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Abstract

Successful biological control can significantly reduce the competitive ability and population 
density and/or distribution of an invasive weed. However, in some cases the target weed is 
replaced by other nonnative weeds. If this “invasive treadmill effect” occurs, the biodiversity 
of the site will not improve. Mile-a-minute weed, Persicaria perfoliata (L.) H. Gross, is an 
annual vine from Asia that has invaded natural areas in the eastern U.S. The host-specific 
weevil Rhinoncomimus latipes Korotyaev was approved for release in 2004, and is showing 
considerable success. However, in some sites the suppressed mile-a-minute weed has been 
replaced by other invasive species, such as Japanese stiltgrass, Microstegium vimineum 
(Trin.) A. Camus. Two integrated weed management experiments were conducted to 
determine best practices for breaking the invasive treadmill cycle and restoring native 
plant communities at sites invaded by mile-a-minute weed. In one experiment, sites 
received a combination of the biological control weevil, plantings of competitive native 
vegetation, and a pre-emergent herbicide application. Native plantings consisted of plugs 
of flat-top goldentop, Euthamia graminifolia (L.) Nutt., and seedlings of Dutch elm disease 
tolerant American elm, Ulmus americana L. Integrating these treatments decreased 
mile-a-minute seedling numbers and prevented Japanese stiltgrass from becoming the 
dominant vegetation at sites where this weed was abundant. The sites with the greatest 
pressure from invasive species had a higher percentage of native cover when herbicide and 
planting treatments were combined compared to the control. In the second experiment, 
sites were seeded with a mix of native warm and cool season grasses and forbs, with and 
without weevils, which were excluded using a systemic insecticide. This fully factorial 
experiment showed reduced mile-a-minute weed cover and greater native plant richness 
in the treatment with both restoration seeding and biocontrol than for either treatment 
alone. The results of these experiments suggest that integration of control methods 
can suppress mile-a-minute weed and help restore a diverse native plant community.
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Introduction

Mile-a-minute weed, Persicaria perfoliata (L.) H. 
Gross, is a temperate annual vine of Asian origin that 
has invaded natural areas in the eastern U.S. Seeds of 
P. perfoliata were accidentally imported into a nursery 
in York County, PA, in the 1930s (Moul, 1948) and 
the plant has subsequently spread to sites throughout 
much of the eastern U.S. from Massachusetts to North 
Carolina and west to Ohio (EDDMapS, 2011). A 
biological control program was initiated by the U.S. 
Forest Service in 1996 (Wu et al., 2002). The host-
specific weevil Rhinoncomimus latipes Korotyaev, 
originally collected in China, was approved for 
release in North America in 2004 (Hough-Goldstein 
et al., 2008). This weevil develops at least three to four 
overlapping generations during the growing season 
in the mid-Atlantic region of the U.S., increasing in 
population size and dispersing to new patches (Lake 
et al., 2011). It can reduce populations of mile-a-
minute weed substantially within one to three years 
(Hough-Goldstein et al., 2009). 

The primary mechanism for mile-a-minute weed 
suppression is through release of apical dominance 
and production of “stacked” nodes in response to 
adult and larval (internal) feeding, resulting in shorter 
vines, which are less competitive with surrounding 
vegetation (Hough-Goldstein et al., 2008). In some 
areas, the resident plant community is diverse and 
consists of mostly native species, and as mile-a-
minute is suppressed, these desirable plants become 
dominant. At other sites, however, additional non-
native invasive plant species are replacing mile-a-
minute, a phenomenon that has been termed the 
“invasive species treadmill” (Thomas and Reid, 2007). 

 One possible way to enhance plant 
competition, increase the effectiveness of the biocontrol 
agent, and at the same time avoid the invasive species 
treadmill effect is through restoration planting using 
native species. Two different experiments were 
conducted to test the effects of restoration planting on 
mile-a-minute weed populations. The first studied the 
impact of planting a vigorous native perennial, flat-
top goldentop (Euthamia graminifolia (L.) Nutt.), with 
and without use of a pre-emergent herbicide, along 
with release of the biocontrol agent. In the second 
experiment, a seed mix of native grasses and forbs was 
tested with and without the biocontrol weevil.

Methods and Materials

For the first experiment, 6.1 x 6.1 m plots of P. 
perfoliata were treated with post-emergent herbicide, 
cleared of woody and herbaceous debris, and 
plantings were established in October 2008 (details 
in Lake, 2011). Treatments included a low-density 
planting of 100 E. graminifolia plugs per plot; a high-
density planting of 400 E. graminifolia plugs per 
plot; a low-density planting of E. graminifolia plus 25 
Dutch elm disease-tolerant elm tree seedlings in each 
plot; and a control treatment with no planting (Fig. 
1). These treatments were replicated at three different 
sites in southeastern PA (the Laurels, Waterloo Mills, 
and Crosslands). In April, 2009, a pre-emergent 
herbicide was applied to half of each treatment plot, 
randomly assigned. Although the biocontrol weevil 
was already present at all sites in low numbers, 
500 additional weevils obtained from the rearing 
facility at the NJ Department of Agriculture Phillip 
Alampi Beneficial Insect Laboratory in Trenton, NJ 
were added to each plot in June, 2009. Plots were 
monitored in five 1 m2 quadrats randomly and 
permanently established within each half of each 
plot (Fig. 1). The plant community in these plots was 
assessed in the fall of 2010.

 The second experiment was conducted at 
a single site on the grounds of Longwood Gardens 
in Kennett Square, PA (details in Cutting, 2011). At 
this site, four treatments consisting of combinations 
of weevils and no weevils, with and without a 
native seed mix, were applied to 2 x 2 m plots of P. 
perfoliata with five replicates, beginning in April, 
2009. The seed mix consisted of a combination 
of three native perennial grasses, big bluestem 
(Andropogon gerardii Vitman), Canada wildrye 
(Elymus canadensis L.), and switchgrass (Panicum 
virgatum L.); and two native perennial forbs (both 
Asteraceae), blackeyed Susan (Rudbeckia hirta L.) 
and oxeye sunflower (Heliopsis helianthoides (L.)).
Weevils were present in low numbers at this site, 
but were supplemented by releasing 100 weevils per 
plot in weevil treatments in May 2009. Additional 
weevils were allocated to plots, with insect numbers 
standardized by percent mile-a-minute cover in 
each plot in August 2009, May 2010, and June 2010 
(Cutting, 2011). Weevils were excluded from plots to 
produce a no-weevil treatment using a soil drench 
with the systemic insecticide, dinotefuron (Safari® 
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20 SG, Valent U.S.A. Corp., Walnut Creek, CA). The 
percent cover of mile-a-minute, number of weevils, 
and seed production were monitored weekly within 
the entire plots. Plant species richness was evaluated 
twice each season. A destructive harvest to obtain P. 
perfoliata biomass occurred at the end of year two. 

Results and Discussion
 

For the E. graminifolia planting experiment, mile-
a-minute seedling counts for spring, 2009, were 
significantly lower on the side of the plots where the 
pre-emergent herbicide had been used (Fig. 2A). This 
was expected, because the pre-emergent herbicide 
kills seeds that are in the process of germinating, 
while having no effect on live vegetation. However, 
this difference persisted in 2010 (Fig. 2B) and 2011 
(Fig. 2C) even though no additional herbicide was 
used and the original herbicide would no longer have 
been active. Mile-a-minute seedling numbers were 
much lower in all of the plots in both the herbicide 

and no-herbicide treatments in 2010 compared to 
2009, and this was also true of mile-a-minute cover 
during the growing season (data in Lake, 2011). 
Although a no-weevil control was not included in 
this experiment, it is likely that the mile-a-minute 
weed in these plots was suppressed by the weevils, 
as has occurred in other studies (Hough-Goldstein 
et al., 2009). Mile-a-minute was most effectively 
suppressed in this experiment where it was initially 
reduced by the pre-emergent herbicide (Fig. 2).

