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Summary   Cabomba caroliniana is an invasive 
aquatic weed that is becoming a problem in many water 
bodies throughout Australia. There is currently no ef-
fective method to manage this weed. In 2003 CSIRO 
began a project to identify and test biological control 
agents. In conjunction with surveys for biological 
control agents in their native range, we are conducting 
ecological studies of the weed in Australia. We found 
that cabomba exhibits no clear seasonal patterns in 
biomass at three locations in south-east Queensland. 
The plant has greatest biomass in 2–3 m depth of water 
(mean = 185.6 g m-2, stdev = 118.8 g m-2) but rooted 
plants were found down to depths of 6 m. This study 
indicates that host plant resources will be available for 
biological control agents throughout the year, which 
is likely to result in more stable, and ultimately more 
effective, biological control.

Keywords     Submerged aquatic plant,  population 
dynamics,  depth,  seasonality.

INTRODUCTION
 Cabomba ( Cabomba caroliniana Gray: Cabombaceae), 
or  water fanwort, is a fast-growing submerged aquatic 
weed that has the potential to spread throughout the 
aquatic habitats of Australia (Mackey and Swarbrick 
1997, Ensbey 2000). It is also considered a problem 
weed in the United States, Canada, Greece, Japan, and 
China. It grows well in slow-moving water bodies, 
particularly where nutrient concentrations are high. 
Cabomba prefers areas of permanent standing water 
less than 3 m in depth, however it can grow at depths 
to 6 m. The weed is easily recognised by its opposing 
pairs of finely dissected underwater leaves that are 
feathery or fan-like in appearance. The small white 
flowers extend above the water’s surface, making weed 
infestations more visible during the summer months. 
Reproduction is almost entirely vegetative in Australia 
(although seeds and seedlings have recently been found 
near Darwin in the NT) and any small fragments that 
include the leaf nodes can grow into a new plant. 

Cabomba originates from South America (Or-
gaard 1991). The plant’s tolerance of fragmentation 
and delicate appearance make it a desirable aquarium 
plant (Hiscock 2003) and consequently it was brought 
into Australia through the aquarium trade (Mackey 
and Swarbrick 1997). Cabomba was subsequently 

introduced into lakes and streams both accidentally, 
through the dumping of aquarium water, and on pur-
pose, to enable cultivation for later collection and sale. 
Currently, cabomba is primarily found in rivers and 
dams of coastal Queensland and New South Wales. 
However, isolated populations occur from Darwin to 
Melbourne (Mackey and Swarbrick 1997). It is easily 
spread across drainages on watercraft, boat trailers, 
eel traps and, perhaps, by waterfowl. Cabomba is a 
declared weed throughout Australia and it is illegal to 
propagate, move, or sell this noxious plant. It is also 
listed as one of 20 Weeds of National Significance 
(WoNS) in Australia.

Cabomba negatively effects the environment, 
recreational activities, public safety, and water qual-
ity (Mackey and Swarbrick 1997). The weed can 
smother native submerged plants such as pondweeds 
(Potamogeton spp.), stoneworts (Chara spp.), hornwort 
(Ceratophyllum demersum), and water nymph (Najas 
tenuifolia). Cabomba may also reduce germination of 
desirable native emergent plants. Alteration of the flora 
is thought to have reduced populations of platypus 
and water rats in northern Queensland (Mackey and 
Swarbrick 1997). In southern Queensland, cabomba 
appears to negatively effect populations of the endan-
gered Mary River cod (T. Anderson pers. comm.). The 
long stems of cabomba impede the movement of boats 
and can get tangled in propellers, paddles, and fishing 
lines. This makes many recreational activities less 
desirable in areas infested with cabomba and thereby 
reduces tourism. In addition, cabomba is a potential 
danger to swimmers who may become entangled in 
the long stems. It also interferes with dam machinery, 
such as valves, pumps, and aerators, which leads to 
increased costs of maintenance. 

