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Summary
Birds are a major infl uence on the spread 
of many weeds throughout Australia. We 
report briefl y on some of the research ap-
proaches and outcomes resulting from a 
research project that has focused on the 
ecology and management of bird-dis-
persed weeds. The aims of the project 
are to develop a better understanding 
of this complex problem and to identify 
opportunities for improving the manage-
ment of this group of weeds. The fi rst 
stage of the project involved the collation 
and review of existing information via a 
bird-observer survey, and a literature re-
view focused on identifying novel man-
agement approaches to bird-dispersed 
weeds. In the second stage, a functional 
research approach was adopted to better 
understand the contribution of plant fruit 
traits to invasiveness, and how these rela-
tionships could be used to improve weed 
management. The third component of the 
project focused on the investigation of 
fruit choices and the dietary importance 
of invasive plants to fi gbirds (Sphecoth-
eres viridis). More recently, research has 
focused on testing several of the man-
agement approaches we have identifi ed 
using various model systems or species. 
The project commenced in mid-2001 and 
research has been undertaken by scien-
tists and students working within the 
CRC for Australian Weed Management 
and collaborating organizations. 

Introduction
Birds are recognized as a major disperser 
of invasive plant species in Australia. Bird-
dispersed weeds are well represented in 
Australia’s 20 Weeds of National Signifi -
cance and include weeds such as blackber-
ry (Rubus fruticosus L.), lantana (Lantana 
camara L.), bitou bush (Chrysanthemoides 
monilifera (L.) Norlindh ssp. rotundata 
(DC.) Norlindh), and pond apple (Annona 
glabra L.). In temperate Victoria, approxi-
mately 8%, or 100 species, of naturalized 
plants are fl eshy-fruited (Carr 1993). In 
subtropical south-eastern Queensland, 
approximately 25% of the top 200 inva-
sive environmental weeds and nearly 
half of the top 25 species, produce fl eshy 
fruits that are potentially bird-dispersed 

(Batianoff and Butler 2002), making the re-
gion a hotspot for bird-dispersed weeds. 
Many of these invasive species were intro-
duced for horticulture as a result of their 
attractive, abundant and brightly coloured 
ornamental or edible fl eshy fruit.

A variety of frugivorous bird species 
consume fl eshy fruits of invasive plants, 
and many of these birds are capable of def-
ecating viable seeds away from the par-
ent plant. If conditions are favourable, vi-
able seeds can then germinate, potentially 
leading to the establishment of new weed 
infestations. The management problem 
is made more challenging because many 
birds travel to unpredictable locations that 
are also diffi cult for humans to physically 
access, resulting in infestations in areas 
such as national parks, reserves and other 
wild areas that cannot be readily moni-
tored or managed. Such diffi culties are fur-
ther compounded by the complex nature 
of the problem, whereby many of the bird-
dispersed weed species have multiple bird 
dispersers. Such complexity means that it 
has been very diffi cult to develop detailed 
information regarding the dispersal proc-
esses involved and how they affect rates 
and patterns of weed spread. We briefl y 
summarize both the research approaches 
and the outcomes resulting from a Weeds 
CRC research project focusing on improv-
ing our understanding of the ecology and 
management of bird-dispersed weeds. 

Research summary
Gathering and assessing existing 
information
Initially, information was gathered via a 
specially-designed survey of bird-observ-
ers in eastern Queensland and northern 
New South Wales (Stansbury and Vivian-
Smith 2003). Bird-observers reported their 
observations of weed fruit consumption 
and the behaviour of different bird spe-
cies. The survey revealed the complex na-
ture of weed:bird interactions, with more 
than 38 bird species observed feeding on 
28 different weed species (Stansbury and 
Vivian-Smith 2003). Many problematic 
weeds, such as lantana, broad-leaf pepper 
(Schinus terebinthifolius Raddi) and Chi-
nese elm (Celtis sinensis Pers.) had fi ve or 
more different dispersers. Camphor laurel 

(Cinnamomum camphora (L.) Nees) fruits 
were consumed by an impressive range of 
20 different bird species. The observations 
revealed a general pattern that the smaller 
the fruit of the weed species, the greater 
the number of bird species observed con-
suming them.

Research then focused on bringing 
together the literature on fl eshy-fruited 
invasive plants and their dispersal mutu-
alisms, as well as the more general eco-
logical literature on frugivory and seed-
dispersal. The review took a functional 
ecology approach, examining how plant 
fruit traits (e.g. morphology, nutritional 
quality and display characteristics), avian 
traits (e.g. gut passage effects, movements 
and behaviour) and landscape structure 
(e.g. fruit neighbourhood, perch tree ef-
fects and landscape integrity) infl uence 
frugivory and seed dispersal patterns. 
This information was examined from the 
perspective of developing novel manage-
ment approaches to bird-dispersed weeds, 
specifi cally through manipulating disper-
sal (Gosper et al. 2005). 