A total of 127 plant species from 48 families were 
identified in these plots in the fall of 2010, and more 
than 60% of plant species at each site were native. At 
one of the sites (the Laurels) most of the vegetation 
cover consisted of native plants. At this site, weevils 
plus pre-emergent herbicide use effectively restored 
native vegetation, and the planting treatments had 
no additional effect. At the other two sites, however, 
native plant cover was higher in the treatments with 
restoration plantings compared to the control plots, 
both where herbicide had been applied  and where 
no herbicide had been applied (Fig. 3A). Native 

Figure 1. Euthamia graminifolia restoration experiment site design. Each of three sites had four planting treatment 
plots as shown. The inset illustrates the herbicide and no herbicide treatment areas and the five monitoring quad-
rats that were established randomly and permanently within each herbicide and planting treatment combination.
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a pre-emergent herbicide (which killed germinating 
Japanese stiltgrass seeds as well as mile-a-minute 
seeds) along with restoration planting prevented the 
reinvasion of stiltgrass, resulting in 80-90% native 
plant cover with virtually no Japanese stiltgrass (Fig. 
3).

In the native seed mix experiment, integrating 
the biocontrol weevils with restoration seeding 
significantly reduced mile-a-minute weed cover 
compared with the control, to about 20% by the 
second year (2010). In plots where weevils were 
excluded using dinotefuron, mile-a-minute cover 
remained at about 80% (Fig. 4). The treatments with 
weevils but no seed mix produced intermediate 
mile-a-minute cover in 2010. Two additional 
measures of plant productivity, mile-a-minute seed 
cluster production and dry biomass showed similar 
results (Fig. 5) to mile-a-minute cover. Native 
plant species richness in 2010 was highest in the 
weevil plus seed mix treatment (Cutting, 2011). 

Conclusions 

For both experiments, an integrated weed 
management approach was more effective than the 
biological control weevil alone for suppressing mile-a-
minute weed and restoring the native plant community. 
The use of a pre-emergent herbicide in the E. graminifolia 
planting experiment improved the establishment of 
planted perennial vegetation and helped to prevent 
Japanese stiltgrass from taking over where mile-a-
minute weed had been suppressed. In both experiments, 
enhanced competition via native restoration plantings 
improved the effectiveness of the biocontrol agent and 
increased native plant biodiversity following suppression 
of the target weed. Where practical and necessary, 
depending on the resident plant community, both 
selective herbicides and restoration planting should be 
considered for use in conjunction with biological control 
of invasive weeds.
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Figure 2. Persicaria perfoliata spring seedling counts 
(mean ± SEM) in (A) 2009, (B) 2010 and (C) 2011. Counts 
were conducted in 0.5 m2 of the 5 monitoring quadrats 
in each herbicide and planting treatment combination at 
three sites. There were significantly more seedlings in the 
no herbicide than herbicide plots in 2009 (P = 0.0001), 
2010 (P = 0.0056), and 2011 (P = 0.0040), but no signifi-
cant differences by planting treatment.

cover at these sites was much higher in the herbicide 
than in the no-herbicide plots (Fig. 3A), indicating 
that the restoration plantings established poorly and 
resident native plants were not released where no 
herbicide was used, despite reductions in mile-a-
minute weed cover. At these sites, Japanese stiltgrass 
largely replaced mile-a-minute weed on the no-
herbicide side (Fig. 3B). The one-time application of 
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Figure 3. Cover (mean ± SEM) of (A) native plants, including Euthamia graminifolia (significantly higher in the herbicide 
than no herbicide plots, P < 0.0001) and (B) Japanese stiltgrass (significantly lower in the herbicide than no herbicide 
plots, P < 0.0001), at Crosslands and Waterloo Mills, Fall of 2010.
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Figure 4. Cover (mean ± SEM) of Persicaria perfoliata in (A) 2009 and (B) 2010, native seed mix experiment. Means for 
the last date within each year followed by the same letter are not significantly different (two-way ANOVA, Tukey’s test).
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Figure 5. Dry biomass (mean ± SEM) of Persicaria perfoliata harvested from the native seed experiment in 
2010 (P = 0.0039). Means with the same letter are not significantly different (Tukey’s test). 
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Abstract 

Natural areas invaded by invasive exotic plants can develop dense populations that displace 
native plants. The Australian tree Melaleuca quinquenervia (Cav.) Blake (melaleuca) disrupts 
natural areas in southern Florida by developing into near monocultures typified by low 
species diversity. Environmental plasticity coupled with fire resistance, high reproductive 
potential, and deposition of large quantities of slowly degrading litter on forest floors affects 
species diversity in melaleuca dominated habitats.  Intentionally released biological control 
agents Oxyops vitiosa Pascoe (weevil), Boreioglycaspis melaleucae (Moore) (psyllid) and 
adventive natural enemies (rust-fungus Puccinia psidii G. Wint, and a transitory lobate-
lac scale Paratachardina pseudolobata Kondo & Gullan) accelerated defoliation, crown 
thinning and mortality of melaleuca trees over a 14-yr (1997-2011) study period. Following 
the long-term effects of two biological control insects and the rust fungus, melaleuca 
stem density decreased significantly and reversed some of the effects of its invasion. The 
decreased melaleuca densities correlate with the increased diversity and abundance of 
mostly native plants; this trend observed during the first 7 yrs continued during the second 
7-yr period. Species diversity remained similar during the second 7-yr period, but sub-
canopy coverage by sawgrass and native woody plants increased.  Melaleuca continued to 
occupy the top canopy albeit with reduced density and lessened ability to recruit seedlings. 
These melaleuca-degraded lands are not fully restored to their pre-invasion status but 
rehabilitation is progressing as indicated by the return of many native plant species. 

Introduction 

Invasive plants, by definition, overrun native 
plant communities (OTA, 1993; Wilcove et al., 1998; 
Myers and Bazely, 2003) and reduce the biodiversity 
of natural systems (D’Antonio and Vitousek 1992). 
For instance, a majority (ca 77%) of invasive plants 
in Florida reportedly alter biotic communities 
(Gordon, 1998). The Australian tree Melaleuca 
quinquenervia (Cav.) Blake (Family: Myrtaceae, 
hereafter referred as “melaleuca”) is among the most 
problematic weeds in Florida (Austin, 1978; Center 
et al., 2011). The mitigation and ultimate restoration 
of invaded sites typically involves the suppression of 

the targeted weed. Classical weed biological control 
offers a supplemental method of control that can be 
strategically integrated with conventional mechanical 
and herbicidal control tactics to more fully suppress 
densities of invasive plants and thereby rehabilitate 
degraded natural communities. The enemy release 
hypothesis (Keane and Crawley, 2002) suggests that 
the reunification in the adventive range of an exotic 
plant with specialized, host-specific natural enemies 
from its native range may suppress the pest plant 
population and ultimately allow desirable vegetation 
to return (McEvoy and Rudd, 1993).  

