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Summary

Spartina alterniflora is invasive in estuaries of the Pacific coast of North America, as well as in Europe,
Asia, Australia, and New Zealand. Willapa Bay, located along the southern coast of Washington state,
has the largest infestation of invasive S. alterniflora and is the site of the first biocontrol program
against this grass. The recently introduced biocontrol agent, Prokelisia marginata (Delphacidae), has
exhibited explosive growth during the summer months, followed by severe declines over the winter.
Correlations of quantifiable site characteristics with the growth and decline of 12 released populations
reveal the habitat favouring P. marginata. Factors favouring population growth during the summer
include high host leaf nitrogen and low spider abundance. Winter survival was greatly improved by the
presence of intact dead S. alterniflora culms throughout the winter. Interestingly, sites favouring P.
marginata population growth in the summer had the lowest survival over the winter. These correlations
and trade-offs suggest possible future strategies for enhancing biocontrol through habitat manipulation.

Keywords: biological control, population growth, Prokelisia marginata, Spartina 
alterniflora, winter survival.

Introduction
In the three years since its first introduction for biolog-
ical control of Spartina alterniflora in Willapa Bay,
Washington State, the planthopper Prokelisia margi-
nata (Delphacidae) has exhibited explosive population
growth, demonstrated impacts on the target plant in
field cages, and attained local field densities
approaching those known to kill the target weed
(Grevstad et al. 2003). However, in spite of these
encouraging early signs, the long-term persistence and
impact of the agent population has been uncertain, due
largely to low overwinter survival. The intertidal envi-
ronment that Spartina invades is particularly harsh

during the winter months, with frequent storms and a
2.3 to 3.4 m mean tidal range (Sayce 1988). After two
of three initial released populations failed to survive the
winter of 2001–02, and the third population only barely
persisted, 12 additional release sites were selected,
based on their relatively protected locations. By using a
larger number of release sites, we hoped to find at least
some sites where P. marginata populations would
expand rapidly and persist year to year. Additionally,
by performing periodic population surveys at these
sites and quantifying habitat characteristics, we sought
to identify habitat factors associated with improved P.
marginata performance during both the summer and
winter months. After one year of following these popu-
lations, we have gained important clues as to how to
give this biocontrol program the best chance of
succeeding.
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Invasive Spartina

Spartina alterniflora, commonly called smooth
cordgrass or Spartina, is native and ecologically valued
on the Atlantic coast of North America, but it is intro-
duced and a serious environmental threat on the Pacific
coast of North America. S. alterniflora and the closely
related S. anglica and S. townsendii are also invasive in
Europe, China, Australia, and New Zealand (Aberle
1993). This perennial grass invades estuarine intertidal
mudflats, which are normally devoid of emergent vege-
tation, dramatically transforming them into expansive
swards of tall dense vegetation. The invasion brings
threats to a wide variety of birds, fish, and commer-
cially harvested clams and oysters that rely on the
mudflat habitat. 

Willapa Bay, a 23,000 hectare estuary along the
southern Washington coast, has the most advanced
infestation of invasive S. alternflora. The plant was
accidentally introduced as early as the 1890s during a
period when it was used as packing material for oysters
shipped from the Atlantic coast (Frenkle and Kunze
1984). The plant was slow to spread until the mid 1900s
when an apparent increase in seed production launched
the population into a phase of rapid expansion (Sayce
1988; Feist and Simenstad 2000). Aerial photos docu-
ment a 60% increase in Spartina cover throughout the
bay between 1994 and 1997 (Reeves 1999). In 2002, an
estimated 2400 solid hectares of S. alterniflora plus
2200 hectares of scattered patches were present in
Willapa Bay (Wecker et al. this volume).

Novel aspects of the Spartina biocontrol 
program

Several aspects of the Spartina biocontrol program
are unique. First, this is the first use of classical biocon-
trol against a grass. A lack of projects targeting grasses
(Julien and Griffiths 1998) may reflect the fact that
weedy grasses often have relatives of economic or
ecological importance and tend to be risky targets. This
is not the case for S. alterniflora in Willapa Bay. As a
member of the tribe Chlorideae, S. alterniflora has few
close relatives in North America and none in coastal
areas north of the San Francisco Bay area. Second, the
biocontrol program is the first in a marine intertidal
environment. This environment has created unique
challenges for the biological control program as
described in this paper. Third, the use of a planthopper
agent is unusual. The only other documented plan-
thopper agent is Stobaera concinna (Stål), used against
Parthenium hysterophorus (L.) and Ambrosia artemisi-
ifolia (L.) in Australia (McFadyen 1985; Julien and
Griffiths 1998). Finally, this project differs from most
classical biocontrol projects in that the targeted weed is
invasive in the same country where it is native and the
biocontrol agent has likewise been transferred between
states rather than between countries. The host specifi-
city testing was nonetheless as rigorous as that used in

foreign introductions (Grevstad et al. 2003), including
a full review by the Technical Advisory Group on
Biological Control of Weeds. In the past, interstate
introductions of biocontrol agents have been made
without a formal technical review, including one that
has been harmful to native plants (Louda and O’Brien
2002).

Prokelisia marginata life history
Prokelisia marginata is native to the Atlantic and

Gulf coasts of North America. It also occurs in Cali-
fornia, where it may have been introduced in recent
decades. P. marginata is highly host specific, using
only a small number of closely related Spartina spp. as
hosts (Grevstad et al 2003). In addition to S. alterni-
flora, it can complete development on S. anglica and S.
foliosa (native to California and Mexico). It may also
be capable of using the European S. maritima and S.
townsendii, although these species were not included in
host range tests. P. marginata weakens the plant by
ingesting sap from the phloem and also by laying eggs
under the leaf surface, causing structural damage and
scarring to the leaf. P. marginata is known to have three
generations per year in its native range and in California
(Denno et al. 1996, Roderick 1987) but so far has
produced no more than two generations in per year in
Willapa Bay. Nymphs pass through five instars before
moulting into adults. Overwintering occurs in the
nymphal stages. The majority of nymphs pass the
winter inside leaf curls of senesced plants (thatch).
Some can also be found on short green shoots, which
are sparse in winter.

