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Summary   Biological control programs have been 
carried out on weeds in Queensland since the unsuc-
cessful introduction of a cochineal beetle (Dactylopius 
ceylonicus Green) to control prickly pears (Opuntia 
spp. Miller) in 1903. The subsequent successful control 
of prickly pear in the 1920–30s set the tone for the use 
of this technique, both in Australia and around the 
globe. The use of imported biological control agents 
has signifi cantly reduced the impacts of many of 
Queensland’s most serious weeds and the use of 
biological control has become a socially acceptable 
option for weed management. Analyses from recent 
cost:benefi t studies and assessments of historical weed 
impacts for prickly pears (Opuntia spp.), parthenium 
(Parthenium hysterophorus L.) and rubber vine 
(Cryptostegia grandiflora R.Br.) demonstrate the 
contribution that the technique of biological control 
has provided to the State. 
Keywords     Biological control,  history,  evaluation and 
cost:benefi t studies.

INTRODUCTION
Classical biological control, the importation and 
release of natural enemies to target an exotic pest, 
has been used for weed control for over 100 years. 
Since 1902 over 350 weed biological control agents 
have been released worldwide. This has resulted in 41 
weeds successfully controlled with introduced agents 
and over 40 other weeds reduced to some degree 
(McFadyen 2000). Although the successes of insect 
biological control and integrated pest management 
are generally well known (Kok 2004), successful weed 
biological control programs are generally not as well 
recognised (Briese 1999, McFadyen 2000). 

Australian researchers have played a major role 
in the development and use of biological control 
as a weed control technique. Queensland has been 
involved in the introduction/release of 43% of all 
weed biological control agents. These agents have had 
signifi cant impacts on many of the State’s major non-
cropping weeds. Rachel McFadyen in her review of 
biological control successes (McFadyen 2000) asked 
the question – why is biological control still seen as 
unreliable, with a poor success rate and an uncertain 
future? In an effort to assess the impact of classical 
weed biological control in Queensland I have collected 
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a number of case studies, including cost:benefi t analy-
ses. These show that weed biological control programs 
have been benefi ting the State since the release of 
the cochineal beetle to control drooping prickly pear 
(Opuntia vulgaris Miller) in 1914. This success also 
extends to many other countries as the knowledge and 
agents, developed in Queensland, have been extended 
to other countries affected by the target weeds. That 
these successes are not well known refl ects both on 
human nature, since we often note failure but not 
winners, and on poor promotion of an effective weed 
management technique.

WEED BIOLOGICAL CONTROL IN 
QUEENSLAND

The fi rst insect deliberately introduced to control a 
weed in Australia was imported in 1903 to control 
prickly pears. This followed soon after the fi rst major 
weed biological control program in 1902, when 23 
insects were imported to control lantana (Lantana 
camara L.) in the Hawaiian Islands. Eight of these 
insects established and this program resulted in 
slowing the spread of this serious weed. Since 1903 
Australian researchers have been leaders in the de-
velopment of weed biological control with over 60 
weeds targeted by this method (Briese 1999). Over 
that period Queensland researchers have imported 
over 140 agents to control 35 weeds. Only recently 
(Vitelli 2000, McFadyen 2000) have the total impacts 
of these projects begun to be evaluated. A full list of 
both the weeds and agents introduced in Queensland is 
included in Appendix 1. This paper will focus on three 
species; a number of others are more fully described 
in Walton (in press).

PRICKLY PEARS
Prickly pears (mostly Opuntia inermis DC. and O. 
stricta Haworth, although a total of 29 species were 
found in these States) infested 24 million hectares of 
Queensland and New South Wales in 1924. Almost 
half of this area was so densely infested that the land 
was rendered useless for agricultural or pastoral 
purposes (Mann 1970). This group of species was 
the fi rst completed weed biological control program 
in Queensland. A cochineal beetle imported from 
both India and Ceylon failed to establish in 1903, but 
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it successfully controlled the minor pest drooping 
prickly pear (Opuntia vulgaris) in 1914 (Appendix 1) 
(White-Haney 1915). Control of the major pest pears 
with biological control agents did not commence until 
1922. Although the total impacts of this group of pests 
were never measured, it was estimated in 1924 that 
the fi rst clearing alone, using arsenic pentoxide, even 
if practicable, would probably have cost over £100 
million. To put this into perspective, the total value of 
rural production in Queensland at that time was £45 
million per year, so chemical control would have cost 
more than double the value of all primary production 
in the State. The cost of the biological control program, 
including the distribution of agents, was £240,000 
over 19 years. 

