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Summary

Native from Eurasia, Vincetoxicum rossicum (Kleopow) Barbar Moench and V. nigrum (L.) 
Moench (Apocynaceae) invade forested landscapes of eastern North America where they 
prevent regeneration of native species. A third species, Vincetoxicum hirundinaria Medik., 
was also introduced but never reached invasive status. The Eurasian phytophagous beetle, 
Chrysochus asclepiadeus (Pallus) (Chrysomelidae), was studied as a potential biocontrol 
agent because both adults (leaves) and larvae (roots) feed preferentially on Vincetoxicum. 
In the framework of developing a biocontrol programme in North America, we asked 
three key questions: 1) How does the beetle disperse in its environment?; 2) How does 
the beetle impact plants under different natural light conditions?; and 3) How do plants 
react to natural or simulated herbivory? Using mark-release-recapture, we determined 
that most beetles were flightless and dispersed <15 m after 25 d.  Under differential light 
conditions, beetles defoliated all three Vincetoxicum spp. significantly less in full sun than 
in partial or full shade, suggesting that herbivory was influenced by either temperature on 
beetle behavior, light on leaf quality, or both. Vincetoxicum hirundinaria was clearly able 
to compensate for loss of leaf tissue by increasing its dry root biomass relative to its shoot 
biomass reflecting a long relationship with C. asclepiadeus. Both V. nigrum and V. rossicum 
were unable to compensate for leaf tissue lost to herbivore feeding in partial and no sun and 
in all light conditions, respectively. Simulated herbivory reduced V. rossicum growth by 30% 
and root herbivory and plant resistance by 60%, and the combined effect of leaf and root 
herbivory reduced sexual reproduction of V. rossicum. Data on natural herbivory showed 
that while V. hirundinaria increased allocation of resources to roots, V. nigrum did not. If 
C. asclepiadeus was introduced for controlling V. rossicum in North America, reductions in 
plant biomass and spread would be greatest if beetles were released on forest edges at low 
plant densities.  In the case of V. nigrum, beetles could be released irrespective of plant density, 
but populations in forest understories would be more impacted than those in full sun. For 
both species, multiple beetle releases would facilitate dispersion and improve biocontrol.
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Introduction

Over the past three decades two Eurasian species 
of swallow-wort, Vincetoxicum rossicum (Kleopow) 
Barbar Moench and Vincetoxicum nigrum (L.) 
Moench. (Apocynaceae), have become invasive 
in northeastern North America (NA) and now 
are a significant threat to native biodiversity. Both 
species are herbaceous, perennial vines related to 
native North American milkweeds. Swallow-worts 
have been present in NA for over a century, but 
have started to spread only recently. Vincetoxicum 
rossicum tends to be shade-tolerant and is found 
further into forest understories than V. nigrum, which 
tends to be limited to habitat edge and open areas 
(Milbrath 2008). Invasive Vincetoxicum spp. impact 
native faunal and plant species by out-competing 
endangered herbaceous species and preventing 
natural tree species regeneration (Tewksbury et 
al., 2002).  There is currently no effective method 
to regulate populations, and biological control has 
been suggested as one of the few options available 
to provide long-term control (Miller et al., 2008). 
From a list of potential natural enemies in Eurasia 
(Weed and Casagrande, 2010; Sforza, 2009), the 
chrysomelid beetle Chrysochus asclepiadeus Pallas 
(Col.: Chrysomelidae) was selected for study because 
all developmental stages feed on Vincetoxicum spp.: 
as larvae on the roots and as adults on the foliage. 

In order to evaluate the potential to use a 
biocontrol candidate such as C. asclepiadeus, we 
initiated ecological studies to examine the impact 
of beetle density on herbivory (Maguire et al., 
2011) in conjunction with host specificity testing 
(see Poster - Sforza et al., this volume).  Here, we 
report results from three experiments that asked 
key questions addressing beetle dispersal and 
herbivory: 1) How does Chrysochus disperse in its 
environment? (Experiment 1); 2) How does it impact 
plants under different natural light conditions? 
(Experiment 2); and 3) How do plants react to 
natural or simulated herbivory? (Experiment 3).  
Specifically, the third experiment evaluated the 
impact of leaf and/or root herbivory on V. rossicum 
under controlled environmental conditions. 

Material and Methods 

Plant material
 

     Three species of Vincetoxicum were tested at 
the USDA’s European Biocontrol Laboratory in 
Montpellier, France (EBCL). To address the first two 
experimental questions (Experiments 1 and 2), V. 
hirundinaria (widespread in Eurasia but not invasive 
in NA) was collected from native and non-invasive 
field populations in Mont Ventoux, France in 
November 2009. For Experiment 2, V. rossicum was 
collected from invasive field populations in Wehle 
State Park, New York, USA in July 2009, and V. 
nigrum was collected from invasive field populations 
in Bear Mountain State Park, New York, USA in 
September 2009. Vincetoxicum rossicum and V. 
nigrum rootstocks were shipped to EBCL and arrived 
on 17 March 2010.  To address the third question 
(Experiment 3), all V. rossicum were field collected in 
April 2010 from High Park, Toronto, Ontario, Canada. 

Insect source
 

      For Experiments 1 and 2, Chrysochus 
asclepiadeus beetles (sex ratio 1:1) were collected 
in June 2010 on their host plant V. hirundinaria 
from Jura, France. The beetles were stored 
in cardboard cylinders for transportation to 
EBCL and then maintained under laboratory 
conditions on plants of V. hirundinaria until use. 

Experimental design, data collection and 
analysis

 
     Experiment 1:  Forty groups of five V. hirundinaria 
plants were out-planted in a 60-m diameter circle 
at EBCL every 5 m from a center point.  Additional 
groups of plants were similarly distributed along a 
diagonal axis, every 5, 10, and 25 m in the same field. 
Three hundred beetles were marked with colored and 
numbered stickers (bee marking kit, Thorne ®) to 
identify them individually and released in the field at 
the centre of the circular experimental site on 12 July 
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2010.  Beetles were counted twice daily at 7 and 9am 
during the 4-week field experiment.

Experiment 2:  A 3x3x2 factorial experiment in 
an outdoor randomized complete block design was 
used at EBCL using light intensity, plant species, and 
herbivore density as the factors. The three light level 
treatments were: full sun, partial sun, and no sun. 
Full sun conditions were achieved by placing plants 
directly in the field while partial sun conditions 
were achieved by placing them under trees. No sun 
conditions were achieved by placing a tarp over the 
plants in the field 1.5m off the ground either under 
fully blocked sun (full) or under trees (partial).  On 
21 June 2010, beetles (sex ratio 1:1) were randomly 
placed on potted plants (three pots per block) in the 
field where they remained for three weeks.  They 
were monitored every second day throughout the 
experiment and total dry biomass was compared 
between treatments with and without (controls) 
beetles under the three different light conditions. 
The Scheirer-Ray-Hare test was used for all data that 
did not meet assumptions of parametric statistics.

Experiment 3:  In Toronto, Canada, 200 plants 
were divided in April 2010 into four treatments 
corresponding to simulated herbivory on leaves 
(L): 90% of each leaf cut, on roots (R): 90% of roots 
removed, and on both leaves and roots (RL). Fifty 
plants were randomly assigned to each treatment 
and divided into five plots of ten plants each; 
another 50 plants were left untreated as controls. 
After one month of growth, plants were measured 
in terms of the number of stems per pot, the 
number of nodes, and flowering stage.  Foliage 
and roots were cut 21 days later, immediately 
following measurements on the roots. After 30 
days, the plants were harvested and the number 
of follicles noted. Non-parametric Wilcoxon test 
and Tukey’s HSD were used for statistical analysis. 

Results 

Results from each experiment illustrated the 
effective use of ecological approaches in developing a 
successful biological control program. Working indoor 
and outdoor under summer climatic conditions, 
we were able to compare different biotic and abiotic 
factors that are important for optimizing the release 
of a biocontrol agent against the target weed. 

Experiment 1: Beetle dispersion
 

     Beetle dispersal from the release point was ob-
served on four different dates (Fig. 1). At t+1d, 84% 
of the 179 beetles were found 5 m away from the re-
lease point, with four beetles (3%) already at 15 m 
from the release. For the duration of the experiment, 
most insects dispersed no further than 15 m, and 
67% (4/6) were found at that distance at t+25d, while 
33% remained at 5 m near the circle center (initial 
release point). Only two beetles were ever found at 
over 15 m from release, including one at t+14d; both 
of these were recovered at 25 m. 

Experiment 2: Impact of light on 
herbivory

 
     Scheirer-Ray-Hare tests indicated that dry to-
tal mass was significantly different among species 
(p<0.001), light levels (p<0.001), and herbivory  
levels (p<0.001) (Fig. 2). Addition of beetles did not 
significantly affect dry total biomass of either V. hi-
rundinaria under any light conditions, V. nigrum un-
der full sun conditions, or V. rossicum under full or 
no sun conditions. Herbivory by beetles significantly 
lowered dry mass of V. nigrum under partial and no 
sun conditions (p=0.002 and p<0.038) (Fig. 2) and 
significantly lowered dry mass of V. rossicum under 
partial sun conditions (p=0.001) (Fig. 2), according 
to Wilcoxon rank sum tests. Total dry mass of V. 
hirundinaria control (untreated) plants was signifi-
cantly higher in full sun than in no sun (p=0.040), 
and V. nigrum control plants had significantly higher 
total dry mass in partial than in no sun (p=0.038).