Materials and Methods
Releases of approximately 9000 mixed stage P. margi-
nata were made at 12 sites throughout Willapa Bay in
late May and early June of 2002. The sites were specif-
ically selected for their perceived winter habitat quality.
We selected sites in which at least some of the senesced
S. alterniflora culms remained intact over the winter.
Such sites tended to be in the upper tidal zones, in small
backwater sloughs, or otherwise protected from winter
storms and wave action. In unprotected and lower tidal
zone sites, the Spartina culms typically break off and
drift away or become waterlogged and decompose. 

Insects used for releases were reared on S. alterni-
flora in a greenhouse during the winter and spring of
2002. The parent stock was collected from Willapa
field populations in late fall. In mid-to-late May, the
planthoppers were released into field sites by nestling
infested rearing plants into a designated 5 × 5 m area of
a much larger sward. Most of the planthoppers moved
onto nearby field plants within a few days. 

The planthopper populations were surveyed at three
times: (1) in early July, before any new eggs had
hatched; (2) in late September, after one full generation;
and (3) in April of the following spring. A gas-powered
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insect vacuum converted from a hand-held leaf blower
(see Grevstad et al. 2003) was used to sample P. margi-
nata. At each release site, insects were vacuumed from
the vegetation at 12 sample points in July and
September, and at 24 sampling points in the following
spring (April). At each sample point an area the size of
the intake tube (0.0346 m2) was thoroughly vacuumed.
Sample points were evenly spaced in a grid arrange-
ment within 5 m radius of the release centre. The
vacuum bags were brought back to the laboratory,
where the numbers of P. marginata nymphs and adults
from each sample were counted. 

During the September and April surveys, the
number of spiders in each sample was also noted. To
assess the possible influence of variation in plant
nitrogen on the P. marginata populations, 20 randomly
selected leaves (2nd from top) were collected from each
site in mid-September. The leaves were dried in a
drying oven, ground to a fine powder, and analyzed for
nitrogen content. In April, we quantified characteristics
of the wintering habitat inside eight 0.25 m2 quadrats
spaced 2 m apart along two transects bisecting the
releases area. In each quadrat, we counted the number
of new green shoots, measured the height of the tallest
shoot, and assessed the percentage of dead culms from
the previous year’s growth that were still intact and in
good condition. 

Results

Summer increase

At most sites, population densities increased
substantially between the first and the second census
(Fig. 1). The average population increase was by a
factor of 2.84 ± 0.90. Change in density ranged from a
50% decline to a nearly 12-fold increase. The change in
density is an underestimate of the actual reproduction
rate because many insects disperse from the initial
release area. (In an earlier study, roughly two thirds of
the population was found to disperse beyond the imme-
diate release area by the end of the first summer
(Grevstad et al. 2003).) The average population density
at the end of the summer was 4270 ± 1570 planthoppers
per m2 with a range of 947 to just over 20,000 per m2.
The one site that attained 20,000 per m2 had nearly four
times the density of the next most populous site.

Winter decline

Survival over the winter was low, but better than in
previous years. The average fraction surviving from
October 2002 to April 2003 was 0.043 ± 0.019. At five
sites, no P. marginata were recovered in April. The
highest level of survival at a site was 0.18. At all but one
site, the density of P. marginata recovered in the spring
was lower than densities measured soon after release in
the previous summer. Because some insects dispersed,

the decline in density does not necessarily mean a
decline in population size. 

A striking pattern to arise from these results is that
sites where P. marginata performed well during the
summer had lowest survival during the winter (Fig. 2).
Five of the six populations attaining greater than
median density appear to have gone extinct, with the
extant population surviving at a rate of only 0.43%. In
contrast, all of the six populations that attained lower
than median fall densities persisted through the winter
and the average survival rate was 8.4%.
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Figure 1. Densities of Prokelisia marginata at 12 release
sites in July, September, and April after approx-
imately 9000 individuals were released at each
site in early June.

Figure 2. Relationship between winter and summer
performance of Prokelisia marginata at 12
release sites in Willapa Bay. Winter survival
was measured as the ratio of spring to fall P.
marginata densities. Summer performance was
measured as the planthopper density attained by
September after release of 9000 individuals at
each site in early June. 



Proceedings of the XI International Symposium on Biological Control of Weeds

526

Site influences

We found clear correlations between P. marginata
performance and measurable site characteristics.
During the summer months, P. marginata performance,
measured as the density attained by the end of the
summer, was positively correlated with leaf nitrogen
content (F = 16.5, P = 0.002, Fig. 3a). Leaf nitrogen
content at release sites ranged from a low of 1.09% to a
high 2.09%. Summer performance was also strongly
negatively correlated with spider density (F = 11.8,
P = 0.006). Spider densities among sites varied by two
orders of magnitude with a range of 22 to 2218 per m2

in September and a range of 2.4 to 176 per m2 in April.
The outbreak site mentioned above was the site with the
highest leaf nitrogen content. It also had the second
lowest spider density. 

During the winter, increased survival was strongly
associated with the presence of intact thatch over the
winter (R2 = 0.62; P = 0.002; Fig. 4a). The level of
thatch in the quadrats varied among sites from 0 to
90%, even though all sites had moderate to high levels
of thatch in the previous spring when the sites were
chosen. Thus, there is variation from year to year in the
condition of thatch at particular locations. There
appears to be a threshold level of Spartina thatch
needed to support P. marginata through the winter.
Survival was reasonably high at levels of 70% intact
thatch or above, but was low or zero at lower levels.

Interestingly, during the winter, the relationship
with spider density was reversed from that in the
summer (R2 = 0.45; P = 0.017; Fig. 4b). P. marginata
survived better at sites where spider densities were
high. The likely explanation is that the same conditions
that promote P. marginata survival also promote spider
survival. Predation by spiders does not appear to be a
significant mortality factor during the winter. The two
other habitat characteristics measured during the spring
survey, shoot density and culm height, were not signif-
icantly correlated with P. marginata survival (Fig.
4c,d).

When only the net result of combined summer popu-
lation growth and winter declines is considered, i.e. the
density of P. marginata emerging in the spring, the
level of intact thatch was the only factor that signifi-
cantly influenced P. marginata performance (R2 = 0.62,
P = 0.003). 

