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This Annual Report is an overview document that highlights the many diverse activities at this Plant Protection & 
Quarantine (PPQ) Laboratory; please view it as an attempt to provide a “snapshot” of our high visibility work.  Our 
mission is to develop and transfer scientifically-based methods, innovative tools, and state-of-the-art technologies to 
PPQ and other state and federal agencies to reduce risk levels associated with potential, new, and established 
problem species.  In 2008 the laboratory staff made advancements in weed and insect management, invasive plant 
ecology, geospatial and identification technology, and pest detection and survey, as follows: 
 

WEED MANAGEMENT- Biological control of weeds using insects.  Scientists discovered that the Canada this-
tle rust mite can establish on many native Cirsium spp.  A thistle garden planted with six native Cirsium spp. and 
Canada thistle was established for future experiments, with added Cirsium species planned for the future. A lace 
bug native to North America is now being studied for its potential role in the biocontrol of Canada thistle.  Diorhabda 
elongata continued to be redistributed for saltcedar control.  PPQ funded CABI Bioscience to conduct pre-release 
research on eight weed targets; dyer’s woad, garlic mustard, hawkweeds, hoary cress, hound’s-tongue, perennial 
pepperweed, Russian knapweed, and yellow toadflax.  Artificial diets for two potential biocontrol insects (one each 
on saltcedar and diffuse knapweed) were also investigated in 2008. 
 

WEED MANAGEMENT- Biological control of weeds using pathogens.  Eighteen field sites were surveyed  in 
CO and WY for the presence of diseased Canada thistle and their pathogens were identified. Alternaria cirsinoxia 
was identified and was highly efficacious on Canada thistle. The fungus, however, also was shown to cause dis-
ease on sunflower and safflower, which will limit its usefulness in a biological control program.  CABI Bioscience 
has entered into an agreement to study potential biocontrol pathogens in Canada thistle’s native range.  An unre-
ported race of Albugo candida, a white rust pathogen, was identified through perennial pepperweed surveys. Host 
specificity and efficacy studies with this A. candida race and another unreported race from California are currently 
being conducted to determine their host range and potential use for biological control.  
 

WEED MANAGEMENT- Chemical control of weeds.  Field plots were used to evaluate three herbicides (Escort, 
Journey and Habitat) with two adjuvants; Escort had the best efficacy on common tansy.  An herbicide and cover 
crop study for Benghal dayflower control in corn continued in 2008.  Early season applications of herbicide followed 
by post-corn harvest cover crops showed promise and the potential for a second commodity in Florida corn fields. 
Herbicide tests on onionweed showed that Escort was superior to Telar and LandMark at controlling onionweed, 
with negligible injury to non-target vegetation.  GIS mapping was used to monitor the spread rates of onionweed 
and cogongrass.  Cogongrass control was enhanced by using a surfactant when sprayed with an herbicide. 
 

INVASIVE PLANT ECOLOGY PROGRAM- Experimental Methods Development.  PPQ is revising our Quaran-
tine 37 regulation (plants for planting). Plants with an unknown invasive history will be placed on the Plants Not Au-
thorized Pending Plant Risk Analyses (NAPPRA). Our mission is to develop laboratory and greenhouse methods to 
evaluate plants that fall into WRA’s  “further evaluate category” and for problematic plants already established in the 
U.S. that lack concrete information to support federal regulation.  
 

GEOSPATIAL TECHNOLOGY - Spatial Modeling and Analysis.  The Asian gypsy moth is an exotic pest that has 
been detected, but not established, in the United States.  To enhance trap placement in Washington and Oregon, a 
geospatial model is being developed to predict areas with a high introduction risk based on transportation and 
population variables.  In addition, the APHIS Pest Spread Model (a web-based tool that analyzes the possible 
movement of a pest through the contiguous United States) was released in 2008.  This tool is designed to help risk 
assessors and emergency responders in determining the direction and relative speed at which an introduced pest 
might move and areas that might bear further study, a finer trapping resolution, or sampling.  
 

IDENTIFICATION TECHNOLOGY- Identification tools.  The Identification Technology team released four peer-
reviewed identification tools and conducted four workshops across the U.S.; two Lucid tool building workshops and 
two Lucid commodity-tool development workshops.  The Robotic Automated Pest ID project successfully demon-
strated a proof-of-concept, and has been developed to the point that in 2009 the RAPID project intends to deliver a 
pilot study to the Forest Service demonstrating its ability to support wood boring beetle surveys. 
 

PEST DETECTION AND SURVEY- Survey and reference Guides. An update is provided on commodity-based 
reference manuals and survey guidelines for use by the Cooperative Agricultural Pest Survey (CAPS) program. 
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Biological control of Canada thistle 
CPHST STAFF:  Rich Hansen (lead); Christina Southwick (support) 
CHAMPIONS:  Shaharra Usnick (WR Program Manager)  
CONTACT:   Rich Hansen (richard.w.hansen@aphis.usda.gov, 970-490-4461) 

byi, was sampled for the first time.  At each site, five to 10 
leaves and five flower buds or flowers (when present) were 
collected from each of 5-10 plants and returned to the labo-
ratory.  Samples were washed for five minutes in a sodium 
hypochlorite solution, and the rinseate was vacuum-filtered 
onto paper disks.  These disks were then examined under a 
dissecting microscope and all mites were counted.  Col-
lected mites were preserved in 70% ethanol or mounted on 
slides for identification by taxonomists. 
 

Eriophyid mites were collected from at least one site for all 
eight native Cirsium thistles sampled (Table 1).  Specimens 
from five of the eight native thistles have been confirmed as 
A. anthocoptes: Cirsium calcareum, C. centaureae, C. scari-
osum (Fig. 1), C. scopulorum, and C. undulatum (R. Ochoa, 
USDA-SEL; J. Amrine, West Virginia University; R. Petano-
vic, University of Belgrade, Serbia).  Specimens from Cir-
sium barnebyi, C. calcareum, and C. tracyi are currently 
being examined by taxonomists, but it is quite certain that 
these also will be identified as A. anthocoptes.  Mites col-
lected from Canada thistle at various locations in 2006, 
2007, and 2008 have been confirmed as A. anthocoptes. 
 

An experiment was conducted in winter and spring 2008 to 
determine if mites from Canada thistle plants would colonize 
native thistles.  A single Canada thistle plant supporting an 
A. anthocoptes population was placed in a rearing cage with 
two uninfested plants of Canada thistle and two uninfested 

Canada thistle, Cirsium arvense (Asteraceae), is a wide-
spread exotic weed throughout North America.  More than 
40 US states have reported Canada thistle infestations, 
and at least 3 million hectares are infested.  Canada thistle 
causes significant economic losses and ecological impacts 
in annual and perennial crops, lawns and gardens, and in 
noncultivated habitats, including forests, pastures, range-
land, and riparian areas. 
 