By 1932 the control of pest prickly pears by Cac-
toblastis cactorum Berg. and other biological control 
agents, especially the Dactylopius species, became 
one of the best known examples of biological control 
in the world. The program resulted in the complete 
collapse of prickly pear infestations. Over 5% of the 
state of Queensland was recovered from prickly pears 
and resettled. This success proved the worth of weed 
biological control and laid the foundations for other 
weed management programs in the State. Although 
a well known story little has been published on this 
success (Johnston 1982) with the defi nitive books 
published 5 and 35 years after the end of the program 
(Dodd 1940, Mann 1970).

PARTHENIUM
Economic evaluation of weed biological control has 
been published in papers such as Harley and Wright 
(1987) and the recent paper on Paterson’s curse (Nor-
dblom et al. 2002). A recent study of the economic 
benefi ts of a number of weed management activities 
in Queensland has shown that every dollar spent on 
weed management initiatives of all kinds averaged up 
to $6.40 in benefi t, implying a net return of up to 540% 
(AECgroup 2002). The biological control program for 
parthenium (Parthenium hysterophorus) was used as 
an example in the above study; this program resulted 
in the release of nine insects and two rusts over a 
period of 25 years. 

A number of recent studies on this biological 
control program were used to help provide proxies for 
the economic analysis, but none of these studies has 
ever been published, which makes promoting successes 
diffi cult. A study was carried by the Department of 
Natural Resources, Mines and Energy on the impacts 
of the introduced insects on two properties over four 
seasons. Insects were excluded from some sites by the 
use of insecticides and growth of the plants monitored. 
At Mt. Panorama (Central Highlands, Queensland) 

the combined impact of three insects reduced weed 
density, plant height, biomass, fl ower production and 
seed production. The increased pasture growth at these 
sites suggests that even small changes in parthenium 
density and vigour are worth over $1 million per an-
num (K. Dhileepan unpublished data). A University 
of Queensland study showed that the seed bank of 
parthenium infestations has declined by 75% (Navie 
et al. in press), from 26,500 seeds per square metre 
before biocontrol to 6300 following the introduction 
of a suite of agents. Another study showed a reduc-
tion in health costs in Queensland approaching $6.82 
million a year. This was considered an underestimate, 
because this estimate assumes that the current level of 
expenditure will remain the same into the future. This 
is a conservative assumption given that impacts of the 
species would have increased if control actions and 
the biological controls had not established (Clermont 
Parthenium Health Group unpublished data). 

The Queensland government and other partners 
including primary industries research corporations, 
universities and local government have spent nearly 
$9 million on the parthenium biocontrol program over 
a 25 year period. Although this is a substantial pro-
gram and the species is still common and a problem 
in the Central Highlands, these studies show that the 
benefi t:cost ratio for the research program has provided 
signifi cant returns, between $14 and $24 being gener-
ated by every dollar invested. There are signifi cant 
production and non-production benefi ts fl owing from 
the research initiative. This is because the program 
has assisted in the prevention of the spread of parthe-
nium, which has consequently protected the wider 
Queensland and Australian community and primary 
production from exposure to and impacts of this weed 
(AECgroup 2002).

RUBBER VINE
The biological control program on rubber vine has 
been described by Tomley (1996) as having a total 
cost of $2.1 million over seven years for the testing 
of four insects and one rust. The release of the rub-
ber vine rust in 1993–5 has resulted in a halt to the 
expansion of one of Queensland’s Weeds of National 
Signifi cance. Seed production has been reduced from 
1 billion seeds per hectare to almost none in most 
seasons, and seedling recruitment and reinvasion have 
been stopped. A recent economic study (Franco-Dixon 
unpublished data) suggests that the program is already 
returning a benefi t-cost ratio of $80 for every dollar 
spent on the program. This study also suggested that 
the net present value (NPV) return to the State from 
1979 to 2003 was $26 million, or over ten times the 
total cost of the program.
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FUTURE OF WEED BIOLOGICAL CONTROL 
McFadyen (2000) demonstrated conclusively that 
biological control has been a successful technique. 
Few other authors have, however, followed her example 
and documented these outcomes. In recent decades, 
elevated awareness of the impacts of chemical control 
methods on the environment and human health have 
resulted in efforts to reduce reliance on chemical con-
trols. This has seen a renewed emphasis on integrated 
methods to minimise the use of herbicides, including 
interest in biological control (Kok and Kok 2004). 
In Australia and overseas, however, the practice of 
biological control is currently attracting increasing 
scrutiny, either as a result of negative publicity or due 
to pressure to use the various Biological Control Acts 
(see McFadyen this conference). Unless attitudes to 
this technique improve, it is likely that fewer biologi-
cal control programs will be carried out rather than 
more and, consequently, weed management options 
will decline. 
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Appendix 1.   Biological control agents released, occurring or currently being tested on Queensland’s introduced 
weeds (adapted from Vitelli 2000).

