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Summary   This experiment investigates the relative 
contribution of shading and canopy tree species on 
lantana seedling growth in a subtropical rainforest 
environment in the McPherson Ranges of south-east 
Queensland. It explored the interactions between 
lantana seedlings and older plants of five species to 
determine what mechanisms are involved in competi-
tion between lantana and other plants and, therefore, 
expansion within intact rainforest.

Young lantana seedlings were planted under 
rainforest trees and lantana thickets and their rate of 
growth compared over a period of 24 months. Seedling 
growth was highest under lantana thickets and poorest 
under species from the primary forest guild. Some 
of the differences in growth were clearly attributable 
to the differences in canopy openness typical of the 
experimental species, but some differences seemed to 
be determined by the actual canopy species and not 
simply its canopy openness.

Keywords    Lantana,  invasion ecology,  Lantana 
camara,  rainforest ecology.

INTRODUCTION
The exotic ornamental weed lantana (Lantana ca-
mara L.) is a Weed of National Significance (Thorp 
and Lynch 2000) and is widely considered to be the 
number one weed in non-agricultural areas in south-
east Queensland (Batianoff and Butler 2002), due to 
its capacity to establish in native plant communities. 
Lantana is widespread in the subtropical rainforests 
of south-east Queensland and has, for many years, 
caused concern in relation to its role in successional 
processes and forest integrity throughout eastern 
Australia (Humphries and Stanton 1992, Fensham et 
al. 1994, Gentle and Duggin 1997, Duggin and Gentle 
1998, Day et al. 2003). 

There is much conjecture amongst weed research-
ers as to what influences infestations of lantana and its 
success as an environmental weed. There have been 
incidental reports of some facets of lantana ecology in 
relation to studies conducted on rainforest regenera-
tion in Queensland and New South Wales. Despite 
extensive qualitative observation on lantana, many 
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aspects of its ecology, biology and, more specifically, 
its invasion ecology as a weed are unclear.

The well-documented capacity of lantana to in-
vade pastures that are no longer used for production, 
on land that was previously rainforest land, does not 
necessarily mean that it can invade intact secondary 
or primary forests or after localised disturbance. The 
relative rate of growth of lantana seedlings in various 
circumstances in the forest, or successional com-
munities after forest disturbance, may well determine 
whether lantana can displace other species. 

The goal of this study is thus to determine how 
lantana seedlings perform in primary and secondary 
forests, compared with under established lantana, par-
ticularly as the amount of shade imposed by specific 
canopy species varies. 

The specific aim of this experiment was to inves-
tigate the relative contribution of: shading and canopy 
species, in seedling survival and growth; to contrast 
these results between lantana and native species; and 
to extrapolate the interactions that occur between older 
plants to determine what mechanisms are involved in 
the suppression of lantana seedling establishment in 
intact rainforest.

MATERIALS AND METHODS
Study site   The study was conducted in a relatively-
undisturbed secondary rainforest community at 
Springbrook, in the hinterland of the Gold Coast, 
Queensland (elevation ~690 m). The annual average 
temperature for the site is 15°C and the area has an 
annual rainfall of around 2500 mm, spread throughout 
the year, with the maximum occurring through sum-
mer/autumn (December to May).

Methods   For this study, lantana seedlings were 
planted under both rainforest trees and established 
lantana and their survival and rate of growth over 
a period of 24 months was recorded. The suntrack 
canopy gap fraction (CGF) (Zancola et al. 2000) was 
measured to provide an inverse measure of shading. 
The growth rate of seedlings was compared with the 
amount of shading, as well as the species under which 
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they were growing, to determine the relative contribu-
tions of shading and canopy species to growth. The 
experiment permitted the separation of shading and 
species-specific effects.

Specifically, lantana seedlings were transplanted 
into the rainforest. Seedlings were transplanted under 
20 native trees (five each of four native species) and 
under five lantana patches. In total 100 lantana seed-
lings were planted. Every month for 24 months, each 
seedling was measured. The four different rainfor-
est species were two primary forest species; native 
tamarind (Diploglottis australis (G.Don.) Radlk.) 
and black apple (Pouteria australe (R.Br.) Baehni); 
and two secondary forest species; blackwood (Acacia 
melanoxylon R.Br.) and red ash (Alphitonia excelsa 
Reissek ex Endl.).

Measurements were taken of the growth vari-
ables: health (alive or dead), height, stem width, total 
leaf area of the largest three leaves, branch total and 
leaf total.