Experiment 3: Simulated herbivory 
 

     The number of follicles harvested was compared 
according to the treatment applied (Fig. 3). Control 
plants had the highest number of follicles (24.5±1.81 
follicles/plant) with RL plants having the lowest 
number of follicles (5.7±0.70 follicles/plant). L 
and R plants had a similar number of follicles, 
with 17.3±1.40 and 16.0±1.52 follicles per plant, 
respectively. Follicle number recorded for control 
and RL plants was also significantly different from 
the other two treatment groups. Follicle density for L 
and R plants was not significantly different.
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Discussion

The main purpose of our study was to understand 
the capacity for C. asclepiadeus to disperse in a natural 
environment, and its responses to climatic factors in 
the context of developing a biological program for 
its control in North America. Our results show that 
adult C. asclepiadeus had a low dispersion rate with 
limited flight capability.  Dispersal, primarily through 
walking, has been observed in several Eumolpinae 
family members and may be due either to atrophy of 
wing muscles (Tourniaire et al., 2000) as in this case, 
or due to winglessness, as seen in some other genera 
of the family (Flowers, 2004). Only two adult insects 
were found at 25 m from their release point and 
most of the others were found no further than 15 m 
by the end of the experiment. When an insect was 
found on a plant, it was generally observed to stay 
there until the plant was completely defoliated, often 
with up to 15-20 beetles congregating on the same 
plant. Insects could walk 5-15 m in 24 h, but only 
around 50% of 103 insects after 48 h had found a 
host plant.  This suggests that if C. asclepiadeus were 
to be released in NA, several release points would be 
necessary to effectively cover the target area.

In addition to beetle dispersal, our study shows 
that C. asclepiadeus will defoliate more leaf tissue 
area under partial and no sun than under full sun 
conditions. There are two main reasons why beetles 
might be consuming more plant material under 
shady conditions, namely, the effect of temperature 
and/or the effect of light. Temperature can have 
a serious effect on small poikilothermic animals 
like beetles. Some beetle species bury themselves 
in soil to maintain a lower body temperature, 
thereby conserving water and avoiding desiccation 
(Cloudsley-Thompson, 2001; Gunn, 1942). As C. 
asclepiadeus appeared to bury themselves under full 
sun conditions, it would seem they were spending 
fewer hours aboveground than beetles in shady 
conditions. Fewer hours aboveground would mean 
that C. asclepiadeus in full sun had fewer hours to 
feed, resulting in lower defoliation of leaf tissue area. 
Cooler and moister temperatures in shady conditions 
would allow C. asclepiadeus to remain aboveground 
for longer, continuing to eat leaf tissue. Sunny 
conditions decrease the number of hours available 
to feed, but not the rate at which C. asclepiadeus 
feeds. Beetle consumption of leaf tissue area was 

also dependent on species: V. nigrum experienced 
less damage than V. rossicum or V. hirundinaria. It is 
likely that these differences are based on differences 
in size rather than C. asclepiadeus herbivory 
preference. The large size of V. nigrum compared to 
V. rossicum and V. hirundinaria suggests that the V. 
nigrum plants used in the experiment were older. 
As Vincetoxicum spp. are perennial, it is difficult to 
ensure that all plants collected are of the same age. 
If C. asclepiadeus were eating the same amount of 
leaf per capita on all three plants, but V. nigrum was 
larger, damage levels on V. nigrum would be expected 
to be lower. Chrysochus asclepiadeus were not eating 
less total mass of V. nigrum, but rather inflicted lower 
damage levels because defoliation was measured as a 
percentage of aboveground tissue lost.   

 In the third experiment, herbivore pressure 
on the plants also had an effect on the production 
of fruits and seeds, which can be described as an 
indirect effect because herbivory in this case was not 
directed against these specific organs. The treatments 
had an effect on fruit size of V. rossicum and on seed 
development (data not shown). Given the number 
of fruits produced per plant, the separate treatments 
on leaves and roots (L and R) had a negative impact, 
which is similar, and this impact was even greater 
when both treatments were combined. The effect 
of the two treatments appears to be synergistic. 
Treatments can then be arranged according to the 
importance of their impact on follicle development 
with herbivory on roots and leaves having the 
greatest effect, followed by treatment on roots only, 
and finally by leaves only.  Herbivory had the same 
effect on seed production and development (data 
not shown). 

Our results show an indirect effect of herbivory 
on the target plants, an effect not always seen in 
ecological studies of biocontrol agents and this 
has implications for successful implementation of 
biological control strategies.  For example, if a seed 
feeder such as Euphranta connexa (Fab.) (Dipt.: 
Tephritidae) was to be used for control of swallow-
worts, it should not be released into shady areas 
where the number of follicles is small or where the 
root and leaf herbivory is already sufficient to impact 
plant sexual reproduction.  In shady areas it would 
seem more important to focus on phytophagous 
insects affecting leaves and roots than on those that 
will impact reproductive structures.
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Classical biological control with herbivorous 
insects to control the expansion of an invasive plant 
requires many years of study, but once set up, can be 
more effective than repeated short-term measures 
(McFadyen, 1998).  For targets such as swallow-
worts (Vincetoxicum nigrum and V. rossicum), high 
plant densities and large areas covered in regions 
of introduction present a major obstacle to success; 
however, such challenges could be met by releasing 
herbivorous insects in small numbers strategically 
at targeted locations. Thus, it is important to couple 
comparative studies on the ecology of the system 
and potential for biological control that include 
simulated herbivory in the invaded area (Milbrath, 
2008; Doubleday and Cappucino, 2011) as well as 
natural herbivory in the native area (Gassman et 
al., 2010; Sforza, 2009; Weed and Casagrande, 2010; 
Maguire et al., 2011) in order to make a final decision 
as to whether a biocontrol agent can be developed 
for use.  Such studies should include measuring the 
potential for an insect to control the target plant, 
but also to limit its unintentional risks to non-target 
species. The stakes for success in systems such as 
swallow-worts are very high because these plants, 
currently a major problem in forested ecosystems, 
particularly in Canada and the northeastern USA, 
continue to invade new habitats outside of forests 
throughout North America, including grasslands, 
farmlands and urban areas.
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Figure 1. Dispersal activity of adults of Chrysochus asclepiadeus (Col.: Chrysomelidae) observed from 14 July to 9 
August 2010, in percentage of alive insects observed for both sexes at 4 selected observations (t+1d, t+7d, t+14d and 
t+25d).
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Figure 2. Total dry biomass (g) for A. Vincetoxicum hirundinaria, B. V. nigrum, and C. V. rossicum.  Biomass plotted 
against beetle density and light level for the shading and herbivory experiment conducted outside of Montpellier, France 
in June and July 2010. Within light level, an asterisk denotes significant difference; between light levels within herbivory 
treatment, no shared letters denote significant differences (Wilcoxon rank sum test, p<0.05). The legend above the 
graph reports the results of a Scheirer-Ray-Hare test in R (S = Species; LL = Light Level; H = Herbivory). Bars represent 
significant error.

S: p< 0.0001 
LL: p<0.0001 
H: p< 000001
Interactions: NS

A

B

C
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Figure 3. Number of follicles at harvest by treatment. Treatments: C = control; L= simulated herbivory on leaves;  
R = simulated herbivory on roots; RL = simulated herbivory on leaves and roots.
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Evidence of Rapid Evolution from Weed  
Biological Control Introductions

A. Sheppard

CSIRO Ecosystem Sciences, Canberra, Australia    Andy.Sheppard@csiro.au

Abstract

A capacity to measure and the potential importance of real time rapid evolution in 
species is starting to revolutionize evolutionary biology turning it from a theoretical to 
a more empirical or even applied science. An increasing number of examples are being 
found of species that have been shown to be evolving rapidly and adaptively in response 
to selection pressures in empirically measurable timeframes. This has been particularly 
true for insect herbivores and the plants they feed on, most notably seed beetles and 
soapberry bugs. This potentially questions the argument that biological control agents 
and their targets have a low risk of evolving to the detriment of either biological control 
efficacy or increased non-target impacts within management relevant timescales. Biological 
control releases have been ongoing now for more than 100 years, which based on other 
observations of rapid evolution, should have provided ample time for rapid evolution 
in the agents released or their target weeds.  It would seem that introducing agents onto 
target host plants in totally new environments should provide multiple new evolutionary 
adaptive pressures on each trophic level, through their ongoing “arms race”, via the 
changed circumstances of their ecological interactions.  This paper will review the evidence 
of post-release rapid evolution in weed biological control agents and their target weeds 
(particularly where effective biological control may be breaking down), studies that have 
looked for such post-release rapid evolution, and theoretical studies that suggest when 
adaptive evolution might be likely. Finally we will discuss evidence found in the context 
of systems that are showing such evolution, and suggest future science directions for 
rapid evolution research with practical relevance to weed biological control programs.
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Polyploidy and Invasion Success in Spotted Knapweed,  
Centaurea stoebe: Specialist Herbivores as Drivers of Invasions  

and Effective Control Agents?
 