Weed
Year released/

observed Biological control agent Impact8

Acacia nilotica (L.) Del. 1982 1Bruchidius sahlbergi Schilsky. 1

A. nilotica 1999 2Chiasmia assimilis Warren. 1

A. nilotica 1998 2Chiasmia inconspicua Karren. 0

A. nilotica 1983 1Cuphodes profl uens Meyrick. 0

A. nilotica 1996 1Homicloda barkeri Jacoby. 0

A. nilotica 2004 6Cometaster pyrula Hopffer.

Acanthocereus pentagonus (L.) Britton & Rose 1974 1Alcidion cereicola Fisher. 0

A. pentagonus 1975 1Hypogeococcus festerianus Lizer y Trelles. 1

Ageratina adenophora (Sprengel) R.King & 
H.Robinson

1954 1,5Phaeromularia eupatoriiodorati (Yen) Liu 
& Guo.

2

A. adenophora 1952 1Procecidochares utilis Stone. 2

Ageratina riparia (Regel) R.King & H.Robinson 1986 1Procecidochares alani Steyskal. 1

Ambrosia artemisiifolia L. 1982 1Epiblema strenuana Walker. 3

A. artemisiifolia 1984 1Stobaera concinna Stål. 1

A. artemisiifolia 1980 1Zygogramma bicolorata Pallister. 2

A. artemisiifolia 1990 1Zygogramma suturalis F. 0

Baccharis halimifolia L. 1976 1Anacassis phaeopoda Buzzi. 0

B. halimifolia 1969 1Aristotelia ivae Busck. 1

B. halimifolia 1989 1Bucculatrix ivella Busck. 1

B. halimifolia 1983 1Helipodus intricatus Boheman. 0

B. halimifolia 1969 1Hellensia balanotes Meyrick. 1

B. halimifolia 1976 1Lioplacis elliptica Stål. 0

B. halimifolia 1969 1Lorita baccharivora Pogue. 0

B. halimifolia 1978 1Megacyllene mellyi (Chevrolat) 2

B. halimifolia 1982 1Metallactus nigrofasciatus Suffrian. 0

B. halimifolia 1974 1Metallactus patagonicus Suffrian. 0

B. halimifolia 1997 2Puccinia evadens Harkn. 3

B. halimifolia 1969 1Rhopalomyia californica Felt. 2

B. halimifolia 1976 1Stolas fuscata Klug. 0

B. halimifolia 1969 1Trirhabda bacharidis Weber. 1

Bryophyllum delagoense (Eckl. & Zeyh.) Schinz. 7Osphilia tenuipes Fairmaire.

B. delagoense 7Alcidodes sedi Marshall.

B. delagoense 7Rhembastus spp. Jacoby.

B. delagoense 7Eurytoma spp. 

Carduus pycnocephalus L. 1993 1Puccinia cardui-pycnocephali P.Syd & Syd. 1

Chondrilla juncea L. 1974 1Bradyrrhoa gilveolella Treitschke. 0

C. juncea 1971 1Cystiphora schmidti Rübsaamen. 1

C. juncea 1971 1Eriophyes chondrillae Canestrini. 1

C. juncea 1971 1Puccinia chondrillina Bubak & Sydenham. 3

Chrysanthemoides monilifera (L.) Norl. 1995 1Cassida sp. Kleinjan and Scott. 0

C. monilifera 1992 1Chrysolina picturata Clark. 0

C. monilifera 1990 1Chrysolina sp. A Nr. Madrasae Jackoby. 0

C. monilifera 1994 1Chrysolina sp. B Nr. Madrasae Jackoby. 0

C. monilifera 1989 1Comostolopsis germana Prout. 1

C. monilifera 1996 1Mesoclanis polana Munro 0

Cirsium vulgare (Savi) Ten. 1990 1Rhinocyllus conicus Froelich. 0

C. vulgare 1996 1Trichosirocalus horridus Panzer. 0
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Appendix 1.   (continued).