Canada thistle management options include cultural, 
chemical, or biological control techniques.  Cultural and 
chemical tactics may be effective in some cropping sys-
tems but are rarely applicable in large wildland infestations.  
Biological control has provided large-scale, cost-effective 
management of other exotic perennial weeds.  Since the 
1970s, seven insects and a rust fungus have been deliber-
ately or accidentally released as Canada thistle biocontrol 
agents in the US, but none are reliably effective and sev-
eral may have negative impacts on native plants.  Thus, 
the search for potential biocontrol agents of Canada thistle 
continues.  A key issue in the development of Canada this-
tle biological control is possible nontarget impacts on the 
many native Cirsium thistles (≥ 90 species) that occur 
throughout the US.    
 

Utilization of native Cirsium thistles by the Canada 
thistle rust mite.  A potential biological control agent for 
Canada thistle is the eriophyid mite, Aceria anthocoptes 
(Eriophyidae), a European native that apparently was acci-
dentally introduced into the US.  A. anthocoptes is a free-
living mite that feeds on leaf undersurfaces and inflores-
cences.  Under laboratory conditions, feeding damage may 
lead to browning and curling of foliage and plant stunting, 
but these symptoms are rarely seen in the field.  However, 
almost nothing is known about the biology and host utiliza-
tion patterns of A. anthocoptes under field conditions. 
 

Begun in 2005, my objectives in this project are to (a) de-
scribe mite biology under field conditions in northern Colo-
rado; (b) locate mite populations in Colorado and adjacent 
states, and (c) document potential utilization of native Cir-
sium species.  Work addressing the first two objectives has 
been previously reported in the 2006 and 2007 Fort Collins 
CPHST Annual Reports. 
 

In 2008, eight native Cirsium spp. were sampled for mites 
at a variety of Colorado sites; one species, Cirsium barne-

Figure 1.  SEM of Aceria anthocoptes collected from Cir-
sium scariosum, Rocky Mtn. NP, CO (G. Bauchan, USDA-
ARS). 



 

 

plants from three native species (positions in the cage were 
randomly assigned).  Cages were held at 25°C and 15°C 
day and night temperatures, respectively, with a daily pho-
toperiod of 16 hours.  Five leaves were removed from each 
plant after 14 and 28 days and mites were extracted and 
counted as previously described.  The experiment was 
replicated five times using a total of six native Cirsium spp. 
 

Mites colonized uninfested Canada thistle and all tested 
native species within 28 days (Fig. 2).  Mean mite counts 
were similar among all tested thistles after 14 days, with 
counts significantly higher on C. centaureae than on Can-
ada thistle; by 28 days, counts were highest on C. arvense.  
 

These results confirm that Aceria anthocoptes occurs on, 
and readily colonizes, a variety of native Cirsium thistles.  
This relatively broad host range should preclude further 
development of A. anthocoptes as a Canada thistle biocon-
trol agent, even though visible foliar damage was not ob-
served on native thistles under field conditions. 

 

Establishment of a thistle garden.  In 2008, we established 
a thistle garden at the USDA-ARS farm northeast of Fort 
Collins (Fig. 3).  This garden will provide field-grown plants 
for miscellaneous experiments, vegetative propagation, and 
seeds for various uses.  The garden is provided with an auto-
mated watering system during the growing season.  In sum-
mer 2008, we planted 51 thistles, distributed among seven 
Cirsium spp., including Canada thistle and six native species.  
In 2009, we will expand the garden to include additional na-
tive species and several other exotic weedy thistles. 

Assessment of a native lace bug as a potential Canada 
thistle biocontrol agent.  In 2007 and 2008, I observed con-
siderable foliar damage on Canada thistle plants at several 
sites in eastern Colorado.  This damage consisted of stippling
-type feeding wounds, which are typically produced by in-
sects with piercing mouthparts (e.g. true bugs, leafhoppers, 
or aphids).  Damaged areas eventually coalesced and 
caused leaves to turn gray or chlorotic yellow in color (Fig. 4).  
Severely-damaged leaves ultimately turned brown and died, 
and entire shoots were often killed by mid-summer.  Feeding 
damage and discoloration were accompanied by small dark 
spots on upper and lower leaf surfaces.  Damage was ob-
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Native Cirsium sp. Location (Colorado) 

Aceria mites collected? 
2006 2007 2008 

C. barnebyi Rio Blanco Co.     + 
C. calcareum Garfield Co.   + + 
C. centaureaea Boulder Co. (RMNP) + + + 
  Larimer Co. (RMNP) + + + 
C. ochrocentrum Weld Co. (PNG)   +   
  Weld Co. (PNG)   +   
  Weld Co. (PNG)   –   
  Weld Co. (PNG)   – – 
  Weld Co. (PNG)     + 

  Weld Co. (PNG)     – 
  Weld Co. (PNG)     – 
C. scariosum Larimer Co. (RMNP) + +   
  Larimer Co. (RMNP)     + 
  Garfield Co.   +   
C. scopulorum Larimer Co. (RMNP) +     
  Larimer Co. (RMNP) +     
  Larimer Co. (RMNP) + + + 
  Larimer Co. (RMNP)   + + 
  Clear Creek Co.     + 
C. tracyi Garfield Co.   – – 
  Garfield Co.     + 
C. undulatum Larimer Co. –     
  Larimer Co. –     
  Larimer Co. –   + 
  Larimer Co. (RMNP) + + + 
  Boulder Co. –   – 
a misidentified as Cirsium canescens in 2006 and 2007 Reports 

Table 1. Results of mite collections from native Cirsium 
thistles (RMNP = Rocky Mtn. National Park; PNG = Paw-
nee National Grassland). 

Figure 2.  Relative abundance of Aceria anthocoptes 
on caged Canada thistle and native Cirsium thistles. 

Figure 3.  Cirsium garden (Sept. 2008). 
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served on Canada thistle plants growing in shaded habi-
tats, where currently-available biocontrol agents are sel-
dom effective.  No feeding damage was observed on other 
species growing in close proximity to affected Canada this-
tle plants. 
 

Examination of damaged plants revealed the presence of 
many lace bug (Hemiptera: Tingidae) adults and nymphs; 
the aforementioned dark spots were fecal material pro-
duced by the bugs.  I have tentatively identified this insect 
as the distinct lace bug, Corythucha distincta (Fig. 5).   

C. distincta is apparently a native North American species 
that has been previously reported from Canada thistle, 
other exotic Cirsium and Carduus thistles, and several na-
tive Cirsium spp.  Possible hosts in other plant families 
have also been reported.  Almost nothing is known about 
the biology of C. distincta.  Both nymphs and adults feed 
on leaves; the bug is probably univoltine, and overwinters 
as an adult in plant litter, among rocks, or on tree trunks. 
 