Currently, there is little that can be done to control 
cabomba once it is established (Anderson and Diatloff 
1999). Herbicides are largely ineffective and herbicide 
use is severely restricted in or around public water sup-
plies. Some managers are using floating mechanical 
‘harvesters’ to remove cabomba, but these machines 
are expensive to purchase and operate and are restrict-
ed to areas of deep water and wide channels. Caloundra 
Shire Council currently spends over AUD $200,000 
per year to physically remove cabomba around public 
areas of Ewen Maddock Reservoir using SCUBA 
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divers (R. Rainbird pers. comm.). Noosa Shire Council 
spends in excess of AUD $100,000 per year (with AUD 
$250,000 initial investment) to mechanically remove 
cabomba from a small fraction of Lake Macdonald 
using a floating weed harvester (B. McMullen pers. 
comm.). It is likely that the only method that will be 
effective in managing cabomba is biological control 
(Culliney 2005). In 2003, CSIRO Entomology began 
a project to discover and test biological control agents 
from the native range in an effort to find a long-term 
sustainable solution to this problem.

There is currently little information on the basic 
ecology of cabomba in Australia. In this paper we 
present results from ongoing surveys of cabomba 
populations from three infested lakes in south-east 
Queensland. The aims of this research were to (1) de-
termine the environmental factors that affect cabomba 
populations, (2) examine seasonality of biomass to 
assess potential constraints to biological control agent 
establishment and impact and (3) to collect baseline 
data to compare with future impacts of the agents 
should they be released.

MATERIALS AND METHODS
Cabomba populations were sampled regularly (every 
2–3 months) over 19 months from 14 September 
2004 to 16 March 2006 at three sites in south-east 
Queensland. The three sites sampled were: Lake 
Macdonald (26.38549°S, 152.92905°E), Ewen Mad-
dock Reservoir (26.79658°S, 152.99017°E) and Seibs 
Dam (26.49354°S, 152.97256°E). We stratified sites 
by depth (1 m intervals) and randomly selected three 
plots (0.25 m2) at each depth. A SCUBA diver col-
lected samples using a three-sided plot frame (in order 
to insert it at the plant base). Therefore, sample area 
was determined at the substrate level (not area at the 
water surface). All plants in the plot were collected, 
placed in plastic bags and taken to CSIRO Long Pocket 
Laboratories, Indooroopilly, Queensland. Plant height 
and number of plants were recorded per plot. Biomass 
samples were then weighed to the nearest 0.01 g after 
drying at 65°C in the laboratory.

RESULTS
Cabomba populations exhibited no seasonal patterns 
in biomass among the three lakes studied (Figure 
1a-c) over the 19 month study. Cabomba biomass 
was greatest at 2–3 m depth, but rooted plants were 
found at depths of 6 m (Figure 2). The greatest bio-
mass was 956.8 g m-2 and found in Seibs Dam at 2 m 
water depth.

Mean stem length was correlated with depth down 
to 3 m, then decreased, although variability increased 
(Figure 3). The plant with the greatest stem length 

Figure 1a-c.   Biomass of cabomba in three lakes in 
south-east Queensland. Biomass is dry weight.

Figure 2.   Relationship between depth and mean plant 
biomass (standard error bars shown).
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was 710 cm and was found growing in 4 m of water 
at Ewen Maddock Reservoir. 

The density of cabomba plants was greatest in 
shallow water and decreased with increasing depth 
(Figure 4). The greatest number of plants was 126 
plants m-2, which were sampled in Seibs Dam at 1 m 
water depth.

DISCUSSION
Although populations of cabomba were variable, they 
exhibited no discernable pattern with respect to season 
in south-east Queensland. This should be favourable 
to biological control because host plant resources 
will be available to the agents throughout the year. In 
systems with high seasonal fluctuations, like salvinia 
(Salvinia molesta D.S.Mitchell) in Kakadu National 
Park, biological control may be less effective because 
the agents overexploit their resource as host plant 
populations decline during the dry season (Julien 
and Storrs 1996). The agent populations then crash, 
causing a lag in control as the host plant population in-
creases rapidly during the wet season (Storrs and Julien 
1996). Although we found no seasonal fluctuations of 
cabomba in south-east Queensland, more information 
is needed for temperate areas where climates fluctuate 
more widely. 