Weed
Year released/

observed Biological control agent Impact8

C. vulgare 1994 1Urophora stylata L. 0

Cryptostegia grandifl ora R.Br. 1988 1Euclasta whalleyi Popescu-Gorj & 
Constantinescu.

2

C. grandifl ora 1994 1Maravalia cryptostegiae (Cummins) Ono. 4

Echium plantagineum L. 1980 1Dialectica scalariella Zeller. 1

E. plantagineum 1993 1Longitarsus aeneus Kutschera. 0

E. plantagineum 1996 1Longitarsus echii Koch. 0

E. plantagineum 1996 1Meligethes planiusculus Heer. 0

E. plantagineum 1993 1Mogulones geographicus Goeze. 1

E. plantagineum 1989 1Mogulones larvatus Schultze. 2

E plantagineum 1995 1Phytoecia coerulescens Scopoli. 1

Eichhornia crassipes (C.Martius) Solms-Laub. 1990 1Neochetina bruchi Hustache. 3

E. crassipes 1975 1Neochetina eichhorniae Warner. 3

E. crassipes 1977 1Niphograpta albiguttalis Warren. 2

E. crassipes 1981 1Xubida infusellus Walker. 0

Emex australis (L.) Campderá 1979 1Lixus cribricollis Boheman. 0

E. australis 1974 1Perapion antiquum Gyllenhal. 1

Harrisia spp. Britton 1974 1Alcidion cereicola Fisher. 1

Harrisia spp. 1978 1Cactoblastis sp. Ragonot. 0

Harrisia spp. 1976 1Eriocereophaga humeridens O’Brien. 1

Harrisia spp. 1975 1Hypogeococcus festerianus Lizer y Trelles. 3

Jatropha gossypiifolia L. 2003 3,7Agonosoma trilineatum 

Lantana camara L. 1995 1Aconophora compressa Walker. 1

L. camara 1995 1Aerenicopsis championi Bates. 0

L. camara 1981 1Alagoasa parana Samuelson. 0

L. camara 1976 1Autoplusia illustrata Guenée. 0

L. camara 1974 1Calycomyza lantanae Frick. 2

L. camara 1994 1Charidotis pygmaea Klug. 0

L. camara 1965 1Diastema tigris Guenée. 0

L. camara 1993 1Ectaga garcia Becker. 0

L. camara 1914 1Epinotia lantana Busck. 1

L. camara 1914 1Eutreta xanthochaeta Aldrich. 0

L. camara 2000 2,6Falconia intermedia Distant.

L. camara 1965 1Hypena laceratalis Walker. 1

L. camara 1973 1,5Lantanophaga pusillidactyla Walker. 1

L. camara 1969 1Leptobyrsa decora Drake. 1

L. camara 1957 1Neogalea sunia Guenée. 1

L. camara 1975 1Octotoma championi Baly. 2

L. camara 1966 1Octotoma scabripennis Guérin-Méneville. 1

L. camara 1914 1Ophiomyia lantanae Froggatt. 2

L. camara 1988 1,5Phenacoccus parvus Morrison. 2

L. camara 1967 1Plagiohammus spinipennis Thomson. 1

L. camara 2000 2,6Prospodium tuberculatum Speg.

L. camara 1958 1Salbia haemorrhoidalis Guenée. 1

L. camara 1914 1Strymon bazochii Godart. 0

L. camara 1969 1Teleonemia elata Drake. 0

L. camara 1969 1Teleonemia harleyi Froeschner. 1

L. camara 1974 1Teleonemia prolixa Stål. 0
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Appendix 1.   (continued).

Weed
Year released/

observed Biological control agent Impact8

L. camara 1936 1Teleonemia scrupulosa Stål. 2

L. camara 1976 1Uroplata fulvopustulata Baly. 1

L. camara 1966 1Uroplata girardi Pic. 2

L. camara 1977 1Uroplata lantanae Buzzi & Winder. 0

Lantana montevidensis Spreng. 1994 1Charidotis pygmaea Klug. 0

Marrubium vulgare L. 1994 1Wheeleria spilodactylus Curtis. 1

Mimosa invisa C.Wright 1988 1Heteropsylla spinulosa Muddsman, 
Hodkinson & Hollis.