Figure 4.  Lace bug damage on Canada thistle, Weld 
County, CO (July 2007). 

Cirsium species (N = native) 

Number of lace bug 
adults: 

3 days 7 days 
Live Dead Live Dead 

C. arvense         
     Rep. 1 8 2 4 6 
     Rep. 2 8 2 8 2 
C. occidentale californicum (N)         
     Rep. 1 10 0 10 0 
     Rep. 2 10 0 10 0 
C. ochrocentrum (N)         
     Rep. 1 10 0 9 1 
     Rep. 2 10 0 9 1 

C. scariosum (N)         

     Rep. 1 9 1 9 1 
     Rep. 2 9 1 9 1 
C. tracyi (N)         

     Rep. 1 9 1 -- --a 
     Rep. 2 6 4 4 6 
C. undulatum (N)         

     Rep. 1 10 0 9 1 
     Rep. 2 10 0 9 1 
a leaf heavily damaged by fungus 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   

Biological control of weeds with insects 

Table 2. Relative survival of adult Corythucha distincta lace 
bugs on Canada thistle and native Cirsium thistle leaves. 

 

I conducted a preliminary experiment in late summer 2008 to 
assess adult survival on native Cirsium thistles.  Individual 
thistle leaves were placed in small plastic cages that held leaf 
bases in water.  Plants tested included Canada thistle and 
five native Cirsium thistles: C. occidentale var. californicum, 
C. ochrocentrum, C. scariosum, C. tracyi, and C. undulatum.  
Lace bug adults were collected from Canada thistle at a site 
in Fort Collins, and 10 adults were placed on each test leaf.  
Adult survival was assessed at three and seven days after 
introduction, and the experiment was replicated twice. 
 

Adults were able to survive at least a week on all thistles 
tested (Table 2).  Survival on native Cirsium thistles was 
comparable to, or exceeded, that on Canada thistle. 
 

This small experiment indicates that C. distincta adults are 
able to feed and survive on several native Cirsium thistles, at 
least for a short time.  However, information about lace bug 
oviposition, nymphal survival, and population maintenance on 
various hosts remains unknown, as does most basic life his-
tory and potential efficacy information.  I initiated a lab colony 
of C. distincta in fall 2008, which will be used to conduct addi-
tional host specificity experiments during winter 2009.  Ex-
panded lace bug field studies will start in spring and summer 
2009. 
 
 
 

  

Figure 5.  Corythucha distincta adults and nymphs 
on a Canada thistle leaf. 
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Biological control of saltcedar 
CPHST STAFF:  Rich Hansen (lead); Cristina Southwick and Daniel MacKinnon (support)  
CHAMPIONS:  Shaharra Usnick (WR Program Manager)  
CONTACT:   Rich Hansen (richard.w.hansen@aphis.usda.gov, 970-490-4461) 

Saltcedars, Tamarix spp. (Tamaricaceae) comprise a 
group of shrubs or small trees native to Europe and Asia 
that have become important invasive weeds of riparian and 
other habitats in the western US.  Presently, saltcedars are 
estimated to infest more than 610,000 ha in more than 20 
states.  Saltcedar invasion results in the displacement of 
native woody plants, forbs, and grasses, and the creation 
of partial or total Tamarix monocultures.  Saltcedar stands 
support reduced bird and mammal populations, increase 
the frequency and severity of wildfires, alter streamflow 
patterns, and increase flood risks. 
  

Management options for saltcedars include cultural strate-
gies and herbicides. Generally, Tamarix suppression re-
sulting from these treatments is temporary, even if treat-
ments are repeated.  Cultural and chemical tactics in most 
saltcedar infestations are expensive, labor-intensive, and 
limited to accessible areas.  Both strategies may also have 
considerable negative impacts on nontarget plants and 
animals, soil and water quality, and stream flow.  Biological 
control was recognized as a viable management strategy 
for invasive saltcedars.  The first insect imported as a bio-
control agent in the US is the Asian leaf beetle Diorhabda 
elongata (Coleoptera: Chrysomelidae).  In July 2005, 
USDA-APHIS-PPQ Western Region initiated an implemen-
tation release program for D. elongata in selected states 
north of 38° N latitude.  This program has continued 
through 2006, 2007, and 2008.  [Note: A recent taxonomic 
revision of the genus Diorhabda (2008) reclassifies the 
beetles used in the PPQ redistribution program as 
Diorhabda carinulata.]  
 

Distribution of saltcedar leaf beetles.  In May 2008, 
newly-emerged Diorhabda adults were collected from salt-
cedar stands in the Humboldt Sink area (Churchill Co.) of 
western Nevada (Fig. 1).  Collected beetles were sorted 
and packaged by the Colorado Department of Agriculture 
biological control laboratory in Palisade and shipped to 
project cooperators for field release.  In May and June 
2008, about 77,000 beetles were released at 14 sites in 
eight states (Colorado, Iowa, Kansas, Nebraska, Oregon, 
South Dakota, Washington, and Wyoming).  All of the 2008 
releases augmented insectary sites established in 2005, 
2006, and/or 2007. 
 
 

From 2005 through 2008, 48 Diorhabda insectary sites have 
been established in 10 states (Fig. 2, Table 1).  Based on 
population monitoring data collected through 2008, 56% of 
the release sites – and 63% of sites whose population status 
is known – have established beetle populations (Table 2).  It 
appears that at least six insectary sites in three states have 
Diorhabda populations that are large enough to be collect-
able, allowing intrastate distribution in 2009.  

Figure 1.  Collecting Diorhabda adults in western 
Nevada (May 2007). 

Figure 2.  Location of and population status at 
saltcedar leaf beetle insectary sites (2008). 
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Of the 41 sites whose establishment status is presently 
known, 33 (80%) had beetle releases over two or more 
years and 8 (20%) had a single release (Table 3).  Estab-
lishment rates were not significantly different  whether sin-
gle or multiple beetle releases were involved (χ2=1.31, 
df=3, p>0.10).  Thus, a single beetle release, or at most 
two releases, appears adequate to establish Diorhabda 
populations at favorable locations. 
 

Pre- and post-release monitoring of beetle impacts on salt-
cedar plants, and possible effects on plant communities, 
continued in 2008 at most of the 48 sites.  It is still too early 
to draw any conclusions from these data.  However, con-

spicuous saltcedar defoliation was observed on at least 
some plants at sites in Colorado, Oregon, and South Da-
kota. 
 

In 2009, Diorhabda and vegetation monitoring will continue 
at all release sites.  We are not planning any beetle collec-
tions and releases in 2009, unless additional states become 
newly-involved in the program. 
 

