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Thirty years of exploration for and 
selection of a succession of Melanterius 
weevil species for biological control of 

invasive Australian acacias in South Africa: 
should we have done anything differently?

F.A.C. Impson1,2 and V.C. Moran1

Summary

The question of how we can be simpler, faster and better in exploring for and selecting successful
agents for weed biological control has been on the agenda since these Symposia began. We give a brief
account of the development of some of these ideas on how to “pick a winner”. For about 30 years, South
African scientists have made exploratory trips to Australia to select agents for release against various
alien acacias, and the related Paraserianthes lophantha. Besides two species of gall-forming wasps, a
rust fungus, and far more recently, a cecidomyiid pod-galler, five seed-feeding Melanterius weevil
species were chosen, and have proved to be highly successful. Melanterius ventralis was released
against Acacia longifolia (in 1985); M. acaciae on A. melanoxylon (1986); M. servulus on P. lophantha
(1989); M. servulus on A. cyclops (1991); M. maculatus on A. mearnsii (1994), and on A. dealbata and
A. decurrens (2001); and M. compactus against A. saligna (also in 2001). With reference to this
singular group of weevils, the question is, in retrospect, whether we should or could have done anything
differently? The basic ingredients for success in exploration and selection still require that the agents
are available, amenable and appropriate (politically, climatically, and in their niche selection and
ability to inflict critical damage), and that the agents must be acceptably host-specific, and sufficiently
prolific and peripatetic. We conclude, as many others have before us, that successful agent selection is
a serendipitous blend of biological and ecological knowledge, and pragmatic circumstances.

Keywords: biological control, invasive acacias, Melanterius weevils, seed-feeders, South 
Africa.

Introduction

Implicit in the title of this Symposium session
(“Ecology in exploration and agent selection”) is the
notion that a better understanding of the biology and
population dynamics of prospective agents, and their
target weeds, may allow the formulation of generalities

and principles that would expedite the practice of
biological control. That is, we would be able to choose
the best agent(s) that would inflict maximal damage,
and reduce population densities of the target weed in
the shortest time. Biological control practitioners have
surely been gnawing on this old bone since the practice
began: the concern is that weed biological control is not
quantitative enough, not sufficiently predictable, and
thus not “scientific” enough (Huffaker 1976), and may
be more of an art than a science (e.g. Harris 1976).

Having said that, however, it is also true that a
number of ideas on how to optimize the selection of
agents and their targets have been well entrenched in
the literature for decades. Many of these concepts have
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been widely applied consciously or otherwise by weed
biocontrol practitioners. Table 1 provides a summary of
these main concepts, together with a list of key refer-
ences in which these ideas are variously discussed as
they apply to the selection of insect agents. The latter
information is gleaned from a review of the full-length
articles on insect-agent and target selection that have
been published, since 1980, in the six Proceedings of
the V–X International Symposia on Biological Control
of Weeds. The fifth Symposium was taken as the
starting point for this review because it was the first of
the major Symposia at which 100 or more delegates
attended.

By the mid-1980s, most of the concepts listed in
Table 1 had already been formulated. The only appar-
ently novel idea that sparked some debate was the
hypothesis that evolutionary “new-associations”
between potential agents and their host plants could
profitably be exploited in weed biological control (see
Table 1 and Hokkanen & Pimentel 1984, Dennill &
Moran 1988). However, even that idea was not really
recent or novel – Room had already mooted it formally
in 1981. Indeed, the “new-associations” concept must
have been accepted even during the earliest days of
weed biological control when Cactoblatis cactorum
and cochineal insects were deployed as agents against
Opuntia weed species (see Moran & Zimmermann
1984, and the critique by Goeden & Kok 1986).

We discuss achievements by entomologists over the
years in their exploration for and selection of agents
that have been used for the biological control of inva-
sive Australian acacias in South Africa. One species of
rust fungus, Uromycladium tepperanium has been
spectacularly successful against Acacia saligna in
South Africa (Morris 1999). But in this paper, the
emphasis is on insect agents, and particularly on a
group of seed-destroying weevils in the genus Melante-
rius. We review the history of these introductions and
ask whether we could have or should have done
anything differently to improve the levels of seed
destruction achieved.

The history of exploration for 
and selection of insect species 
for the biological control of 

Australian acacias in South Africa

The exploration for natural enemies of Australian
Acacia species that had become invasive in South
Africa began some 30 years ago (Neser & Annecke
1973, Van den Berg 1973, 1977, 1980a,b,c,d,
1982a,b,c). Thorough surveys were carried out, in
Australia, (mainly by Drs S. Neser and M. Van den
Berg) to discover as many natural enemies as possible.
From the outset, the economic importance to South
Africa of several of the Australian Acacia species was
a crucial consideration in the selection of agents. The

focus was on agents that would reduce the reproductive
capabilities of the plants, but which would not other-
wise damage the commercially important (albeit inva-
sive) Australian species in South Africa (Dennill &
Donnelly 1991). In this context, seed-attacking agents
were recommended and given preference because of
their tendency to be host-specific (Janzen 1971, 1975,
Annecke 1978). 

From long lists of natural enemies (Van den Berg
1980a,b,c, 1982a,b,c), a number of potential agents
were proposed, amongst which were Trichilogaster
species (Hymenoptera: Pteromalidae), Bruchophagus
species (Hymenoptera: Eurytomidae) and Melanterius
species (Coleoptera: Curculionidae) (Van den Berg
1977, 1980d), as well as the mirid bug, Rayieria sp.,
(which was rejected because it was not host-specific),
cecidomyiid flies and eriophyiid mites. Further consid-
eration of the cecidomyiids and eriophyiids was shelved
very early on due to a lack of knowledge regarding their
taxonomy, biology and host ranges and also because of
the lack of finances and suitably qualified people to
work on additional agents (S. Neser, pers. comm. 2003).
Cecidomyiids have recently been studied in earnest for
use against several of the Australian Acacia species
(Adair 2000, 2002), and Dasineura dielsii is now widely
established on A. cyclops in South Africa. 

