 .12 

0.08 

i;' 0.0" .., 
"-
CD 
Q. 0 .. 
CD .., 
0 0. 18 • c , 

• • CD Terrestrial Z • • 0. 12 • • 
• I 

• • • • 
0.08 • • .. 

Range % Variation % Variation 
explained explained 

7 · 41 77 
10 - 56 65 
0-29 48 13 

39 - 127 66 
41 - 125 67 

0.25 - 1.05 51 
0.28 - 1.04 61 

0 - 0.43 37 20 

350 - 792 48 
368 - 656 43 
248 - 810 23 17 

0.004 - 0.148 90 
0.Ql8 - 0.124 75 
0.011 - 0.077 27 7 

weight increased with soil moisture, the 
estimate being a 2.8 fold increase when the 
index increased from zero to 100%. The 
mean dry weight of 'stem' m" ranged from 
97~91 g at the aquatic sites and 0-572 g in 
the ungrazed pasture. 

Production rates of nodes atld leaves 
The production ra te of new nodes peaked 
in December (Figure 2) when an esti
mated 96 (estuarine site), 69 (freshwater 
site) and 54 (terrestrial site) nodes m" d" 
were produced.. The average production 
rate of new nodes during the growing 
season, September to A pri!, was 0.0675 in 
the pasture and 0.0945 nodes stem-' dol at 
the aquatic sites, producing a new node 
every 15 and 11 days respectively. The 
production rate of new leaves was twice 
tha t of nodes. 

Leaf area 

,. 
•• 

The mean leaf area per stem was four times 
greater a t the aquatic sites than at the ter
restrial site (Table 2). Leaf expansion was 
completed by the time leaves were two 
leaf-generations old, i.e., growing on the 
second youngest node, during spring and 
early summer whereas expansion was 
complete by the third or fourth leaf-genera
tion later in the season. The ranges for leaf 
area index (total leaf area m ol) were; estua
rine site 1.4-8.2 ro2, freshwater site 1.7-6.1 
m2 and 0.4--4.0 m2 in the pasture with 
maxima occurring in late December. 

0.04 

• • • .. • • • • • 0 
J F M II M J J II S 0 N 

Months 

Figure 2 Th e estim ated seasonal cycle for number o f new nodes s tem " d" 
for alligator weed growing in aquatic and terrestrial habitats. The mean 
data point for each collection d ate is included. 

• • 

Biomass 
Biomass samples taken at the aquatic si tes 
suggest that maximum total biomass was 
attained in late summer and that carrying 
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Figure 3 (top) The estimated maxi
mum elongation rates of 
internodes, in cm d ·'. Standard 
errors of estimates were within 
0.003 to 0.018. (bottom ) Mean 
internode lengths with standard 
errors (n from 228 for internode 1 to 
52 for internod e 5). Internodes were 
numbered 1 to 5 from the tip, for 
alligator weed growing in freshwa
ter (- - -), estuarine (- -) and 
terrestrial (pasture)(-- - -) habitats. 

capaci ty was similar at both sites; 3,214 g 
m-2, S.e. 370, at the fresh wa te r site and 
3,252 g m-2, s.e. 375, at the estuarine site in 
March. Increase in biomass from late win
ter (August) to mid summer Oanuary) 
was 0.0169 g g.' d ·' at the estuarine site, 
doubling in 41 days. From January to 
March rates declined to 0.0069. Weight of 
'tops' peaked in January; 741 g m·' at the 
estuarine site and 521 g m·zat the freshwa
ter si te. 

Biomass results for the terrestrial site, 
have been included in Table 3 in greater 
detail than reported in Julien and Bourne 
(1988) to 5how actual data, ' top' I'root' 
ratios and effects of grazing. The mean 
weight rati050f ' tops' I'roots' for alligator 
weed growing over water was consider
ably more (5.6) than in the pasture (0.3). 
Percent dry matter fo r 'tops' were 14.0% 
for terrestrial and 9.0% for aquatic si tes. 

Table 3. Mean d ry weight of alligator weed and other plant species in 
grazed and ungrazed pasture with standard deviations in paren theses. Six 
observations were made in each situation on twenty occasions. 

Ungrazed Grazed Significance level 
(gm·') (gm·') of difference 

Alligator weed 
Total biomass 2448 (1140) 2246 (1078) NS 
Weight of ' tops' 520 (425) 380 (360) P <0.01 
Ra tio weight of 0.29 (0.26) 0.20 (0.17) P <0.05 
'tops' to 'roots' 

Other species 
Total biomass 358 (465) 224 (290) P <0.07 

Table 4. Mean (an d ran ge) percent nitrogen, phosphorus and p otassium in 
dried stems (in cluding leaves) of alligator weed from different habitats. 