Phenology of saltcedar leaf beetle life stages.  In 2008, 
we initiated a study that would document the relative abun-
dance of Diorhabda life stages throughout the spring, sum-
mer, and fall.  These data would then be coupled with on-
site temperature data to develop degree-day based phenol-
ogy models, which could be used by cooperators to opti-
mally schedule beetle sampling and collection. 
 

Initially, we attempted to collect phenology data at a 
Diorhabda release site near Torrington, Goshen Co., Wyo-
ming.  Beetles had been released at this site in 2005, 2006, 
and 2007, and the Diorhabda population was reported to be 
established.  In early May, before saltcedar trees had leafed 
out and about three weeks before expected adult emer-
gence, a data logger was established at the site to record air 
and soil temperatures.  Beginning in late May, we monitored 
beetle life stages by counting all eggs, larvae, pupae, and 
adults observed on four mid-crown branches on 25 marked 
saltcedar trees situated along two transects through the site.  
Saltcedar foliage throughout the site was also generally 
sampled with a sweep net, to target any adults and perhaps 
larvae present. We also recorded branch length and width 
(to estimate foliage development), flowering status, and any 
defoliation caused by Diorhabda larvae and/or adults. 
 

Data were collected from the Torrington site on May 28, 
June 6, June 18, June 27, and July 11, 2008.  We found 
only one adult during this period among the 100 marked 
branches (on June 6), and no adults were ever collected 
during general sweeping.  No other life stages were found 

Table 1.  Diorhabda releases in western US, by 
year. 

  Number of: 

Year No. 
states States Re-

leases 
New 

releases 

Beetles 
re-

leased 
(mean) 

2005 7 
CO, ID, KS, 
MT, OR, 
SD, WY 

23 23 2470 

2006 8 

CO, KS, 
MT, NE, 
OR, SD, 
WA, WY 

41 18 2170 

2007 8 
IA, ID, MT, 
NE, OR, SD, 
WA, WY 

28 4 2300 

2008 8 
CO, IA, KS, 
NE, OR, SD, 
WA, WY 

14 0 3000 

Table 2.  Status of saltcedar leaf beetle insectary sites 
in various states (2008). 

  Diorhabda establishment (# sites): 

State No. 
sites Yes (Collectable) No Not 

known 
Colorado 4 3 (2) 0 1 

Idaho 6 1 (0) 2 3 
Iowa 1 0   0 1 

Kansas 2 0   2 0 
Montana 8 6 (0) 2 0 
Nebraska 3 0   3 0 
Oregon 4 2 (1) 2 0 

South Dakota 7 7 (?) 
0 0 

Washington 3 0   2 1 
Wyoming 10 7 (3) 2 1 

TOTAL 48 26 
(54%) 

(6) 
(12%) 

15 
(31%) 

7 
(15%) 

Table 3. Establishment rates of Diorhabda insectaries as 
a function of number of beetle releases. 
  No. beetle releases   
Establish-
ment? 1x 2x 3x 4x Total 

YES 
4 

(50%) 
9 

(69%) 
11 

(69%) 
2 

(50%) 
26 

NO 
4 

(50%) 
4 

(31%) 
5 

(31%) 
2 

(50%) 
15 

Total 8 13 16 4 41 
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ery in Fort Collins. Each cage contained two saltcedar trees.  
Once CSU staff was finished with their work, we were able 
to utilize the caged beetle populations.  A data logger was 
also installed in one of the cages to record air and soil tem-
peratures.  All eggs, larvae (first, second, and third instars), 
pupae, and adults on four marked branches on each caged 
tree (n=6 trees; n=24 branches) were counted, beginning in 
early July and continuing until no life stages were present.  
Counts were made during late morning or early afternoon. 
 

Data were collected from early July through mid-September 
2008 (Fig. 3).  Clearly, we tracked the progression of one 
generation, with eggs and first instars initially abundant, 
followed by later instars and adults (pupation nearly always 
occurs in the soil).  Adults left saltcedar plants and entered 
the soil for overwintering by the end of August.  It is not clear 
if the Diorhabda generation observed here is the progeny of 
the adults initially released in early June, or of an initial gen-
eration completed by early July.  Based on daylengths and 
normal temperature patterns, we expect D. elongata to com-
plete two generations per year in the Ft. Collins area. 
 

In 2009, we will continue weekly sampling of caged 
Diorhabda populations and, perhaps, the Torrington popula-
tion, beginning in mid-May and continuing through early fall.  

on marked branches, though a single third-instar larva was 
observed elsewhere on one tree on July 11.  Based on the 
near total lack of beetles on our marked trees during this 7-
week period, we decided to stop sampling this site in July. 
 

In late June 2008, a second study site became available.  
Colorado State University researchers had released 
Diorhabda elongata adults in three large field cages during 
the first week of June, at the Colorado State Forest Nurs-

Pre-release research and development efforts for PPQ weed biocontrol targets: 
project updates 
CPHST STAFF:   Rich Hansen (lead); Albino Chavarria and Matt Ciomperlik (Mission Lab) 
CHAMPIONS: Shaharra Usnick (WR Program Manager); Ron Weeks (ER Program Manager)  
CONTACT:   Rich Hansen (richard.w.hansen@aphis.usda.gov, 970-490-4461) 
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Biological control of weeds with insects 

Introduction.  Before classical biological control can be 
implemented against an exotic weed target, potential bio-
logical control agents must be identified, studied for possi-
ble effectiveness, and screened for host specificity (i.e. 
their risk to nontarget US plants assessed).  Pre-release 
research and development is conducted in the native range 
of the weed, typically in Europe and/or Asia.  CABI Biosci-
ence (Delémont, Switzerland) and the USDA-ARS Euro-
pean Biological Control Laboratory (Montpellier, France) 
conduct this work for PPQ weed biocontrol targets, along 
with a variety of other European and Asian cooperators. 
 

This report summarizes 2008 research and development 
efforts addressing eight weed targets identified by PPQ for 
which biocontrol agents have not yet been released in the 
US.  All were identified during PPQ target canvassing ef-
forts in 1997 (Russian knapweed), 2000 (hoary cress and 
garlic mustard) and 2005 (hound’s-tongue, dyer’s woad, 
perennial pepperweed, yellow toadflax, and hawkweeds).  

This work has been conducted by CABI Bioscience, though 
ARS is collaborating in pre-release research addressing 
hoary cress and Russian knapweed.  Through a cooperative 
agreement with CABI, CPHST Fort Collins funded pre-
release research for all biocontrol projects listed below 
(except hawkweed) in 2008.  A cooperative agreement with 
the University of Idaho was funded in 2008 to provide native 
US plants for host specificity tests with hawkweed agents. 
 