A biological control program targeting melaleuca 
was initiated in 1986 (Balciunas et al., 1994), with 
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the expectation that introduced herbivores would 
weaken trees through defoliation, and thereby limit 
melaleuca’s invasive potential. With this objective 
in mind, surveys were conducted to enumerate the 
natural enemies of melaleuca in Australia.  Over 
450 species of arthropods were recorded (Balciunas 
et al., 1994). To date, 5 species have been released 
after rigorous host range testing (Center et al., 2011). 
Three of these established.  The weevil Oxyops vitiosa 
Pascoe was released during 1997. Its larvae feed on 
leaves of newly developed shoots (Center et al., 2000). 
The injury resulting from the feeding of this insect 
did not become widespread until 2001. A second 
biological control agent, the psyllid Boreioglycaspis 
melaleucae (Moore), was released during spring 2002 
(Center et al., 2006). The psyllid prefers young shoots 
but also attacks older foliage. Localized impacts had 
become apparent by 2003. The third agent, the gall 
fly Fergusonina turneri Taylor, in conjunction with a 
mutualistic nematode, induces galling of vigorously 
growing vegetative and reproductive tissues. It was 
released in 2005 but never established despite series 
of releases (Center et al., 2011). More recently, a 
stem-gall midge Lophodiplosis trifida Gagné was 
released in 2008 that has already widely established 
(Center et al., 2011). In addition, an adventive scale-
insect Paratachardina pseudolobata Kondo & Gullan 
infested numerous phylogenetically unrelated plant 
species including melaleuca (Pemberton, 2003). An 
unidentified sooty mold (indiscriminately covering 
foliage and green stems) also became abundant 
usually in association with heavy infestations of 
this scale (Rayamajhi et al., 2007). In addition, 
an adventive rust fungus Puccinia psidii G. Wint, 
which infects young foliage of plant species in the 
family Myrtaceae (Laundon and Waterston, 1965; 
Marlatt and Kimbrough, 1979), became prevalent on 
melaleuca during this time (Rayachhetry et al. 1997). 
All these released biological agents and adventives 
pest species caused substantial damage to melaleuca 
trees (Fig. 1).

Various studies have reported the impacts of the 
biological control agents on melaleuca trees (Pratt 
et al., 2003, 2005; Franks et al., 2006; Rayamajhi et 
al., 2007, 2008, 2009; Center et al., 2011).  Herein, 
we provide an overview of long-term studies 
that demonstrate concomitant increases in plant 
species diversity and abundance associated with the 
decreased density of melaleuca.  

Materials and Method 

During 1996, we established permanent plots in 
melaleuca stands representing three hydrologically 
differentiated habitat types: permanently flooded 
(year-around wet), seasonally flooded (seasonally 
wet) and non-flooded (or flooded only for a few 
days after severe rain-storms) in southern Florida, 
USA. We gathered data on stand density, standing 
biomass, litterfall dynamics, seed quality and 
reproductive potential using these permanent plots 
as well as sites outside the plots.  Detailed materials 
and methods have been presented in Rayachhetry et 
al. (1998 and 2001),  Rayamajhi et al. (2002, 2006, 
2007 2008 and 2009) and Van et al. (2000, 2002, and 
2005). The general discussions presented herein are 
based on the data published in the aforementioned 
articles as well as observations made in April 2011. 

 Results and Discussion 

Among natural enemies, the weevils and psyllids 
caused premature abscission of variously aged leaves 
(Pratt et al., 2005; Morath et al., 2006); while rust-
fungus pustules induced abscission of immature 
leaves (Rayachhetry et al., 2001). The combination 
resulted in trees that appeared progressively more 
denuded (Fig. 1) as natural enemy attacks continued 
unabated. Following field release, the impacts of 
introduced natural enemies on target plants are 
rarely quantified by biological control practitioners 
(Denslow and D’Antonio, 2005). These post-release 
evaluations are often difficult because the impacts 
can take decades to be realized and replicated 
treatments are difficult to maintain considering the 
dispersive nature of natural enemies. Our pre- and 
post- biological control release data showed that 
stem density of melaleuca trees across all diameter 
classes decreased, the highest (16.3%/yr between 
2002-2005) being among trees of smaller diameter  
at the periphery of the stands (Rayamajhi et al., 
2007). A biomass allocation study conducted in 
1996 and 2003 showed a significant reduction in the 
melaleuca foliage, fruit and seed biomass by 55%, 
85% and 74%, respectively between 1996-2003 albeit 
the total biomass (348 Mg/ha in 1996 to 331 Mg/ha 
in 2003) remained virtually unchanged during the 
same period (Rayamajhi et al., 2008).  This apparent 
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anomaly resulted because the largest trees, although 
defoliated and severely stressed, remained alive and 
made up the bulk of the standing biomass. However, 
most of these stressed trees were dead by the 2011 
evaluation (data not presented).  Overall, the natural 
enemy impacts have caused substantial reductions 
in melaleuca tree density and seed production.  This 
has drastically reduced seedling recruitment in 
southern Florida (Rayamajhi et al., 2007; Tipping et 
al., 2012).

Canopy gaps created by uprooted, dead or dying 
trees provide space on the forest-floors for seedling 
recruitment (Kneeshaw and Bergeron, 1998).  
Rayamajhi et al. (2009) have linked corresponding 
increases in the diversity and abundance of native 
plant species in mature melaleuca stands to the 
crown thinning and reduced density of the dominant 
melaleuca trees that have created canopy openings.  
A total of 54 plant species of plants were recorded 
representing 38 families from within 14 plots located 
in two non-flooded study sites containing mature 
melaleuca stands (Table 1).  

Our observations suggest that sites dominated 
by melaleuca in the past will be rehabilitated, 
resulting in more stable and diversified plant 
communities dominated mostly by natives; but the 
process may take several years as melaleuca is not 
declining at the same pace throughout its range 
owing to site-specific differences in the impact of 
biological control agents.  For example, melaleuca 
in the sandy soils of the west coast of Florida 
appeared to decline at a faster rate than those in the 
organic soil of the east coast of Florida (personal 
observation).  Overall, melaleuca tree defoliation, 
crown thinning, and mortality has continued, and 
its seedling recruitment and survival ability has 
substantially diminished (Fig. 1).  Long-term field-
research data and experience on various aspects of 
melaleuca biocontrol suggest that biodiversity in sites 
degraded by melaleuca will steadily improve with 
biological control as a long-term management tool.  
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Figure 1.  Transition of natural-enemy impacted Melaleuca quinquenervia stands in non-flooded sites 
from near monocultures to diversified plant communities comprised of mostly native plant species.  (A) 
a typical melaleuca stand with full green foliage prior to Oxyops vitiosa release in 1996; (B) thinned me-
laleuca stand after severe defoliation by the weevil, psyllid and rust fungus as observed in 2004, note 
plants emerging from the forest floor; (C) thinned melaleuca crowns by 2007; (D) forest floors covered 
by various non-melaleuca plants such as Cladium jamaicense, Baccharis, Myrsine and Ilex species) by 
2007.  

A C

B D

control of tansy ragwort, Senecio jacobaea. 
Ecological Applications 3, 682–698.

Morath S., Pratt P.D., Silvers, C.S. & Center, T.D. 
(2006) Herbivory by Boreioglycaspis melaleucae 
(Hemiptera: Psyllidae) accelerates foliar 
degradation and abscission in the invasive 
tree Melaleuca quinquenervia.  Environmental 
Entomology 35, 1372–1378.

Myers, J.H. & Brazely, D. R. (2003) Ecology and 
Control of Introduced Plants. Cambridge 
University Press, Cambridge.

OTA, U.S. Congress Office of Technology 
Assessment. (1993) Harmful non-indigenous 
species in the United States, pp. 397. OTA-F-565, 
US Government Printing Office, Washington, 
DC.

Pemberton, R. W. (2003)  Invasion of Paratachardina 
lobata lobata (Hemiptera: Kerriidae) in south 
Florida.  Florida Entomologist 86, 373–377.  

Pratt, P.D., Rayamajhi, M.B., Van, T.K. & 
Center, T.D. (2005) Herbivory alters resource 
allocation and compensation in the invasive 
tree Melaleuca quinquenervia. Ecological 
Entomology 15, 443–462.

Pratt, P.D., Slone, D.H., Rayamajhi, M.B., Van, 
T.K. & Center, T.D. (2003) Geographic 
distribution and dispersal rate of Oxyops 
vitiosa (Coleoptera: Cruculionidae), a 
biological control agent of the invasive tree 
Melaleuca quinquenervia in South Florida.  
Environmental Entomology 32, 397–406.



266

XIII International Symposium on Biological Control of Weeds - 2011

Session 6      Integrating Biological Control and Restoration of Ecosystems

Table 1. Mean density of the major perennial plant species in mature M. quinquenervia forest stands in 
southern Florida.