Bruchophagus species were imported into quarantine
in South Africa on several occasions during the 1980s
(Kluge 1989) and more recently, but were never
released for biological control of any of the Australian
acacias. They are far less readily available on acacias in
Australia than the Melanterius species; there are still
questions about the taxonomy of the group (New 1983);
and there are almost insurmountable technical difficul-
ties in rearing the insects and in proving their host
specificity. Thus, the focus of attention in the early years
of the biocontrol program against Australian acacias
was on the Trichilogaster and Melanterius species. 

It was initially believed that seed-destroying agents
would be acceptable to all stakeholders (including the
owners of black wattle plantations – A. mearnsii – in
South Africa) because they would be able to slow the
reproduction of the invasive target plants while not
destroying their useful attributes. However, serious
concerns were raised by the wattle industry (Stubbings
1977), at a stage when exploratory surveys were well
under way in Australia. These concerns hampered the
progress and implementation of biological control for
some years. The issue was apparently resolved and, in
1982, the biological control of Australian acacias in
South Africa began with the release of the bud-galling
wasp T. acaciaelongifoliae on long-leaved wattle, A.
longifolia, and with concerted efforts to collect and
import M. ventralis (Dennill & Donnelly 1991). The
bud-galling wasp established throughout the range of A.
longifolia and drastically reduced the reproductive
potential of its host plant (Dennill 1985, 1988, 1990,
Neser 1985).
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Before the success of T. acaciaelongifoliae had been
properly evaluated, however, M. ventralis was released
in 1985 (Dennill & Donnelly 1991). The weevils
readily established at all release sites. Although popula-
tions were slow to increase, levels of seed destruction
ranged from 14.9% to 79.5% after only three years
(Dennill & Donnelly 1991). The weevils were particu-
larly useful in destroying the seeds on A. longifolia
plants growing close to rivers, where, despite the
dramatic effects of T. acaciaelongifoliae, trees were
able to produce many more pods per branch than in the
drier areas (Dennill et al. 1999).

Even though T. acaciaelongifoliae (in combination
with M. ventralis) was clearly successful, other Trichi-
logaster species were not considered for acacia biocon-
trol for several years. There may be at least two reasons
for this. Firstly, in 1985 and 1987, cohorts of Trichi-
logaster species had been introduced into quarantine
from Australia to see whether establishment would
occur on Acacia pycnantha, and the results did not look
at all promising (Dennill & Gordon 1991). Secondly, it
had always been very evident that T. acaciaelongifoliae
galls were acting as a nutrient sink and were thus very
damaging to A. longifolia. Galling by the wasps greatly

Table 1. Optimizing target and agent selection in weed biological control using insects: how to “pick a winner”. A
summary of the main concepts is given. Authors that have written on one or more of these aspects in the Proceed-
ings of the International Symposia on Biological Control of Weeds, since 1980, are listed in chronological order.
General key references, in which many of these concepts are reviewed, are given at the bottom of the table.

Main concepts Authors who comment on these concepts 

1. Ensure accurate identification (including molecular tech-
niques); establish genetic (biotypes/strains), phenotypic and
geographical variability of target weed and potential agents;
optimize genetic variability of agent 

Burdon et al. 1981, Forno 1981, Marshall et al. 1981, Harris 
1985, Johnson 1985, Lawton 1985, Room 1985, Chaboudez & 
Sheppard 1995, Palmer 1995, O’Hanlon et al. 2000, Ruiz et al. 
2000

2. Establish exact provenance and native range of target weed
and potential agents (central versus peripheral populations)

Forno 1981, Myers & Sabath 1981, Room 1981, Palmer 1995

3. Conduct pre-release studies and experiments on the ecology
of the target weed and potential agents in native land (and in
land of introduction)

Lawton 1985, Müller 1990, Pecora & Dunn 1990, Ehler 1995, 
Scott & Adair 1995, DeClerck-Floate 1996, Louda 2000

4. Predict possible impacts on beneficial plants, other non-
target plants and native plants

Andres 1981, Harris 1985, Johnson 1985, Room 1985, Cullen 
1990, DeClerck-Floate & Bourchier 2000, Louda 2000, Louda & 
Arnett 2000

5. Predict most suitable, damaging and virulent agent, and most
vulnerable stage of target plant

Andres 1981, De Loach 1981, Harris 1985, Müller 1990, 
Chaboudez & Sheppard 1995, Ehler 1995, DeClerck-Floate 
1996, Gassmann 1996, Cappuccino 2000, DeClerck-Floate & 
Bourchier 2000, Kluge 2000

6. Estimate possible impact on target weed, estimate risk and
conduct cost–benefit analyses

Lawton 1985, Palmer & Miller 1996, Kluge 2000, Louda 2000

7. Ensure climatic matching Harris 1985, Room 1985
8. Identify “vacant niches” on the target plant, or the most

vulnerable stage, or time for attack
De Loach 1981, Lawton 1985, Room 1985, Müller 1990, Pecora 
& Dunn 1990

9. Determine the number and sequence of agent species to be
released

Pecora & Dunn 1990

10. Choose seed-destroying agents for early phases of program,
or to minimize conflicts

De Loach 1981, Cloutier & Watson 1990

11. Determine most vulnerable weeds and potentially successful
agents from their “track record”, i.e. the evolutionary or
historical record 