Dyer’s woad, Isatis tinctoria (Brassicaceae).  Biocontrol 
research and development efforts targeting this weed began 
in 2005, with natural enemies surveyed in western Europe, 
Turkey, Russia, and Kazakhstan.  In 2008, CABI and its 
European and Asian cooperators continued pre-release 
research with five prospective agents:  the root-mining wee-
vil Ceutorhynchus rusticus, the seed-feeding weevil C. pey-
erimhoffi, the root-mining weevil Aulacobaris licens, and two 
stem-mining flea beetles, Psylliodes isatidis and P. sophiae 
var. tricolor.  C. rusticus appears to be a promising agent 
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Figure 3.  Diorhabda elongata life stages counted on 
caged saltcedar plants, Ft. Collins, CO (summer 2008). 



 

 

and its development probably has the highest priority; it is 
able to reduce seed production and eventually stunt and kill 
plants.  P. isatidis is also able to kill dyer’s woad plants but 
there are concerns about its host range.  Work on C. pey-
erimhoffi, A. licens, and P. sophiae var. tricolor was initi-
ated in 2007 and 2008. 
 

In 2009, CABI plans to continue host-specificity with four 
agents; work on P. sophiae var. tricolor will be continued if 
funding permits.   
 

Estimated year of first agent release in US: 2012 

Garlic mustard, Alliaria petiolata (Brassicaceae).  Four 
weevils are under development as potential biocontrol 
agents in the US, with work conducted by CABI and in 
quarantine at the University of Minnesota.  These include a 
root-mining weevil (Ceutorhynchus scrobicollis), two stem-
mining weevils (C. alliariae and C. roberti), and a seed-
feeding weevil (C. constrictus).   A petition to approve C. 
scrobicollis for US field release was submitted to PPQ and 
the Technical Advisory Group (TAG) in May 2008; a 
decision on possible field release permits should be 
available in early 2009.   Additional host specificity 
experiments were conducted with C. alliariae, C. roberti, 
and C. constrictus in 2008.  C. alliariae may be able to 
complete larval development on the native spreading 
yellowcress, Rorippa sinuata, but it is believed to be more 
host-specific than C. roberti.  C. constrictus continues to 
exhibit a very narrow host range.  In 2009, additional host-
specificity tests with C. alliariae, C. roberti, and C. 
constrictus and selected native mustards will continue at 
CABI and the University of Minnesota, with completion of 
testing for C. alliariae and C. constrictus, and submission of 
TAG petitions, as a target. 
 

Estimated year of first agent release in US: 2010 

Hawkweeds, Hieracium (Pilosella) spp. (Asteraceae).  
Hawkweeds are a large group of plants whose classification 
is not fully resolved.  The genus Hieracium includes many 
native plants in North America.  The genus Pilosella, which 
is included in the Hieracium by some taxonomists, is native 
to Eurasia and includes a number of plants that have be-
come exotic weeds in the US and Canada.  The primary 
weedy hawkweeds in the US are orange hawkweed, 
Pilosella aurantiaca, and mouse-ear hawkweed, P. officina-
rum (also known as H. pilosella), and these weeds are the 
targets for classical biological control. 
 

Several agents are being developed by CABI and its coop-
erators.  The gall wasp Aulacidea subterminalis initiates 
galls on shoot tips that lead to stunted growth and reduced 
flowering.  Host specificity testing was completed in 2008; a 
petition for US field release will be submitted to PPQ and 
TAG in 2009.  The root-mining fly Cheilosia urbana appears 
to be capable of killing hawkweed plants, but may be able to 
utilize native US hawkweeds.  Host specificity tests with this 
fly have been completed, and a field release petition will be 
submitted in 2009.  
 

In 2008, another gall wasp, Aulacidea hieracii, was collected 
in Russia and Ukraine and biological studies were begun.  
Host specificity tests with this prospective agent will be initi-
ated in 2009. 
 

Estimated year of first agent release in US: 2010 or 2011 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   

Biological control of weeds with insects 

Figure 1.  Larvae of the root-mining weevil Ceutorhyn-
chus rusticus in dyer's woad (photo by CABI Bioscience). 

Figure 2.  Orange hawkweed, Pilosella aurantiaca, in bloom. 
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Hoary cress, Lepidium draba (Brassicaceae).  Through 
2008, seven potential biocontrol agents have been identi-
fied and studied by CABI, and four are currently in active 
development.  The agent closest to possible US availability 
is the shoot-galling weevil Ceutorhynchus cardariae, which 
is able to stunt and kill hoary cress shoots.  Host-specificity 
tests continued in 2008 and should be completed in 2009; 
results show that the weevil can develop on some native 
mustards in no-choice tests, but these are not utilized in 
field choice experiments.  A petition for US field release will 
be submitted to PPQ and TAG in 2009. 
 

Other agents in development include the seed-feeding 
weevil Ceutorhynchus turbatus, the shoot-mining flea bee-
tle Psylliodes wrasei, and a root-mining weevil, Melanoba-
ris sp.  C. turbatus reduces seed production by hoary cress 
and could reduce its spread, but it has no impact on estab-
lished plants.  It appears to be the most host-specific hoary 
cress agent and has not developed on tested nontarget 
plants; tests continued in 2008 and may be completed in 
2009.  P. wrasei was collected in Romania, and is able to 
kill host shoots.  The beetle exhibited a fairly broad host 
range in no-choice tests, including some native mustards, 
but a much narrower host range in choice tests.  Experi-
ments completed in 2008 showed that P. wrasei can de-
velop, but does not maintain populations, on the native 
American yellowrocket (Barbarea orthoceras); host-
specificity experiments should be completed in 2009.  The 
undescribed Melanobaris weevil was collected in Russia 
and is the only root-feeding insect identified as a potential 
biocontrol agent of hoary cress (this is a different insect 
than the Melanobaris weevil collected from perennial pep-
perweed).  Host-specificity tests with this insect were ongo-
ing in 2008, and will continue in 2009.   
 

Estimated year of first agent release in US: 2010 or 2011 
 

Hound’s- tongue,  Cynoglossum of f ic inale 
(Boraginaceae).  In 2008, pre-release research continued 
with the most promising biocontrol agent, the seed-feeding 
weevil Mogulones borraginis.  This weevil appears to be 
the most host-specific of the potential agents and is able to 
reduce seed production by up to 50%.  An obstacle to its 
release in the US has been host-specificity testing with two 
native hound’s-tongues, Cynoglossum grande (Pacific 
hound’s-tongue) and C. occidentale (western hound’s-
tongue).  Flowering and seed production has proven very 
difficult with these plants under greenhouse and quarantine 
conditions.  In 2009, final tests with the seed weevil and C. 
grande will be completed by CABI and the U. of Idaho.  If 
nontarget seed feeding is negligible, a petition for US field 
release will be submitted to PPQ and TAG in 2009. 
 