H. Müller-Schärer1, M. L. Henery1,2, M. Hahn1, 
A. R. Collins1 and U. Schaffner3 

1University of Fribourg, Department of Biology, Unit Ecology and Evolution, Chemin du Musée 
10, CH-1700 Fribourg, Switzerland     heinz.mueller@unifr.ch      min.hahn@unifr.ch   
robin.collins@unifr.ch
2CSIRO Entomology, GPO Box 1700, Canberra, ACT 2601, Australia  martin.henery@csiro.au
3CABI Europe-Switzerland, Rue des Grillons 1, CH-2800 Delemont, Switzerland  
u.schaffner@cabi.org

Abstract

Evidence indicates that invasive plants are frequently characterized by natural variation in 
ploidy level in their native range but only polyploid forms in their invasive range. In addition, 
cytotypes in the native range of a species can be spatially separated despite occupying similar 
environmental niches. The mechanisms dictating these patterns are poorly understood 
but may relate to interactions with specialist herbivores. Selection derived from plant-
herbivore interactions has the potential to contribute to the evolution of plants following 
polyploidisation events by differential selection for defense and life history traits. Escape 
from such interactions may result in both different population-level responses for cytotypes 
with different traits and, in the case of introduced populations, lead to rapid evolutionary 
change. Such evolutionary changes between native and invasive cytotypes may, in turn, 
lead to increased biological control efficacy. We analyzed in detail the multiple interactions 
between over 100 populations of spotted knapweed, Centaurea stoebe L., and its specialist 
insect herbivores, some of which have been introduced as biological control agents for the 
past 30 years. Both diploid and tetraploid cytotypes occur in the native European range, 
but only tetraploids occur in the introduced range in North America. Our studies include 
gene expression studies of transcripts related to defense, a series of bioassays with specialist 
root feeders and a common garden demography experiment with various accessions of C. 
stoebe cytotypes that differ in their life histories, in the presence and absence of these root 
feeders. We will summarize and discuss our results and that of other groups to come up 
with a general framework towards a better understanding of the role of specialist herbivores 
in promoting invasion success of polyploids and to predict their biological control efficacy. 
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The Roles of Demography and Genetics in the 
Founding of New Populations

R. A. Hufbauer1, M. Szűcs1 and B. Facon2

1Department of Bioagricultural Science and Pest Management, Colorado State University, Fort 
Collins, CO 80523 USA  ruth.hufbauer@colostate.edu     szucsmarianna@yahoo.com
2UMR CBGP (INRA-IRD-CIRAD, Montpellier SupAgro), Campus International de Baillarguet, 
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Abstract

The successful founding of new populations is critical in biological control. Three main 
issues that influence establishment are: the environment, the number of individuals in 
the founding group (a fundamental aspect of demography), and the genetic background 
and diversity of those individuals. We have little understanding of interactions between 
these factors. In particular, demography and genetics are inherently linked because more 
individuals typically harbor greater genetic variation. Using two different model study 
organisms, Bemisia tabaci (Gennadius) and Tribolium castaneum (Herbst), we show 
that genetics can play a key role even when demography is held constant, and that the 
outcome depends upon environment. Importantly, Bemisia were able to reproduce in a 
harsh environment only when outbred. In a benign environment inbred individuals 
were as successful as outbred individuals. Somewhat similarly, outbred Tribolium 
performed better than inbred individuals when in a harsh environment. In this case, 
however, inbreeding led to inbreeding depression even in a benign environment. For 
both model systems, performance increased with the size of the founding group. These 
data suggest that when conducting releases for biological control, it may be critical to 
conserve or even enhance diversity of the founding group while maximizing release size.
The authors note that two publications are anticipated from this work, but have not yet been 
submitted.
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Evolutionary Interactions between the Invasive Tallow Tree and  
Herbivores: Implications for Biological Control
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Abstract

Understanding interactions between insect agents and host plants is critical for forecast-
ing their impact before the insects are introduced, and for improving our knowledge of 
the mechanisms driving success or failure in biological weed control. As invasive plants 
may undergo rapid adaptive evolution during the process of range expansion, the potential 
evolutionary interactions of insects and plants may influence the effectiveness of biologi-
cal control. In this presentation we will discuss the biogeographic variation in plant de-
fense to insects in the tallow tree, Triadica sebifera) (L.) Small, which is native to China 
but invasive in the United States. Because the U.S. populations showed reduced resistance 
but increased tolerance to herbivory by specialists, we predict that the invasive tallow tree 
may support a rapid population build-up of insect agents but the insects’ impact may be 
low if these specialists are introduced. Our chemical analysis shows that the U.S. popu-
lations had low concentrations of quantitative defense compounds but high qualitative 
defense compounds, which suggests that plants from invasive populations have altered 
chemistry that influences the selection and development of insect biological control agents. 
We will also discuss our current study on the evolutionary interactions of above-below 
ground herbivores in tallow tree, which can affect invasion success, herbivore population 
dynamics and biological control. As invasive plants may employ novel defense strategies 
to cope with the differing herbivore communities, thus affecting biological control, we 
conclude that without taking into account the differences in resistance and tolerance to 
herbivores of plants from the native vs. invasive range, predictions of the ease of establish-
ment of agents and their effectiveness at controlling host plants may both be incorrect.
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Abstract

Like the introduction of invasive species, management programs can impose novel selective 
pressures in ecosystems. In some cases sufficient variation may exist in populations of 
invasive species for them to evolve resistance to management techniques. The evolution of 
resistance to management by herbicide has been repeatedly documented in weedy invasive 
species.  Biological control is becoming increasingly common, and it is possible that 
invasive species may evolve resistance to biological control agents ultimately reducing the 
efficacy of these programs. Purple loosestrife (Lythrum salicaria L.) is an invasive wetland 
plant introduced to the U.S. in the early 1800s.  In 1992 a classical biocontrol program was 
launched introducing leaf feeding beetles from Germany to manage invasive populations.  
As a result of this program, two beetle species have established in Minnesota. Variable 
success has been achieved in wetlands throughout the state; biocontrol agents have defoliated 
90-100% of some purple loosestrife populations and had little to no observed effect on 
others. We identified three sites that consistently experienced historically high levels of 
herbivory by the biocontrol agents as well as three sites experiencing low levels of herbivory. 
In this study we examined the evolutionary divergence of plant vigor, herbivore defense 
and traits associated with competitive ability between historically high and low herbivory 
populations. Purple loosestrife from populations subject to greater selective pressure from 
the biocontrol agents has evolved higher vigor and produces lower concentrations of 
herbivore defense compounds. Taken together these results suggest that L. salicaria is in the 
process of evolving tolerance to herbivory from biological control agents. In ongoing work, 
we will 1) investigate the effect of this evolutionary divergence on herbivore preference 
in colonization, feeding and egg laying and 2) quantify the heritability of plant variation 
to model the evolutionary trajectory of these traits under continued biological control.
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Abstract

A key theoretical basis for using classic biological control against invasive alien species (IAS) 
has been the enemy release hypothesis (ERH), which suggests that the increased vigor and 
invasiveness of IAS in the introduced range is strongly influenced by their release from co-
evolved natural enemies.  Classical biological control aims to reunite IAS with their natural 
enemies and restore ecological balance and stability.  The ERH is supported by the historical 
example of highly-invasive Opuntia (Mill.) spp. in Australia that had been introduced from 
North America without their natural enemies.  It also is supported by the legendary control of 
these invasive Opuntia spp. when the Argentine cactus moth, Cactoblastis cactorum (Berg), 
was introduced from Argentina without its natural enemies.  Cactoblastis cactorum later 
was unintentionally introduced into Florida where it has rapidly expanded its geographical 
range along both the Atlantic and Gulf of Mexico coasts, invaded the Yucatan Peninsula, 
Mexico, and threatens Opuntia-based agriculture and ecosystems in the southwestern USA 
and Mexico.  Although the ERH predicts that classical biological control would be indicated 
for this invasive pest, we wanted to examine the role of all mortality factors in the native 
range using life table analysis on both native, co-evolved Opuntia host species and on an 
introduced, non-co-evolved Opuntia host species.  We found limited egg and larval mortality 
due to predators or parasitoids, however there was a strong influence of co-evolved host 
plant resistance by the native Opuntia spp.  Larval establishment, rate of larval development, 
and number of generations per year were lower on native Opuntia spp. than on introduced 
Opuntia spp.  Although the ERH may be a factor in the success of C. cactorum as both a 
biological control agent and an invasive species, results from our studies in its native range 
suggest that release from co-evolved host plant resistance may exert a greater influence.
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Abstract

