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Summary
In this overview of research on the two 
environmental weeds bitou bush (Chry-
santhemoides monilifera subsp. rotun-
data (DC.) T.Norl.) and boneseed (C.m. 
subsp. monilifera (L.) Norl.), I list some 
of the more significant milestones in 
previous research as I perceive them be-
fore assessing the effectiveness of some 
present research. Throughout, I empha-
size the importance of understanding 
the ecology of these two subspecies in 
southern Africa (their region of origin), 
especially as it relates to their manage-
ment in southern Australia using bio-
logical agents. Further quantifi cation of 
the impacts of bitou bush and boneseed 
in reducing native biodiversity will be 
necessary information for the future, 
especially for boneseed. For more effec-
tive management of the weeds, it will be 
necessary to continue to exclude entry to 
Australia and New Zealand of the other 
four subspecies of Chrysanthemoides 
monilifera known from southern Africa. 
An optimal combination of agents for 
biological control of boneseed in south-
ern Australia and New Zealand is also 
called for, as is the smarter re-vegetation 
of areas on which bitou bush and bone-
seed have been weakened by on-going 
management. The positive roles of bitou 
bush and boneseed in stabilizing dunes 
and in providing early winter food for 
some migrating native birds will become 
more signifi cant as these re-vegetation 
programs progress. Other impacts, either 
positive or neutral, on different groups 
of species and ecological processes must 
also be addressed before an integrated 
management system can be formulated 
to further reduce the negative impacts on 
coastal ecosystems of these two weeds of 
Australasian signifi cance.

Introduction
Within the family Compositae (Asterace-
ae), the genus Chrysanthemoides is close-
ly related to Osteospermum sens. strict. 

Norlindh (1943) treated Linnaeus’ taxon 
Osteospermum moniliferum of 1753 as Chry-
santhemoides monilifera, a polymorphous 
species occurring widely in southern Af-
rica; he delimited fi ve geographic races of 
the species (which he termed subspecies) 
that predominate in respective regions 
of southern Africa, such that C.m. subsp. 
rotundata occurs naturally along the east-
ern coast of South Africa from about Port 
Elizabeth north to Lourenco Marques in 
Mozambique, and C. monilifera sens. strict. 
is confi ned naturally to the southwestern 
Cape. These are the only two subspecies 
of Chrysanthemoides monilifera known to 
be present in Australia (Gray 1976), called 
bitou bush and boneseed respectively. In 
New Zealand only boneseed occurs, as far 
as is known (Webb et al.1988).

Bitou bush is thought to have been 
introduced accidentally to Australia in 
ship’s ballast from eastern South Africa 
to Stockton, near Newcastle (Gray 1976), 
from whence it was spread naturally (by 
birds) and was spread deliberately for ero-
sion control of sand dunes (Barr 1965). Bi-
tou bush now occurs locally also in south-
ern Queensland and at several sites in 
Victoria. The date of introduction of bone-
seed to Australia is unknown, though it 
was recorded as present in Sydney in 1852 
(Gray 1976), presumably introduced delib-
erately as a garden plant. The fi rst record 
for boneseed in Victoria is 1858 for the Mel-
bourne area, also for a garden plant (Par-
sons 1973). The species now occurs widely 
in Victoria, South Australia, Tasmania and 
locally in New South Wales (NSW) and 
southwest Western Australia. Boneseed’s 
mode of introduction to Auckland, New 
Zealand in 1870 (Webb et al.1988) is not 
known, but was presumably also deliber-
ate for horticulture. 

Wherever they occur in conserved areas 
of natural vegetation, both subspecies are 
regarded as major weeds and are declared 
noxious because of their deleterious effects 
on biodiversity. They are not, however, re-
garded as weeds of grazing or cultivated 

land. In Australia, both subspecies now 
have the added status of being Weeds of 
National Signifi cance (Thorp and Lynch 
2000). 