Crawley 1990, Kovalev & Zaitzev 1996 

12. Consider agents that have “new associations” (in evolu-
tionary terms) with the target weed

Room 1981, Ehler 1995

13. Acknowledge that pragmatic aspects may outweigh theoret-
ical considerations in selecting the most suitable biocontrol
agents

Myers & Sabath 1981, Cullen 1995, Ehler 1995, Scott & Adair 
1995, Palmer & Miller 1996, Kluge 2000

14. Accept that the biological complexities, and other require-
ments, preclude the formulation of useful generalities and
that “picking a winner” in weed biological control should be
done on a case-by-case basis, relying on accumulated
wisdom and on the intuition of the biologists concerned

Chaboudez & Sheppard 1995, Cullen 1995, Ehler 1995

General key references Harris 1973, 1991, Wapshere 1974, 1981, 1985, Andres et al. 
1976, Sands & Harley 1981, Goeden 1983, Schroeder & Goeden 
1986, Crawley 1989, Peschken & McClay 1995, and Schroeder 
et al. 1996 
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inhibits reproductive and vegetative growth, and causes
branches and whole trees to collapse under the weight
of galls, features that would have alarmed commercial
wattle growers who perceived their industry to be under
threat. Irrespective of these fears, a second Trichi-
logaster species was later established on the invasive,
non-beneficial A. pycnantha in 1995 (Hoffmann et al.
2002).

Buoyed by the ready establishment of M. ventralis in
1985, the following years were dominated by research
on the Melanterius group of weevils. In 1986, a second
weevil species, M. acaciae, was released on A. melan-
oxylon (Dennill & Donnelly 1991). Conflicts with
commercial wattle growers arose yet again in 1987 with
the pending release of M. servulus for the biological
control of the Australian Paraserianthes lophantha (a
close relative of the acacias). Quarantine testing had
demonstrated that M. servulus could also oviposit and
develop within seeds of A. mearnsii (Donnelly 1992).
This was an obvious concern, but despite earlier agree-
ments with the wattle industry regarding acceptable
levels of seed damage, the release was opposed. The
program was suspended temporarily, but a compromise
was later reached, in 1989, when it could be proven that
A. mearnsii seeds in orchards could be chemically
protected from the weevils (Donnelly et al. 1992).
Melanterius servulus was then cleared for release.
Shortly after this, in 1991, M. servulus was also
released onto A. cyclops. Eventually, in 1993, the first
releases of M. maculatus were made on A. mearnsii,
which was the mainstay of the wattle industry and the
subject of most of the conflict over the years. Although
initial releases of M. maculatus were restricted to the
Western Cape Province, release of this species has now
been extended to cover much of the country. More
recently (in 2001), M. maculatus was also introduced
onto two closely related wattles, A. dealbata and A.
decurrens. Lastly, but also in 2001, a fifth weevil
species, M. compactus, was introduced and established
on A. saligna (to supplement the action of the rust
fungus U. tepperanium). 

The Melanterius seed-feeding 
weevils used for biological 

control in South Africa

To date, some 88 species of Melanterius have been
described (R. Oberprieler, pers. comm. 2002). This
large group of curculionid weevils is, for the most part,
native to Australia, and appears to be associated exclu-
sively with Australian Acacia species (Auld 1983, New
1983, Donnelly 1992). The Melanterius species used in
South Africa are small (3–5 mm), univoltine weevils,
that breed in spring, coinciding with the peak period of
pod production of their acacia hosts. Adult weevils feed
mainly on green, developing seeds during this time, and
to a lesser extent, at other times of the year, on buds,

flowers, new vegetative growth and young pods.
Mating and oviposition follow the spring feeding. The
female weevils chew small holes through the walls of
the swollen green pods, through which they insert a
single egg. The eggs are placed onto, or near, the devel-
oping seeds. The newly hatched larvae burrow into the
seeds, where they feed and complete their larval devel-
opment. Generally only one larva develops per seed,
during which time the entire contents of the seed are
consumed, leaving the hard outer coat. (In some
Melanterius species, a single larva may devour more
than one seed.) Fully developed larvae then chew their
way out of the pods, and drop to the ground and pupate
in the soil. Some larvae remain in the soil until the
following breeding season, but most of the adult
weevils emerge from the soil 6–8 weeks later. These
adults remain mostly inactive for the cooler months,
sheltering under the bark of their host or other plants in
the vicinity, and only become evident in large numbers
again during the next spring.

Although Melanterius species each seem to be
specific to a very narrow range of Acacia species, the
host-plant and phylogenetic relationships of Australian
acacias and their Melanterius weevils are poorly under-
stood. Certainly some patterns of host association are
evident. For example, M. ventralis, which is morpho-
logically and phylogenetically distant from other
Melanterius species used for biocontrol in South Africa
(Clarke 2002), is specific to A. longifolia, the only
target species belonging to the section Juliflorae in the
genus Acacia. In the less specific M. maculatus, the
main hosts (A. mearnsii, A. dealbata, A. decurrens and
A. baileyana) all belong to the section Botrycephalae
(Oberprieler & Zimmerman 2001). Such associations
in Melanterius can be accurately determined only from
a comprehensive and detailed study of specimens
reared through from seeds or pods of the actual host
plant. Adult Melanterius weevils that are found on
various Acacia species in Australia (where they shel-
tering under bark or in the canopy) can create incorrect
assumptions about host-plant relationships.