Discussion

Following analyses of the performance of Prokelisia
marginata at 12 new release sites, the initial challenges
imposed by the harsh Willapa Bay environment now
appear surmountable. The careful selection of sites that
were better protected from wind and wave action, as well
as the use of a larger number of varied release locations,
provided improved overall performance compared to the
first years releases at only three sites. We now also have
three easily quantified habitat factors—high leaf
nitrogen, low spider density, and the presence of intact
thatch over the winter—that can be used to select future
release sites for even greater improvement in P. margi-
nata performance. 

Our results suggest that P. marginata should ideally
be released into sites that have high nitrogen and low
spiders in summer and have thatch that remains intact
over the winter. But such sites may be hard to come by,
as none of our 12 sites had that combination. Instead
nitrogen was negatively correlated with thatch condi-
tion and spiders were positively correlated with thatch
condition. High nitrogen plants and low spider abun-
dance are often found in lower tidal areas and channel
banks, where there is greater water flow and better
access to nutrients, but where the currents and wave
action are likely to break off dead culms during the fall
and winter. Also, the taller growth of high nitrogen
plants makes them more susceptible to breakage during
the fall and winter. As a result of these correlations,
populations that had explosive growth during the
summer, reaching sampled densities of 20,000 per m2,
went extinct or nearly so during the winter. In the end,
the presence of intact thatch was the only single factor
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Figure 3. Relationship between Prokelisia marginata performance and (A) percent nitrogen
content of S. alterniflora leaves and (B) spider density. 
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that adequately predicted P. marginata performance
over the full year period.

Newly released populations of P. marginata in
Willapa Bay seem to be foiled by the spatial separation
of superior winter and summer habitat. However, P.
marginata in its native range has a life history strategy
adapted to it. In New Jersey saltmarshes, P. marginata
reproduces in tall, nitrogen rich plants along channel
edges during the summer and then disperses in fall to
nearby high marsh Spartina that is more favourable for
winter survival (Denno and Grissell 1979). This
dispersal also allows P. marginata to elude predation
by spiders (Denno and Peterson 2000). Such seasonal
migration between upper and lower tidal zones has not
been observed in Willapa Bay. Instead any dispersal
that occurs is not directed toward upper tide zones, and
the majority of the planthoppers remain within a few
metres of the release area at the onset of winter
(Grevstad et al. 2003). 

An important difference between east coast and
invasive west coast Spartina marshes is that, on the east
coast, there are two forms of S. alterniflora; a tall form
that grows in lower tide zones and near channel edges,
and a short stiff form, 10–15 cm tall, that grows in

expansive swards in the high marsh. In Willapa Bay,
only the tall form of S. alterniflora is found and, in all
but the most protected areas, it breaks off during winter.
Given that there are very large expanses of Spartina in
Willapa Bay in areas where P. marginata cannot
survive the winter and only scattered small areas where
it can, it is reasonable to question the potential of P.
marginata to have widespread impact on the target
plant over its full distribution. Perhaps a more likely
outcome is that the planthopper will have impacts in
some areas but not others. 

The results suggest opportunities for habitat manip-
ulation and conservation biocontrol practices to
enhance the effectiveness of the biocontrol program.
One possibility is to improve P. marginata population
growth or even create outbreaks through fertilization of
Spartina plants in the vicinity of releases.  This could be
done in sites that had good winter habitat and relatively
low spider densities.  Fertilization experiments with P.
marginata have been tried on the east coast with mixed
results.  Bowdish and Stiling (1998) and Denno et al.
(1996) found that fertilizing increased P. marginata
densities by factors of roughly two and four respec-
tively, while Silvanima and Strong (1991) found initial
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Figure 4. Prokelisia marginata winter survival as a function of (A) percentage of Spartina
thatch remaining intact, (B) spring spider densities, (C) density of green shoots,
and (D) mean tallest shoot height. 



Proceedings of the XI International Symposium on Biological Control of Weeds

528

increases in abundance that did not persist, and Vince et
al. (1981) found no effect of fertilization.  Vince et al.
(1981) noted higher numbers of spiders in fertilized
plots that may have suppressed the planthoppers.
Another approach to enhancing biocontrol is to move
large numbers of planthoppers from the high reproduc-
tion sites when they are abundant in the fall and move
them to protected locations to spend the winter.  Exper-
iments are needed to determine what kind of sheltering
will provide the best winter survival with the least
effort.  The possibility for doing this on a large scale is
not prohibitive. The state and federal agencies currently
involved in the Spartina control work have large
machines capable mowing and transporting Spartina
stems in large quantities. 

Acknowledgements
This research was supported by the National Sea Grant
Program and the United States Fish and Wildlife
Service. We also thank the Washington Department of
Natural Resources and the Willapa Wildlife Refuge for
airboat transportation, Joe McHugh for site access, and
Carol O’Casey for field help during the spring survey.

References
Aberle, B.L. (1993)  The biology and control of introduced

Spartina (cordgrass) worldwide and recommendations for
its control in Washington. Masters thesis, The Evergreen
State University, Olympia, WA, United States.

Bowdish, T.I. and Stiling, P. (1998)  The influence of salt and
nitrogen on herbivore abundance: direct and indirect effects.
Oecologia 113, 400–405.

Denno, R.F. and Grissell, E.E. (1979)  The adaptiveness of
wing-dimorphism in the salt marsh-inhabiting planthopper,
Prokelisia marginata (Homoptera: Delphacidae). Ecology
60, 221–236.

Denno, R.F. and Peterson, M.A. (2000)  Caught between the
devil and the deep blue sea, mobile planthoppers elude
natural enemies and deteriorating host plants. American
Entomologist 46, 95–109.

Denno, R.F., Roderick, G.K., Peterson, M.A., Huberty, A.F.,
Dobel, H.G., Eubanks, M. D., Losey, J.E. and Langellotto,
G.A. (1996)  Habitat persistence underlies intraspecific vari-

ation in the dispersal strategies of planthoppers. Ecological
Monographs  , 389–408.

Feist, B.E. and Simenstad, C.A. (2000)  Expansion rates and
recruitment frequency of exotic smooth cordgrass, Spartina
alterniflora (Loisel), colonizing unvegetated littoral flats in
Willapa Bay, Washington. Estuaries 23, 267–274.

Frenkle, R.E. and Kunze, L.M. (1984)  Introduction and spread
of three Spartina species in the Pacific Northwest. Annual
Meeting of the Association of American Geographers ,
Washington, D.C.