Lagarosiphon major (Ridley) Moss (Hydrocharitaceae) is a submersed aquatic macrophyte, 
indigenous to South Africa, and poses a significant threat to water bodies in Europe, New 
Zealand and Australia. Dense infestations of L. major in invaded ranges readily out-compete 
indigenous submerged species, altering the ecology of freshwater systems. Laboratory 
studies have also shown L. major to be a superior competitor. A recently discovered ephydrid 
fly from South Africa, Hydrellia lagarosiphon (Diptera: Ephydridae), has been investigated 
as a potential control agent against L. major. Often, the subtle effects of herbivory have a 
significant impact on the competitive ability of invasive plants, therefore the impact of feeding 
by H. lagarosiphon on the competitive interactions between L. major and Myriophyllum 
spicatum L., a submerged aquatic plant native to Eurasia, was evaluated using an inverse 
linear model. The results showed that herbivory by H. lagarosiphon reduces the competitive 
ability of L. major in favour of M. spicatum, providing further support for H. lagarosiphon as 
an effective biological control agent. Parasitism of Hydrellia species by braconid parisitoids 
is well documented, and could be realized in the field should H. lagarosiphon be released. 
Therefore competitive interaction between the two plant species under the influence of 
H. lagarosiphon and a parasitoid wasp, Chaenusa Haliday sp. (Hymenoptera: Braconidae) 
was also examined. The addition of the parasitoid reduced the impact of herbivory by 
the fly on L. major, thereby shifting the competitive balance in favour of M. spicatum. 
This study highlights the need to evaluate multitrophic interactions in biological control 
programmes, particularly those where the agents are known to be susceptible to parasitism.
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Abstract

The central prediction of competition theory is that a reciprocal struggle for resources 
should manifest itself among coexisting species under conditions of increasing functional 
similarity (e.g. similar feeding niche), density and spatio-temporal overlap. We investigated 
whether the signal from such a struggle was evident in a community of phytophagous gall 
insects on Melaleuca quinquenervia (Cav.) S.F. Blake meeting these conditions. Specifically, 
we examined plant-mediated interactions among three species galling vegetative tips with 
varying degrees of temporal overlap. The abundance of early gallers (Sphaerococcus ferrugineus 
Froggatt and Fergusonina turneri Taylor) did not influence resource availability for the late 
galler (Lophodiplosis indentata Gagné), suggesting the absence of temporally separated 
exploitative competition. However the abundance of S. ferrugineus was positively correlated 
with the abundance of L. indentata, which suggests facilitation or similar responses to the 
prevailing conditions. Examination of the reciprocal impacts of the late galler on early gallers 
paradoxically revealed that though galling by L. indentata may be reducing the resource 
availability for early gallers, the abundance of L. indentata was postively influenced by the 
abundance of early gallers (an effect that is stronger for S. ferrugineus than F.  turneri) suggesting 
facilitation. The strong influence of site on the interactions among the different cecidogenic 
species indicated that any role for competition/facilitation may be spatially constrained. We 
explore potential processes that may be driving the patterns that we detected, and also the 
implications for the use of these species as biological control agents for M. quinquenervia.
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Abstract 

Introducing insect biological control agents into communities dominated by a single 
plant species can affect food webs as existing consumers respond to a new resource.  
The short and long term implications of these new interactions on community ecology 
are poorly understood and interpreting their influence remains subjective.  Two insect 
biological control agents were introduced to control Melaleuca quinquenervia (Cav.) S.F. 
Blake in Florida wetlands in 1997 and 2001.  The first, Oxyops vitiosa Pascoe (Coleoptera: 
Curculionidae), has larvae that are chemically defended by a secreted sticky covering of 
essential oils derived from the plant.  The second species, Boreioglycaspis melaleucae 
Moore (Hemiptera: Psyllidae), has no obvious defenses.  The defended O. vitiosa larvae 
were predated primarily by heteropterans, especially Podisus mucronatus (Say) (Hemiptera: 
Pentatomidae), while nymphs and adults of the undefended B. melaleucae were prey for 
spiders (10 species), coccinellids, neuropterans, syrphids, and heteropterans.  Predator 
guilds and densities varied in time, space, and scale.  In some cases, spiders built webs 
over branch tips that contained colonies of B. melaleucae and those colonies contained 40% 
fewer adults and nymphs than colonies outside webs.  In other situations where spiders 
were limited and coccinellids were abundant, B. melaleucae populations were reduced 
by 95.2%.  Ironically, one of their major predators was an introduced insect biological 
control agent, Harmonia axyridis (Pallus) (Coleoptera: Coccinellidae).  Although some 
predator populations did increase in response to increases in biological control agent 
populations, intraguild predation and prey switching likely complicated these interactions.  
For example, coccinellid densities were negatively correlated with spider densities.  
Despite the presence of persistent and growing populations of O. vitiosa, there was no 
density dependent response by P. mucronatus, illustrating that even consistently elevated 
levels of biological control agents do not inevitably translate into persistent resource 
opportunities for consumers that may result in unpredictable modifications to food webs.
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Abstract

Two species of seed feeding weevils, Larinus minutus Gyllenhal and L. obtusus Gyllenhal, 
were introduced to Canada in the early 1990s for the biological control of diffuse, Centaurea 
diffusa Lam., and spotted, Centaurea stoebe L. ssp. micranthos, knapweeds.  These two 
weevil species are very similar morphologically, and this has made their identifications in 
the field difficult.  The original introductions of L. minutus were made from 3 collections 
from Centaurea arenaria M. Bieb. ex Willd. at one site in Romania in 1991. Larinus obtusus 
for introduction were collected from Centaurea phyrgia L. at one site in Romania and from 
Centaurea jacea L. at a second site in Serbia.  Larinus minutus has successfully controlled 
diffuse knapweed in many areas of North America and L. obtusus has reduced densities 
of spotted knapweed in some locations. We sequenced the mitochondrial CO1 locus for 
individuals in British Columbia and Romania, and have genotyped these individuals at a 
suite of polymorphic microsatellite loci.  We identify the distributions of the Larinus lineages 
in British Columbia, Canada and explore their levels of genetic variation since introduction. 
The genetic structure of current populations is compared to that of source populations in 
Romania and Serbia and type specimens preserved at the time of the original introductions. 
Genetic typing of biological control agents is recommended for all programs to provide 
a baseline of information on biotypes and genetic evolution of introduced populations.



304

XIII International Symposium on Biological Control of Weeds - 2011

Session 7      Ecological and Evolutionary Processes

Hares or Tortoises?  How to Choose an Optimally Dispersing 
Biological Control Agent

B. H. Van Hezewijk and R. S. Bourchier

Environmental Health Program, Agriculture and Agri-Food Canada, 5403 - 1 Avenue South, Le-
thbridge, Alberta T1J 4B1, Canada    brian.vanhezewijk@agr.gc.ca    robert.bourchier@agr.gc.ca

 
Abstract 

For insect-plant interactions, dispersal can be an important process affecting the long-term 
dynamics of both populations.  This is particularly relevant to the field of weed biological 
control which aims to correctly match a specialist herbivore with a target plant species such 
that a stable, low-density equilibrium will be achieved.  There is, however, little information 
available to guide decisions with respect to the dispersal abilities of the insect agents chosen.  
To address this, an individual based simulation model was constructed to explore how the 
interaction between plant and insect dispersal affect both 1) plant population stability; and 
2) average plant density.  For plant population stability we found that simulating turning 
angles and step-lengths that resulted in intermediate rates of insect dispersal produced the 
most stable dynamics.  We also found, somewhat counter-intuitively, that as plant dispersal 
increased, lower rates of insect dispersal were required to produce stable dynamics.  Secondly, 
when considering average plant density, shorter step-lengths and straighter turning angles for 
insects tended to result in lower plant densities compared to larger steps and more tortuous 
paths.  This pattern was consistent across the range of simulated plant dispersal strategies.  
These results suggest that in the absence of other stabilizing mechanisms, the dispersal rate 
of the agent relative to the dispersal of the target weed is an important factor to consider and 
that accurate dispersal estimates will enable more reliable predictions of overall efficacy.
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Abstract 

Invasive plants often appear larger in introduced versus native ranges. This has historically 
been attributed to better growing conditions in the absence of natural enemies (Enemy 
Release Hypothesis – ERH), but more recent research suggests invasive populations 
may evolve rapidly when freed from enemy attack (Evolution of Increased Competitive 
Abilities – EICA). To test the EICA hypothesis, I compared three species of disruptive 
weeds of Hawaiian rainforests with their native South American counterparts in a common 
environment. In quarantine in Hawaii, I raised 1,400 individuals of the tree Psidium 
cattleianum Sabine, the shrub Clidemia hirta (L.) D. Don, and the herb Tibouchina herbacea 
(DC.) Cogn. from seeds collected from 24 populations in South America and Hawaii. 
As predicted, I found superior relative growth rate, height, and biomass of individuals 
descended from Hawaiian populations, where these plants are invasive. However, contrary 
to EICA predictions, I found no reduction in defense including resistance to specialist 
enemies among the invasive populations. I conclude that the growth differences between 
Hawaiian and South American populations represent an evolutionary shift favoring 
invasion, though this shift appears more likely driven by founder effects rather than natural 
enemy release. The growth and defense differences observed also suggest that co-evolved 
specialist enemies may exert lower population-level control on these invasive plants, and 
that a suite of biological control agents may be necessary to maintain these species at 
ecologically acceptable levels across landscapes. These findings support further research 
to identify the founder populations of invasive plants. This research could lead to the 
discovery of additional co-evolved natural enemies and potential biological control agents.   