Much of the recent evaluation on the impact of
Melanterius species on acacias has been on M. servulus
on A. cyclops (Impson et al. 2000). Evaluations have
also been done on P. lophantha (Schmidt et al. 1999),
A. mearnsii (F. Impson, unpublished data), A. longifolia
(Dennill & Donnelly 1991) and A. melanoxylon
(Donnelly 1995). Seed destruction is the combined
consequence of Melanterius feeding, ovipositional
activities, and larval development. From the data accu-
mulated thus far, it seems that the various Melanterius
species have similar impacts on their different acacia
hosts in South Africa, so it is possible to generalize
about what can be expected and achieved from biolog-
ical control efforts using these agents.

Early records of M. ventralis on A. longifolia, and of
M. acaciae on A. melanoxylon, indicate slowly
increasing levels of seed damage over several years,
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followed by gradual dispersal of the weevils away from
the release sites (Dennill & Donnelly 1991, Donnelly
1995). Melanterius servulus on A. cyclops shows the
same pattern. Although the weevils cause negligible
damage to the buds and immature pods, the greatest
damage to the host plant is that inflicted on the almost-
mature green seeds. Following release of the weevils,
gradual increases in seed damage were recorded, from
only 7% to 95% at some sites, after approximately five
years (Impson et al. 2000). (Seed destruction by the
weevils is unlikely to result in a reduction in the density
of the target plants because this requires consistently
high levels of seed mortality, i.e. >99%. However, seed
destruction is a substantial aid to management of these
invasive trees, a matter that is more fully discussed by
Moran, Hoffmann & Olckers in a separate contribution
in these Symposium Proceedings).

Several factors play a role in the levels of seed
destruction achieved (e.g. fires and manual clearing),
and the rate of build-up is also affected by the initial
numbers of weevils released at a site, the relative seed
abundance, and the rate of weevil dispersal. Dispersal
rates of Melanterius species are relatively slow
(approximately 2 km per year; F. Impson, unpublished
data). However, Melanterius species are easy to redis-
tribute manually, which substantially increases their
effectiveness.

Discussion and conclusions

It is instructive to review 30 years of effort in the
biological control of Australian acacias that have
become invasive in South Africa, and to question
whether these efforts could have been more effective. It
would be trite to note that more time and money could
have been expended in collecting more Melanterius
weevils, and other agents, more widely and more often.
Bearing in mind that much of the information from the
literature (e.g. Table 1) was not available in the 1970s,
the question is whether there are some aspects from
these “guidelines” for exploration and selection of
biocontrol agents that were omitted or ignored and
which, if now implemented, could improve the levels of
seed destruction that have been achieved. The answer is
probably not. 

In retrospect, the past emphasis on Melanterius
weevils seems obvious and appropriate. They are suffi-
ciently, but not always completely, host-specific (they
do not feed on or oviposit in any native acacias in South
Africa or on any other plants). They were readily avail-
able, in that South African scientists were allowed
access to Australia, and the weevils were relatively easy
to collect. In addition, earlier biological control
program in South Africa using seed-feeding weevils
(Erytenna consputa on Hakea sericea; see Kluge &
Neser 1991) had set a favourable precedent for the use
of these types of agents. As seed-destroying agents,
Melanterius weevils were grudgingly eventually

accepted by commercial growers of Australian acacias
(mainly A. mearnsii) in South Africa, as suitable for
importation. The weevils had no difficulty adapting to
the climate in their country of introduction and they
have built up hugely in numbers over the years. The
successes that have been achieved are largely a tribute
to the skills, knowledge and intuition of the naturalists
who were given the initial task of exploring for and
selecting agents for acacia biocontrol in South Africa,
more than 30 years ago (in particular, Drs S. Neser and
M. Van den Berg).

This review of the literature on insect-agent and
target selection in weed biological control suggests two
realities. (i) There is acceptance that non-biological,
extraneous factors, such as political pressures, permits,
transport difficulties, funding etc. may dominate in the
exploration for and selection of agents. (ii) There is also
widespread acknowledgement that, while the checklist
of concepts listed in Table 1 represents an essential
starting point, the reality of selecting insect agents in
the field has to be determined on a case-by-case basis,
and will seemingly always rely on a serendipitous blend
of biological and ecological knowledge, and pragmatic
circumstances.

Acknowledgements
Our thanks go to Dr Stefan Neser for his detailed and
informative communications about the early years of
biological control against Australian acacias in South
Africa. Thanks also go to Mr Tony Gordon for helpful
discussions and to Prof. John Hoffmann and Mr Robin
Adair for reviewing an earlier draft of the typescript. 

References
Adair, R.J. (2002) Black wattle: South Africa manages conflict

of interest. Biocontrol News and Information 23, 2–4.
Adair, R.J., Neser, S. & Kolesik, P. (2000) Australian seed-

preventing gall midges (Diptera: Cecidomyiidae) as poten-
tial biological control agents for invasive Acacia spp. in
South Africa. Proceedings of the X International Symposium
on Biological Control of Weeds (ed N.R. Spencer), pp. 605–
613. United States Department of Agriculture, Agricultural
Research Services, Sidney, MT and Montana State Univer-
sity, Bozeman, MT.

Andres, L.A. (1981) Conflicting interests and the biological
control of weeds. Proceedings of the V International Sympo-
sium on Biological Control of Weeds (ed E. S. Delfosse), pp.
11–20. CSIRO, Melbourne.

Andres, L.A., Davis, C.J., Harris, P. & Wapshere, A.J. (1976)
Biological control of weeds. Theory and Practice of Biolog-
ical Control. (eds C.B. Huffaker & P.S. Messenger), pp
481–499. Academic Press, New York.