Grevstad, FS, Strong, D.R., Garcia-Rossi, D., Switzer, R.W.
and Wecker, M.S. (2003)  Biological control of Spartina
alterniflora in Willapa Bay, Washington using the plan-
thopper Prokelisia marginata: agent specificity and early
results. Biological Control 27, 32–42.

Julien, M.H. and Griffiths, M.W. (1998) Biological control of
weeds: a world catalogue of agents and their target weeds.
CABI Publishing, Wallingford, Oxon, U.K.

Louda, S.V. and O’Brien, C.W. (2002)  Unexpected ecological
effects of distributing the exotic weevil, Larinus planus (F.),
for the biological control of Canada thistle. Conservation
Biology 16, 717–727.

McFadyen, R.E. (1985)  The biological control programme
against Parthenium hysterophorus in Queensland. In
Proceedings of the VI International Symposium on Biolog-
ical Control of Weeds (ed. E.S. Delfosse) pp. 789–796, 19–
25 August 1984, Vancouver, Canada. Agriculture Canada,
Ottowa.

Roderick, G.K. (1987) Ecology and evolution of dispersal in
Californian populations of a salt marsh insect, Prokelisia
marginata. Ph. D. Dissertation, University of California,
Berkeley, United States.

Reeves, B.  (1999) Report to the legislature: progress of the
Spartina and Purple loosestrife eradication and control
programs. Washington State Department of Agriculture,
Olympia, WA, United States.

Sayce, K. (1988)  Introduced cordgrass, Spartina alterniflora
Loisel., in salt marshes and tidelands of Willapa Bay, Wash-
ington. Unpublished report, Willapa National Wildlife
Refuge, Naselle, WA, United States.

Silvanima, J.V.C. and Strong, D.R. (1991)  Is host-plant quality
responsible for the population pulses of salt-marsh planthop-
pers (Homoptera: Delphacidae) in northwestern Florida?
Ecological Entomology 16, 221–232.

Vince, S.W., Valiela, I. and Teal, J.M. (1981)  An experimental
study of the structure of herbivorous insect communities in
a salt marsh. Ecology 62, 1662–1678.


	Proceedings of the XI International Symposium on Biological Control of Weeds
	Contents
	Preface
	Venue and delegates
	Opening ceremony
	Sponsors
	Symposium program structure
	Close of conference
	Mid-symposium tours
	Conference dinner
	Committees and support
	Next meeting

	Theme 1; Biocontrol Theory and New Approaches
	Papers
	Evolving weeds and biological control
	Introduction
	Spartina as invasive species
	Methods
	Results
	Discussion
	Acknowledgements
	References

	Predicting climate compatibility of biological control agents in their region of introduction
	Introduction
	Methods
	Results and discussion
	Conclusion
	Acknowledgements
	References

	The need to build biological control capacity in the Pacific
	Introduction
	Invasives: the biggest threat to biodiversity
	Pacific weed challenge and response
	Regional collaboration
	Priority Pacific weeds and biocontrol
	Acknowledgements
	References

	The new encounter concept: centres of origin, host specificity and plant pathogens
	Introduction
	Lessons from agriculture?
	Pathogens and invasive alien weeds
	Interpreting pathogenicity
	Discussion
	Acknowledgements
	References

	Phytomyza vitalbae, Phoma clematidina, and insect-plant pathogen interactions in the biological control of weeds
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements
	References

	Can population modelling predict potential impacts of biocontrol? A case study using Cleopus japonicus on Buddleja davidii
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


	Abstracts
	Tobacco mild green mosaic virus: a virus-based bioherbicide
	Molecular ecology of broom twig miner: implications for selection and release of biological control agents
	The significance and variability of predation of weed seeds in an agricultural landscape in Western Australia
	The value of using taxonomists to survey for potential biological control agents of weeds


	Theme 2: Target and Agent Selection
	Papers
	Pathogens for the biological control of weedy stipoid grasses in Australia: completion of investigations in Argentina
	Discussion

	Psylliodes chalcomerus (Coleoptera: Chrysomelidae: Alticinae), a flea beetle candidate for biological control of yellow starthistle Centaurea solstitialis
	Introduction
	Material and methods
	Results
	Taxonomic and morphological notes
	Discussion
	Acknowledgements
	References

	Ecological basis for selecting biocontrol agents for lantana
	Introduction
	Host plants
	Agent guilds
	Climatic adaptations
	Discussion
	Acknowledgements
	References

	Eriophyid mites for the biological control of knapweeds: morphological and biological observations
	Introduction
	Materials and methods
	Discussion and conclusions
	Acknowledgements
	References

	Flea beetles (Coleoptera: Chrysomelidae) associated with purple loosestrife, Lythrum salicaria, in Russia
	Introduction
	Materials and methods
	Results
	Discussion
	Aknowledgements
	References

	The significance of intraspecies pathogenicity in the selection of a rust pathotype for the classical biological control of Mikania micrantha (mile-a-minute weed) in Southeast Asia
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgements
	References

	Two shoot miners as potential biological control agents for garlic mustard: should both be released?
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Pre-release evaluation and host-range testing of Floracarus perrepae (Eriophyidae) genotypes for biological control of Old World climbing fern
	Introduction
	Mite phenology and impact
	Performance of mite genotypes
	Conclusions
	Acknowledgements
	References

	Studies in Argentina on two new species of Thrypticus (Diptera: Dolichopodidae) as agents for the biological control of water hyacinth, Eichhornia crassipes
	Introduction
	Materials and methods
	Host-range testing
	Results
	Discussion
	Acknowledgements
	References

	Population structure, ploidy levels and allelopathy of Centaurea maculosa (spotted knapweed) and C. diffusa (diffuse knapweed) in North America and Eurasia
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References

	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?
	Introduction
	The history of exploration for and selection of insect species for the biological control of Australian acacias in South Africa
	The Melanterius seed-feeding weevils used for biological control in South Africa
	Discussion and conclusions
	Acknowledgements
	References

	Insects for the biocontrol of weeds: predicting parasitism levels in the new country
	Introduction
	Factors affecting parasitism
	Predictability
	Discussion
	Acknowledgements
	References