Plant Species Density (plants ha-1)

1997 2005 2011

Baccharis glomeruliflora Pers. 1597 5375 5811

Casuarina sp. 100 100 100

Cephalanthus occidentalis L. 200 300 200

Cladium jamaicense Crantz 6913 3238 38263

Ficus aurea Nutt. 100 225 150

Ilex cassine L. 0 500 13087

Melaleuca quinquenervia  Cav. S.T. Blake 28513 18900 5125

Myrica cerifera L. 2638 650 2112

Myrsine floridana A. D.C. 525 650 2412

Persea palustris (Raf.) Sarg. 200 300 960

Schinus terebinthifolius Raddi 300 875 3425

Thelypteris sp. 1240 3624 2950

Trema micrantha (L.) Blume. 0 300 6100
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Abstract 

Four species of leaf beetles, Diorhabda carinulata (Desbrochers) from Kazakhstan and 
China (released in the USA in 2001), D. elongata (Brullé) from Greece and D. carinata 
(Faldermann) from Uzbekistan (released in 2004), and D. sublineata (Lucas) from Tunisia 
(released in 2009), have been utilized for control of highly invasive saltcedars (Tamarix 
spp., SC), small trees from Asia and the Mediterranean area that are destructive to native 
riparian vegetation in the western USA and northern Mexico.  The beetles’ field ecology, 
biology and host ranges were determined overseas and in quarantine in Texas, California 
(CA) and New Mexico.  These beetles are restricted to species of Tamarix, none of which 
are native in the western hemisphere. By 2010, the China/Kazak beetles had defoliated 
about 2,400 stream km of SC in Utah, and NW New Mexico and NW Arizona and 550 
km in Nevada, the Crete beetles defoliated about 125 km in central-west Texas and 80 km 
in CA, and the Tunisian beetles defoliated about 130 km along the Rio Grande of western 
Texas.  “Spillover” populations of D. sublineata defoliated athel shade trees (Tamarix 
aphylla (L.) Karsten in 2010, but these plants revegetated within 2 months.  Record cold 
weather severely depressed beetle populations throughout north and central Texas during 
February 2011, killing most beetles and damaging SC top growth; the cold caused little 
mortality to the beetles along the Rio Grande but caused 95 to 100% dieback of the athel.  
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Introduction

  Exotic saltcedars (SC), highly invasive small 
trees introduced from Asia and the Mediterranean 
area beginning in 1823, (mainly Tamarix 
ramosissima Ledebour, T. chinensis Loureiro, and 
in California, also T. parviflora de Condolle) are 
severely damaging native ecosystems along streams 
and lakeshores throughout the western United States 
and northern Mexico.  No Tamarix species are native 
in the Western Hemisphere.  Athel, T. aphylla (L.) 
Karsten), another exotic species, (a large 20 m-tall, 
evergreen, cold-intolerant tree), is used as a shade 
tree and windbreak in Mexico and the southwestern 
USA and is not a target for control (DeLoach, et 
al., 1997, 2000).  However, since recent floods, it is 
becoming more invasive and damaging to native 
ecosystems along the Rio Grande of Texas and is 
hybridizing with other Tamarix spp. in the western 
USA.  

The impetus for biological control (BC) was 
by Lloyd Andres (ARS, Albany, CA), who initiated 
overseas explorations for natural enemies in the 
1960’s-1970’s, that produced reports of ca. 350 
herbivorous insect species, with information on 
biology and host range, in Israel and the Middle East 
(Gerling and Kugler, 1973), Turkey (Pemberton and 
Hoover, 1980), Pakistan (Habib and Hassan, 1982), 
and Kazakhstan (Mityaev and Jashenko, 2007), 
summarized by Kovalev (1995).

Biological control experimentation began in 
1986 by one of us (DeLoach) with literature review 
and risk assessment, and from 1991 to 1998 with 
overseas exploration for natural enemies with 
collaborators within the native range of SC in 
France (A. Kirk, R. Sobhian, L. Fornasari), Israel (D. 
Gerling), China (B.P. Li, R. Wang, Q. G. Lu, and H. 
Chen), Kazakhstan (I.D. Mityaev and R.V. Jashenko) 
and Turkmenistan (S. Myartseva) (DeLoach, et al., 
2003; Carruthers, et al., 2008) and supplementary 
funding from USDI-Bureau of Reclamation.  A 
petition for introduction and testing in quarantine 
at Temple, TX of a leaf beetle from China and 
Kazakhstan, then identified as Diorhabda elongata 
(Brullé) ssp. deserticola Chen, was submitted to the 
Technical Advisory Group for Biological Control of 
Weeds (TAG) of the US Department of Agriculture, 
Animal and Plant Health Inspection Service, 
Plant Protection and Quarantine (USDA-APHIS-

PPQ) and state departments of agriculture in May 
1994.  This petition initiated the requirement for a 
Biological Assessment (BA) to the US Department 
of Interior, Fish and Wildlife Service (USDI-FWS) 
for consultation under Section 7 of the Endangered 
Species Act, (DeLoach et al., October 1997).  Release 
into field cages for 1 year, then into the open 
environment, was approved by FWS via Letter of 
Concurrence, 3 June 1999, and APHIS-PPQ via a 
“Finding of No Significant Impact” (FONSI), 7 July 
1999 for 10 specified sites in Texas (TX), Colorado 
(CO), Wyoming (WY), Utah (UT), Nevada (NV) 
(3) and California (CA) (3).  The beetles were placed 
in large cages during the summer of 1999 and 
released beginning in May 2001.  The USDA-ARS 
Temple project was joined by one of us (Carruthers) 
in early 1998, who organized the ARS Exotic and 
Invasive Weeds Research Unit (EIWRU), Albany, 
CA with several additional scientists and obtained 
a USDA-CSREES-NRI-IFAFS grant for area-wide 
biologically based control of SC that provided 
supplemental support for all projects for 4 years.  
Carruthers coordinated the projects in CA and NV 
and DeLoach in the other states.

These Diorhabda spp. beetles were identified by 
chrysomelid taxonomic authorities as D. elongata 
(Brullé).  However, morphological studies by Tracy 
and Robbins (2009); cross-mating experiments by 
David Thompson;  DNA analyses by David Kazmer; 
and pheromone comparisons (Cossé, et al., 2005) 
demonstrated that these beetles were actually five 
valid, separate species – D. carinulata (Desbrochers) 
from Fukang (44.8º N. Lat.), China and Chilik 
(43.3º N.), Kazakhstan; D. elongata from Crete (35º 
N) and Posidi Beach near Thessaloniki (40.6º N), 
Greece; D. sublineata (Lucas) from Mareth (33.4º 
N), Tunisia; D. carinata (Faldermann) from Karshi 
(38.5º N), Uzbekistan, and D. meridionalis Berti 
and Rapilly from coastal Iran (not introduced).   

Results and Discussion 

Field Ecology, Biology and Behavior
 

Diorhabda spp. adults and larvae feed on the 
foliage and flowers of SC.  The larvae pupate under 
litter on the ground and the adults overwinter 
there.  The northern Fukang/Chilik beetles have 
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two generations north of the 38th parallel, the Crete 
beetles three to four generations in central TX and 
along Cache Creek, CA, and the Tunisian beetles five 
to six generations along the w TX Rio Grande and 
Pecos River. Diapause is regulated by daylength after 
June (Lewis, et al., 2003b; Milbrath et al., 2007; Bean 
et al., 2007).  Since 2009, the Chilik beetles appear to 
be adapting to areas farther south and by September 
2011 were reported at Algodones, NM (35.4°  N Lat.)  
These beetles have a high reproductive rate, especially 
in more southern areas with several generations.  
Females lay an average 280 eggs (net reproductive 
rate 80.9), generation time is about 38.3 days, and the 
population can double in 6.1 days (Milbrath et al., 
2007).  Major predators on the ground are ants (and 
possibly small mammals) that feed on the pupae and 
adults; and in the trees are assassin bugs and spiders 
on adults and larvae, and ladybird beetles on eggs. 
No parasitoids have been observed in the USA, but 
a tachinid fly (Erynniopsis antennata (Rondani) 
was reared from larvae and adults, and a eulophid 
wasp parasitoid of larvae and a Nosema  pathogen 
were often reported by our overseas collaborators.  
Adult beetles congregate in mating swarms when 
food is scarce, regulated by a male aggregation 
pheromone (Cossé, et al., 2005) and can fly 50 km 
or more to find fresh food and to avoid predators.   