At this time, pre-release work on other potential hound’s-
tongue agents has been suspended due to concerns about 
nontarget feeding or difficulties in rearing insects and test 
plants.          
 

Estimated year of first agent release in US: 2010 or 2011 

Perennial pepperweed, Lepidium latifolium 
(Brassicaceae).  In 2008, surveys for natural enemies of 
perennial pepperweed in Russia, Turkey, and Iran contin-
ued by CABI and local cooperators.  Preliminary host-
specificity tests were conducted on several potential agents 
collected during earlier surveys.  A new species of root-
mining weevil from Turkey, Melanobaris sp., is currently 
being named and described by European taxonomists.  
Initial no-choice experiments suggest that this weevil has a 
fairly broad host range.  Host specificity tests with a stem- 
and leaf-galling weevil from Kazakhstan, Russia, and 
China (Ceutorhynchus marginellus) and a stem-mining flea 
beetle from Russia and Kazakhstan (Phyllotreta reitteri) 
were begun in 2008 and suggest possible utilization of sev-
eral native pepperweeds (Lepidium spp.).  Initial tests with 
a Turkish stem-mining fly, Lasiosina deviata, suggest that 
this is a host-specific insect, but field observations indicate 
limited impacts on perennial pepperweed.  A newly-
discovered gall mite from Turkey, Metaculus lepidifolii, 
shows a promising ability to limit flower and seed produc-
tion in the field.  Work with Septoria lepidii, a fungus col-
lected in Kazakhstan and China that attacks rosette leaves, 
has been discontinued after preliminary tests in 2008 re-
vealed a broad host range. 
 

 

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   

Biological control of weeds with insects 

Figure 3.  Adult of hound's-tongue seed weevil, 
Mogulones borraginis (photo by CABI Bioscience). 
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In 2009, CABI proposes to continue host-specificity tests 
with C. marginellus, P. reitteri, and M. lepidifolii.  Field sur-
veys will continue in Iran, in conjunction with research on 
other target weeds.  
 

Estimated year of first agent release in US: 2012 

Russian knapweed, Acroptilon repens (Asteraceae).  In 
2008, the gall wasp Aulacidea acroptilonica became the 
first insect biocontrol agent permitted for US release 
against Russian knapweed.  This agent attacks bolting 
shoot tips, stunting plants and reducing subsequent flower-
ing and seed production (by 75% or more).  Unfortunately, 
A. acroptilonica could not be released in 2008 due to rear-
ing difficulties and the late permitting date.  A petition con-
sidering the US field release of a second agent, the gall 
midge Jaapiella ivannikovi, was submitted to PPQ and 
TAG in 2007, and subsequently approved by TAG in Sep-
tember 2008.  This agent also attacks shoot tips, stunting 
growth and reducing seed production (90% or more); im-
pacts are expected to be greater than with A. acroptilonica 
since J. ivannikovi has multiple generations per year. 
 

CABI and its cooperators continued host specificity tests 
with several prospective Russian knapweed agents in 
2008.  These include the shoot-mining moth Cochylimor-
pha nomada and an undescribed gall mite, Aceria sp., from 
Iran.  An unidentified leaf beetle was recently collected in 
Uzbekistan; preliminary tests suggest a narrow host range.  
Pre-release studies with these agents will continue in 2009, 
and additional natural enemy surveys are also planned in 
Iran. USDA-ARS and Montana State University research-
ers are continuing studies with Urophora spp. seedhead 
flies. 
 

In 2009, we will make initial field releases of A. acroptilonica 
in Wyoming and, perhaps, other western states, and initiate 
a laboratory colony of the gall wasp at the Fort Collins lab.  
A colony of J. ivannikovi will be established in quarantine at 
the Mission lab.  If a PPQ permit is issued in time, we plan 
to make initial field releases of the gall midge in summer 
2009, and initiate a lab colony in Fort Collins. 
 

Estimated year of first agent release in US: 2009 
 
Yellow toadflax, Linaria vulgaris (Scrophulariaceae).  
CABI concentrated on two potential biocontrol agents in 
2008: the stem gall weevil Rhinusa pilosa and the stem-
mining weevil Mecinus heydeni.  Both exhibit a strong host 
preference for yellow toadflax over other exotic toadflaxes, 
and both have the potential to cause significant damage to 
their host.  Host-specificity experiments and mass-rearing 
efforts with these agents will continue in 2009. 
 

Significant taxonomic revisions among plants formerly in-
cluded in the family Scrophulariaceae have occurred over 
the last several years.  This has necessitated an overhaul of 
the test plant list used in host-specificity experiments with 
prospective biocontrol agents of yellow toadflax and other 
exotic Linaria species.  A revised test plant list was com-
pleted in 2008, and should allow more refined host specific-
ity tests beginning in 2009.  In addition, the taxonomic rela-
tionships of Eurasian Linaria spp. will continue to be exam-
ined using molecular techniques. 
 

Estimated year of first agent release in US: 2011   

WEED MANAGEMENTWEED MANAGEMENTWEED MANAGEMENT   
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Figure 4.  Perennial pepperweed stem gall caused by  
Ceutorhynchus marginellus (photo by CABI Bioscience). 

Figure 5.  Adults of yellow toadflax 
stem-mining weevil, Mecinus heydeni 
(photo by CABI Bioscience). 
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Survey for natural enemies of Canada thistle (Cirsium arvense) 
CPHST STAFF:  Melinda Sullivan (lead) 
CHAMPIONS:  Ronald Weeks (ER Program Manager Biological Control); Shaharra Usnick (WR Program Manager)  
CONTACT:   Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

Canada thistle (Cirsium arvense) (Fig. 1) is an aggressive, 
creeping perennial weed that competes with other plants 
for water, nutrients and space, reducing the grazing capac-
ity and diversity of rangeland and natural areas. This plant 
tends to establish in disturbed areas and in environments 
without continuous groundcover, but also occurs in other 
habitat types.  Once plants are established, aggressive 
vegetative growth enables established populations to in-
crease in density.  Canada thistle reduces forage con-
sumption in pastures and rangeland; for example, cattle 
typically will not graze within or near infestations. Addition-
ally, Canada thistle may have an allelopathic effect on 
other plant species. Canada thistle is the primary common 
name for C. arvense in North America, but it may also be 
called field thistle or creeping thistle in other parts of the 
world. 
 

Cirsium arvense has become an introduced pest in North 
America, Australia, New Zealand, and South Africa.  All 
Canadian provinces and about 40 U.S. states have re-
ported C. arvense infestations. Nearly 3.2 million hectares 
(8 million acres) could be infested in the United States; the 
most significant infestations generally occur in the north-
central and northwestern states, from Michigan west to 
Washington and south to Colorado and Nebraska. Canada 
thistle is a listed noxious weed in at least 28 states and is 
the most frequently-listed weed in the United States. 
 