	Biological control of Rubus fruticosus agg. (blackberry): is the leaf rust the only option for Australia?
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	The CSIRO Mexican Field Station: history and current activities
	History
	Scope of activities
	Target weeds
	Agents released in Australia
	Acknowledgements
	References

	Surveys for natural enemies of giant hogweed (Heracleum mantegazzianum) in the Caucasus region and assessment for their classical biological control potential in Europe
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Candidates for the biological control of teasel, Dipsacus spp.
	Introduction
	Taxonomy and distribution in its native range
	Biology and ecology of teasel
	Why is it a problem?
	Literature records of pathogens and invertebrates on teasel
	Survey and insect collection
	Preliminary experiments
	Results
	Biology and ethology of two selected species
	Conclusions
	Perspectives for further studies
	Acknowledgements
	References

	Quantitative field surveys for the selection of biological control agents for Genista monspessulana, based on host range and efficacy assessment
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References

	Avoiding and exploiting trophic cascading: its role in the selection of weed biological control agents
	Biological control theory
	Criteria for selecting an effective agent
	Tritrophic interactions
	Evolution of life-history characteristics
	Application to biological control
	References

	New research on Alternanthera philoxeroides (alligator weed) in its South American native range
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Survey of potential biological agents to control yellow bells, Tecoma stans (L.) Kunth. (Bignoniaceae), in southern Brazil
	Introduction
	Materials and methods
	Results and discussion
	References

	The patterns of harvester ant removal of wild radish seeds in the native range: the importance of generalist seed predators to weed management
	Introduction
	Materials and method
	Statistical analysis
	Results
	Discussion
	Acknowledgements
	References

	Exploration for plant pathogens against Taeniatherum caput-medusae (medusahead ryegrass)
	Introduction
	Materials and methods
	Results
	Discussion
	References

	The potential for classical biological control of invasive grass species with special reference to invasive Sporobolus spp. (Poaceae) in Australia
	Introduction
	Sporobolus spp. taxonomy and biology
	Grasses as targets for biological control
	Selection of biological control agents for grasses
	Conclusions
	Acknowledgements
	References

	Prospects for the search for weed biocontrol agents in Russia
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgements
	References

	Natural impact of the flea-beetle, Longitarsus sp., on Heliotropium amplexicaule in Argentina and its potential for use as a biological control agent in Australia
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	A Canadian strain of Pseudomonas syringae causes white-colour disease of Cirsium arvense (Canada thistle)
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


	Abstracts
	Silybum marianum: another host for Puccinia punctiformis
	Evaluation of variable temperature regimes on bioherbicidal activity of non-indigenous fungal pathogens for biological control of green foxtail
	Biological control of the southern African Chromolaena odorata biotype using pathogens - the search continues
	Competition experiments for pre-release evaluation of the potential efficacy of new biological control agents
	Foreign explorations and preliminary host- range and field impact bioassays of two promising candidates for the biological control of yellow starthistle in eastern Europe
	Prospects for classical biological control of torpedograss, Panicum repens (Poaceae), in the USA
	Sub-specific differentiation in the selection of a suitable biotype of Dactylopius tomentosus for biocontrol of Opuntia fulgida var. fulgida in South Africa
	The role of ecology in selecting target species and agents for biological control
	Aspects of the biology and host range of Alcidodes sedi (Curculionidae: Mecysolobini), a potential biological control agent for the introduced plant Bryophyllum delagoense (Crassulaceae) in South Africa and Australia
	Compatible interactions between the pathogen, weed and environment make the bridal creeper rust a successful biological control agent
	Biological control of weeds program, Parana, Brazil; problems and progress in current research on Brazilian weeds in Parana State
	The use of molecular taxonomy in the exploration for a cold-hardy strain of the tansy ragwort flea beetle Longitarsus jacobaeae (Coleoptera: Chrysomelidae)
	Will further exploration find effective biological control agents for Hydrilla verticillata?
	Impact of two invasive plants, purple loosestrife (Lythrum salicaria) and reed canary grass (Phalaris arundinacea), on wetland plant and moth communities in the Pacific north-west, USA
	The use of trap gardens in biological control: the case of blackberry, Rubus fruticosus and its agent, the rust Phragmidium violaceum
	Progress with the biological control program for Japanese knotweed
	Biological control of privet in La Réunion: the story so far
	Biological control of invasive alien weeds in the UK: new initiatives
	Bionomy, seasonal incidence and influence of parasitoids of the field bindweed stem borer fly Melanagromyza albocilia (Diptera:Agromyzidae) in Slovakia
	Varietal resistance in lantana: fact or fiction?
	Biocontrol initiative against cat’s claw creeper, Macfadyena unguis-cati (Bignoniaceae), in South Africa


	Theme 3: Risk Analysis
	Papers
	Oviposition preference: its definition, measurement and correlates, and its use in assessing risk of host shifts
	Introduction
	Definitions of terms
	Sequence of events in host search by Melitaeine butterflies: responses to visual, chemical and physical stimuli
	Preference-testing technique: development of the sequential choice test for Melitaeines
	Distinguishing in practice between “preference” and “motivation”
	Correlates of preference
	Novel axes of variation revealed by preference-testing of Melitaeines
	Conclusions
	Acknowledgements
	References

	Biological control safety within temporal and cultural contexts
	Introduction
	Non-target native-plant use
	Changing considerations
	Conclusions
	Acknowledgement
	References

	Non-target impacts of Aphthona nigriscutis, a biological control agent for Euphorbia esula (leafy spurge), on a native plant Euphorbia robusta
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgements
	References

	Are mono-specific agents necessarily safe? The need for pre-release assessment of probable impact of candidate biocontrol agents, with some examples
	Introduction
	Direct non-target impacts
	Indirect non-target impacts
	Inefficiency of the lottery approach
	Testing candidate agents for potential impact
	References

	Four years of “Code of Best Practices”: has it had an impact?
	Introduction
	Impact of the Code
	Conclusions
	Acknowledgements
	References

	Setting safety zones for a biological herbicide: a New Zealand case study
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Safety in New Zealand weed biocontrol: a retrospective analysis of host-specificity testing and the predictability of impacts on non-target plants
	Introduction
	Methods
	Results and discussion
	Acknowledgements
	References