306

XIII International Symposium on Biological Control of Weeds - 2011

Session 7      Ecological and Evolutionary Processes

How Will Predicted Climate Change Affect Weed  
Biological Control in New Zealand?

S. V. Fowler and J. Barringer

Landcare Research, PO Box 40, Lincoln 7640, New Zealand
fowlers@landcareresearch.co.nz       barringerj@landcareresearch.co.nz

 
Abstract 

By 2090, New Zealand (NZ) is predicted to be around 2°C warmer, on average, than in 1990. 
Rainfall is expected to increase in the west and decline in the east, and extreme weather 
events may be more common. We report on a recent assessment of the potential effects of 
these predicted climate changes on weed biological control systems in NZ. We conclude 
that “sleeper weeds” are likely to become problems under future climate change scenarios, 
and pre-emptive action could be taken, particularly if biological control has already been 
successful overseas. Existing weeds are likely to expand or shrink their geographic ranges 
under predicted climate change, but we consider that existing biological control agents will 
mostly track the changing distributions of their host plants. Exceptions could occur with 
existing weed biological control systems being affected positively or negatively. For example, 
the released biological control agents for Pilosella officinarum F. W. Schultz & Sch. Bip. do 
not do well in summer droughts in NZ, so the increased rainfall predicted for inland South 
Island areas might improve biological control of this weed. Conversely, increases in flooding 
may decrease the effectiveness of biological control of alligator weed. Other issues of potential 
concern include losses of synchrony between weeds and their biological control agents, 
changes in host plant nutrition, and possible increases in non-target effects, but almost all are 
speculative as we lack data. However, recent studies show that suppression of ragwort by flea 
beetle, Longitarsus jacobaeae (Waterhouse, 1858), is likely to fail when mean annual rainfall 
exceeds 1670mm. A preliminary GIS analysis showed increased annual rainfall could cause 
ragwort biological control to fail in some western regions, while suppression of ragwort 
through biological control could be attained in parts of North Island as rainfall decreases.
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Abstract 

Invasive knotweeds, including Japanese knotweed, Fallopia japonica (Houttuyn) Ronse 
Decraene), giant knotweed, Fallopia sachalinensis (F. Schmidt) Ronse Decraene, and 
their hybrid cross, Fallopia x bohemica (Chrtek & Chrtková) J. P. Bailey, pose a serious 
threat to North American habitats.  Examination of existing point data for knotweed 
distribution in the Pacific Northwest indicates sampling gaps and potential areas of 
spread within jurisdictions and across borders. Climatic conditions including annual 
degree days, mean-annual minimum temperatures and precipitation at knotweed sites 
in British Columbia, Washington and Oregon were modeled in BioSIM, using weather 
normals and long-term daily-weather data.  These conditions were compared to published 
biotic thresholds for knotweed (degree day = 2505 DD, minimum temperature = -30.2 
oC, base temperature 0 oC, precipitation=735mm) to estimate its potential range.  The 
key limiting climatic thresholds varied between and within the three jurisdictions; in 
British Columbia the degree-day threshold was most limiting for Japanese knotweed with 
12.3% of province habitat suitable whereas in Washington and Oregon precipitation was 
the most important single factor.  There are still significant areas for new invasion in all 
jurisdictions associated with climate thresholds.  Habitat suitability maps generated using 
local parameters will enable better targeting of knotweed surveys based on the risk of 
knotweed establishment. Consideration of shifts in temperature associated with climate 
change models suggest an even larger potential for spread that also varies by jurisdiction. 
The psyllid, Aphalara itadori (Shinji), is a promising biological control agent for knotweeds 
in North America.  Knotweed genotypes have been shown to vary significantly in North 
America and Europe.  In pre-release screening experiments, the performance of A. itadori 
differed significantly among knotweed clones collected from British Columbia. Variable 
climatic thresholds across the invaded region of the Pacific Northwest may result in selection 
for differing knotweed genotypes locally. This may affect the overall impact of the biological 
control agent, depending on the host-suitability of the available knotweed genotypes in a region. 
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Abstract 

Giant reed (Arundo donax L.) is a perennial invasive weed that presents a severe threat to 
agroecosystems and riparian areas in the Texas and Mexican portions of the Rio Grande 
Basin. The objective of this poster is to give an overview on the use of aerial photography, 
airborne multispectral and hyperspectral imagery, and high resolution satellite imagery to 
detect and map giant reed infestations along the Texas-Mexico portion of the Rio Grande. 
Aerial color-infrared photographs were taken along the Rio Grande between Brownsville 
and El Paso, Texas in 2002 and 2008. QuickBird and SPOT 5 satellite imagery was acquired 
along a section of the river near Del Rio, Texas in 2005. More recently, airborne multispectral 
and hyperspectral imagery was also acquired along the river near Quemado, Texas in 2009 
and 2010. Methods and procedures for image acquisition, processing and classification of 
different types of imagery as well as accuracy assessment are briefly discussed. Examples are 
given to illustrate how the different types of imagery have been used to map giant reed. Results 
from these studies indicate that all the types of imagery can be successfully used to map 
giant reed. Analysis of the aerial photographs along the river showed that a total of 6000 ha 
of giant reed infested both sides of the Rio Grande over 900 river kilometers between Lajitas 
and San Ygnacio. The methodologies and techniques presented in this poster can be used for 
monitoring and mapping giant reed in the Rio Grande Basin and other giant reed-infested 
areas. The area estimates are useful for both land owners and government agencies for the 
estimation of water usage and economic loss and for the management and control of giant reed.
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Abstract 

Biological control provides a powerful tool for suppression of invasive plants, but the success 
of this tool can depend on abiotic conditions which are sensitive to climate change.  Spotted 
knapweed (Centaurea stoebe L.) is one of the worst weeds in western North America, but 
the root weevil Cyphocleonus achates (Fahraeus) has shown promise as a biocontrol agent.  
Recent declines in knapweed documented in Montana coincided with both prolonged 
drought and increased distribution of C. achates, suggesting that the effectiveness of this 
biocontrol agent may depend on precipitation.  We conducted a microcosm experiment 
to determine the effect of C. achates on knapweed and competition with native grasses 
under drought relative to normal precipitation levels.  We found that both the C. achates 
and drought treatments reduced survival of adult knapweed plants.  However, the negative 
effect of the biocontrol agent on knapweed survival was particularly evident under normal 
compared to drought conditions.  Seed production per knapweed did not differ between 
plots including or excluding the agent, nor did densities of knapweed seedlings or juveniles.  
However, recruitment of new knapweed adults was significantly higher in the presence 
versus absence of C. achates, specifically in plots receiving normal precipitation where adult 
mortality was also higher.  Even so, there were trends towards increased reproduction and 
recruitment of the native bunchgrass, Pseudoroegneria spicata (Pursh) A. Löve ssp. spicata, 
in the presence versus absence of C. achates, though these differences were not significant as 
of two years following release of the agent.  We will continue the experiment to determine 
the ultimate fate of knapweed populations and the degree to which this native grass may 
recover under the differing abiotic scenarios.  At this point, our results demonstrate that 
precipitation levels can influence the efficacy of knapweed biological control, suggesting 
that prolonged droughts triggered by climate change may alter the effectiveness of this tool.
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Abstract 

Solanum elaeagnifolium Cavanille (Solanaceae) is an alien invasive weed to Greece and 
many North African countries that have a Mediterranean climate. Since its establishment 
in Greece in the early 1900s, it has become rapidly one the most dangerous and 
aggressive weeds in the country, especially in the north and in the central area. Climate 
change, reduction in precipitation and increasing temperatures in the Mediterranean 
Basin increases the possibility of spread and establishment of the weed in new regions 
because of its high level of drought resistance. In 2010, four new insect natural enemies 
of silverleaf nightshade were discovered in Greece. These attack the reproductive parts 
of the weed, and the damage to seed production appears to be substantial. Solanum 
elaeagnifolium reproduces mainly using its extensive rootstocks but further studies are 
needed to determine the impact of its native natural enemies on the weed’s suppression 
and population. The use of endemic natural enemies of the invasive, alien weeds in Europe 
brings the challenge of their control to a new level in the beginning of 21st century. 
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Abstract 

Giant reed, Arundo donax L., is a clonal, invasive weed that is native to the Mediterranean 
region. Tens of thousands of hectares of riparian habitat in the Rio Grande Basin (RGB) in 
Texas and Mexico have been heavily impacted by invasions of Arundo. In addition, many 
other watersheds across the southwestern United States have also been affected. Giant reed 
is being targeted for biological control because it displaces native vegetation and consumes 
water that could potentially be used for agricultural purposes, especially in areas with limited 
access to water, like the RGB. Finding the best-adapted insects for biological control involves 
locating the origin(s) of this plant. To locate the source(s) and trace the invasion of giant reed 
in the RGB, ten microsatellite markers were developed. An analysis of 203 Old World and 
159 North American plants, with an emphasis on the RGB, indicate a reduction in the allelic 
diversity in the introduced range compared to the native range. The results also indicate 
that there were as many as seven or more introductions in North America, with one lineage 
responsible for the invasion of the RGB, Argentina, and Northern Mexico and other parts of 
the Southwestern United States. While no identical matches with the RGB lineage were found 
in the native range, several close matches were found on the Mediterranean coast of Spain.
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Abstract 