Sites Number 
sarnoles of %N %P %K 

Georges River 
estuarine 16 5.1 (4.1-6.7) 0.5 (0.4-0.7) 3.1 (1.2-4.7) 

Duck River 
freshwater 22 5.2 (2.7-6.2) 0.5 (0.3-0.8) 4.8 (2.5·8.3) 

Pasture 
grazed 6 3.1 (2.4·3.5) 0.3 (0.1 -0.4) 2.5 (1.4·3.5) 
ungrazed 5 2.7 (2.1-3.4) 0.2 (0.1-0.4) 2.6 (1.5·3.1) 

Nitrogell, phosphorus and potassium in 
plant tissue 
Aquatic 'stems' averaged over 5% N in 
dry tissue, whereas terrestrial 'stems' av-

6 eraged about 3% (Table 4). Variation in , , , concentrations of Nand K were greatest , '-- at Duck River where the greatest varia-.. tions in water level and fl ow rate oc-
'lioN curred. Concentrations of N in nodes de-

- , creased almost linea rly down the stern 
2 from the youngest (mean 5.5% s.e. 0.3) to 

the o ldest lea f bearing node, (0.5% s.e. 
0.01), in all habitats. Similarly P decreased 

0.6 0.04% (s.e. 0.002) node·' from a mean of 
0.5 (s.e. 0.04) for the youngest node. There 
was no systematic trend with K. Results 

0.4 on the concentrations of N, P and K in 

%P 
nodes of stems collected in February 1986 
over water and from the bank at the fresh-

0.2 water 5ite (Figure 4) show that Nand P in 
stems over water were higher in the 
younger nodes by about 1% and 0.1% re-

O spectively, compared to stems from the 
bank. Concentrations were sim ilar in 
older nodes. Concentrations of K di-

6 
verged down the stem with concentra-

6 Figure 4 (Left). The concentrations 

%K 
of nitrogen , phosphorus and potas-
sium in dried tissues for nodes of 

.. ----- -' , alligator weed collected from th e 
.. ------ ... ....... -.. bank (- -- land over water (--) a t 

the fresh water, D uck River site. 
2 Node 1 includes the stem tip; node 2 3 .. S 6 7 8 

Nodes 2 is the second youngest node; etc. 



tions increasing with age of node in stems 
growing in water. 

Damage to stems and leaves 
Survival of stems within seasons was 
high; 99% at the aquatic s ites prior to bio
logical control, and 72O/~I00% in the pas
ture. The stem-feeding moth, Vogtia mafloi 
Pastrana, introduced for biological con
trot further reduced stem numbers by up 
to 12% in the pasture. 

Leaf damage, caused by insects listed in 
Julien and Broadbent (1980), was almost 
always present and rated '1 ' (12.5% for 
calculations), usually an overestimate. Es
timates of mean leaf damage were 9.7% in 
pasture and 9.1% (s.e. 1.4) at the aquatic 
sites. Damage was seasonal and peaked in 
late summer. 

Grazing 
Cattle were placed in the paddock at ir
regular intervals where they readily 
grazed alligator weed removing all of the 
leafy stem. Stem density was greater by 
40% and 'stem' dry weight less by 41% in 
grazed compared to ungrazed pasture 
though there was no change in the mean 
length of 'stems' o r the mean numbers of 
nodes per 'stem'. The highest recorded 
stern density, 1811 stems m-2, was in the 
grazed pasture in October 1985. 

Grazing did not reduce total biomass 
but, on average, reduced weight of 'tops' 
by 27% (Table 3). In the pasture, concen
trations of N were higher in 'stems' from 
the grazed area than the ungrazed area 
(Table 4)(P<0.058) but there were no dif
ferences in P or K. 

Discussion 
Alligator weed increased by clonal 
growth. The reproductive potential of the 
plant depended on the ra tes of production 
of new nodes per unit area and their sur
vival. As expected rates of production 
were influenced by temperature and, on 
land, soil moisture (Table 2) but especially 
on land much of the variation remained 
unexplained. At the estuarine and fresh
water sites totals of about 17,300 and 
13,300 nodes were produced m-2 annum-I 
compared to 9,BOO in the pasture. 

Alligator weed was subject to more 
stress in the terrestrial than in the aquatic 
habitats. Over water, mats consisted 
solely of alligator weed, the waterways 
modified extreme temperatures and pro
vided unlimited water and higher levels 
of nutrients. Over land, plants were often 
stressed by lack of water and by cold; 
frosts killed stems. The differences be
tween the terrestrial and aquatic habitats 
were reflected in the size of plants (Table 
2) . Aquatic plants had longer, heavier 
stems with greater leaf area and higher 
growth rates. On land the smaller plants 
had greater variation in growth (Figure 2), 
even after adjusting for temperature and 
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soil moisture, indicating that there were 
other important factors influencing 
growth. In USA, growth of alligator weed 
on a floodplain was less than over water 
and thought to be limited by moisture and 
interspecific competition (Davis et al. 
1983). 