Annecke, D.P. (1978) Biological control of Australian acacias.
The Wattle Growers News 62, 10–12.

Auld, T.D. (1983) Seed predation in native legumes of south-
eastern Australia. Australian Journal of Ecology 8, 367–
376.

Burdon, J.J., Marshall, D.R. & Groves, R.H. (1981) Aspects of
weed biology important to biological control . Proceedings



Proceedings of the XI International Symposium on Biological Control of Weeds

132

of the V International Symposium on Biological Control of
Weeds (ed E.S. Delfosse), pp. 21–29. CSIRO, Melbourne.

Cappuccino, N. (2000) Oviposition behaviour of insects used in
the biological control of weeds. Proceedings of the X Inter-
national Symposium on Biological Control of Weeds  (ed
N.R. Spencer), pp. 521–531. United States Department of
Agriculture, Agricultural Research Services, Sidney, MT
and Montana State University, Bozeman, MT.

Chaboudez, P. & Sheppard, A.W. (1995) Are particular weeds
more amenable to biological control? — A reanalysis of
mode of reproduction and life history. Proceedings of the
VIII International Symposium on Biological Control of
Weeds (eds E.S. Delfosse & R.R. Scott), pp. 95–102. DSIR/
CSIRO, Melbourne, Australia.

Clarke, G.M. (2002) Molecular phylogenetics and host ranges
of the Melanterius weevils used as biocontrol agents of inva-
sive Australian acacias in South Africa. A report prepared
for ARC– Plant Protection Research Institute South Africa.
CSIRO Entomology Canberra.

Cloutier, D. & Watson, A.K. (1990) Application of modelling
to biological weed control. Proceedings of the VII Interna-
tional Symposium on Biological Control of Weeds (ed. E.S.
Delfosse), pp. 5–16. Instituto Sperimentale per la Patologia
Vegetale (MAF), Rome, Italy.

Crawley, M.J. (1989) The successes and failures of weed
biocontrol using insects. Biocontrol News and Information
10, 213–223.

Crawley, M.J. (1990) Plant life-history and the success of weed
biological control projects. Proceedings of the VII Interna-
tional Symposium on Biological Control of Weeds  (ed E.S.
Delfosse), pp. 17–26. Instituto Sperimentale per la Patologia
Vegetale (MAF), Rome, Italy.

Cullen, J.M. (1990) Current problems in host-specificity
screening. Proceedings of the VII International Symposium
on Biological Control of Weeds (ed E.S. Delfosse), pp. 27–
36. Instituto Sperimentale per la Patologia Vegetale (MAF),
Rome, Italy.

Cullen, J.M. (1995) Predicting effectiveness: fact and fantasy.
Proceedings of the VIII International Symposium on Biolog-
ical Control of Weeds (eds E.S. Delfosse & R.R. Scott), pp.
103–109. DSIR/CSIRO, Melbourne, Australia.

DeClerck-Floate, R. (1996) The role of pre-release studies in
developing a biocontrol strategy for hound’s tongue in
Canada. Proceedings of the IX International Symposium on
Biological Control of Weeds (eds V.C. Moran & J.H. Hoff-
mann), pp. 143–148. University of Cape Town, South
Africa.

DeClerck-Floate, R. & Bourchier, R.S. (2000) Ecological prin-
ciples of biological control: from population theory to weed
biocontrol practice. Proceedings of the X International
Symposium on Biological Control of Weeds (ed. N.R.
Spencer), pp. 517–520. United States Department of Agri-
culture, Agricultural Research Services, Sidney, MT and
Montana State University, Bozeman, MT.

De Loach, C.J. (1981) Prognosis for biological control of weeds
of southwestern US rangelands. Proceedings of the V Inter-
national Symposium on Biological Control of Weeds  (ed
E.S. Delfosse), pp. 175–199. CSIRO, Melbourne.

Dennill, G.B. (1985) The effect of the gall wasp Trichilogaster
acaciaelongifoliae (Hymenoptera: Pteromalidae) on repro-
ductive potential and vegetative growth of the weed Acacia
longifolia. Agriculture, Ecosystems and Environment 14,
53–61.

Dennill, G.B. (1988) Why a gall former can be a good biocon-
trol agent—the gall wasp Trichilogaster acaciaelongifoliae

and the weed Acacia longifolia. Annals of Applied Biology
111, 661–666.

Dennill, G.B. (1990) The contribution of a successful biocontrol
project to the theory of agent selection in weed biocontrol —
the gall wasp Trichilogaster acaciaelongifoliae and the
weed Acacia longifolia. Agriculture, Ecosystems and Envi-
ronment 31, 147–154.

Dennill, G.B. & Donnelly, D. (1991) Biological control of
Acacia longifolia and related weed species (Fabaceae) in
South Africa. Agriculture, Ecosystems and Environment 37,
115–136.

Dennill, G.B., Donnelly, D., Stewart, K. & Impson, F.A.C.
(1999) Insect agents used for the biological control of
Australian Acacia species and Paraserianthes lophantha
(Willd.) Nielsen (Fabaceae) in South Africa. African Ento-
mology Memoir No. 1, 45–54.

Dennill, G.B. & Gordon, A.J. (1991) Trichilogaster sp.
(Hymenoptera: Pteromalidae), a potential biocontrol agent
for the weed Acacia pycnantha (Fabaceae). Entomophaga
36, 295–301.

Dennill, G.B. & Moran, V.C. (1988) On insect–plant associa-
tions in agriculture and the selection of agents for weed
biocontrol. Annals of Applied Biology. 114, 157–166.