In this paper fi rstly I shall nominate 
some milestones as I perceive them in past 
taxonomic and ecological research on bi-
tou bush and boneseed, before reviewing 
briefl y and somewhat selectively present 
progress on the ecology and management 
of these two environmental weeds. I will 
conclude by suggesting some areas for re-
search and management that I see as espe-
cially desirable for the more effective con-
servation of coastal ecosystems in which 
these weeds presently occur.

Some milestones in past research
Norlindh’s taxonomic paper published in 
1943 was certainly a milestone in delineat-
ing the taxa, especially in relation to inter-
preting subsequent Australian efforts at 
biological control (Table 1). Munro (1950) 
described the herbivory of seed fl ies in 
the genus Mesoclanis on Chrysanthemoides 
fl owers and fruits in South Africa; his tax-
onomic paper was one reason for Neser 
and Morris’s later (1985) and cautious op-
timism for a future program on biological 
control of these two weeds, an optimism 
that has been borne out subsequently, at 
last for bitou bush (see later). 

In 1974, the Australian Weeds Com-
mittee considered a proposal for initiat-
ing research on the biological control of 
four weeds of South African origin, in-
cluding the environmental weeds bitou 
bush and boneseed and bridal creeper 
(Asparagus asparagoides (L.) Druce). Whilst 
that committee accepted the cases for the 
two agricultural weeds, viz. oxalis (O. pes-
caprae L.) and spiny emex (Emex australis 
Steinh.), the majority of members did not 
support the cases for initiating a search 
for potential biological control agents of 
either Chrysanthemoides or Asparagus. Soon 
after (September 1974–March 1975), when 
I was on sabbatical leave in South Africa, 
I did however check herbarium speci-
mens of each plant species in both Preto-
ria and Cape Town and accumulate some 
information on their biological variation 
and their ecology. It was not until 1984, 
however, that the NSW Department of 
Agriculture and the NSW National Parks 
and Wildlife Service jointly sponsored a 
conference on bitou bush and boneseed 
and signifi cant progress began to be made 
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nationally (Love and Dyason 1985). For 
that conference held at Port Macquarie, the 
widespread occurrence of bitou bush on 
the NSW coast was mapped (Love 1985), 
the effectiveness of different management 
methods (fi re use; Lane 1985) and herbi-
cide application (Love 1985) for both sub-
species were reviewed, and the chances 
for biological control by insects and fungal 
pathogens were considered by two South 
African scientists (Neser and Morris 1985). 
I rate the proceedings of that conference as 
an especially signifi cant milestone. 

As a direct consequence of the Port Mac-
quarie conference, I was asked to prepare 
a budget for a biological control program 
for bitou bush and boneseed, a proposal 
which was ultimately accepted by the then 
Council of Nature Conservation Ministers 
(CONCOM, later to become ANZECC). A 
CONCOM Working Group was established 
soon thereafter in 1986/7 which oversaw 
both the gathering of funding from the 
various State agencies, Environment Aus-
tralia and CSIRO, and its expenditure on 
a survey of potential agents and the ecol-
ogy of the host plant subspecies in South 
Africa. The South African laboratory was 
based fi rstly at Rhodes University in Gra-
hamstown for research on Emex australis, 
but soon moved to the University of Cape 
Town where it started surveys on Chrysan-
themoides in 1987. The fi eld release in Aus-
tralia of the bitou tip moth (Comostolopsis 
germana Prout) as early as 1989 and of the 
seed fl y Mesoclanis polana Munro in 1996 
were notable early results of the South Af-
rican program in terms of the subsequent 
effectiveness of biological control of bitou 
bush. Both reduced seeding of the weed. 
Three other agents (including Chrysolina 
scotti Daccordi) were introduced and fi eld-
released also in 1989 in Australia for con-
trol of boneseed; other agents were con-
sidered and some released subsequently 
(e.g. the species of Cassida now established 
around Sydney; Scott and Adair 1990) but 

none, as yet, seems to have been effective 
in limiting seeding or plant populations 
of boneseed. 