Although the physical characteristics of 
the two aquatic sites were quite different 
(an urban creek often without flow com
pared to a large pond open toa constantly 
flowing river and subjected to tidal move
ment) the similar high levels of nutrients 
in the water (Table 1), reflected by levels 
in tissue (Table 4) permitted similar 
glOwth (Table 2). These two sites were 
about 10 km apart and experienced the 
same meteorological conditions. Sa linity 
levels at the estuarine si te apparently did 
not affect growth of alligator weed while 
other plants such as salvinia (Saivinia 
molesta D.5. Mitchell), water hyacinth 
(Eichhomia crassipes (Martius) Solms 
Laubach) and duckweeds (Spirodela and 
Lemna species), that were regularly 
washed into this si te, did not survive. 

Alligator weed growing in pasture ex
perienced wide variation in availabiBty of 
moisture from drought conditions in 
1979-SO to flood waters that partly cov
ered the plants for days several times 
most years. Regardless, alligator weed 
continued to increase in occurrence in a 
grazed paddock and competitively dis
placed other pasture species in the ab
senceof grazing (Julien and Bourne 1988). 
In the analyses, rainfall and soil moisture 
were important in growth only on land 
although rainfall, as run off, has been im
plicated in nutrient cycling to waterways 
and affected concentrations of nutrients in 
salvinia (Room and Thomas 1986). Urban 
stormwater discharge is an important 
source of pollutants (McNamara and 
Cowell 1987) and the only source of nutri
ents fo r Duck River, whereas Georges 
River received most pollution in dis
charge from sewage treatment works. 

Nutrients in plant tissue reflect a bal
ance between nutrient availability and 
rates of uptake and utilization though it is 
well recognized that aquatic plants may 
take up luxuriant amounts. Davis et al. 
(1983), referring to unpublished data, sug
gested that variation in aquatic growth of 
alligator weed was due to availability of 
Nand P. Nutrients in the soil were not 
measured at the terrestrial site, however, 
measurements of N, P and K in a drain 
adjacent to the pasture (Table 1) and in 
plant tissue (Table 4) suggested that lack 
of these elements limited alligator weed 
growth in the pasture. 

The concentra tion of Nand P in alliga
tor weed from aquatic habitats in Aus
tralia was high compared to alligator 
weed in the USA (N 2.8%-3.5% and P 
0.32-0.39"10) and to other aquatic plants 
(Boyd 1969, 1976, 1987). The highest con-

centration of N in salvinia in a sewage la
goon was 4.8% (Finlayson e/ al . 1982) and 
salvinia from the polluted freshwater sec
tion of Georges River was 2.7% Nand 
0.5% P in August 1982 (Julien unpub
lished). 

Biomass was less stable in aquatic habi
tats where entire mats were periodically 
removed by flood waters. However 
aqua tic biomass exceeded tha t on land 
due to greater 'top' growth even though 
the 'root' dry weights were seven times 
greater on land than in aquatic sites. In 
comparison, peak biomass on a 
floodplain in South Carolina, USA (108 g 
m" in June) was only 4.4% of the annual 
average in pasture at William town, while 
peak biomass over water (392 g m-2 in 
August) was 12% of the peaks at the Aus
tralian aquatic sites. Shoot growth (prob
ably an underestimate of 'tops') over wa
ter also peaked in August at 118 g m" 
(Davis e/ al. 1983) compared to over 500 g 
m·2 for 'tops' in Australia. The differences 
were probably largely due to freezing 
temperatures and the shorter growing pe
riod limiting seasonal growth and annual 
accumulation of biomass at the USA site 
(Coulson 1977, Davis e/ al . 1983) . 

Alligator weed is apically dominant 
while growing conditions are less than 
optima l. Very few side branches arose 
from leaf-bearing nodes at the terrestrial 
site, whereas side branches were common 
where conditions for growth were more 
favourable at aquatic sites contributing to 
a doubling of the leaf area index. Grazing 
and possibly the recycling of N by cattle, 
stimulated growth of otherwise dormant 
buds of alligator weed in the pasture, in
creasing production of stems but at the ex
pense of stem weight. Addition of Nand 
defoliation by grazing or other means, is 
well known to stimu late tillering in 
grasses and growth of do rmant bud.:: in 
other plants, e.g_, salvinia (Julien and 
Bourne 1986). 

In the past, herbicides have not been 
successful in controlling alligator weed 
(Julien and Bourne 1988) . However, suc
cessful though expensive treatments are 
being developed (Bowmer personal com
munication 1991). Biological control of al
ligator weed in aquatic habitats has been 
effective because damage by the beetle A. 
ilygrophila defoliated stems and caused 
the thick, floating mats to rot and sink 
(Julien 1988). Unfortunately, swampy and 
terrestrial habitats are not suitable for this 
beetle's survival (Julien 1981). 

Alligator weed is spreading, mainly 
from terrestrial infestations and it has 
been projected that the weed could infest 
large areas in Australia Oulien 1981, Anon 
1982, Julien and Bourne 1988). For these 
reasons it is important that affordable 
control measures be developed that are 
suitable for all habitats at risk. 
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