	Ruling out a host-range expansion as the cause of the unpredicted non-target attack on tagasaste (Chamaecytisus proliferus) by Bruchidius villosus
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Limited success of open field tests to clarify the host range of three species of Lepidoptera of Mimosa pigra
	Introduction
	Materials and methods
	Host-specificity tests
	Results
	Discussion
	Acknowledgements
	References

	Biotypes, hybrids and biological control: lessons from cochineal insects on Opuntia weeds
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgements
	References

	Putting the phylogeny into the centrifugal phylogenetic method
	Introduction
	Phylogeny versus taxonomy
	Phylogeny and biocontrol
	Conclusions
	Acknowledgements
	References

	Risk assessment of Gratiana boliviana (Chrysomelidae), a potential biocontrol agent of tropical soda apple, Solanum viarum (Solanaceae) in the USA
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements

	Host-specificity testing of the boneseed (Chrysanthemoides monilifera ssp. monilifera) leaf buckle mite (Aceria neseri)
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Evaluating off-target movement of Xanthomonas campestris pv. poannua following application as a biocontrol agent for Poa annua on golf turf
	Introduction
	Materials and methods
	Results and discussion
	References

	Risk analyses of recent cases of non-target attack by potential biocontrol agents in Queensland
	Introduction
	Aconophora compressa attack on Citharexylem
	The development of Isturgia disputaria on some native acacia species
	Osphilia tenuipes attack on Kalanchoe blossfeldiana
	Discussion
	References

	Progress on weed biocontrol projects in Paraná State, Brazil: targeting plants that are invasive in Brazil and elsewhere in the world
	Introduction
	The study region
	Biological control research projects
	Acknowledgements
	References

	Determining the suitability of a European cone weevil, Pissodes validirostris, for biological control of invasive pines in South Africa
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgements
	References

	Conflicts of interest associated with the biological control of weeds
	Introduction
	Economic conflicts - plants targeted for biocontrol
	Conflicts between economic groups
	Economic plants as environmental weeds
	Non-target conflicts
	Native plant species as weeds
	Ecological conflicts
	Management of the effects of weed control
	Weeds as nurse plants
	Conflict resolution
	Conclusion
	Acknowledgements
	References

	Microbial toxins in weed biocontrol: a risk or an aid?
	Introduction
	Risk of toxin production
	Enhancement of virulence through toxin overexpression
	Synergistic use with agents
	Use as biomarkers
	Use as sources of natural herbicides
	Modification of metabolic pathways
	New derivatives
	Possible syntheses
	Conclusions
	References


	Abstracts
	Regulatory approval processes for release of Puccinia spp. for biological control of Carduus and Centaurea spp. in the United States
	Biology and host range of the Brazilian thrips Pseudophilothrips ichini, a candidate for biological control of Schinus terebinthifolius: US quarantine tests
	The nature of risk from biological control
	Host-specificity investigations of a gall midge for the biological control of alien invasive hawkweeds in North America
	Our changing perception of Cactoblastis cactorum in North America
	Attack on and use of a native Hawaiian plant by the biological control agent Teleonemia scrupulosa introduced against Lantana camara
	Genotyping of pathogens with potential for biological control of invasive weeds
	Argentinian fungi for Bathurst burr fail preliminary host-specificity tests
	Biological control of saffron thistle with fungi: limited prospects
	Assessing the risks associated with the release of a flowerbud weevil, Anthonomus santacruzi, against the invasive tree Solanum mauritianum in South Africa
	A global review of risk-cost-benefit assessments for introductions of biological control agents against weeds: a crisis in the making?
	The first genuine root-attacker (Longitarsus sp., Coleoptera:Chrysomelidae: Alticinae) for Lantana camara
	Biological control of ragwort (Senecio jacobaea): monitoring nontarget impacts of Cochylis atricapitana and Platyptilia isodactyla on native Australian Senecio species
	Host specificity of Megamelus scutellaris (Hemiptera, Fulgoromorpha, Delphacidae), a potential agent for the biological control of waterhyacinth
	Realized host-specificity testing of Bruchidius villosus (Coleoptera: Chrysomelidae) in Europe
	Specificity tests with Heteroperreyia hubrichi (Hymenoptera: Pergidae) and Calophya terebinthifolii (Homoptera: Psyllidae) potential control agents against Brazilian peppertree Schinus terebinthifolius (Anacardiaceae) in the United States
	Specificity tests with Tectococcus ovatus (Heteroptera: Eriococcidae) a potential control agent against strawberry guava Psidium cattleianum (Myrtaceae) in the United States
	The trimorphic lantana flea-beetle Alagoasa extrema not suitable for release in Africa, is suitable for biocontrol in Australia
	Pre-release studies on Lixus aemulus, a new biocontrol agent on Chromolaena odorata: biology, host range and impact


	Theme 4: Integration and Management
	Papers
	Integrated weed management - could we be doing better? Lessons from controlling the invasive wetland shrub, Mimosa pigra
	Introduction
	What is integrated weed management?
	Why is including a biological control component desirable in an IWM program?
	Mimosa
	Physical and chemical control
	The mimosa integrated control experiment
	Results and discussion
	The best combination of treatments to clear thickets
	Conclusions
	Implications for IWM
	Acknowledgements
	References

	The transfer of appropriate technology; key to the successful biological control of five aquatic weeds in Africa
	Introduction
	Azolla filiculoides (red water fern)
	Myriophyllum aquaticum (parrot’s feather)
	Salvinia molesta (salvinia)
	Pistia stratiotes (water lettuce)
	Eichhornia crassipes (water hyacinth)
	Discussion
	Acknowledgements
	References

	Toxicity of herbicides and surfactants to three insect biological control agents for Cytisus scoparius (Scotch broom)
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Community involvement in the distribution of the biological control agents for bridal creeper, Asparagus asparagoides
	Introduction
	Material and methods
	Results and discussion
	Acknowledgements
	References

	Release strategies for the establishment of the leaf spot pathogen, Mycovellosiella lantanae var. lantanae, on Lantana camara in South Africa
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Integration of Aphthona spp. flea beetles and herbicides for leafy spurge (Euphorbia esula) control in the habitat of the western prairie fringed orchid (Platanthera praeclara), a threatened species
	Introduction
	Materials and method
	Results
	Discussion
	References