Medusahead rye (Taeniatherum caput-medusae (L.) Nevski) is a winter annual grass 
that is native to Eurasia and invasive in western North America.  DNA markers were 
desired to facilitate the study of medusahead population genetics as well as for analysis 
of the inheritance of key traits.  In this study we demonstrate the utility of PCR-based 
microsatellite markers (SSRs) from the wheat genome as polymorphic genetic markers in 
the medusahead genome.  In a preliminary screen of 37 wheat SSRs taken from across the 
three wheat genomes (A, B, and D), 19 wheat SSR primer pairs (51%) successfully amplified 
bands from medusahead template DNA.  From these 19 markers, 12 of which produced 
multiple bands, 40 polymorphic bands have been scored among a group of six medusahead 
populations from NW Nevada and NE California.  Wheat SSRs from the A genome, which 
is more closely related to medusahead phylogenetically than the B or D genomes, were no 
more likely to amplify than SSRs from the other wheat genomes.  This study shows that 
intergeneric use of existing PCR-based genetic markers can provide an inexpensive source 
of molecular genetic tools for study of invasive weed species, particularly those that are 
closely related to economically important plant species with established genomic resources.
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Abstract 

Having a clear picture of how herbivory and environmental stress affect plant performance 
can contribute to more effective weed biological control programs.  However, the 
ways these two factors interact are often hard to predict.  We aimed to test two popular 
hypotheses regarding the outcome of plant environmental stress and herbivory: the 
Compensatory Continuum Hypotheses (CCH) and the Limited Resource Model (LRM).  
The CCH predicts that a plant’s tolerance to herbivory should be greater in high-resource 
environment whereas the LRM predicts that plant fitness is dependent upon the particular 
types of stressors and herbivores and will not be necessarily favored in a high-resource 
environment.  In a common garden, we subjected potted individuals of Tamarix L. sp. 
to a 2x2 factorial treatment design of drought and herbivory by biological control agent, 
Diorhabda carinulata (Desbrochers, 1870) (Coleoptera: Chrysomelidae).  We designed 
our experiment to detect differences in responses to herbivory and drought among six 
North American populations of Tamarix sp. representing a latitudinal gradient.  The 
size, growth rate and vigor of 120 plants were measured over a 17-week period.  Plants 
grown in drought conditions had higher tolerances to herbivory than those grown 
under well-watered conditions, providing support for the LRM.  For the population 
effect, plants from southern latitudes appeared to be more negatively affected by drought 
or herbivory than were plants from northern latitudes.  Our hope is that a greater 
understanding of interactions among resource availability, herbivory, and populations 
will lead to more successful weed biological control programs, particularly in this system.  



314

XIII International Symposium on Biological Control of Weeds - 2011

Session 7      Ecological and Evolutionary Processes

Post-Introduction Evolution in the  
Biological Control Agent Longitarsus jacobaeae

 
M. Szűcs1, 3, U. Schaffner2 and M. Schwarzländer1

1Department of Plant, Soil and Entomological Sciences, University of Idaho, P.O. Box 442339 
Moscow, ID 83844-2339 USA    markschw@uidaho.edu
2CABI Europe – Switzerland, Rue des Grillons 1, CH-2800, Delémont, Switzerland
u.schaffner@cabi.org
3Department of Bioagricultural Sciences and Pest Management, Colorado State University, 1177 
Campus Mail, Fort Collins, CO 80523-1177 USA   Marianna.Szucs@colostate.edu

 
Abstract 

Biocontrol introductions provide excellent opportunities to study microevolutionary 
processes since the time and source of release of an exotic organism to a new environment is 
usually precisely known. The tansy ragwort flea beetle, Longitarsus jacobaeae (Waterhouse), 
was introduced in 1969 from a Mediterranean climate in Italy to California to control the 
invasive tansy ragwort, Jacobaea vulgaris L. During the past 40 years, these beetles have 
established in a wide range of environments, from sea level to 1300 m elevations, and from the 
Pacific coast to eastern Montana. We tested whether rapid evolution has taken place, leading 
to adaptation of the ragwort flea beetle to a high-elevation environment at Mt. Hood, Oregon. 
At this site, temperatures are much cooler and the growing season is about six months shorter 
than in Italy. The life history of Mt. Hood beetles was compared to two low-elevation Italian 
beetle populations in Oregon, and to a cold-adapted Swiss population, using common garden 
and reciprocal transplant experiments. The results indicate that the Mt. Hood population of 
the beetle underwent rapid evolution and adapted to the cooler conditions in less than 30 
years with shifts in life history (and morphological) traits that conform to predictions based 
on models, empirical studies and the phenology of the known cold-adapted Swiss beetles.  
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Abstract 

Eurasian watermilfoil (Myriophyllum spicatum L.) plants were collected monthly from late 
May through late October 2007 from a culture pond located at a United States Army Corps 
of Engineers research facility in Lewisville, Texas and examined for endophytes in the roots, 
root crowns, stems, and leaves.  At each collection period, ten randomly selected plants 
were partitioned into 2 cm segments and sequentially plated onto Martin’s agar starting 
from the root tip and progressing to the plant apex.   A total of 1479 endophytic fungi 
comprising 59 species in 36 genera were isolated over the six month period.   Of the 12 
most frequently isolated genera (i.e. those isolated greater than 30 times), Mycoleptodiscus 
had the highest relative frequency (18 %) in milfoil tissues followed by Penicillium, 
Plectosphaerella, Aspergillus, and Trichoderma.   The 12 most frequently isolated genera 
were all found in roots, stems, and leaves but were often absent from root crowns.   In 
general, the number of isolates and species steadily decreased from stem base to plant 
apex.  The Jaccard coefficient (Jc) was used to determine similarities between endophyte 
communities from month to month and between tissue types.  The highest monthly overlap 
(Jc = 0.439) was observed for the fungal communities from the June/July collections.   The 
similarity of the June collections compared to other months was much lower (Jc = 0.225 to 
0.289).  The highest similarities (Jc = 0.707) were observed for the endophyte communities 
in stems and leaves indicating that their close proximity on the host apparently resulted 
in a higher number of shared common endophyte species.  This value was almost 20% 
higher when compared to either of the root tissues.  The study of endophytes offers great 
potential to find new biological control agents. Agents that can colonize and impact all 
plant tissues would be more effective than those that can only attack specific tissues.  
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Abstract 

Biological control is one of the few tools capable of managing widespread exotic plant 
invasions, which, at its most successful, can offer long-term solutions to weed problems.  
However, some biological control agents obtain approval and are released, but fail to impact 
weed populations. This is troublesome because exploration, testing, and approval for each 
agent take many years and is estimated to cost several millions of dollars to complete.  
Moreover, ineffective agents can persist and cause unwanted ecological changes in the 
communities in which they occur.  A better understanding of the interactions between 
biocontrol agents and their invasive host plants is needed to identify the factors which 
promote or limit successful biocontrol.  Our approach is to apply the chemical ecology of 
plant-herbivore interactions to classical biological control of weeds – two fields which have 
largely progressed independently to date.  Chemistry plays a central role in determining 
ecological outcomes between plants and insects, and should provide information that can 
be used to better predict which potential agents are most likely to be effective.  Here we focus 
on induced plant responses – defenses activated in response to insect feeding – and the 
potential role these costly chemicals play in determining the success or failure of biocontrol.
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Abstract 

The native range of Taeniatherum caput-medusae (L.) Nevski includes much of Eurasia, 
where three distinct subspecies have been recognized, but only T. caput medusae ssp. 
asperum (hereafter referred to as medusahead) is believed to occur in the United States 
(U.S.). Medusahead, a primarily self-pollinating annual grass, was introduced into western 
U.S. in the late 1800s. The results of an earlier allozyme analysis were consistent with the 
genetic signature associated with multiple introductions, although this finding can only 
be confirmed with the analysis of native populations.  In the current study we compared 
allozyme diversity in native and invasive populations of medusahead to test the multiple 
introduction hypothesis, identify source populations for the U.S. invasion, and determine 
the genetic consequences of these events. Five of the seven homozygous multilocus 
genotypes previously observed in the western U.S. have been detected in native populations, 
thereby providing support for the multiple introduction hypothesis.  Source populations 
for these introductions appear to have been drawn from France, Sardinia, Greece and 
Turkey, although additional analyses are ongoing. Across native populations, 17 of 23 loci 
were polymorphic and a total of 48 alleles were detected, while only five polymorphic loci 
and 28 alleles were found among invasive populations. On average, invasive populations 
possess reduced within-population genetic diversity, compared with those from the native 
range. While U.S. populations have experienced founder effects, 38% (17 of 45) these 
populations appear to be genetic admixtures (consisting of two or more native genotypes).  
Results of this study have implications for the biological control of medusahead: i) 
the search for effective and specific biological control agents will have to occur broadly 
across the species’ native range, ii) multiple agents may be required to control invasive 
populations that are admixtures, and iii) because many invasive populations are genetically 
depauperate, highly adapted biological control agents are likely to be quite effective.
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Abstract 