The Co-operative Research Centre 
(CRC) for Weed Management Systems was 
established in July 1995 and signifi cant ad-
ditional funding for research and manage-
ment began to be provided for these two 
major weeds through the CRC’s program 
for Natural Ecosystems (Program 3). Sev-
eral more agents were tested and released, 
including the defoliator Tortrix sp., and 
best practice management guides were 
produced for each subspecies to help fi eld 
managers and coastal re-vegetation teams. 
Attempts at closer integration of the dif-
ferent individual control methods were 
made, both for bitou bush (J. Vranjic per-
sonal communication) and for boneseed 
(R. Melland personal communication).

More recent research in NSW has fo-
cused on the impacts of bitou bush on 
different aspects of biodiversity; this ap-
proach has been productive in terms of 
defi ning the number of plant and animal 
species at risk, some plant and animal 
populations and the number of plant com-
munities threatened by weed invasion. 
Recent research has also has emphasized 
the benefi cial role of C. monilifera fruits in 
providing food for native birds, especially 
migrating ones such as the swift parrot 
(Lathamus discolor), at a time in early winter 
when the native coastal species have yet to 
fruit (see Gosper 2003, DEC 2006, Coutts-
Smith and Downey 2006, French 2008, for 
detail). Research on this topic provides 
a sound basis for defi ning the impact of 
bitou bush on biodiversity, although its 
extension to other regions and to the con-
generic boneseed is still required.

Taxonomy, distribution and ecology 
in southern Africa
The natural distribution of C.m. subsp. 
rotundata and of C. monilifera sens. strict. 
(Figure 1) shows that the two subspecies 

do not overlap in their distribution com-
pared with some of the other four sub-
species (Norlindh 1943). Bitou bush is 
strictly coastal in the predominantly sum-
mer-rainfall region of eastern South Af-
rica, except for a few populations inland 
of Durban (towards Pietermaritzburg), 
whilst boneseed occurs in predominantly 
winter-rainfall areas of the western Cape 
coast and inland to an altitude of about 
1000 m. Boneseed in South Africa is found 
mainly on mountainsides (cf. bitou bush’s 
preference for coastal sands); bitou bush 
in its native range seems less able to toler-
ate shade from an overstorey than does 
boneseed (personal observation). The geo-
graphic separation in natural distribution 
of the two subspecies facilitated searches 
for potential biological control agents ap-
propriate to each subspecies. The ecologi-
cal differences between the two subspecies 
in southern Africa seem to apply almost 
equally to their present distribution pat-
terns in southeastern Australia.

Norlindh (1943) described hybrid mate-
rial between several of the subspecies in 
South Africa. In eastern Australia, hybrids 
between the two subspecies are known to 
occur (P. Weiss personal communication, 
R. Adair personal communication). 

Impacts of bitou bush and boneseed 
in Australia
The negative impacts of bitou bush on 
a range of native plant and animal spe-
cies and natural plant communities is 
now documented for NSW (DEC 2006, 
Coutts-Smith and Downey 2006, French 
2008). Many such species (at least 34, of 
which plant species such as Thesium aus-
trale R.Br and Zieria prostrata J.A.Armstr. 
are two notable instances), populations (of 
at least two plants and one animal) and 
communities (at least fi ve, of which the 
Eastern Suburbs Banksia Scrub and the lit-
toral rainforest at Iluka are of especial sig-
nifi cance) are known to be endangered or 
threatened from bitou bush invasion (Ta-
ble 6.4, Coutts-Smith and Downey 2006). 
So great is this overall negative impact that 
bitou bush invasion was listed as a Key 
Threatening Process by the NSW govern-
ment and a Threat Abatement Plan fi nal-
ized recently (DEC 2006). 

T. Mullett (personal communication) 
showed for an invaded coastal heathland 
at Hat Head National Park in northern 
NSW that plant species abundance de-
clines by as much as 75% as vegetative 
cover of bitou bush increases (Figure 2); 
this result is for above-ground vegetation. 
The extent of decline is similar for com-
munity cover-abundance scores along the 
same transect. The diversity of species rep-
resented in the soil seed pool was largely 
unaffected, however, by bitou bush cover 
levels (Figure 2). (The latter result should 
give hope to re-vegetation teams active in 
this region.)