Host Specificity

Intensive testing at Temple and Albany 
demonstrated that these four Diorhabda species are 
restricted in host range to the genus Tamarix.   The 
D. carinulata beetles from Fukang and those from 
Chilik  were tested in quarantine at Temple, TX from 
1992 and at Albany, CA from 1998 (DeLoach et al., 
2003; Lewis et al., 2003a; Milbrath and DeLoach, 
2006 a, b; Herr et al., 2009).  At Temple, reproductive 
index (% larval survival in no-choice tests in sleeve 
bags on plants growing outdoors multiplied by % 
eggs laid in multiple-choice tests on potted plants in 
large outdoor cages) for Fukang, Crete, and Tunisian 
beetles was 12.4, 20.5, and 12.6, on T. ramosissima/T. 
chinensis, 8.4, 8.2, and 3.0 on athel, and 0.103, 0.70, 
and 0.00 on Frankenia, respectively.  The most highly 
selective life stage was the female searching for a 
plant on which to oviposit.  Athel and Frankenia spp. 
were included in nearly all tests.  In outdoor, uncaged 
tests in 2005 at Big Spring by DeLoach, 65.14% of 

the adults were found on SC, 34.63% on athel, and 
0.23% on Frankenia; for eggs, 82.2% were on SC, 
12.8% on athel and 0.0% on Frankenia (Moran et 
al., 2009).  At Cache Creek (near Rumsey), CA, D. 
elongata beetles laid 3.7% of their eggs on Frankenia 
salina (Molina) I.M. Johnson in a paired choice field 
test with T. parviflora, 4.3% in a multiple-choice cage, 
and 1.2% in a multiple-choice open field test (Herr, 
et al., in revision). Thus, we expected heavy damage 
to and control of SC, light to moderate damage to 
athel, and no or only minor damage to Frankenia. 

Releases in Northern States 

After regulatory approvals, the Fukang beetles 
were released into the field beginning in May 2001-
2002 in Texas, Colorado, Wyoming, Utah, Nevada 
and California and the Chilik near Delta, UT.  For 
those in desert areas of NV, UT and western CO, 
control has been spectacularly successful (Carruthers 
et al., 2008).  By fall 2009, populations released 
near Lovelock and Schurz, NV had coalesced and 
defoliated the SC along 550 stream km in NV, which 
is nearly all the SC in that state (Jeff Knight, NV Dept. 
Agric., personal comm.).  Also, the Chilik beetles 
released in 2001 near Delta, UT, had defoliated 
about 80 km of SC along the Sevier River and were 
redistributed to several other sites in Utah in August 
2005.  Those released along the Colorado River near 
Moab, UT had defoliated a total of about 2,400 stream 
km by fall 2010:  to Lake Powell, and into western 
CO along the Delores River and along the Green 
River to Dinosaur National Monument (Jamison, 
2010); along the San Juan River, UT into NW NM 
and to Navajo Lake by Autumn 2011 (Thompson, 
personal comm.), then probably along the Jemez 
River 200 km to Algodones (35.4º N) on the Rio 
Grande 37 km N of Albuquerque (DeLoach, personal 
obs.).  In many areas of CO, native willows have 
increased and the beetles defoliate the SC annually, 
keeping it suppressed.  A different redistribution 
near Saint George, UT (probably in 2006 but 
under unknown circumstances), has defoliated 
SC along the Virgin River for about 150 km in SW 
Utah and NW Arizona (Bean, personal comm.).  
      Releases of the Fukang beetles near Pueblo, CO 
and Lovell, WY in 2001 have been less successful 
but are established, spreading, and still may have 
the potential for rapid increase and control (D. 
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Eberts, Bureau Reclamation, Denver, personal 
comm.).  Those released near Pueblo, by 2011 had 
dispersed upstream along the Arkansas River to 
Cañon (Bean, personal comm.).  Those along the 
Bighorn River near Lovell by 2007 had defoliated 
95% of the SC along 50 river km; in Montana, 
repeated releases of several thousand beetles from 
Lovell have failed to establish at Lake Fort Peck, 
probably because of flooding around the lake (D. 
Kazmer, J. Gaskin, K. Delaney, personal comm.).  
 
Releases in North and Central Texas
  

The D. carinulata (Fukang) beetles (adapted to 
long northern daylength were released at Seymour, 
TX (33.7º N) but were not adapted to the short and 
decreasing summer daylength after June (a sign of 
approaching winter), which caused premature entry 
into diapause  in July, and failed to overwinter or 
establish (Lewis et al., 2003b,  Milbrath et al., 2007,  
Bean et al., 2007).  Beginning in September 2001, 
more southern D. elongata  beetles (adapted to 
shorter summer daylength) were collected in Greece 
by Carruthers and Kashefi (the ARS cooperator 
there). Sobhian and Kirk (ARS European Biological 
Control Laboratory, Montpellier, France) collected 
D. carinata from Uzbekistan and D. sublineata from 
Tunisia.  In 2003, FWS allowed unrestricted releases 
of Diorhabda in Texas but only at the original release 
sites in other states; however, state or private workers 
could make intrastate releases within their own state 
except for restrictions by FWS near critical habitat 
for endangered species.  

All four Diorhabda species had been released in 
Texas by 2009, at a total of about 64 sites.  On 22 April 
2004, one of us (DeLoach) released 28 Crete adults, 
after they overwintered in on-site nursery cages, 
along Beals Creek near Big Spring, that defoliated 
two SC bushes by mid-June, and another 2,200 adults 
were released by September.  ARS (DeLoach with 
technicians Tracy, Robbins and summer students) 
conducted detailed weekly or biweekly monitoring 
of the beetles and SC damage along transects of 200 
m in 2005 to 9.5 km in 2009.    These Crete beetles 
defoliated 70-98% of the SC stand two or three times 
annually – 1 ha by October 2005, 10 ha in 2006, 20 
ha plus 3 km along Beals Creek in 2007, and 60 ha 
along 4 km of the creek plus 10 satellite colonies over 
a 10×23 km area by October 2008.  During 2009, the 

Crete beetles produced large populations from late 
May that began rapid, large scale dispersal that by 
August extended for 56 km and defoliated nearly all 
the SC along Beals Creek plus numerous outlying 
satellite colonies.  By 2010, defoliation extended 
for 125 km along Beals Creek west to Mustang, 
Buzzard, and Silver Spring draws, to Stanton town, 
and along the Colorado River from Lake Thomas 
(with gaps) east to Colorado City.  After 3 years of 
twice annual defoliation (2005-2007), canopy cover 
and green biomass of SC had been reduced by 85-
95%, and about 20 to 25% of the trees had died.  
The local grasses and forbs revegetated naturally 
and abundantly, usually within 1 year after canopy 
defoliation.  