A subsequent review (Buckley et al.
2006), developed in collaboration with a 
wide variety of international contributors, 
further explored the functional group ap-
proach to the problem of invasive plants 
and highlights other aspects, such as the 
application of modelling approaches to 
the problem and the conservation con-
cerns relating to frugivore species that are 
increasingly reliant on invasive plant fruit 
in their diets. 

Fruit trait research
Fruit traits known to infl uence fruit con-
sumption (e.g. traits associated with fruit 
morphology, pulp nutrient content, and 
phenology, Gosper et al. 2005) were quan-
tifi ed for a wide range of invasive species 
in south-eastern Queensland. The results 
indicated that many bird-dispersed inva-
sive plants produced fruits throughout 
the year, with most found to be small (<15 
mm in diameter), watery, high in sugars 
and low in proteins and lipids; although 
there were exceptions (Gosper and Vivian-
Smith submitted a). Analysis of this large 
data set was used to determine if func-
tional groups of invasive plants could be 
identifi ed based upon fruit characteristics. 
It has been suggested that traits such as 
higher energy content, seasonality of fruit 
production (e.g. when few native fruits are 
available) and smaller fruit size are factors 
that could enhance the attractiveness of in-
vasive plant fruits to birds. Relationships 
between these traits and other factors, 
such as plant invasiveness and the number 
of disperser species, were examined. 
The fruit trait most strongly associated 
with invasiveness was fruit size, with all 
highly invasive species having relatively 
small fruits. Higher diversity of bird con-
sumers was also positively correlated to 
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invasiveness (Gosper and Vivian-Smith 
submitted b). 

Frugivore diet research
To enhance our knowledge of weed fruit 
consumption from the bird’s perspective, 
a focused study of the diet of the fi gbird 
(Sphecotheres viridis Vieillot) was conduct-
ed at two sites in Brisbane and northern 
New South Wales. Figbird faecal samples 
were collected from below fi gbird roosts, 
and then sifted to identify the types and 
quantities of fruit consumed throughout 
the year. The resulting information doc-
umented weed fruit choices, the dietary 
importance of weed fruits and seasonal 
variation in these factors for this highly 
frugivorous bird (C.R. Gosper unpub-
lished data). Results from the Sherwood 
location indicated that invasive, natu-
ralized and alien plant species formed a 
signifi cant component of the diet of the 
fi gbird throughout the year, with some 
individual invasive species forming large 
dietary components at certain times (e.g. 
climbing asparagus (Asparagus africanus
Lam.) in winter, and Chinese elm in sum-
mer) (C.R. Gosper unpublished data). 

Identifi cation of management approaches 
and investigations using model systems 
or species
The knowledge gained from the collation 
and analysis of existing information and 
the novel functional trait studies provided 
a better understanding of the problem. This 
enabled the identifi cation and exploration 
of potential management approaches for 
bird-dispersed invasive plants, both con-
ceptually and using case studies (Gosper 
et al. 2005). Management approaches that 
target the seed dispersal mutualism are 
based on the assumption that the spread of 
invasive plants is, at least in part, dispersal 
limited, and that management action that 
reduces the quantity of seed dispersed or 
the location that seeds are dispersed to 
will affect invasive plant spread. The ap-
proaches we have investigated include:
1) Applying the fruit trait data to develop 

recommendations for improving our 
ability to predict the invasive potential 
of proposed introductions or recently in-
troduced fl eshy-fruited plants through 
weed risk assessment processes (Gos-
per and Vivian-Smith submitted b).

2) Applying knowledge of fruit functional 
traits and frugivore diets to provide sci-
ence-based guidelines for recommend-
ing native food plant alternatives for 
invasive plants, such as lantana, that 
may effectively compete with the weed 
species as a food source for birds (Gos-
per and Vivian-Smith in press, 2006a). 
This approach aims to foster desirable 
dispersal services (i.e. for local native 
plants) and fi lter out less desirable out-
comes, such as weed spread, whilst also 
providing food resources to support 

native frugivore populations and re-
duce the impact of weed management 
interventions upon native frugivores.

3) Determining the role of altered fruit 
quality and/or quantity, such as that 
induced by fruit-spoiling biological 
control agents, in reducing invasive 
plant seed dispersal by birds. Vivian-
Smith et al. (2006) found that in the 
case of lantana, fruit infestation by the 
fruit-and seed-damaging fl y, Ophiomyia 
lantanae Froggatt, reduced the rate at 
which fruit were removed (and pre-
sumably dispersed).