Table 1. Some signifi cant milestones in previous research on 
Chrysanthemoides monilifera – a personal interpretation.
Date Milestone Reference
1943 Taxonomy and distribution pattern in S. Africa Norlindh (1943)
1950 Identifi cation of seed-eating fl ies in S. Africa Munro (1950)
1974 Meeting of the Australian Weeds Committee
1976 Taxonomy and distribution pattern in Australia Gray (1976)
1983 Ph.D. thesis on bitou bush/Acacia relationships Weiss (1983)
1984 National Conference held at Port Macquarie Love and Dyason (1985)
1986/7 CONCOM Working Group established
1989 Comostolopsis germana release Scott and Adair (1990)
1995 CRC for Weed Management Systems established
1996 Mesoclanis polana release Edwards (personal 

communication)
2003+ Impacts of bitou bush on biodiversity defi ned Gosper (2003), DEC (2006), 

Coutts-Smith and Downey 
(2006), French (2008)
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One negative impact of bitou bush 
on coastal ecosystems is its ability to al-
ter dune morphology (Heyligers 1985) 
from the dune shaping by native species 
such as Spinifex sericeus R.Br and Acacia 
longifolia subsp. sophorae (Labill.) Court. 

On the other hand, and one reason for its 
earlier deliberate planting along the NSW 
coastline, bitou bush can effectively sta-
bilize dune systems already eroded as a 
result of cattle grazing and human usage 
– a one-time positive impact on coastal 

ecosystems (Barr 1965). Bitou bush nega-
tively impacts habitat opportunities for 
a range of animals, especially reptiles, as 
well as providing cover and food for pest 
animals, such as foxes. Bitou bush can pro-
vide food for introduced birds and thus 
impact negatively on native bird abun-
dance (Gosper 2003). Food supplies for 
both resident and migratory frugivorous 
native birds can be limiting in non-in-
vaded coastal ecosystems in early winter. 
Gosper (2003) showed a positive impact of 
bitou bush in that the early winter fruiting 
season of bitou bush in invaded vegetation 
can fi ll a food niche for such birds until the 
fruit supply from native species, such as 
Elaeocarpus spp., becomes available later 
in the winter and early spring. This posi-
tive impact on native bird diversity is of 
especial value to the annual migration pat-
tern of the endangered swift parrot as it 
moves north from southern Tasmania in 
early winter.

In summary, bitou bush impacts over-
whelmingly negatively on the biodiversity 
of the coastal ecosystems it has invaded, 
but it also has some little-recognized posi-
tive impacts on coastal geomorphology 
and some groups of native animals. Re-
sults on the impacts of boneseed on bio-
diversity are few for southern Australia 
or for New Zealand but presumably they 
are generally similar to those for bitou 
bush. For instance, McAlpine and Tim-
mins (2002) identifi ed boneseed as posing 
a threat to native seedling recruitment in 
New Zealand.

Figure 1. Distribution of the two subspecies of Chrysanthemoides monilifera in southern Africa as mapped by 
Norlindh (1943) from herbarium specimens: (a) C.m. subsp. rotundata; (b) C. monilifera sens. strict. (Redrawn from 
Norlindh 1943).

(a) (b) 

Figure 2. Impacts of bitou bush invasion on three measures of native plant 
diversity as measured by mean cover-abundance (%) for (a) individual 
species, (b) community and (c) soil-stored seed, along a 33 m transect 
in coastal heath at Hat Head National Park, NSW (Mullett personal 
communication).
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Present management of vegetation 
invaded by Chrysanthemoides
Methods of weed management range from 
the regional exclusion of entry of plant 
material (quarantine) through noxious 
weeds legislation to hand-pulling of 
seedlings, removal of mature plants by 
mechanical, physical (fi re), chemical or 
biological means, to active re-vegetation 
of invaded sites by planting of competitive 
native species and promoting the germi-
nation of native soil-stored seed. The most 
effective management systems seem to be 
combinations of at least some of these dif-
ferent methods integrated with the biol-
ogy of both the invasive species and its na-
tive associates (Groves 1989). I next wish 
to touch on fi ve components of the overall 
present management system.