Starting in 2006, two of us (Knutson and Muegge) 
began an implementation program to redistribute the 
Crete beetles in western Texas watersheds to more 
rapidly expand the area of control and to develop 
improved methods of release.  Only 10% established 
when 300 beetles were released per site, but ant 
control plus releasing large numbers increased 
success to 80%.  During 2008, they developed an 
insecticide baiting material that was very effective in 
controlling predaceous ants in the field and allowed 
a 10-fold increase in Diorhabda populations that 
could be released from the field cages.   The large 
beetle populations then overwhelmed the ants (and 
other predators), spread rapidly and defoliated the 
SC.  This method then was used routinely at new 
release sites.  Several redistributions where 10,000 
to 20,000 beetles were released rapidly produced 
large populations that defoliated several trees the 
first year, then several ha afterward.  In 2009, about 
340,000 adults were collected from the Big Spring 
area and released mostly in the Colorado River 
watershed.  Releases along the Pecos River in 2006 
had defoliated 29 stream km by 2010.  Tunisian 
beetles also were released at a different location 
along the Pecos in 2010, and only those could be 
found after the February 2011 freeze.

In north Texas, D. elongata from Posidi, Greece 
were released along the Canadian River in 2003 and 
the Uzbek beetles in 2005 by one of us (Michels), 
and along the Wichita and Pease Rivers (Knutson) in 
2008.  They increased rapidly and defoliated 0.5 to 1.0 
ha on these rivers, then declined, and did not survive 
the 2011 freeze.  However, releases of Crete beetles at 
White River Lake (70 km E of Lubbock) by Knutson 
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in 2009 had established by 2010 and survived the 
2011 cold.  The Fukang beetles (that had failed to 
establish at Seymour, TX in 2001) were obtained 
from Pueblo, CO and released in June 2009 near Lake 
Meredith north of Amarillo, TX but did not establish. 
The Kazak beetles from northern NM have adapted 
to shorter day lengths and now may be the most 
promising for north Texas, if or when the ongoing 
APHIS moratorium is lifted on new releases, related 
to transient impacts of SC defoliation on the federally 
endangered bird, the southwestern willow flycatcher 
(Empidonax trailii extimus) near St. George, UT. 

Releases along the Rio Grande,  
West Texas
  

The Rio Grande valley from old Ft. Quitman (115 
km downstream from El Paso) through Big Bend 
National Park (BBNP), including the “Forgotten 
River” area from Ft. Quitman to Presidio, contains 
the largest SC stands in Texas and probably the 
second largest in the USA.  After several meetings 
with Mexican scientists, caged overwintering tests 
were made of the Crete, Uzbek and Tunisian beetles 
species along the Rio Grande from October 2006 to 
May 2007.  Only the Crete beetles were released from 
field cages by three of us (Fain, Donet, DeLoach) on 
five private ranches from 21-76 km upstream from 
Presidio to Candelaria on 29 June 2007.  At first, they 
defoliated 10-100 trees per site but survived only 1-2 
years at only three of the sites.  In September 2009, 
11,000 Crete adults from Big Spring were released 
at each of two of these sites.  These defoliated 
several small to medium-sized trees but since have 
maintained only a weak population.

The D. sublineata beetles from Tunisia were 
shipped to quarantine at Temple, TX, and then to 
two of us (Thompson and Bean) for heat treatment 
to destroy a Nosema pathogen in the beetles.  They 
were released in three nursery cages at Ruidosa (58 
km upstream from Presidio) by one of us (Ritzi) 
and Andrew Berezin (also SRSU) from October 
2008.  They increased greatly by spring and were 
released from the cages on 19 May 2009, and rapidly 
defoliated about 1 ha of SC.  Adults were placed in 
cages on a private ranch at Alamito Creek (10 km 
below Presidio), and in Big Bend Ranch State Park 
(BBRSP) at Madera Canyon (59 km) and Lajitas (78 

km) downstream from Presidio in June 2009 by park 
personnel with ARS cooperation.  They defoliated 2 
ha at Alamito Creek and a few trees at the other sites 
by October 2009.  

The Ruidosa site burned in a wildfire in March 
2010, destroying all the beetles, but populations 
at Alamito Creek, Madera Canyon and Lajitas 
continued  increasing rapidly.  Redistributions of 
Tunisian beetles from Alamito Creek were made on 
1-4 June 2010 at three additional sites downstream to 
Lajitas.  Upstream, beetles were released at four sites 
from 21 km to78 km NW of Presidio to Candelaria 
by Ritzi, DeLoach and Donet on 16 June 2010 before 
the moratorium on further releases was imposed 
by APHIS and FWS on 10 July 2010.  SC trees from 
Alamito Creek to Lajitas near the river were very 
large (to 10-12 m tall, up to 0.5 m trunk diameter).  
During 2010, the Tunisian beetles at nearly all the 
sites increased rapidly and the defoliation coalesced 
among several sites during the summer.

In BBNP in 2010, two of us (Knutson and 
Muegge) together with Joe Sirotnak (Botanist, 
BBNP) established the Crete beetles at Santa Elena 
Canyon, which by 2011 have dispersed ca. 8 km 
downstream along the Rio Grande.  The Tunisian 
beetles were established at the Gravel Pit site (164 
stream km) and at the private Adams Ranch (203 
km) downstream from Presidio and just beyond 
BBNP. By late September 2011, they had defoliated 
most of the SC for 27 km along the Rio Grande from 
Boquillas to Mariscal Canyons and at the Adams 
Ranch.  

During the population pulse of 2010, the beetles 
moved rapidly out from the release sites, and by late 
August had defoliated most of the SC from Alamito 
Creek upstream to Ruidosa and downstream to 
Lajitas, a total of about 130 km with only a few gaps 
left untouched.   Beetle defoliation was seen on 
the Mexican side of the river near Alamito Creek 
in March 2010, and mirrored the movement and 
spread of beetles on the US side of the river.

Large athel trees have been used for many years as 
shade around houses and as windbreaks in the warm 
southwestern US and northern Mexico.  Clumps of 
large athels also grew along TX Highway 170 and 
were common (but less than 10% of the shade trees) 
in Presidio.  Until mid-August, no damage had been 
seen on athel.  However, by 24 August, with nearly 
100% of the SC defoliated for a long distance, the 
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hungry adults left the SC, flew to nearby green athel 
trees only a few meters or a few blocks away, and 
defoliated almost all athel trees in Presidio, Ojinaga, 
and downstream along Hwy. 170.  This caused great 
concern among residents in Presidio and especially in 
Mexico.  An intensive sampling program was begun 
by Anne Marie Hilscher (SRSU) and two of us (Ritzi 
and Moran). Also, Don Grossman (Texas Forest 
Service, College Station, TX) initiated experimental 
chemical treatments of athel trees that protect them 
from the beetles.  By mid-October 2010 most of the 
athel trees had refoliated to 90-95% of the original 
green canopy.  This transient defoliation of athels 
was a “spillover” event (sometimes seen in other 
biological control of weeds projects, but usually not 
seen again after the first year).

In mid-February 2011, after an extremely dry 
year, the Big Spring area, the Pecos River, and the 
western Rio Grande, TX experienced 3 days of very 
warm weather (29º to 32°C), followed by record 
cold temperatures for 4 days (lows of  -7º to -16ºC). 
This killed 95-100% of the canopies of athel trees.  
The beetles in 2010 had not yet dispersed upstream 
beyond Ruidosa, but the athels there were killed back 
the same as athels with beetles plus freeze damage 
near Presidio, demonstrating that the athel dieback 
during 2011 was caused by the freeze, regardless 
of presence of the beetles.  During 2011, the beetle 
populations were large along the river, again causing 
heavy defoliation of SC.  The recovery of athel was 
demonstrated by shoots emerging from the base 
on the trunks or from a few large branches. Beetle 
populations on athel were tolerable and not causing 
notable defoliation or damage through September 
2011.

The above information indicates that the 
introduced Diorhabda beetles can provide 
spectacular control of SC in large areas, but not 
yet in all areas, of the western USA.  Also, we 
have learned much about their behavior and 
field ecology.  No non-target feeding has been 
seen on any other plant species, although minor 
spillover damage from adult feeding may occur on 
Frankenia salina in California if nearby saltcedar 
is damaged.  Increasing growth and abundance 
of willows and other native plants have been seen 
at several locations after saltcedar defoliation. 