Cultural control tactics for Canada thistle include cultivation 
(tillage), mowing, burning, planting competitive plants, and 
grazing. Many of these options reduce Canada thistle 
populations in agricultural fields but are not suited for most 

other habitats. A variety of herbicides are currently labeled 
for use against the weed in most cultivated or uncultivated 
habitats:  these include 2,4-D (and related materials), 
clopyralid, dicamba, and glyphosate. However, due to logis-
tical and environmental concerns, and the growth habit of 
Canada thistle (perennial with a deep and extensive root 
system), large wildland infestations are difficult to control 
using registered herbicides. 
 

Biological control is currently being investigated to be in-
cluded in an integrated pest management program for Can-
ada thistle.  Known biological control agents for Canada 
thistle include several arthropods: a stem and shoot gall fly 
(Urophora cardui), a seed head weevil (Larinus planus), a 
mite (Aceria anthocoptes), a stem mining weevil 
(Ceutorhynchus litura) and a foliage feeder (Cassida rubigi-
nosa). Management of Canda thistle with arthropod agents 
has been extremely variable from year to year but largely 
unsuccessful.  
 

Little research has focused on plant pathogens as potential 
biological control agents of Canada thistle. In Canada, 287 
pathogenic fungi were isolated from Canada thistle. Seventy 
one endemic fungal isolates and one bacterial agent 
(Pseudomonas syringae pv. tagetis) were evaluated for bio-
logical control activity on Canada thistle. Eighteen isolates 
caused significant reductions in shoot emergence and root 
weight, and increases in chlorosis and/or death of Canada 
thistle, indicating that there may be potential endemic bio-
logical control agents already present on Canada thistle in 
North America.  During surveys of Canada thistle diseases 
in Montana, six genera of plant pathogens were collected 
(Alternaria, Fusarium, Septoria, Puccinia, Sclerotinia, and 
Pseudomonas). Only Sclerotinia sclerotiorum, which was a 
very broad host range, was selected for further study. The 
goal of this study was to find endemic pathogens of Canada 
thistle and to assess their potential as biological control 
agents.  
 

From 2006 through 2008, 18 field sites in five counties of 
Colorado and Wyoming were surveyed for the presence of 
diseased Canada thistle. A total of 115 plant samples dis-
playing disease symptoms were collected, and plant patho-
gens cultured (where possible) and identified. A total of five 
fungal genera were identified including:  Alternaria, Puccinia, 
Septoria, Fusarium, and Sclerotinia. These results are simi-

Figure 1.  Canada thistle rosette and inflorescence. 
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lar to the genera identified in the Montana study described 
above. Koch’s postulates (four criteria designed to estab-
lish a causal relationship between a causative microbe and 
a disease) were conducted in the greenhouse to determine 
causality and efficacy of each pathogen.  
 

Alternaria cirsinoxia was highly effective on Canada thistle; 
A. cirsinoxia initially caused a foliar chlorosis, which then 
led to a foliar necrosis and plant death. However, in host 
specificity testing, sunflower and safflower, agronomically 
important members of the Asteraceae, the plant family to 
which Canada thistle belongs, also appear to be suscepti-
ble to A. cirsinoxia. Fusarium and Sclerotinia have very 
broad host ranges are not appropriate for field release. 

Septoria caused a leaf spot disease but  did not cause much 
damage to Canada thistle. Results with Puccinia puncti-
formis (Fig. 2), which causes a rust disease, were quite vari-
able. In some cases, the plants were stunted and covered in 
rust pustules; in other studies, little to no rust formed on the 
plants, and the plants appeared unaffected. Additional field 
visits are not planned due to limited number of endemic 
plant pathogens on Canada thistle. 
 

In 2009, a cooperative agreement is being initiated with 
CABI to survey for plant pathogens of Canada thistle in its 
native range and to conduct host specificity testing to obtain 
additional plant pathogens for biological control of Canada 
thistle. 

Figure 2.  Aecial (left) and uredinial (right) spore stage of Puccinia  punctiformis on Canada thistle. 
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Perennial pepperweed (Fig. 1), an introduced plant in the 
mustard family (Brassicaceae) from southeastern Europe 
and Asia, is invasive throughout the western United States.  
It can establish in a wide range of environments and is a 
common problem in flood plains, irrigation structures, pas-
ture, wetlands, riparian areas, roadsides, and residential 
sites. Perennial pepperweed can rapidly form large, dense 
stands that displace desirable vegetation. Populations eas-
ily spread along waterways and, once established, are per-
sistent and difficult to control.  Perennial pepperweed also 
reduces forage quality in hay or pasture. The weed is now 
a serious pest on alfalfa farms, resulting in decreased crop-
land values and reduced sales potential. 

Root segments as small as 1 inch are capable of producing 
new shoots. Perennial pepperweed is a prolific plant, and 
in addition to the root reserves can produce up to 6 billion 
seeds per acre. Current research focuses on the use of 
herbicides for pepperweed control. Several postemergent 
herbicides control perennial pepperweed, but repeat appli-
cations are usually necessary for several years to treat 
resprouting shoots and seedlings. Currently, there are no 
biological control organisms available for perennial pepper-
weed, although the search is underway. Perennial pepper-
weed is in the same family as mustard and canola 
and there is concern that a biocontrol insect or pathogen 
would attack these agricultural crops. Perennial pepper-
weed was ranked number 11 on the Western Region’s top 
biological control targets from their biological control can-
vassing effort. 
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A white rust disease caused by the pathogen Albugo can-
dida and characterized by white pustules on the lower por-
tion of the leaves (Fig. 2), has been identified on pepper-
weed across the United States, especially during wet years.  
The reports on the efficacy of this white rust pathogen, how-
ever, are quite variable. Some reports state that Albugo re-
duces seed set and number, while others report that the 
white rust provides little or no control.  

The primary goal of this project was to evaluate the efficacy 
of white rust on perennial pepperweed and to survey for 
other endemic pathogens of the weed in Colorado and Wyo-
ming at a number of field sites. Determining which natural 
enemies are already present in the United States and as-
sessing their current and potential impact on the target weed 
is a logical first step in developing biological control as a 
viable management option for perennial pepperweed. Of the 
eleven races of Albugo candida reported to cause white rust 
on a range of hosts within the Brassicaceae in North Amer-
ica, there have not been reports on which race causes white 
rust of pepperweed.  A second goal of this project, therefore, 
involved a race determination of the Albugo candida occur-
ring on pepperweed in Colorado and a comparison with the 
races that cause disease on mustard and canola using a 
host differential.  A host differential is a set of plant hosts 
that, on the basis of disease symptoms, serves to distin-
guish between various strains or races of a given plant 
pathogen.   
 