	Insect performance and host-plant stress: a review from a biological control perspective
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Establishment of a weed biocontrol implementation program in South Africa
	Introduction
	The pre-WfW era of biological weed control in South Africa
	The WfW program
	The early WfW era in weed biocontrol
	The weed biocontrol implementation program in WfW: initiation and structure
	Distribution of biocontrol agents
	Source of insects for redistribution
	Release site selection
	Protection of released biocontrol agents
	Data management
	Other partnerships
	Education and training
	Public awareness
	Lessons learnt from developing the BCI program
	Benefits of the BCI program
	Future plans
	Conclusion
	Acknowledgements
	References

	Integrating biological control and land management practices for control of Ulex europaeus in Hawai’i
	Introduction
	Key principles for sustainable management of U. europaeus
	Operational planning for U. europaeus management at Humu’ula
	Biological control of U. europaeus at Humu’ula
	Parameter determination, and modelling integrated control at Humu’ula
	Forestry and agro-forestry
	Discussion
	Acknowledgements
	References

	The role of biological control agents in an IWM program for Chrysanthemoides monilifera subsp. rotundata (bitou bush)
	The plant
	Biological control
	Integrated weed management
	Acknowledgements
	References

	Progress on the biological control of gorse (Ulex europaeus) in Australia
	Introduction
	Agents released
	Agents under investigation
	Prospects for control
	Acknowledgements
	References

	Dispelling the myths of biological control: extension activities of the CRC for Australian Weed Management
	Introduction
	Biocontrol myths
	Engaging the community
	Cooperative Research Centre for Australian Weed Management
	A communication strategy for biological control
	Discussion
	Acknowledgements
	References

	Perspectives on biological control of invasive plants in Latin America
	Introduction
	Potential for biological control of invasive plants in Latin America
	Major constraints to the implementation of biological control of invasive plants in Latin America
	Conclusions
	References

	Plant-mediated interactions between Neochetina spp. weevils and the fungal pathogen Cercospora piaropi on Eichhornia crassipes (water hyacinth)*
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Politics and ecology in the management of alien invasive woody trees: the pivotal role of biological control agents that diminish seed production
	Introduction
	Management of alien invasive trees in South Africa
	Management benefits of biological control agents that reduce seed- production
	Conclusion
	Acknowledgements
	References

	Release strategies for the moth Agonopterix ulicetella in the biological control of Ulex europaeus in Chile
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Preliminary assessment of release and establishment of lantana herringbone leafminer, Ophiomyia camarae (Diptera: Agromyzidae), in South Africa
	Introduction
	Materials and methods
	Results and discussion
	Conclusions
	Acknowledgements
	References

	Delivering pasture weed biological control through community networks in temperate Australia
	Introduction
	Evolution of the release process
	Rearing agents
	The release network
	The release process
	Evaluating the outcome of an agent release
	Bringing it all together
	Acknowledgements
	References

	Using GIS to integrate biological control into the integrated weed management program for Spartina alterniflora in Willapa Bay, Washington
	Introduction
	Our unique case: the unusual vulnerability of exotic spartina
	Spartina GIS application: a desktop decision-support tool for managers
	Applying SpartGIS
	Acknowledgements
	References

	Novel techniques for increasing the survival of aestivating biological control insects
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


	Abstracts
	Battling the fragrant invader: mass production, application, and implementation of biological control for kahili ginger (Hedychium gardnerianum)
	Using ecological models to assess the efficacy of weed-control measures
	The impact of gorse thrips, Sericothrips staphylinus (Thysanoptera: Thripidae), ryegrass competition and simulated grazing on the establishment and growth of gorse seedlings, Ulex europaeus (Fabaceae)
	Seed treatment technology: an attractive approach for delivering Fusarium oxysporum “Foxy 2” for the biological control of the parasitic weed Striga
	Keeping tabs on biological control agents by remote control
	Biological control: an important tool in integrated weed management (IWM) of pasture weeds
	Developing an integrated management program for kudzu
	Biocontrol of Orobanche spp. by inundative releases of Phytomyza orobanchia (Diptera, Agromyzidae)
	Progress on the introduction, rearing and release of the ragwort plume moth, Platyptilia isodactyla, for the biological control of ragwort, Senecio jacobaea, in Australia
	Herbicide use during Aphthona lacertosa flea beetle establishment expedites control of leafy spurge
	Rearing, redistribution, and dispersal of three biological-control agents for scentless chamomile
	Assessment of Dactylaria higginsii as a post- emergence bioherbicide for purple nutsedge (Cyperus rotundus) in bell pepper (Capsicum annuum)
	Synergy of Pyricularia setariae with chemical herbicides for control of green foxtail
	Oviposition preference of the ragwort flea beetle, Longitarsus flavicornis, in relation to ragwort, Senecio jacobaea, phenology and its implications for biological control
	Evaluation of Dactylaria higginsii as a component in an integrated approach to pest management
	Development of Mycoleptodiscus terrestris as a bioherbicide for management of the submersed macrophyte, Hydrilla verticillata
	TAME Melaleuca: the areawide management evaluation of Melaleuca
	Determining optimal strategies for the establishment of Pareuchaetes insulata (Lepidoptera: Arctiidae) on Chromolaena odorata (Asteraceae) in South Africa
	The post-release larval mortality of the Chrysanthemoides leaf roller Tortrix sp. in Australia
	Using Aphthona flea beetles as a biological herbicide to control small patches of leafy spurge
	Integrating biological and conventional control methods for control of Centaurea solstitialis in central California, USA
	Computer-based information systems for accessing information on the management of terrestrial and aquatic invasive plant species
	Potential for population recovery of an endangered native plant by controlling bridal creeper with rust


	Theme 5: Evaluation
	Papers
	Evaluating the flow-on effects of the biological control agents for Ageratina riparia (mist flower) on plant succession
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Insect-plant pathogen synergisms for the biological control of rangeland weeds
	Introduction
	Insect-plant pathogen interactions
	Advantages
	References

	Bacterial communities associated with a flea beetle used for the biological control of the perennial weed Euphorbia esula/virgata
	Introduction
	Materials and methods
	Results and discussion
	References

	Spatially explicit models for weed- biocontrol agent interactions: scentless chamomile as a case study
	Introduction
	Materials and methods
	Data sources
	Results
	Discussion
	References