4) Investigating if particular invasive 
plant locations experience greater fruit 
removal rates than others, and there-
fore contribute more to invasive plant 
dispersal. This knowledge could im-
prove management effi ciencies by al-
lowing managers to target those popu-
lations with high dispersal rates. For 
example, Mickey Mouse bush (Ochna 
serrulata (Hochst) Walp.) in bushland 
sites experienced greater rates of fruit 
removal (and presumably dispersal 
success) than those in urban habitats 
(Gosper et al. 2006). 

5) Identifying management opportunities 
for individual invasive plant species. 
This has included a case study of fruit 
timing, seedling recruitment and seed 
longevity of the local weed Mickey 
Mouse bush (Gosper et al. 2006). A sec-
ond case study, focused on the common 
hedging plant, mock orange (Murraya 
paniculata cv. exotica (L.) Jack), has ex-
amined how popular garden plants 
can become environmental weeds. The 
study investigated dispersal and di-
etary importance of the fruit in fi gbird 
diets, as well as recruitment require-
ments, seed bank longevity and seed-
ling establishment patterns in bushland 
remnants adjoining suburbia (White et 
al. 2006).

Future research opportunities for 
investigating management approaches
Further fi eld experimentation and testing 
of each of these management approaches 
is desirable. Additionally, other manage-
ment opportunities for bird-dispersed 
invasive plants have yet to be tested (Gos-
per et al. 2005, Gosper and Vivian-Smith 
2006b). These include: the application of 
dispersal buffer or barrier zones, using 
natural features or management interven-
tions to protect important habitats or limit 
seed spread from current weed popula-
tions; and directing dispersal (e.g. via 
perch sites) to locations where invasive 
plant recruitment can be better monitored 
and managed. 

Each of the techniques we have dis-
cussed are more suited to particular stages 
of the invasion process (from prior to in-
troduction through to widespread weeds), 
and may be more effective in combination 

and when applied as part of an Integrat-
ed Weed Management strategy includ-
ing more traditional weed management 
approaches (Gosper and Vivian-Smith 
2006b).

Acknowledgments
We thank the CRC for Australian Weed 
Management for funding support to CG, 
CS and EW and summer studentships to 
Austin O’Malley, Kate Hoad and Anita 
Wilson; GVS was funded by NRW; addi-
tional funding was provided for aspects of 
the research by NHT2 (WONS-Lantana). 
We thank the many volunteers and techni-
cal offi cers who have assisted and the local 
authorities who have allowed use of the 
reserves under their management. We also 
thank Tony Grice and Dane Panetta for 
their valued input and support through-
out the project. We thank Shane Campbell 
for his input on a draft of this manuscript. 
Aspects of this research were carried out 
under Pest Animal Ethics Committee 
project number 040502. 

References
Batianoff, G.N. and Butler D.W. (2002). As-

sessment of invasive naturalized plants 
in south-east Queensland. Plant Protec-
tion Quarterly 17, 27-34.

Buckley, Y.M., Anderson, S., Catterall, C.P., 
Corlett, R.T., Engel, T., Gosper, C.R., 
Nathan, R., Richardson, D.M., Setter, 
M., Spiegel, O., Vivian-Smith, G., Voigt, 
F.A., Weir, J.E.S. and Westcott, D.A. 
(2006). Management of plant invasions 
mediated by frugivore interactions. 
Journal of Applied Ecology 43, 848-57.

Carr, G.W. (1993). Exotic fl ora of Victoria 
and its impact on indigenous biota. 
In ‘Flora of Victoria’, Volume 1, Intro-
duction, eds D.B. Foreman and N.G. 
Walsh, pp. 256-97. (Inkata Press, Mel-
bourne).

Gosper, C.R., Stansbury, C.D. and Vivian-
Smith, G. (2005). Seed dispersal of 
fl eshy-fruited invasive plants by birds: 
contributing factors and management 
options. Diversity and Distributions 11, 
549-58.

Gosper, C.R., Vivian-Smith, G. and Hoad, 
K. (2006). Reproductive ecology of in-
vasive Ochna serrulata (Ochnaceae) in 
south-eastern Queensland. Australian 
Journal of Botany 54, 43-52.

Gosper, C.R. and Vivian-Smith, G. (in 
press). Selecting replacements for in-
vasive plants to support frugivores 
in highly modifi ed sites: A case study 
focusing on Lantana camara. Ecological 
Management and Restoration, December 
2006.

Gosper, C.R. and Vivian-Smith, G. (2006a). 
Scientifi c approaches to selecting weed 
replacement plants for use by frugivo-
rous birds. Proceedings of the 15th 
Australian Weeds Conference, eds C. 
Preston, J.H. Watts and N.D. Crossman, 



Plant Protection Quarterly Vol.21(4)  2006  141

pp. 83-6. (Weed Management Society of 
South Australia, Adelaide).

Gosper, C.R. and Vivian-Smith, G. (2006b). 
Opportunities for managing the dis-
persal of fl eshy-fruited invasive plants. 
Proceedings of the 15th Australian 
Weeds Conference, eds, C. Preston, J.H. 
Watts and N.D. Crossman, pp. 59-62. 
(Weed Management Society of South 
Australia, Adelaide).