Across its native range, Taeniatherum caput-medusae (L.) Nevski (medusahead) exhibits 
taxonomic complexity. Three subspecies have been recognized: T. caput-medusae ssp. 
caput-medusae, T. caput-medusae ssp. asperum, and T. caput-medusae ssp. crinitum. While 
subspecies caput-medusae is found in the western Mediterranean and subspecies crinitum 
occurs from eastern Europe to Central Asia, subspecies asperum is found throughout the 
entire geographic distribution of the species. Only subspecies asperum is believed to occur in 
the United States, where it is now invasive in portions of California, Idaho, Nevada, Oregon, 
Utah and Washington. As part of our ongoing research to better understand and manage 
this invasion, we are conducting genetic analyses of both native and invasive populations of 
medusahead.  An important prerequisite to these analyses is the proper identification of the 
three subspecies.  In the current study, plants from each native population were grown in a 
greenhouse common garden, harvested at maturity, and measured using previously described 
morphological characters.  After Bonferroni correction, three characters: glume length, 
glume angle and palea length, were found to be statistically significant.  Thus, these three 
characters were quite useful in assigning plants to each of the three subspecies.  We found that 
two other characters, lemma hairs and conical cells, were less informative.  Differentiation 
among native populations of medusahead was further assessed using a molecular genetic 
marker. The results of a UPGMA cluster diagram based on allozyme data, indicates that 
subspecies crinitum is genetically differentiated from the other two subspecies; some 
populations of subspecies caput-medusae and asperum co-occur within different clusters; 
and subspecies asperum is the most variable. Results of the analysis of multilocus genotypes 
are generally consistent with the UPGMA diagram (e.g., subspecies caput-medusae and 
asperum share six multilocus genotypes).  Our findings confirm the need of such studies to 
disentangle the taxonomic complexity that can be found in the native range of invasive species. 
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Abstract 

Common ragweed, Ambrosia artemisiifolia L., has uniquely raised the awareness of invasive 
plants. The main concern is its particularly large production of highly allergenic pollen 
that causes allergic rhinitis and severe asthma in over 20% of the population of affected 
areas. Furthermore, ragweed is presently the worst weed of major crops in North America 
and several countries in Eastern Europe. Its range is still expanding in Europe and is likely 
to accelerate under a changing climate. We plan to initiate and coordinate long-term 
management options such as biological control and vegetation management, as sustainable 
control measures are lacking in Europe. Ragweed is an excellent target for biological control 
and up to now Ambrosia has been subjected to classical biological control programs in 
Russia, Australia, and eastern Asia with variable success, as Australia alone has implemented 
a successful biological control program, resulting in a benefit to cost ratio of >100. Recently 
the first successes have also been documented for China. Building on the extensive studies 
on antagonists of ragweed in its native range in North America and on the biological control 
activities conducted worldwide, we recently proposed a set of seven prime candidate agents 
for a classical or inundative biological control of Ambrosia in Europe. Of special interest 
are agents with a very narrow host-range that reduce pollen and seed production, the stage 
most sensitive for long-term population management of this winter annual. Integration 
of biological control and of habitat management into existing short-term control 
measures may then lead to a sustainable management strategy of Ambrosia in Europe.  
 
See our recent publication: Gerber, E., Schaffner U., Gassmann A., Hinz, H.L., Seier M. 
and Müller-Schärer H. (2011) Prospects for biological control of Ambrosia artemisiifolia in 
Europe: learning from the past. Weed Research 51, 559-573.
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Abstract 

Plant nitrogen content influences suitability for herbivorous insects through direct impacts 
on insect nutrient uptake, and physiological effects on plant tissue toughness, growth, 
and production of chemical defenses or feeding stimulants.  Specialist insects released for 
biological weed control, especially agents that create or manipulate nutrient sinks, may 
benefit from positive interactions between nitrogen fertilization and biocontrol agent 
development, survival, and/or reproduction, which could enhance mass-production or 
improve field establishment.  We examined the influence of urea addition on population 
establishment and reproduction of the arundo armored scale Rhizaspidiotus donacis 
(Leonardi) (Hemiptera: Diaspididae), released in 2011 in the Lower Rio Grande Basin 
of southern Texas (USA) and northern Mexico to control giant reed (Arundo donax L.), 
an exotic, invasive giant grass in North and South America, South Africa and Australia.  
Rhizomes of A. donax were fertilized with urea solution once immediately before and 
again one month after release of neonate crawlers (rate = 67 kg ha-1 urea).  Six months 
after crawler release in a quarantine lab study, mature adult females and combined females 
and adult males (empty male scale covers) were 40% more abundant on fertilized than 
unfertilized rhizomes (ANOVA, F = 71.9, df = 1,6, P = 0.0001), and females reared on 
fertilized rhizomes produced 33% more crawlers (F = 9.4, df = 1,5 P = 0.038).  However, 
settling of second-generation crawlers was 40% lower on fertilized rhizomes (F = 83.1, df 
= 1,3, P = 0.003), due likely to limited availability of settling locations.  In large greenhouse 
tubs after six months, adult counts and female reproduction did not differ on the basis 
of fertilization, but second-generation settling was 1-5- to 3.5-fold higher on rhizomes in 
fertilized tubs (F = 583, df = 1,5, P < 0.001), as crawler settling locations were not limited.  
Inconsistent lab and greenhouse results likely reflect different growth conditions, but in 
no case did fertilization have a directly negative effect on population development of the 
arundo armored scale.  Field studies are underway to further examine interactions between 
tissue nitrogen in A. donax and establishment of this novel biological control agent. 



     321

XIII International Symposium on Biological Control of Weeds - 2011

Session 7      Ecological and Evolutionary Processes

Stenopelmus rufinasus Proves to be an Excellent Azolla Taxonomist
 

M. Hill1 and P. Madeira2

1Department of Zoology and Entomology, Rhodes University, P.O. Box 64, Grahamstown, 6140, 
South Africa   m.hill@ru.ac.za
2USDA Agricultural Research Service, Invasive Plant Research Laboratory, 3225 College Avenue, 
Fort Lauderdale, FL 33314, USA   Paul.Madeira@ars.usda.gov  

 
Abstract

 
The frond-feeding weevil, Stenopelmus rufinasus Gyllenhal continues to provide excellent 
control of Azolla filiculoides Lamarck in South Africa.  During the host specificity testing 
of this agent, some feeding and development was recorded on Azolla pinnata africana 
(Desv.) R. M. K. Saunders & K. Fowler, which was sourced from Malawi, but it was 
argued that this was not significant and most probably a laboratory artifact (Hill, 1998), 
and the weevil was cleared for release.  Subsequent host specificity testing, post-release 
of the agent by McConnachie (2004) showed significantly higher levels of feeding and 
development on Azolla pinnata africana collected in Mpumulanga, South Africa.  A ten 
year post-release evaluation showed that some established has occurred on A. pinnata 
africana in the field, but that this is far less than on A. filiculoides, and the weevil did 
not appear to impact A. pinnata africana populations.  Recently molecular analysis has 
shown that what we have been referring to as A. pinnata africana in South Africa is in 
fact Azolla microphylla Kaulf., an introduced species.  Extensive surveys in South Africa 
and Mozambique have failed to find A. pinnata africana and we now believe that the 
species used by McConnachie (2004) was A. microphylla which is in the same section of 
the genus as A. filiculoides and explains the discrepancy in the host specificity studies.
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Abstract 

The commonly named Guinea grass of the Poaceace family is a native African grass that 
has been extensively and successfully introduced as a source of animal fodder to other 
tropical areas of both hemispheres.  On a global scale but particularly in the southern 
United States, the Caribbean and Hawaii, it is becoming a serious threat to biodiversity not 
only due to its invasiveness but also because it produces high fuel loads for fires. For the 
first time, a biological control program is being attempted in Texas. Source populations of 
the Texan invasion have to be identified in the native range in order to facilitate the search 
for potential biological control agents.  This raises the critical issue of a proper taxonomic 
identification for this taxon with a history of taxonomic revisions, multiple scenarios of 
massive introductions and hybridization and polyploidisation events. Guinea grass in the 
strict sense should refer to Megathyrsus maximus (Jacq.), also known as Panicum maximum 
and Urochloa maxima. To unravel the taxonomic identification and the evolutionary history 
of this controversial taxon, we have begun to analyze sequences of two chloroplast regions in 
modern African and Texan samples as well as historical specimens in the CIRAD collection, 
some dating back to 1944, prior all extensive improvement programs in Africa. None of the 
sequences matched the sequence of a voucher specimen of Megathyrsus maximus (Jacq.). 
Results provided evidence of two different maternal lineages, one distributed from eastern 
Africa to southeastern Africa and Texas that fully matched the sequence of a voucher 
specimen of Megathyrsus infestus (Andersson) and one distributed across western/central 
Africa and French Guiana that do not belong to Megathyrsus genus. Future programs of 
exploration and collection of natural enemies are to be reviewed in light of these findings.  
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Abstract 