1. Past and present management of their 
respective quarantine services have 
kept the other four subspecies of C. 
monilifera out of both Australia and 
New Zealand and have kept bitou 
bush out of New Zealand to date. That 
is a major achievement because these 
other four subspecies have the poten-
tial to occupy regions different from 
the coastal ones invaded at present by 
bitou bush or boneseed. For instance, C. 
m. subsp. canescens occupies montane 
regions (between 1500–2000 m) along 
the eastern escarpment of the Draken-
sberg in South Africa (Norlindh 1943) 
and probably has a similar potential 
should it ever be found in Australasia.

2. Chrysanthemoides monilifera can still 
be seen as a cultivated plant in home 
gardens (Groves personal observation) 
and as a hedging plant in a caravan 
park (Weiss personal communication), 
despite the species being declared a 
noxious weed in most regions. Such 
occurrences may act as foci for future 
infestations and, though fortunately 
rare now, vigilance in detection of new 
occurrences is still required.

3. Aerial application of herbicides to 
coastal vegetation invaded by bitou 
bush is now widespread and, if timed 
to take place in early winter when the 
major native plant species are not grow-
ing, can be successful in reducing weed 
dominance (Toth et al. 2008). Some small 
herbs in the understorey, including or-
chids, may still be adversely affected by 
such treatment, however.

4. Biological control of bitou bush has 
been relatively successful in NSW in re-
ducing the growth of established plants 
and, presumably, in reducing seed out-
put and its incorporation into the soil 
seed pool. 

5. Some local community programs have 
been very successful at maintaining 
coastal vegetation weed-free in the 
medium term, e.g. that at Diamond 
Head in northern NSW which has been 

going for 27 years (Dodkin personal 
communication, Mardell 2008) and that 
at Iluka going for 11 years (J. Thomas 
personal communication). These two 
examples and some others show what 
can be achieved through local group 
dedication to the task and effective fa-
cilitation by local agency staff. Some 
regional programs, such as that on 
the NSW south coast (Thompson and 
Pomery 2008), involve co-ordination of 
effort and funding across several shires 
(Shoalhaven, Eurobodalla and Bega) 
and a pooling of regional resources, an 
approach that seems to be more pro-
ductive than individual smaller-scale 
programs. In all such instances, howev-
er, a low level of continued hand-pull-
ing effort is and always will be required 
to remove newly emergent plants, the 
seed for which has been brought in by 
birds which have fed in vegetation that 
still has some fruiting plants present.

Present management are most effective 
in situations where different methods of 
control have been combined with the re-
lease of several biological control agents 
and medium-term programs of native spe-
cies re-vegetation to limit re-infestation by 
bitou bush. In the next section, I wish to 
point to several aspects of overall manage-
ment that may be even more effective in 
the future.

Towards more effective 
management
Quarantine in both Australia and New 
Zealand has been effective in excluding 
the four other subspecies of C. monilifera 
(and also the congener C. incana) known 
from South Africa. From the distribution 
maps published by Norlindh in 1943, it 
seems that C.m. subsp. pisifera, with its 
preference for sandy soils (Adair personal 
communication), may have the widest 
natural ecological range in the Cape Prov-
ince. Both countries should be on the alert 
to prevent entry of this taxon and thereby 
prevent replication of what is a major 
problem in biodiversity management. The 
task of keeping C.m. subsp. rotundata out 
of the North Island of New Zealand is an 
equally formidable challenge for quaran-
tine managers of that region.

Much research effort and funding has 
gone in to biological control programs 
for the two subspecies of C. monilifera 
(Downey et al. 2007). To date, only that for 
bitou bush has been effective, although the 
quantitative extent of reduction in plant 
population density seems not to have been 
measured. Whether a greater effort and 
more funds are required to bring about 
effective control of boneseed populations 
is unsure at this time. It is especially dis-
appointing that fi eld releases of Chrysolina 
spp. and ‘Tortrix sp.’ have not matched 
their observed behaviour in South Africa. 
This behavioural difference needs further 

investigation, if biological control of bone-
seed is to be as seemingly effective as that 
for bitou bush in NSW. Perhaps the even-
tual release of Tortrix sp. in New Zealand, 
with its depauperate ant fauna relative to 
Australia, will be helpful in understand-
ing some reasons behind the hitherto un-
successful releases of insects for boneseed 
control.