Water depth was the main environmental variable 
associated with variation in cabomba abundance. 
Cabomba can grow to depths of 6 m, but biomass is 
greatest in depths of 2–3 m. In contrast, other rooted 
aquatic plants (including water lilies) are rarely found 
at depths greater than 2 m (Sainty and Jacobs 2003). 
Biomass at 1 m depth may be lower than 2 m due to 
competition with other plants and the reduced need 
for stem material (for leaves to reach the surface). 
We found that the range of depth that cabomba toler-
ated was different for the three lakes. In Seibs Dam 
cabomba did not grow below 4 m, whereas in Lake 
Macdonald the lower limit was 5 m, and in Ewen Mad-
dock Reservoir a plant was found growing in 6 m of 
water. This may be the result of light attenuation (or 
shade) through the water column. Seibs Dam is a small 
pond (<2 ha) and the water tends to be more turbid 
than Lake Macdonald and Ewen Maddock Reservoir, 
which are much larger dams (Schooler pers. obs.). In 
concurrent experiments examining the effect of shade 
on cabomba populations we have found that photo-
synthetically active radiation decreases dramatically 
with increasing water depth (Schooler unpublished 
data). 

Stem length was directly related to the depth at 
which the plant was growing from 1–3 m, whereas at 
greater depths the mean stem length decreased and 
became more variable. Reduction in stem length and 

increased variability in length at greater depths is prob-
ably a result of environmental stress. Stems growing at 
greater depths are exposed to greater water movement 
through the water column, which may break stems and 
prevent them from reaching the surface. 

Plant density was high in shallow water and 
decreased with increasing depth. This may be due 
to broken fragments lodging near the shore and 
then taking root. Plants in water >1 m tended to be 
solitary with root clumps separated from other plants, 
whereas plants in <1 m water tended to have roots 
that grew together and formed a mat. In Seibs Dam 
these mats accumulated gases and sometimes lifted 
from the substrate and turned upside down, creating 
floating masses of roots and sediment (usually 1–2 
m in diameter) nicknamed ‘sludgebergs’. The gases 
were probably microbial in origin, but possibly from 
cabomba roots. 

Figure 3.   Relationship between depth and mean stem 
length (standard error bars shown).

Figure 4.   Relationship between depth and mean plant 
density (standard error bars shown).
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In addition to continuing the population dynam-
ics research, we are currently examining the effect of 
shade on cabomba populations in the field and are de-
veloping propagation methods to conduct experimental 
trials in laboratory microcosms. Preliminary data 
indicates that full shade will destroy cabomba plants 
(reduce biomass to zero) within 62 days (Schooler 
unpublished data). 

Cabomba is difficult to propagate in aquaria be-
cause it is limited by inorganic carbon. Adding CO2 
resulted in immediate increase in growth rates from no 
growth to >1 cm per day (Schooler unpublished data). 
Carbon dioxide diffusing from the air does not sup-
ply enough carbon for the growth of most submerged 
plants (Hiscock 2003). In natural systems atmospheric 
CO2 is supplemented by microbial decomposition, but 
this supply is usually absent in aquaria. In addition, 
CO2 concentration is mediated by pH and alkalinity. 
When pH increases above 6, CO2 concentrations de-
cline precipitously and most of the remaining carbon 
is in the form of bicarbonate (Maberly and Spence 
1983). Most submerged aquatic plants cannot use 
bicarbonate as a carbon source and cabomba is one of 
these softwater plants that prefers low pH (6–7) and 
needs supplemental CO2 (Hiscock 2003). Interestingly, 
humans are decreasing the pH of many waterbodies 
through acid rain while simultaneously increasing 
atmospheric CO2 concentrations. This will likely in-
crease available CO2 concentrations in aquatic systems 
and thus increase the biomass of many submerged 
aquatic plants where the current limitation on plant 
abundance is inorganic carbon supply. 

Future research should investigate:
(1)  seasonality of cabomba populations in temperate 

climates, 
(2)  whether turbidity is responsible for the difference 

in depth restrictions we detected, 
(3)  the origin and composition of the gases trapped in 

shallow root masses, 
(4)  how and when cabomba colonises unoccupied 

areas, 
(5)  growth rates of cabomba in response to light 

intensity, and 
(6)  plant longevity. 
A more general issue to address in future research is 
in the effect of acid rain and increasing atmospheric 
CO2 concentrations on aquatic CO2 availability and the 
abundance and spread of submerged aquatic plants, 
particularly weeds.
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