Silverleaf nightshade (Solanum elaeagnifolium Cav.) is considered to be not only a noxious 
Solanaceae in its subtropical American native range but also an invasive neophyte in many 
regions across the world, including the Mediterranean Basin. Its invasiveness in cultivated 
lands and disturbed areas is aggravated by high seed output and an extensive creeping root  
system, both attributes that render conventional chemical and mechanical control methods 
very difficult. Through collaboration between USDA-ARS, the Benaki Phytopathological 
Institute, and the Universities of Athens and Thessaloniki in Greece, a biological control 
program including mapping against this weed is being attempted for the first time in the 
Mediterranean Basin. Notwithstanding that biological control of this target has already been 
successful in South Africa, conducting rigorous specificity testing of candidate biological 
control agents in the Mediterranean region still boils down to i) the weed is in the same 
Leptostemonum clade as Old World eggplants, all major crop plants in this region ii) the 
origin of invasions in Greece, and iii) the levels of genetic and phenotypic variations relative 
to their native range. In Greece, we identified the source populations across the native range 
(Texas, Mexico) using Cp sequencing and multilocus genotyping approaches. Molecular 
data suggested a taxonomic revision of the Argentinean silverleaf nightshade. They showed 
that invasion in Greece resulted from several introduction events with some populations 
composed of admixture of introduced genotypes. No change in ploidy levels occurred 
following invasion. Based on the links between some life history traits and reproductive 
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strategies, first hypotheses related to its invasion success can be drawn and be presented here. 
From preliminary molecular and cytogenetic data in Moroccan populations, it is clear that 
patterns of invasion in Greece and Morocco share striking similarities, creating a situation 
more conducive for future global biological control programs in the Mediterranean Basin. 
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Abstract 

Vincetoxicum nigrum (L.) Moench (black swallow-wort) and V. rossicum (Kleopow) 
Barbarich (pale swallow-wort) (Apocynaceae) are perennial vines that are targeted 
for classical biological control as a result of their massive invasion in natural areas and 
horticultural nurseries in the U.S. and Canada. Native ranges of V. nigrum and V. rossicum 
are limited to southwestern Europe and to Ukraine-southwestern Russia, respectively. The 
evolutionary mechanisms that have facilitated the range expansion since their introduction 
150 years ago into North America have yet to be understood. In this study we examine two 
characteristics of the genome organization, i) the most frequently assessed ploidy level and 
ii) the variation in genome size, i.e., variation in the amount of DNA per monoploid set of 
chromosomes through loss or gain of repeated DNA sequences. Both can allow rapid changes 
in key phenotypic traits that enhance invasive ability. Flow cytometry using propidium 
iodide for the analysis of genome size variation and chromosome counting using DAPI were 
conducted on plants sampled from the introduced and native ranges of both species. In V. 
nigrum, accessions from Southern France and North America were all tetraploid (2n = 4x = 
44). In V. rossicum, accessions from Russia and North America were all diploid (2n = 2x = 22). 
The mean 2C value (±STD) of V. nigrum and V. rossicum is 1.44±0.03pg and 0.71±0.02pg, 
respectively. This is the first report of genome size for the genus. At the species level, no 
evidence for genome size variation was found between the two ranges. Our data indicate that 
the invasive spread of both species was not triggered by differences in ploidy level or genome 
size between native and introduced populations. Alternative explanations should be sought. 
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Abstract

In weed biocontrol, multiple species of insects (and diseases) are often introduced. With each 
introduction, there is a risk that competitive interactions between species will result in a reduction 
in plant damage, compared with when one species occurred alone, for example if the agent 
with the potential to be a successful biocontrol agent is out-competed by an unsuccessful one. 
Attempts to control diffuse knapweed (Centaurea diffusa Lam.) in British Columbia resulted 
in the introduction of 12 insect species over 20 years. Successful biocontrol has been achieved 
with the introduction of the seed-head weevil, Larinus minutes Gyllenhal. However, the 
introductions of Urophora affinis Frauenfeld and Sphenoptera jugoslavica Obenberger were 
not associated with a reduction in diffuse knapweed populations, even though these species 
are very common in southern British Columbia. We were interested in how S. jugoslavica 
and U. affinis interact with L. minutus, and to determine if these interactions have a 
negative impact on knapweed control. The two species are likely to act in different ways. 
Urophora affinis and L. minutus compete directly for the seed-head whereas the interaction 
between the root feeding S. jugoslavica and L. minutus is indirect and plant-mediated. 
We conducted a range of experiments to test if the presence of one of the unsuccessful 
biocontrol agents could impede or promote control L. minutus, the successful biocontrol 
agent. Preliminary results suggest that the presence of U. affinis in a seed-head does not 
prevent L. minutus from colonizing the seed-head; however, L. minutus destroys U. affinis 
wherever they co-occur in the seed-head. Damage by S. jugoslavica in the root does not 
reduce the proportion of seed-heads infested by L. minutus. Therefore, the unsuccessful 
biocontrol agents are unlikely to be impeding control of diffuse knapweed by L. minutus.
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Abstract

  
The fungal plant pathogen Sclerotinia sclerotiorum (Libert) de Bary was investigated as a potential 
biocontrol agent for the pasture weed Californian thistle, Cirsium arvense (L.) Scop., in New 
Zealand. However, its biocontrol activity was found to be inconsistent. Three reactions were 
observed when spores of the pathogen were applied in high numbers: the pathogen (1) killed 
the plant, (2) killed the aerial tissues, but the plant resprouted, or (3) it had no effect on the plant.  
Evans (2008) proposed the endophyte-enemy release hypothesis (E-ERH), predicting 
that the presence or absence of co-evolved host plant resident microbes (endophytes) 
makes the plant either more resistant or more susceptible to attack by a pathogen. It was 
therefore hypothesised that the observed inconsistency of Sclerotinia to control Californian 
thistle was attributed to variation in the presence/absence of key endophyte populations.  
To test this, we first assessed which endophytes were present in Californian thistle plants and 
how much they varied within a plant and between plants at varying distances. Both culturing 
methods and the molecular technique DGGE were employed to identify endophyte populations. 
Results indicate the endophyte populations are not influenced by individual plants or fields, 
but may be influenced by their location in the plant (i.e. leaf, root, seed and seed pappus). 
Key endophytes were identified, selected and tested to determine if they had a significant 
impact on the pathogenic activity of Sclerotinia on Californian thistle. Preliminary results 
indicate endophytes can influence the success/failure of this weed biocontrol agent.
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Abstract 

Although Larinus minutus Gyllenhal has been implicated in the successful control of 
diffuse knapweed (Centaurea diffusa L.) in western North America, most studies have 
been confounded to some extent by the presence of root feeders.  Furthermore, relatively 
little is known regarding its rate of dispersal and its impact on its host plant in the first 
few years post release.  To address these knowledge gaps we initiated a study in 2005 in 
Alberta, Canada, to measure the spread and impact of this agent in an area that had no 
previous history of intentional biocontrol releases against diffuse knapweed.  In 2005, 
300 L. minutus were released along the Oldman River at a riparian site that was infested 
with diffuse knapweed.  Three additional knapweed patches at 2, 7, and 9 km downstream 
were identified at that time.  For five years, beginning in 2006, the density of knapweed 
stems and rosettes as well as the density of L. minutus was measured at each patch.
We found that after five years post-release, L. minutus had colonized the downstream patches 
at a rate of approximately 1.9 km/yr.  At the release patch, L. minutus numbers grew quickly 
reaching densities of 400 beetles/m2 after three years.  At the patch 2 km downstream, 
populations grew more slowly but reached a density of 166 beetles/m2 five years after the 
initial release.  The patches 7 and 9 km downstream were colonized 3 and 4 years after release 
respectively and populations there are still growing quickly.  At all of the sites, both knapweed 
stem and rosette densities are significantly higher five years post-release than they were in 
2006.  These results suggest that while L. minutus populations can grow and spread quickly, 
impact on diffuse knapweed densities, at least at some sites, may take more than five years.
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Abstract

An exotic toadflax stem mining weevil conventionally identified as Mecinus janthinus Germar 
has become widely established on Dalmatian toadflax [Linaria dalmatica (Linnaeus) Miller] 
in western North America, although agent density and control efficacy are highly variable 
across release sites (De Clerck-Floate & Miller, 2002; McClay & Hughes, 2007; Van Hezewijk 
et al., 2010). Naturally-occurring and fertile hybrid toadflax (HT) populations resulting from 
the cross-pollination of Dalmatian toadflax (DT) and a sister species, yellow toadflax (Linaria 
vulgaris Miller) (YT), have been discovered in Montana (Ward et al., 2009). Genetically 
distinct, host-specific Mecinus species have been confirmed from native range populations 
(Toševski et al., 2011). In Montana, the DT-associated M. janthiniformis Toševski & Caldara 
sp.n. appears to be abundant and widespread, while the YT-associated weevil confirmed 
to be Mecinus janthinus Germar, 1821 appears to occur much less frequently (Toševski, 
pers. comm.). Naturally-occurring hybridization of DT and YT coupled with the discovery 
that the host associated Mecinus biotypes were in fact separate species has at the very least 
increased the complexity of toadflax biocontrol.  Strategic implementation of biological 
control for forests and rangelands affected by widespread, trenchant infestations of both 
toadflax species in particular seems less straight-forward. Our research results seek to address 
a range of questions regarding the optimal deployment of the two recently confirmed and 
host specific Mecinus species, and strategies for effective biological control of hybrid toadflax.
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