Analysis   This experiment attempted to explain 
any differences in the growth of lantana seedlings in 
terms of the canopy species under which they were 
growing, as well as the density of that canopy. An 
analytical strategy was used to determine which of 
these effects, or both, were necessary to explain dif-
ferences in growth.

As several variables were measured repeatedly, for 
the same seedlings, at regular monthly intervals, the 
data were analysed using a repeated measures, 2-way 
factorial ANOVA with canopy tree as factors and sun-
track CGF as a covariate. The dependent variable was 
any of the growth variables. However, as we wished to 
know the effect of canopy species on seedling growth 
overall and not over a monthly basis, the increments 
between months were calculated, which should have 
removed serial correlation in growth values and 
allowed an independent observations analysis. We 
expected that there would be differences attributable 
to ‘month’, but we were also interested in the growth 
over the whole two years of this study. 

It was expected that there could be significant 
differences in the canopy openness between primary 
and secondary species, and lantana. An analysis, with 
canopy species as the dependant variable and canopy 
openness as the response variable, was considered 
helpful in showing these differences, if they occurred. 
Where strong differences in the canopy openness are 
shown between canopy species, any difference in the 
response of seedlings to canopy species may be driven 
by canopy openness.

RESULTS AND DISCUSSION
Seedling height   In terms of simple height incre-
ments, lantana seedlings grew faster under the second-
ary forest species and a canopy of lantana than under 
primary forest species (Figure 1, open squares). When 
the density of canopies, especially the relatively open 
canopy of lantana, was controlled for, the difference in 
height increment under primary and secondary forest 
species remained, but growth of lantana seedlings un-
der a lantana canopy was more like that of the primary 
forest species (Figure 1, closed squares).

When attention was paid to the effect of canopy 
openness, after allowing for the effects of canopy spe-
cies, height increment of lantana seedlings increased 
as canopy openness increased.

Seedling width   A simple model, containing only 
canopy openness indicates that differences in stem 
width of lantana seedlings were attributable to canopy 
openness (Figure 2, P = 0.00001). This simple model 
best explains differences seen in the change in width of 
stems of lantana seedlings and any differences between 
canopy species are entirely attributable to differences 
in canopy density of each species.

Total number of leaves   Lantana produced signifi-
cantly more leaves under its own canopy than the native 
species, but once controlled for canopy openness, this 
effect is attributable simply to the open canopy of this 
species (Figure 3).

Figure 1.   Lantana seedling height increment (mm) 
(open square) compared with height increments 
when controlled for canopy openness (closed square) 
under different canopies (means ± 95% confidence 
intervals).
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Total area of the three largest leaves   Even after al-
lowing for differences attributable to canopy openness, 
the area of the three largest leaves was significantly 
smaller under lantana than under secondary forest 
species canopies and also under the primary forest 
species, native tamarind (Figure 4). 

Total branches   The simple model containing only 
canopy openness provided the best explanation of dif-
ferences in branch production (Figure 5). Differences 
that could be found between canopy species were at-
tributable simply to differences in canopy openness. 
Lantana stems produce more branches under canopies 
that provide more light.

Overall summary   Lantana seedlings grow taller and 
wider under the relatively open canopy of a lantana 
thicket than the native rainforest species studied here. 
Generally, measures of growth suggest that lantana 
seedlings develop somewhat better, by a range of 
measures, under secondary forest species than primary 
forest species, although for some growth variables this 
is entirely explained by the more open canopy of the 
secondary forest species. In terms of the conditions 
that a lantana seedling would encounter in the field, 
best growth occurs under lantana thickets and poorest 
growth under tree species that are part of the original 
‘old growth’ forests of the area. 

Figure 2.   Regression plot of lantana seedling stem 
width increment (mm) on canopy openness (CGF) (± 
95% confidence bands).

Figure 3.   Lantana seedling leaf total increment (open 
square) compared with leaf total increment when con-
trolled for canopy openness (closed square) (means ± 
95% confidence intervals).

Figure 4.   Lantana seedling leaf area (mm2) (open 
square) compared with leaf area when controlled 
for canopy openness (closed square) under different 
canopies (means ± 95% confidence intervals).

Figure 5.   Regression plot of lantana seedling branch 
total increment on canopy openness (CGF) (± 95% 
confidence bands).
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The relatively poor growth of lantana seedlings 
under the canopy of primary forest species was not 
always explained by the denser canopy typical of these 
two species. Other factors, such as competition for 
nutrients or water apparently play a part in suppres-
sion of pioneers and invasive species in proximity to 
these species.
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