	First results for control of saltcedar (Tamarix spp.) in the open field in the western United States
	Introduction
	The biological control program, conflicts, and clearances
	Biology of Diorhabda elongata deserticola
	Host range
	Experimental releases and results in field cages: July 1999 to May 2001
	Experimental releases and results in the open field: May 2001 to early spring 2003
	Short-daylength beetles discovered
	Monitoring
	Postscript
	References

	Overcoming limits on rust epidemics in Australian infestations of European blackberry
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions and solutions
	Acknowledgements
	References

	Interactions between the gorse seed weevil (Exapion ulicis) and the gorse pod moth (Cydia succedana) explored by insecticide exclusion in Canterbury, New Zealand
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References

	Habitat trade-offs in the summer and winter performance of the planthopper Prokelisia marginata introduced against the intertidal grass Spartina alterniflora in Willapa Bay, Washington
	Introduction
	Materials and Methods
	Results
	Discussion
	Acknowledgements
	References

	Hydrellia pakistanae and H. balciunasi, insect biological control agents of hydrilla: boon or bust?
	Introduction
	Results and discussion
	Acknowledgements
	References

	Development of a supply-demand model to evaluate the biological control of yellow starthistle, Centaurea solstitialis, in California
	Introduction
	Methods
	Overview of the yellow starthistle model
	Conclusion
	References

	The mirid Eccritotarsus catarinensis is an effective agent against water hyacinth in some areas of South Africa
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	How important is environment? A national-scale evaluation of a seed-feeding beetle on parkinsonia, a widely distributed woody weed
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Biological control of Carduus thistles in Virginia - a long-term perspective, three decades after the release of two exotic weevils
	Introduction
	Materials and methods
	Results and discussion
	References

	Exploring interactions between cultural and biological control techniques: modelling bitou bush (Chrysanthemoides monilifera ssp. rotundata) and a seed fly (Mesoclanis polana)
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Bugs offer sustainable control of Mimosa invisa and Sida spp. in the Markham Valley, Papua New Guinea
	Introduction
	Giant sensitive plant, Mimosa invisa Mart. ex Colla (Mimosaceae)
	“Broom stick”, Sida spp. (Malvaceae)
	Strategies for dealing with weed explosions
	Conclusion
	Acknowledgements
	References

	A decade of biological control of Acacia saligna in South Africa, using the gall rust fungus, Uromycladium tepperianum
	Introduction
	Materials and methods
	Results and discussion
	References

	The successful biological control of Azolla filiculoides in South Africa: an economic perspective
	Introduction
	Materials and methods
	Field impact assessment
	Results and discussion
	Conclusion
	Acknowledgements
	References

	Biotic suppression of invasive weeds in Washington state: a half-century of progress
	Introduction
	Historical perspectives
	Program successes
	References

	Impact of biological control agents on Centaurea diffusa (diffuse knapweed) in central Montana
	Introduction
	Methods
	Results and discussion
	Acknowledgements
	References

	Simulated biological control of Hieracium pilosella at two sites in the Mackenzie Basin, New Zealand
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References

	Understanding variability in the effectiveness of a classical biological control agent: the importance of the timing of density dependence in the agent life cycle
	Introduction
	Classic plant-herbivore model and the effect of nutrients
	Stage-structured plant-herbivore models and the position of density dependence
	Experiment
	Discussion
	Acknowledgements
	References


	Abstracts
	Development of bioherbicides for rice weeds in Vietnam
	Potential of the petiole-galling weevil, Coelocephalapion camarae, to markedly improve biocontrol of Lantana camara
	The influence of herbivory by the mirid Eccritotarsus catarinensis, on the competitive ability of water hyacinth
	What is “success” in biological control?
	Establishment and impact of Falconia intermedia (Hemiptera: Miridae) on Lantana camara (Verbenaceae) in South Africa
	Ecology of Megastigmus aculeatus (Hymenoptera: Torymidae), a seed parasitoid of Rosa multiflora in Iowa, USA
	Spatial distribution and seasonal life history of Aceria malherbae (Acari: Eriophyidae) on Convolvulus arvensis in Montana, USA
	Phomopsis amaranthicola as a post-emergence bioherbicide in peppers (Capsicum annuum and C. frutescens) and eggplant (Solanum melongena)
	Paterson’s curse crown weevil (Mogulones larvatus) impacts in north-eastern Victoria, Australia
	The effect of nutrient-rich water on the biological control of water hyacinth
	Establishment and impact of the lace bug Gargaphia decoris released against the invasive tree Solanum mauritianum in South Africa
	Effects of site characteristics on establishment of Larinus minutus (Coleoptera: Curculionidae), a capitulum-infesting weevil of diffuse knapweed, Centaurea diffusa (Asteraceae), in north-central and eastern Washington State, USA
	Impacts on gorse (Ulex europaeus) seed production of two biological control agents, gorse seed weevil (Exapion ulicis) and gorse pod moth (Cydia succedana), in Canterbury, New Zealand
	Indirect impacts of herbivory by Oxyops vitiosa on the reproductive performance of the invasive tree Melaleuca quinquenervia
	Biocontrol of hawkweeds in New Zealand, 10 years on
	Biological control of Salvinia molesta in the United States
	Release strategies and associated factors affecting the establishment of four rust fungi introduced into Australia between 1991 and 2001 for the biocontrol of Parthenium hysterophorus, Cryptostegia grandiflora and Lantana camara
	Efficacy and epidemiology of an oil-based formulation of Colletotrichum gloeosporioides used as a bioherbicide against Hakea sericea


	Workshop Summaries
	Bioherbicides: the next generation
	Summary
	Abstracts

	Centres of origin: do they exist, can we identify them, does it matter?
	Introduction
	Terms and concepts
	Conclusion
	References

	Agents that reduce seed production - essential ingredient or fools folly?
	Introduction
	Possible impacts
	What types of plant are good targets for reproductive feeders?
	What types of insects or pathogens are good/bad agents?
	Demonstration of impact on rate of spread
	Conclusions
	References


	Synopsis: the long and winding road
	Introduction
	Agent selection
	Risk analysis and host specificity
	Integration and management
	Evaluation
	Status
	Consequences and conclusions
	Additional references

	Author index
	Keyword index
	Delegate address list