I have already mentioned the effective 
regional partnerships formed to integrate 
management on the NSW south coast 
(Thompson and Pomery 2008). Land man-
agers in other regions may well benefi t 
from an increased level of co-operation in 
the sharing of funding opportunities and in 
co-ordinating weed management systems. 
Increased regional co-operation through-
out southern Australia would mimic the 
already high level of co-operation between 
research scientists both within Australia 
and internationally, involving South Af-
rica, Australia and New Zealand. 

Finally, I wish to comment on the future 
effectiveness of re-vegetation programs for 
both weeds from three points of view. The 
fi rst aspect is the choice of species to use in 
re-vegetation. It was intuitively sound to 
fi rst use the native analogue of Chrysanthe-
moides, viz. Acacia longifolia subsp. sophorae 
to re-vegetate areas from which the weed 
had been removed. After all, Weiss (1983) 
had earlier shown that the two species did 
compete directly for resources, both in the 
fi eld and in glasshouse experiments. Re-
sults of subsequent glasshouse research (J. 
Vranjic unpublished data) show, however, 
that in the short term it was the herbaceous 
components of the original plant commu-
nity, such as Themeda australis (R.Br) Stapf 
and Lomandra longifolia Labill., which were 
more effective in limiting the early growth 
of seedlings of C.m. subsp. rotundata than 
either Acacia longifolia or the slower-grow-
ing Banksia integrifolia L.. This result from 
glasshouse research had been quantifi ed 
earlier in the fi eld by Weiss and Noble 
(1984), who recorded fewer seedlings of 
C.m. subsp. rotundata occurring in the 
presence of L. longifolia. They concluded 
that the tussock-forming habit of L. longi-
folia hindered Chrysanthemoides invasion. 
These combined results suggest that it 
may be insuffi cient to rely solely on Aca-
cia seedlings to prevent further invasion 
(or re-invasion) by Chrysanthemoides and 
that an early ground cover of herbaceous 
plants may be a necessary ingredient in 
future re-vegetation programs. If such an 
herbaceous component can be included 
after fi re or mechanical removal, or even 
after herbicide application, so much the 
better it would seem, and especially to 
prevent initial surface sand erosion.

A second requirement for future re-veg-
etation programs is to consider including 
fruit-bearing plants to provide food for 
native birds, along the lines advocated by 
Gosper and Vivian-Smith recently (CRC 
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web site). Coastal species such as Enchylae-
na tomentosa R.Br and Rhagodia candolleana 
Moq. may provide fruit of high food qual-
ity that otherwise would not be available 
to frugivorous native birds. Given the high 
incidence of fl eshy fruits on several major 
weeds in addition to those of Chrysanthe-
moides, this recommendation would seem 
to be applicable to re-vegetation programs 
in general.

Bitou bush in South African coastal 
vegetation often occurs as a single species 
with only bare sand between the bushes. 
Boneseed, on the other hand, is usually 
a dominant in fynbos-type vegetation in 
which many other species co-occur. If re-
vegetation programs are not effective for 
whatever reason, it seems evident that ec-
ologically similar species occurring in the 
same communities in South Africa may 
invade vegetation from which Chrysanthe-
moides has been removed or controlled. I 
think especially of introduced species such 
as Polygala myrtifolia L. and Psoralea pin-
nata L., both of South African origin, both 
are common in coastal gardens and, fur-
thermore, both of which are already major 
environmental weeds in parts of southern 
Australia and New Zealand. I do not wish 
to see a future situation in which Chrysan-
themoides populations may well be limited 
by present management, only to fi nd the 
sites invaded by yet another environmen-
tal weed of South African origin. 
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