Donnelly, D. (1992) The potential host range of three seed-
feeding Melanterius spp. (Curculionidae), candidates for the
biological control of Australian Acacia spp. and Paraserian-
thes (Albizia) lophantha in South Africa. Phytophylactica
24, 163–167.

Donnelly, D. (1995) Good news for blackwood control. Plant
Protection News 41, 4.

Donnelly, D., Calitz, F.J. & Van Aarde, I.M.R. (1992) Insecti-
cidal control of Melanterius servulus (Coleoptera: Curculio-
nidae), a potential biocontrol agent of Paraserianthes
lophantha (Leguminosae) in commercial seed orchards of
black wattle, Acacia mearnsii (Leguminosae). Bulletin of
Entomological Research 82, 197–202.

Ehler, L.E. (1995) Evolutionary history of pest–enemy associa-
tions. Proceedings of the VIII International Symposium on
Biological Control of Weeds (eds E.S. Delfosse & R.R.
Scott), pp. 83–91. DSIR/CSIRO, Melbourne, Australia.

Forno, I.W. (1981) Progress in the exploration for biological
agents for Salvinia molesta. Proceedings of the V Interna-
tional Symposium on Biological Control of Weeds  (ed. E.S.
Delfosse), pp. 167–173. CSIRO, Melbourne.

Gassmann, A. (1996) Classical biological control of weeds with
insects: a case for emphasizing agent demography. Proceed-
ings of the IX International Symposium on Biological
Control of Weeds (eds V.C. Moran & J.H. Hoffmann), pp.
171–175. University of Cape Town, South Africa.

Goeden, R.D. (1983) Critique and revision of Harris’ scoring
system for selection of insect agents in biological control of
weeds. Protection Ecology 5, 287–301.

Goeden, R.D. & Kok, L.T. (1986) Comments on a proposed
“new” approach for selecting agents for the biological
control of weeds. Canadian Entomologist 118, 51–58.

Harris, P. (1973) The selection of effective agents for the
biological control of weeds. Canadian Entomologist 105,
1495–1503.

Harris, P. (1976) Biological control of weeds: from art to
science. Proceedings of the IV International Symposium on
Biological Control of Weeds (ed T.E. Freeman), pp. 85 –86.
Institute of Food and Agricultural Sciences, University of
Florida, Gainesville.

Harris P. (1985) Biocontrol of weeds: bureaucrats, botanists,
beekeepers and other bottlenecks. Proceedings of the VI



Selection of Melanterius spp. for acacia control

133

International Symposium on Biological Control of Weeds
(ed E.S. Delfosse), pp. 3–12. Agriculture Canada, Ottawa.

Harris, P. (1991) Classical biocontrol of weeds: its definition,
selection of effective agents, and administrative–political
problems. Canadian Entomologist 123, 827–849.

Hoffmann, J.H., Impson, F.A.C., Moran, V.C. & Donnelly, D.
(2002) Biological control of invasive golden wattle trees
(Acacia pycnantha) by a gall wasp, Trichilogaster sp.
(Hymenoptera: Pteromalidae), in South Africa. Biological
Control 25, 64–73.

Hokkanen, H. & Pimental, D. (1984) New approach for
selecting biological control agents. Canadian Entomologist,
116, 1109–1121.

Huffaker, C.B. (1976) An overview of biological control, with
particular commentary on biological weed control. Proceed-
ings of the IV International Symposium on Biological
Control of Weeds (ed T.E. Freeman), pp. 3–12. Institute of
Food and Agricultural Sciences, University of Florida,
Gainesville.

Impson, F.A.C., Moran, V.C., Hoffmann, J.H., Donnelly, D. &
Stewart, K. (2000) Recent developments in the biological
control of invasive acacias in South Africa: Melanterius
?servulus (Coleoptera: Curculionidae) against Acacia
cyclops. Proceedings of the X International Symposium on
Biological Control of Weeds (ed N.R. Spencer), pp. 729–
734. United States Department of Agriculture, Agricultural
Research Services, Sidney, MT and Montana State Univer-
sity, Bozeman, MT.

Janzen, D.H. (1971) Seed predation by animals. Annual Review
of Ecology and Systematics 2, 465–492.

Janzen, D.H. (1975) Interactions of seeds and their insect pred-
ators/parasitoids in a tropical deciduous forest. Evolutionary
strategies of parasitic insects and mites (ed P.W. Price), pp.
154–186. Plenum Press, New York.

Johnson, H.B. (1985) Consequences of species introductions
and removals on ecosystem function – implications for
applied ecology. Proceedings of the VI International Sympo-
sium on Biological Control of Weeds (ed E.S. Delfosse), pp.
27–56. Agriculture Canada, Ottawa.

Kluge, R.L. (1989) The seed-attacking wasp, Bruchophagus sp.
(Hymenoptera: Erytomidae) and its potential for biological
control of Acacia longifolia in South Africa. Proceedings of
the VII International Symposium on Biological Control of
Weeds (ed E.S. Delfosse), pp. 349–356. Instituto Sperimen-
tale per la Patologia Vegetale (MAF), Rome, Italy.

Kluge, R.L. (2000) The future of biological control of weeds
with insects: no more ‘paranoia’, no more ‘honeymoon’.
Proceedings of the X International Symposium on Biolog-
ical Control of Weeds (ed N.R. Spencer), pp. 459–467.
United States Department of Agriculture, Agricultural
Research Services, Sidney, MT and Montana State Univer-
sity, Bozeman, MT.

Kluge, R.L. & Neser, S. (1991) Biological control of Hakea
sericea (Proteaceae) in South Africa. Agriculture, Ecosys-
tems and Environment 37, 91–114.

