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Summary   Research into  seed dispersal and  weed 
management has to a remarkable extent been con-
ducted in isolation. Here we suggest that there is much 
to be gained by combining the knowledge of the two 
fields. We give examples of how an understanding of 
seed dispersal in rainforest systems can be utilised 
in meeting the threat of invasions. We outline how a 
knowledge of dispersal can allow  predictions of the 
types of dispersers likely to be available to a potential 
or novel invader. We then describe how this informa-
tion can be used to predict the scale of dispersal and, 
from this, invasion patterns in different parts of the 
landscape. We provide examples of how this informa-
tion can be used to guide management decisions in the 
face of an impending invasion and in the early stages 
of invasion when knowledge of the species’ ecology 
in the field is limited.

INTRODUCTION
Invasive species represent one of the major current 
environmental threats faced by both agricultural and 
natural ecosystems. An important determinant of 
the rate and pattern of spread of any plant species, 
including invasive species, is its dispersal character-
istics; how, how far and in what manner it is dispersed 
(Nathan and Muller-Landau 2000). Although new to 
a particular area, invasive species rarely rely on novel 
dispersal processes for spread, instead co-opting dis-
persal processes already existing in the new environ-
ment. In tropical rainforests, vertebrate dispersal is the 
dominant form of seed dispersal for woody plants, with 
between 75 and 95% of species being adapted for dis-
persal in this manner (Willson et al. 1989). This means 
that in a tropical rainforest fleshy-fruited weed species 
will find abundant and effective dispersal services in 
the form of the dispersers already present and adapted 
to feed on fleshy-fruited species.

Despite the common perception that plant commu-
nities such as tropical rainforests are, due to their high 
diversity, relatively immune to invasion (Fine 2002), 
Australia’s rainforests are currently facing invasion by 
dozens of plant species. A large proportion of these 
invasive species are vertebrate dispersed (Murphy et al. 
2006). These weeds include significant environmental 
weeds such as Annona glabra L., Lantana camara L. 
and a variety of shrubs in the family Melastomaceae, 

as well as apparently more mundane species such as 
Coffea arabica L. and Mangifera indica L. 

To date, management of invasive species in 
rainforests has focused on the eradication of known 
infestations and is usually supplemented by minimal 
knowledge of aspects of the focal species’ dispersal 
ecology. There has been little research concerning 
the dispersal of environmental weeds (Buckley et al. 
2006). However, since a species’ dispersal ecology 
is an important determinant of its rate and pattern of 
spread, an understanding of the dispersal ecology of an 
invasive species has the potential to be a powerful tool 
in management. The catch here is that there is often 
little time in which to study a new invader’s dispersal 
ecology as the earlier in the invasion process at which 
management begins the greater the likelihood there is 
of successful eradication.

In this paper we describe a method for predicting 
important aspects of the dispersal ecology of a novel, 
vertebrate-dispersed, invasive species based on an 
understanding of dispersal processes in natural sys-
tems. This approach is based on the idea that, in most 
ecosystems (especially those that are highly diverse 
such as tropical rainforests), the majority of individual 
species share fruit and seed traits related to dispersal 
with many other species already present in a habitat. 
Thus, an understanding of native species can be gen-
eralised to new invasive species to provide estimates 
of likely dispersers, seed handling and survival, and, 
perhaps most importantly, likely dispersal distances 
of seeds away from the parent plant, i.e. the dispersal 
curve or kernel. We suggest that such information 
can provide the basis for an immediate and informed 
management response.

Estimating dispersal distances   Our approach has 
five steps: 1) documentation of the relative contribu-
tions of each disperser functional groups (FG) to the 
dispersal of each fruit FG, 2) definition of fruit and 
disperser FGs, 3) descriptions of gut passage rates of 
each fruit FG through each disperser FG, 4) descrip-
tion of disperser movement rates, and 5) estimation of 
dispersal distances.

In the first step, we document the interactions that 
occur between these groups. We do this by observing 
patterns of frugivore visitation to fruiting trees, or 
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focal tree watches. During focal tree watches, observ-
ers with binoculars record the frequency of visitation, 
the length of visits, the rate, method and the proportion 
of the crop removed by each functional group. This 
data is used in a number of the following steps.

We then define fruit FGs in order to allow classi-
fication of fruits by traits that are relevant to dispersal. 
This classification allows a new invader to be assigned 
to a fruit FG and enables identification of the types of 
dispersers that are likely to consume it and the nature 
of the dispersal it is likely to receive. The classification 
of fruits into categories of species, which share similar 
dispersal traits reduces the species complexity but 
preserves information on the important mechanistic 
traits of those species. We classify fruits on the basis 
of their morphological traits that are most likely to 
influence a frugivore’s ability to disperse seeds. These 
traits include the nature of the reward a fruit offers the 
frugivore, its size and that of its seeds, and the number 
of seeds it contains.