Additional Information Needed

1. How far and how rapidly will the beetles 
disperse and defoliate SC across the 
southwestern USA?  From 2005 to 
September 2011, the Chilik beetles have 
moved about 240 km south of their 
presumed 38º lat. limit to Algodones on the 
Rio Grande, NM and the Tunisians have 
moved upstream from Alamito Creek 85 
km to Candelaria toward El Paso.  Will they 
meet along the Rio Grande, NM or will 
they be restricted by day length/climate?

2.  Are additional natural enemies from Asia 
(such as stem or foliage-galling insects 
under study in Kazakhstan) needed to 
control SC in the northwestern tier of US 
states?

3. Will the Tunisian beetles establish on the 
Tamarix hybrids along the Texas coast?

4. Why do the Tunisian and Chilik beetles 
appear to provide more rapid control than 
the Crete beetles?

5. What will happen genetically when the 
Chilik, Crete, and/or Tunisian beetles 
meet?

6. What will be the effect of SC/BC on native 
plant and animal commnities in relation to 
environmental and economic interests?

7. What will be the effect of SC/BC on 
survival and reproductive rate of the 
endangered southwestern willow flycatcher 
and the 40 other T & E plant and animal 
species harmed by SC?

8. Will feeding on athel decrease in the future 
(as in other BC examples of “spillover”) and 
cause little damage?

9. What will be the effect of SC/BC in 
Mexico? 

__________

aThe section on saltcedar biological control vs south-
western willow flycatcher habitat in the oral presenta-
tion at this symposium will be published elsewhere.
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Abstract

The introduction of the tamarisk leaf beetle, Diorhabda carinulata Desbrochers 
(Chrysomelidae), into the Virgin River watershed encompassing portions of Utah, Arizona 
and Nevada brings this controversial biological control agent for the first time into the critical 
habitat range for the southwestern willow flycatcher. This federally listed sub-species nests 
to some extent in tamarisk (Tamarix spp.), risking exposure if defoliation occurs during 
breeding. A collaborative monitoring program by university and federal researchers is 
documenting the process of tamarisk biological control and the ecosystem and biodiversity 
responses to the anticipated suppression of this dominant invasive plant. Recent data 
indicate that willow flycatchers were able to switch reproductive behavior by using restored 
native habitat patches in the upper watershed. We have initiated a series of restoration trials 
to develop the methods for facilitating riparian recovery, which were initially successful but 
were destroyed by a flood event in December 2010. We thus have proposed a restoration 
design that incorporates site suitability for re-vegetation with hydrologic modeling to 
predict locations with low probability of flood disturbance, along with a spatial evaluation 
to determine where ‘propagule islands’ of native vegetation should be created to provide 
sufficient seed dispersal to facilitate natural recruitment of native plant. Once conflicts related 
to the flycatcher are resolved, we anticipate that legal and regulatory restrictions on Tamarisk 
biological control can be lifted, and effective management of this weed can be resumed.
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Abstract 

Highly invasive grasses (e.g.,  Bromus spp., Pennisetum ciliare (L.) Link., Taeniatherum 
caput-medusae (L.) Nevski) are largely unabated in much of the arid Western U.S., despite 
more than 70 years of control attempts with a wide array of tools and management practices.   
The development and sustained integration of new approaches and potentially new tools 
is warranted in order to combat these destructive species. An expanded program of field 
exploration for microbial biological control agents is needed. However, any biological 
control agent must display a high level of efficacy, specificity and genetic stability to 
preclude any host range extension to native grasses or valued introduced species, especially 
cereals.  A principle limitation to this research in the past – the seemingly insurmountable 
hurdle of characterizing the full genetic variation among target invasive species and 
their potential biological control agents – has been much reduced by impressive and 
continuing strides in sequencing technology (e.g., 454 sequencing, RAD tag sequencing).  
These rapidly developing tools can enormously speed the screening of effective pairings 
between host and pathogen.  Any biological control program would be only one part of a 
holistic integrated management against these invaders.  Effective restoration of these vast 
grasslands also includes massive and sustained re-introduction of native grasses and the 
cryptobiotic crust – essential aspects of effective control that should proceed even now.
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Abstract

The southwestern Willow Flycatcher, Empidonax trailii (Audubon) subspecies extimus 
Phillips (“flycatcher” hereafter) is a small, insectivorous, obligate riparian bird that breeds 
in Arizona (AZ) and parts of adjoining states and winters in Central America.  It breeds in 
broad floodplains, in dense thickets of willows (occasionally in other native small trees), 
near or over water.  Since saltcedars (SC) (Tamarix spp.) have displaced the willow, it now 
nests in SC, preferentially so in AZ but not in other areas, even though willows may be 
present or abundant.  Its populations have decreased since 1948 as SC has increased.  It 
was federally listed as endangered in 1995; total population in 1997 was about 540 adults at 
62 sites, mostly with five or fewer adult pairs per site, and more than 20 at only a few sites.  
Major populations are at the San Pedro/Gila River confluence and Roosevelt Lake, AZ and 
at Topock Marsh, CA/AZ (all in SC); and on the Gila River at Cliff, and Rio Grande at 
San Marcial/Elephant Butte Reservoir (SM/EB), NM (both in willow dominated habitat).  
Former large breeding areas have been lost since SC came to dominate (the lower Colorado 
and Gila rivers, CA/AZ), but it never bred in large pure stands of SC (the Pecos River, 
NM/TX).  The largest population now is at a site that began in 1996 at SM/EB and in 2009 
with 356 fledglings in 294 nests by 224 adult pairs.  Of the 1355 nests censused over 11 
years (1999-2009), 79% were in willow, 17% in mixed, and 4% in SC dominated territories; 
cowbird parasitism was 11.7% in willow, 22.0% in exotic and 18.1% in mixed.  Populations 
at some sites have partially shifted from SC to cottonwood/willow (C/W) or vice versa or 
moved along the river as the habitat changed.  A substantial breeding population also is 
present in the Virgin/Muddy river system, including Pahranagat NWR; recent restoration 
of native willows on the Virgin adjacent to St. George resulted in increased nest productivity 
as birds previously nesting in SC made a major behavioral switch to nesting in willows.
Saltcedar biological control (SC/BC) was begun by Lloyd Andres (USDA-ARS, Albany, CA) 
in the 1960s, and Bob Pemberton (ARS, Ft. Lauderdale, FL) in the 1980s.  Research began by 
ARS Temple, TX in 1986 (see DeLoach et al., this Symposium).  It met strong opposition from 
the US Fish and Wildlife Service (FWS), Region 2, Albuquerque, NM, when the Diorhabda 
leaf beetles from Asia were proposed for release in 1994.  After 7 years of discussions, the 
beetles were released in May 2001, but not within 322 km of known flycatcher nesting 
in SC.  By 2011, these beetles had defoliated 3,100 river km of SC in NV, UT, and CO 
and 100 to 200 km in WY, AZ, NM, by others from Crete and Tunisia in TX (along each 
of 3 river valleys).  The local grasses, forbs and willows had recovered at many locations.
The debate between the SC/BC workers and the flycatcher biologists and associated 
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ecologists has centered on evaluating the impact of SC.  According to a 2008 paper by two 
of the leading flycatcher biologists, “Recent research on southwestern Willow Flycatchers 
has found no negative effects from breeding in Tamarix habitats.”  However, factors 
degrading the C/W habitat are many: 1) the shift along controlled rivers from the natural 
spring snow-melt floods on which the early spring reproduction of C/W is synchronized, 
to the more constant flows below dams that favor establishment of SC that reproduces 
from spring through fall, 2) shallow-rooted C/W grows only near streams but deep-rooted 
SC grows across the entire valley, using much more water than C/W; 3) SC lowers water 
tables, dries up springs and small streams, and increases soil-surface salinity and wildfires 
that kill or stunt C/W but to which SC is tolerant; and 4) C/W has many natural enemies 
in the US but SC has no major enemies, allowing its unrestrained growth and spread.
The direct impact of SC on flycatcher mortality includes cowbird nest parasitism (twice as 
high in SC as in willow) and nest site temperatures above the lethal 43º C that kill bird eggs.  
Less well documented factors are 1) diversity of food insects high in C/W but low in SC, with 
no  immatures for example but with many pollen/nectar-feeding adults in SC all produced 
on nearby native plants; 2) possible stress on females caused by producing multiple broods 
after nesting failures and possibly death during the next migration, accounting for the ca. 
25% shortage of females on the breeding territories, and 3) in some areas (but not in other 
areas) higher predation in SC than in C/W, related to canopy density and/or surface flooding.  
A misinterpretation of the saltcedar impact on C/W and the flycatcher has implied 
a high value of the many male territories along the Rio Grande near Yuma, AZ, where 
no females, no nests and no reproduction occurs, thus of no value.  Most reports make 
no mention of other bird surveys with different conclusions; or of the large, new and 
thriving flycatcher population at SM/EB, NM; or of the effects of high temperatures on 
the loss of previous breeding areas on the lower Colorado, Gila, AZ or Rio Grande 
of western Texas; or if SC is good habitat, why the flycatcher does not breed on the 
Pecos River.  The information presented provides answers to these questions and 
refutes the concept that no negative effects occur when the flycatcher breeds in SC.