Gosper, C.R. and Vivian-Smith, G. (sub-
mitted a). Fruit traits of vertebrate-dis-
persed alien species. Australian Journal 
of Botany.

Summary
This paper will initially explore the issue 
of long distance dispersal from subur-
ban gardens of various weeds, primarily 
berry producing weeds, based on the au-
thor’s experiences and research. It will 
begin with several anecdotal case studies 
that have infl uenced the author’s perspec-
tive on the issue of long distance weed 
dispersal and educational priorities. 
These environmental weeds with long 
distance dispersal mechanisms will then 
be compared with a variety of other en-
vironmental weeds that travel much less 
distance. All of the environmental weed 
literature designed for community edu-
cation easily available in the Melbourne 
metropolitan area is then reviewed to 
demonstrate that they are not necessarily 
targeted in the most effective manner. A 
case will be made for the importance of 
well targeted educational strategies for 
the average suburb dweller emphasiz-
ing the control of long distance dispersal 
weeds such as berry producers.

Keywords: Weed dispersal, berry pro-
ducing plants, community education.

Introduction
I have had the pleasure and the burden of 
working in native vegetation across the 
greater Melbourne metropolitan area over 
the last 15 years. In that time I have worked 
in many bushland sites and observed the 
substantial invasive potential and real-
ity of environmental weeds. I have also 
watched the level of weed literature aimed 
at the general public increase markedly in 
the same period; almost every Council on 
the fringes of metropolitan Melbourne has 
developed environmental weed literature 

aimed at their residents. Throughout that 
time I have also spoken directly to many 
people from different walks of life about 
weeds and native vegetation and ob-
served admirable progress in awareness. 
However, I have also observed that much 
of the educational effort isn’t working and 
achieving runs on the board so to speak.

Although I certainly generally support 
efforts to educate the greater public about 
environmental weeds I have observed a 
distinct lack of clear analysis in the target-
ing of the educational literature that ex-
ists. There are often no clear aims for the 
educational efforts and a lack of focus on 
the highest priority problems. The biggest 
issue in my view is the sometimes over-
whelming number of weeds presented in 
brochures, all of which are problematic 
in some situations but overwhelming in 
number for educating lay people. Many 
of the weeds presented in weed brochures 
are only problems adjacent to bushland 
areas or valued garden plants that are very 
problematic in native vegetation but val-
ued elsewhere. Many people ask if all of 
these environmental weeds are problems 
in suburbia in areas distant from bush-
land; the simple answer is no. I will make 
a case that we should target environmen-
tal weed education for the wider public 
on the smaller group of weeds with long 
distance dispersal mechanisms through 
animals or stormwater, not the often over-
whelming suite of weeds presented in 
most brochures. 

Case studies
Loyn and French (1991) wrote many years 
ago now that ‘birds are likely to play an 
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important role in the spread of exotic trees 
and shrubs with fl eshy fruit…’ This fact 
will be clear to many people who work in 
bushland weed control and many years 
of personal observations have shown it 
too be true as well. These case studies are 
presented to highlight real-life situations 
where long distance dispersal of weeds is 
a common phenomenon and has substan-
tial impacts.

Silvan Reservoir catchment
Silvan Reservoir is in the northern Dan-
denong Ranges of Victoria with relatively 
high rainfall, i.e. 900 mm annually. It is 
surrounded by a closed catchment where 
public access is strictly limited although 
the site was purchased from private land-
owners in the early 20th century after al-
ienation. In addition the Melbourne Met-
ropolitan Board Works probably planted 
some exotic species. The surrounding area 
to the east of the main weed infestations 
in the catchment is comprised of small 
farmlets and undoubtedly contains many 
sources of weed seeds. 

I worked extensively in the forest on the 
east side of the reservoir in the early 1990s 
controlling woody weeds. There were ex-
tensive areas of radiata pines (Pinus radia-
ta) heavily invaded by sweet pittosporum 
(Pittosporum undulatum), boneseed (Chry-
santhemoides monilifera) and blackberry 
(Rubus fruticosus spp. agg.). Although it 
was clear that the original framework of 
radiata pine had probably been planted 
and that past disturbance had made the 
site more susceptible to invasion it was 
clear the site was being transformed by 
bird-transported seed. This was clear be-
cause the even-aged pines were surround-
ed by a multi-aged stand of woody weeds 
that produced berries eaten by birds. This 
was the classic pine-pittosporum weed-
scape I have since seen on many more sites 
in similar rainfall zones.

St. Helena bushland reserve
In the winter 1995 I was conducting sim-
ple experiments to determine how to con-
trol quaking grass (Briza maxima) in dry 
box-stringybark forests on the top of a dry 