Kovalev, O. & Zaitzev, V.F. (1996) A new theoretical approach
to the selection of promising agents for biological weed
control. Proceedings of the IX International Symposium on
Biological Control of Weeds (eds V.C. Moran & J.H. Hoff-
mann), pp. 283–285. University of Cape Town, South
Africa.

Lawton, J.H. (1985) Ecological theory and choice of biological
control agents. Proceedings of the VI International Sympo-
sium on Biological Control of Weeds (ed E.S. Delfosse), pp.
13–26. Agriculture Canada, Ottawa.

Louda, S.M. (2000) Rhinocyllus conicus – insights to improve
predictability and minimize risk of biological control of
weeds. Proceedings of the X International Symposium on
Biological Control of Weeds (ed N.R. Spencer), pp. 187–
193. United States Department of Agriculture, Agricultural
Research Services, Sidney, MT and Montana State Univer-
sity, Bozeman, MT.

Louda, S.M. & Arnett, A.E. (2000) Predicting non-target
ecological effects of biological control agents: evidence
from Rhinocyllus conicus. Proceedings of the X Interna-
tional Symposium on Biological Control of Weeds (ed N.R.
Spencer), pp. 551 –567. United States Department of Agri-
culture, Agricultural Research Services, Sidney, MT and
Montana State University, Bozeman, MT.

Marshall, D.R., Burdon J.J. & Brown A.H.D. (1981) Optimal
sampling strategies in the biological control of weeds.
Proceedings of the V International Symposium on Biolog-
ical Control of Weeds (ed E.S. Delfosse), pp. 103–111.
CSIRO, Melbourne.

Moran, V.C. & Zimmermann H.G. (1984) The biological
control of cactus weeds: achievements and prospects.
Biocontrol News and Information 5, 297–320.

Morris, M.J. (1999) The contribution of the gall-forming rust
fungus Uromycladium tepperianum (Sacc.) McAlp. to the
biological control of Acacia saligna (Labill.) Wendl.
(Fabaceae) in South Africa. African Entomology Memoir
No. 1, 125 –128.

Müller, H. (1990) An experimental and phytocentric approach
for selecting effective biological control agents: insects on
spotted and diffuse knapweed, Centaurea maculosa and C.
diffusa (Compositiae). Proceedings of the VII International
Symposium on Biological Control of Weeds (ed E.S.
Delfosse), pp. 181–190. Instituto Sperimentale per la Pato-
logia Vegetale (MAF), Rome, Italy.

Myers, J.H. & Sabath M.D. (1981) Genetic and phenotypic vari-
ability, genetic variance, and the success of establishment of
insect introductions for the biological control of weeds.
Proceedings of the V International Symposium on Biolog-
ical Control of Weeds (ed E.S. Delfosse), pp. 91–102.
CSIRO, Melbourne.

Neser, S. (1985) A most promising bud-galling wasp, Trichi-
logaster acaciaelongifoliae (Pteromalidae), established
against Acacia longifolia in South Africa. Proceedings of the
VI International Symposium on Biological Control of Weeds
(ed E.S. Delfosse), pp. 797–803. Agriculture Canada,
Ottawa.

Neser, S. & Annecke, D.P. (1973) Biological control of weeds
in South Africa. Entomology Memoir. Department of Agri-
cultural Technical Services. Republic of South Africa  28, 27.

New, T.R. (1983) Seed predation of some Australian acacias by
weevils (Coleoptera: Curculionidae). Australian Journal of
Zoology 31, 345–352.

Oberprieler, R.G. & Zimmerman, E.C. (2001) Identification
and host ranges of the Melanterius weevils used as biocon-
trol agents of invasive Australian acacias in South Africa. A
study and report for ARC-Plant Protection Research Insti-
tute, South Africa. CSIRO Entomology, Canberra.

O’Hanlon, P.C., Briese, D.T. & Peakall, R. (2000) Know your
enemy: the use of molecular ecology in the Onopordum
biological control project. Proceedings of the X Interna-
tional Symposium on Biological Control of Weeds  (ed N.R.
Spencer), pp. 281–288. United States Department of Agri-
culture, Agricultural Research Services, Sidney, MT and
Montana State University, Bozeman, MT.



Proceedings of the XI International Symposium on Biological Control of Weeds

134

Palmer, W.A. (1995) The use of computer databases during the
foreign exploration phase of a biological control
programme. Proceedings of the VIII International Sympo-
sium on Biological Control of Weeds (eds E.S. Delfosse &
R.R. Scott), pp. 705–708. DSIR/CSIRO, Melbourne,
Australia.

Palmer, W.A. & Miller, E.N. (1996) A method for prioritizing
biological control projects with reference to those of
Queensland. Proceedings of the IX International Symposium
on Biological Control of Weeds (eds V.C. Moran & J.H.
Hoffmann), pp. 313–317. University of Cape Town, South
Africa.

Pecora, P. & Dunn, P.H. (1990) Insect associations on leafy
spurge in Europe: implications for strategies for releases of
biological control agents in North America. Proceedings of
the VII International Symposium on Biological Control of
Weeds, (ed E.S. Delfosse), pp. 75–82. Instituto Sperimentale
per la Patologia Vegetale (MAF), Rome, Italy.

Peschken, D.P. & McClay, A.S. (1995) Picking the target: a
revision of McClay’s scoring system to determine the suita-
bility of a weed for classical biological control. Proceedings
of the VIII International Symposium on Biological Control
of Weeds (eds E.S. Delfosse & R.R. Scott), pp. 137–143.
DSIR/CSIRO, Melbourne, Australia.