280

XIII International Symposium on Biological Control of Weeds - 2011

Session 6      Integrating Biological Control and Restoration of Ecosystems

Biological Control as a Tool in Restoration and Conservation  
Programs and for Reducing Wildfire Risk

A. M. Lambert, T. L. Dudley, G. M. Drus and G. Coffman

Marine Science Institute & Cheadle Center for Biodiversity and Ecological Restoration, University 
of California, Santa Barbara CA 93110     lambert@msi.ucsb.edu

Abstract

Non-native plant invasion in western North America riparian systems has caused wide-
ranging impacts to ecosystems including reduced wildlife habitat for native species, increased 
wildfire frequency and intensity, and increased evapotranspiration rates in this arid region. 
The spatial extent of these invasions makes traditional control and management techniques 
economically and logistically unfeasible. Programs targeting invasive plant reduction as a 
key element to restoring critical habitat and reducing impacts to ecosystems should consider 
biological control as an essential tool in the management of invasive plant populations. We 
provide examples of how biological control is being implemented in large-scale riparian 
restoration, conservation, and wildfire management programs in western North America.
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Abstract

Water hyacinth, Eichhornia crassipes (Mart.) Solms-Laubach has a major impact on 
aquatic ecosystems in South Africa despite biological control, which remains hampered 
by high nutrient levels and low temperatures. Often, the biological control agents are 
unable to overcome rapid weed growth, necessitating intervention by herbicidal control. 
However, lethal doses of herbicides have harmful environmental consequences and 
kill the biological control agents by removing their habitat. A dose of glyphosate 0.8% 
retards the growth and vegetative reproduction of the weed without detrimental effects 
on the biological control agents. However, glyphosate is known to interfere with nitrogen 
(N) metabolism in plants. Depleted nitrogen resources after herbicide application have 
consequences for insect survival and capacity to reproduce. Moreover, glyphosate has 
garnered bad press for its non-target ecological impacts on amphibians. In this study, the 
application of 0.8% of glyphosate did not affect the nitrogen and phosphorous levels in 
herbicide treated water hyacinth leaves and crown samples. Moreover, water hyacinth, 
alone or coupled with an application of glyphosate herbicide, is potentially lethal to 
aquatic amphibians. All Xenopus larvae died in the treatments containing water hyacinth, 
regardless of whether they were unsprayed, or sprayed with a retardant dose or a lethal 
(to the plant) dose of glyphosate, while glyphosate alone was not as harmful. This study, 
under laboratory conditions, has shown for the first time that an invasive aquatic weed 
was more lethal to an aquatic vertebrate than the herbicide advocated for its control.
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Abstract

The University of Florida / IFAS Entomology and Nematology Department 
is conducting the Hydrilla Integrated Pest Management Risk Avoidance and 
Mitigation Project (Hydrilla IPM RAMP).This project is designed to tackle one of 
the United State’s most troublesome invasive plants: Hydrilla verticillata (L. f.) Royle.
Hydrilla is an invasive freshwater plant common in Florida. It was probably brought to the 
Tampa and Miami areas as an aquarium plant in the late 1950s. By the 1970s, it was established 
throughout Florida and much of the southern United States. If left unmanaged, hydrilla 
is capable of creating damaging infestations which can impede waterway navigation and 
increase flooding. In addition, hydrilla is showing resistance to fluridone, a systemic herbicide 
used to manage it for the past 20 years. According to the University of Florida / IFAS Center 
for Aquatic and Invasive Plants, millions of dollars are spent each year on herbicides and 
mechanical harvesters in Florida in an effort to place hydrilla under “maintenance control.”
Thanks to a new 4-year grant from the USDA National Institute of Food and Agriculture, 
University of Florida / IFAS research and extension faculty, FAMU Faculty and an Army   Corps 
Engineer are tackling the hydrilla problem head-on. This team is studying new chemical and 
biological control methods as part of an overall hydrilla integrated pest management (IPM) plan.  
The central hypothesis of this project involves integrating herbivory by a naturalized 
meristem mining midge, Cricotopus lebetis Sublette (Diptera: Chironomidae), with the 
native fungal pathogen Mycoleptodiscus terrestris (Gerd.) Ostaz., (1968) and low doses of 
a new acetolactate synthase (ALS) inhibiting herbicide (imazamox) as a viable strategy 
for long-term sustainable management of hydrilla. Researchers expect this IPM strategy 
will safely control fluridone resistant hydrilla biotypes in Florida watersheds and in other 
locations in the US where the resistant biotypes are expected to become established.  
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Abstract

Old World climbing fern, Lygodium microphyllum (Cav.) R. Br. (Lygodiaceae), is one of the 
most problematic invasive weeds impacting natural areas in southern Florida. The brown 
lygodium moth, Neomusotima conspurcatalis Warren (Lepidoptera: Crambidae), was 
introduced in early 2008 and rapidly developed large populations. Large larval populations 
caused substantial defoliation of lygodium that reduced ground cover by about 50%. As 
populations of the moth have fluctuated over recent years, some re-growth of lygodium 
has occurred, although recent data indicate that ground cover of lygodium is still lower 
than before the agent was released. N. conspurcatalis is a tropical insect and populations 
decline substantially during Florida’s cool winter season. This affords a period in spring 
and early summer when lygodium can grow in the absence of larval feeding pressure. 
Populations of the moth increase during late spring. By late summer, larval densities on 
lygodium foliage in areas experiencing moth population outbreaks may reach 2,000 larvae 
per square meter of ground area and may sometimes exceed 16,000 larvae per square 
meter. At these densities larvae cause complete defoliation and significant suppression 
of lygodium. Parasitic wasps were first recovered from field-collected N.  conspurcatalis 
larvae in autumn 2008. Six species of parasitoids have been reared from N. conspurcatalis, 
although the majority of individuals belong to a single native braconid species, Rhygoplitis 
choreuti (Viereck). Across 22 collections of N. conspurcatalis larvae over a 27-month period, 
overall emergence of adult parasitoids was 6.8% while emergence of N.  conspurcatalis 
adults was 73.6%. Despite parasitism, densities of N.  conspurcatalis larvae observed 
on foliage during autumn 2010 were comparable to densities recorded at the same sites 
during autumn 2008. Results suggest that under favorable environmental conditions, 
N. conspurcatalis is capable of contributing to suppression of lygodium in south Florida, 
although long-term impacts on the population dynamics of the weed are not yet known.