4

M. invisa 1987 1Scamurius sp. Stål. 0

M. invisa 1984 4,5Corynespora cassiicola Berk. & Curt. 2

Opuntia spp. Miller 1936 1Archlagocheirus funestus Thomson. 2

Opuntia spp 1926 1Cactoblastis cactorum Berg. 4

Opuntia spp. 1935 1Cactoblastis doddi Heinrich. 0

Opuntia spp. 1922 1Chelinidea tabulata Burmeister. 1

Opuntia spp. 1925 1Chelinidea vittiger Uhler. 2

Opuntia spp. 1933 1Dactylopius spp. Costa. 3

Opuntia spp. 1935 1Dactylopius ceylonicus Green. 1

Opuntia spp. 1914 1Dactylopius ceylonicus Green. 3

Opuntia spp. 1926 1Dactylopius coccus Costa. 0

Opuntia spp. 1915 1Dactylopius confuses Cockerell. 1

Opuntia spp. 1921 1Dactylopius opuntiae Cockerell. 3

Opuntia spp. 1925 1Dactylopius tomentosus Lamark. 2

Opuntia spp. 1925 1Loxomorpha fl avidissimalis Grote. 0

Opuntia spp. 1926 1Melitara dentata Grote. 0

Opuntia spp. 1926 1Melitara prodenialis Walker. 0

Opuntia spp. 1925 1Melitara doddalis Dyar. 0

Opuntia spp. 1926 1Moneilema ulkei Horn. 2

Opuntia spp. 1932 1Moneilema variolare Thomson. 1

Opuntia spp. 1924 1Olycella junctolineella Hulst. 1

Opuntia spp. 1922 1,5Tetranychus opuntiae Banks. 2

Opuntia spp. 1935 1Tucumania tapiacola Dyar. 1

Parkinsonia aculeate L. 1993 1Mimosestes ulkei Horn. 1

P. aculeata 1995 1Penthobruchus germaini Pic. 3

P. aculeata 1989 1Rhinacloa callicrates Herring. 1

Parthenium hysterophorus L. 1984 1Bucculatrix parthenica Bradley. 1

P. hysterophorus 1998 2Carmenta ithacae Beutenmüller. 0

P. hysterophorus 1995 1Conotrachelus albocinereus Fiedler. 1

P. hysterophorus 1982 1Epiblema strenuana Walker. 3

P. hysterophorus 1982 1Listronotus setosipennis Hustache. 2

P. hysterophorus 1992 1Platphalonidia mystica Rakowski & Becker. 0

P. hysterophorus 1991 1Puccinia abrupta Dietel & Holway. 2

P. hysterophorus 1999 2Puccinia melampodii Deitel & Holway. 1

P. hysterophorus 1981 1Smicronyx lutulentus Dietz. 1

P. hysterophorus 1983 1Stobaera concinna Stål. 0

P. hysterophorus 1980 1Zygogramma bicolorata Pallister. 3

Pistia stratiotes L. 1982 1Neohydronomus affi nis Hustache. 4

Prosopis spp. L. 1996 2Algarobius bottimeri Kingsover. 1

Prosopis spp. 1996 1Algarobius prosopis LeConte. 1
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Appendix 1.   (continued).

Weed
Year released/

observed Biological control agent Impact8

Prosopis spp. 1998 3Evippe sp. #1 Chambers. 0

Prosopis spp. 1998 3Prosopidopsylla fl ava Burckhardt. 0

Rumex spp. L. 1989 1Synansphecia doryliformis Ochsenheimer. 0

Salvinia molesta D.Mitch. 1980 1Cyrtobagous salviniae Calder & Sands. 4

S. molesta 1981 1Samea multiplicalis Guenée. 1

Sida spp. L. 1989 1Calligrapha pantherina Stål. 3

Sida spp. 1997 1Eutinobothrus pilosellus Boheman. 1

Sida spp. 1994 1Eutinobothrus sp. 1

Silybum marianum (L.) Gaertner 1988 1Rhinocyllus conicus Froelich. 0

Xanthium occidentale Bertol. 1982 1Epiblema strenuana Walker. 2

X. occidentale 1932 1Euaresta aequalis Loew. 1

X. occidentale 1963 1Mecas saturnina LeConte. 1

X. occidentale 1964 1Nupserha vexator Pascoe. 1

X. occidentale 1974 1,5Puccinia xanthii Schweinitz. 3

Xanthium spinosum L. 1928 1,5Euaresta bullans Wiedemann. 1

1 Julien and Griffi ths (1998).
2 NRM and E (2004).
3 CSIRO (2004). 
4 Haseler (1984). 
5 Biological control agent not deliberately released. 
6 Biological control agent pending release. 
7 Host-specifi city testing in progress. 
8 Impact rating: level 0 = no control, 1 = insignifi cant control; 2 = minor control; 3 = reasonable control; and 4 = signifi cant 
control. 