Room, P.M. (1981) Biogeography, apparency and exploration
for biological control agents in exotic ranges of weeds.
Proceedings of the V International Symposium on Biolog-
ical Control of Weeds (ed E.S. Delfosse), pp. 113–124.
1980, Brisbane, Australia.

Room, P.M. (1985) Plant architecture and how biological
control agents affect the dynamics of weeds. Proceedings of
the VI International Symposium on Biological Control of
Weeds (ed E.S. Delfosse), pp. 89–102. Agriculture Canada,
Ottawa.

Ruiz, R.A, Vacek, D.C., Parker, P.E., Wendel, L.E., Schaffner,
U., Sobhian, R. & Richard, R.D. (2000) Using randomly
amplified polymorphic DNA polymerase chain reaction
(RAPD–PCR) to match natural enemies to their host plant.
Proceedings of the X International Symposium on Biolog-
ical Control of Weeds (ed N.R. Spencer), pp. 289–293.
United States Department of Agriculture, Agricultural
Research Services, Sidney, MT and Montana State Univer-
sity, Bozeman, MT.

Sands, D.P.A. & Harley, K.L.S. (1981) Importance of
geographic variation in agents selected for biological control
of weeds. Proceedings of the V International Symposium on
Biological Control of Weeds (ed E.S. Delfosse), pp. 81–89.
CSIRO, Melbourne.

Schmidt, F., Hoffmann, J.H. & Donnelly, D. (1999) Levels of
damage caused by Melanterius servulus Pascoe (Coleoptera:
Curculionidae), a seed-feeding weevil introduced into South
Africa for biological control of Paraserianthes lophantha
(Fabaceae). African Entomology 7, 107–112.

Schroeder, D., Gassmann, A. & Müller-Schärer, H. (1996) Pre-
release studies: synthesis of session 3. Proceedings of the IX
International Symposium on Biological Control of Weeds
(eds V.C. Moran & J.H. Hoffmann), pp. 237–239. Univer-
sity of Cape Town, South Africa.

Schroeder, D. & Goeden, R.D. (1986) The search for arthropod
natural enemies of introduced weeds for biological

control—in theory and practice. Biocontrol News and Infor-
mation 7, 147-155.

Scott, J.K. & Adair, R.J. (1995) Selection of biological control
agents for Chrysanthemoides monilifera, a weed of
protected natural areas in Australia. Proceedings of the VIII
International Symposium on Biological Control of Weeds
(eds E.S. Delfosse & R.R. Scott), pp. 61–67. DSIR/CSIRO,
Melbourne, Australia.

Stubbings, J.A. (1977) A case against controlling introduced
acacias. Proceedings of the Second National Weeds Confer-
ence of South Africa, pp. 89–107. 1977, Stellenbosch.

Van den Berg, M.A. (1973) Indringing van bosse in plantasies
en inheemse flora. Report of the Agricultural Technical
Services, South Africa.

Van den Berg, M.A. (1977) Natural enemies of certain acacias
in Australia. Proceedings of the Second National Weeds
Conference of South Africa, pp. 75–82. 1977, Stellenbosch.

Van den Berg, M.A. (1980a) Natural enemies of Acacia cyclops
A. Cunn. Ex G. Don and Acacia saligna (Labill.) Wendl. in
Western Australia. I. Lepidoptera. Phytophylactica 12, 165–
167.

Van den Berg, M.A. (1980b) Natural enemies of Acacia cyclops
A. Cunn. Ex G. Don and Acacia saligna (Labill.) Wendl. in
Western Australia. II. Coleoptera. Phytophylactica 12, 169–
171.

Van den Berg, M.A. (1980c) Natural enemies of Acacia cyclops
A. Cunn. Ex G. Don and Acacia saligna (Labill.) Wendl. in
Western Australia. III. Hemiptera. Phytophylactica 12, 223–
226.

Van den Berg, M.A. (1980d) Trichilogaster acaiaelongifoliae
(Frogatt) (Hymenoptera: Pteromalidae): a potential agent for
the biological control of Acacia longifolia in South Africa.
Proceedings of the Third National Weeds Conference of
South Africa, (eds S. Neser & A.L.P. Cairns), pp. 61–64.
1979. Pretoria, South Africa.

Van den Berg, M.A. (1982a) Lepidoptera attacking Acacia
dealbata Link., Acacia decurrens Willd., Acacia longifolia
(Andr.) Willd., Acacia mearnsii De Wild. and Acacia
melanoxylon R. Br. in eastern Australia. Phytophylactica 14,
43–46.

Van den Berg, M.A. (1982b) Hemiptera attacking Acacia deal-
bata Link., Acacia decurrens Willd., Acacia longifolia
(Andr.) Willd., Acacia mearnsii De Wild. and Acacia
melanoxylon R. Br. in eastern Australia. Phytophylactica 14,
47–50.

Van den Berg, M.A. (1982c) Coleoptera attacking Acacia deal-
bata Link., Acacia decurrens Willd., Acacia longifolia
(Andr.) Willd., Acacia mearnsii De Wild. and Acacia
melanoxylon R. Br. in eastern Australia. Phytophylactica 14,
51–55.

Wapshere, A.J. (1974) A strategy for evaluating the safety of
organisms for biological weed control. Annals of Applied
Biology 77, 201–211.

Wapshere, A.J. (1981) Recent thoughts on exploration and
discovery for biological control of weeds. Proceedings of
the V International Symposium on Biological Control of
Weeds (ed E.S. Delfosse), pp. 75–79. CSIRO, Melbourne.

Wapshere, A.J. (1985) Effectiveness of biological control
agents for weeds: present quandaries. Agriculture, Ecosys-
tems and Environment 13, 261–280.