We also use functional classifications to group the 
dispersers with which each fruit FG interacts (Dennis 
and Westcott in press b). The factors that we use to 
derive disperser FGs relate to the quantity of seeds 
moved, the quality of handling and the diversity of 
seeds moved, which are attributes based on the ef-
fectiveness parameters described by Schupp (1993). 
Overall, we classify some 1300 fruit and 65 disperser 
species into nine fruit and 15 disperser categories while 
maintaining sufficient detail to realistically describe 
the process and the participants.

The third step is to identify how far individual 
disperser FGs disperse consumed seeds. For dispersers 
that ingest seeds we assume that dispersal distance is a 
function of i) the time frugivores retain seeds, and, ii) 
the distance they move during this time. To estimate 
retention time we use gut passage experiments. Rep-
resentative species of each disperser FG are brought 
into captivity and fed fruits of each functional group. 
Retention time is recorded as the time it takes seeds to 
transit the disperser’s digestive system (Figure 1).

To document how far dispersers move during the 
time they retain seeds we use continuous radio-telem-
etry, i.e. long sequences of telemetry ‘fixes’ with high 
temporal resolution, to describe frugivore movement 
patterns (Westcott et al. 2005). A radio-tagged dis-
perser’s location at any given point in time, or a ‘fix’, 
is determined by triangulating bearings from GPS 
mapped stations. Three to six simultaneous bearings 
are used to estimate each fix. We strive to keep the 
interval between fixes at ≤ five minutes and follow 
animals for at least their maximum gut passage time. 
The data produced during these sessions is a series of 
fixes represented as x and y coordinates against time. 

When mapped, the sequence of fixes for a telemetry 
session represent the disperser’s movement pathway 
during that session.

The distance a seed is dispersed, however, is not 
the length of the animal’s movement pathway but rather 
the straight-line, displacement distance between where 
it was ingested and where it is dropped (Westcott et 
al. 2005). For each telemetry session we choose 15 
random starting times such that their frequency dis-
tribution matches the disperser’s diurnal distribution 
of foraging as determined during focal tree watches. 
Each starting time is analogous to the ingestion of a 
seed. From this starting point we then calculate the 
dispersal, i.e. disperser displacement distance, for 
each gut passage time recorded for that fruit functional 
group and through that disperser FG. This process 
is repeated for each telemetry session and for each 
individual tracked to give the dispersal curve for that 
disperser species or disperser FG.

For species that do not ingest seeds, dispersal dis-
tances are not a function of how long they retain seeds 
but rather of factors that influence where they cache 
or transport seeds for consumption. Consequently, 
for species such as rats and musky-rat kangaroos we 
use a seed tagging approach to document dispersal 
distances directly.

The final step, once dispersal curves have been 
estimated for each frugivore functional group, is to 
combine the dispersal curves to produce the complete 
dispersal curve, i.e. a dispersal curve that includes the 
contributions of all dispersers. An important point 
here is that not all disperser FGs contribute equally 
to the dispersal of each fruit FG. Consequently, data 
on fruit removal collected during focal tree observa-
tions must be used to scale the curves of the different 

Figure 1.   Gut passage rates of small multi-seeded 
fruit seeds through the ‘within-forest medium sized 
disperser’ functional group (FG).
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frugivore groups before they are combined (Figure 2). 
The resulting complete dispersal curve incorporates 
the contribution of all disperser FGs in proportion to 
their contribution to fruit removal.

Application to a newly detected weed   The generali-
sation of dispersal data from native species to invasives 
is relatively simple. A newly detected weed species is 
assigned to the appropriate fruit FG based on its fruit 
morphology. This allows identification of the species 
likely to disperse it and based on this, a prediction of 
its likely dispersal distances (Figure 2).

The resulting dispersal estimates are exactly that, 
estimates, they are not direct measures of actual dis-
persal. Despite this, they provide managers with an 
immediate indication of the nature of dispersal the new 
invasive is likely to receive and, from this, an indication 
of the kind of response that is most appropriate. For 
example, knowing how far seeds are likely to be dis-
persed provides a clue as to how far to extend searches 
for new recruits from initial infestations. Also, some 
indication of the proportion of recruits that are likely 
to be found by a search extending a given distance 
from the infestation is available.

Our approach requires a detailed understanding of 
dispersal of native species but provides an approach 
that minimises the investment required. Though this 
may still seem a daunting task the fact that we have 
achieved it for the most complex terrestrial eco-
systems; tropical rainforests, suggests that it could 
be readily achieved for many other systems and, in 

doing so, would provide managers with a valuable 
first response tool.
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Figure 2.   Estimated complete dispersal curve for 
a small multi-seeded species. The invasive species 
Miconia calvescens would belong to this fruit func-
tional group.
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