From 2006 through 2008, 18 field sites in 5 counties of Colo-
rado and Wyoming were surveyed for the presence of dis-
eased perennial pepperweed. A total of 202 plant samples 
displaying disease symptoms were collected; plant patho-
gens were then cultured and identified. A total of three fun-
gal genera were identified including Albugo, Peronospora, 
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Survey for white rust (Albugo candida) and other natural enemies of Perennial 
pepperweed (Lepidium latifolium) 
CPHST STAFF:  Melinda Sullivan (lead) 
CHAMPIONS:  Shaharra Usnick (WR Program Manager Biological Control)  
CONTACT:   Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

Figure 1. Perennial pepper-
weed, Lepidium latifolium. 

Figure 2. 
Symptoms of 
white rust on 
perennial  
pepperweed. 
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and Phyllostitca.  Identification is pending for an additional 
three fungal pathogens. Several native and invasive 
Lepidium species, crop species, and other species within 
the Brassicacae were grown to begin the preliminary 
stages of host specificity testing for the white rust pathogen 
(Table 1, next page). To date only Lepidium latfiolium 
(perennial pepperweed), Stanleya pinnata, and Iberis um-
bellata (Fig. 3) have been susceptible to the Colorado iso-
late of A. candida. 
 

Differential hosts for the previously described races of A. 
candida were also grown and inoculated with the Colorado 
isolate of A. candida (Table 1). Results indicate that the 
race of A. candida affecting perennial pepperweed is a new 
or unreported race, because it did not cause disease on any 
of the reported differentials for races 1 through 11. 
 

In 2008, we obtained an isolate of A. candida from California 
and are in the process of completing inoculations of the spe-
cies listed in Table 1. Additional field visits are not planned 
in 2009, but additional work with the Colorado and California 
isolates are planned to assess efficacy and host range of 
the two isolates. 

Figure 3. Leaves of Iberis umbellata (center) showing white pus-
tules characteristic of the white rust pathogen. Leaves on either 
side are perennial pepperweed , the positive control. 
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Table 1. Results of Inoculations of Hosts in the Brassicaceae with the Colorado isolate of A. candida. 
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Brassicacae species included 
in host differential 

Indicator 
of which 
race? 

Results (Susceptible or 
Resistant to White Rust 
Pathogen) 

Arabis holboellii var. retrofracta 
A. sparsifolia var. subvillosa 

     - In Process 

Armoracia rusticana Race 3 Resistant 
Brassica carinata 
B. juncea 
B. napus 
B. nigra 
B. oleracea 
B. rapa subs. pekinensis, B. rapa 

Race 11 
     - 
Race 2 
Race 8 
Race 9 
     - 
Race 7 

All Resistant 

Camelina sativa      - Resistant 
Capsella bursa-pastoris Race 4 Resistant 
Descurainia subsp. incisa 
D. californica 
D. pinnata subsp. halicotorum 

     - In Process 

Draba reptans      - Resistant 
Eruca sativa      - Resistant 
Erysimum capitatum 
E. cheiri 

     - Resistant 

Hesperis matronalis      - Resistant 
Iberis amara 
I. umbellata 

     -   
Susceptible 

Lepidium arvense 
L. campestre 
L. densifolium 
L. draba 
L. fremonti 
L. flavum 
L. lasiocarpum, 
L. latifolium 
L. ruderale 
L. sativum 
L. virginicum 

     - Resistant 
Resistant 
Resistant 
Resistant 
In Process 
In Process 
In Process 
Susceptible 
In Process 
Resistant 
Resistant 

Lunaria annua      - Resistant 
Nasturtium officinale      - Resistant 
Raphanus sativus Race 1 Resistant 
Rorippa islandica Race 6 Resistant 
Sinapsis alba Race 10 Resistant 

Sisymbrium officinale 
S. altissimum 

Race 5 Resistant 

Stanleya elata 
S. pinnata 

     - In Process 
Susceptible 

Thelypodium integrifolium 
T. lacinatum 

     - In Process 
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Reducing Benghal Dayflower seedbank populations with herbicides in corn, 
combined with post corn harvest cover crops 
CPHST STAFF: Craig Ramsey (lead) 
CHAMPIONS:      Al Tasker (National Noxious Weed Program Manager); 
                             Anthony Man-Son-Hing (ER Noxious Weed Program Manager) 
CONTACT:   Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

The majority of Benghal dayflower (BDF) emergence (50 – 
70%) occurs in July, which is well timed with corn phenol-
ogy.  Corn starts to dry down by mid July, allowing sunlight 
to penetrate the canopy as BDF is emerging.  This study’s 
objectives are: 1) to determine the efficacy of corn herbi-
cides on established Benghal Dayflower plants and germi-
nating seedlings during the year’s first growing season, and 
2) to determine the inhibition of Benghal Dayflower seed-
bank germination for five cover crops.  This full factorial 
study included five east/west herbicide strips running per-
pendicular to five north/south cover crop strips.  The sub-
plots were 24’ x 24’, with eight corn rows to allow for cover 
crop growth.  The main weed species were henbit, Benghal 
dayflower, small morning glory, pitted morning glory, com-
mon morning glory, slender amaranth, crabgrass, Indian 
chickweed, sicklepod, purple nutsedge, yellow nutsedge, 
and wild rye.   
 

Corn was planted (Dekabb Roundup Ready GMO) on 30” 
rows on March 19, 2008, followed by early post emergence 
herbicide applications on April 25th. Herbicide treatments 
are listed in numeric order in Figure 1.  Ammonite fertilizer 
(NPK 3-9-18) was applied at 300 lb/ac on March 9th, and 
corn emergence was on March 28th.  The two post-directed 
herbicide applications (treatments four and five) were on 
May 9, 2008.  Corn harvest was on September 9th, followed 
by cover crop planting on September 15th.  The five cover 
crops were: no cover crop (control), velvetbean (Mucuna 
deeringiana), sunnhemp (Crotalaria juncea),  sorghum/
sudangrass hybrid (Sorghum bicolor x S. sudanense),  and 
lablab bean (Lablab purpureus).  Sudangrass was planted 
alone (40 lb/ac) or planted as a sudangrass / sunnhemp 
mix (20:80 wt/wt), sudangrass/velvetbean mix, (20:80 wt/
wt), sudangrass/lablab bean mix (20:80 wt/wt).  Excessive 
rains from nearby hurricanes delayed cover crop planting.  
The final sampling of Benghal dayflower stem counts was 
on November 26, 2008.  Cover crops had a total of 65 days 
to grow before the first hard frost.  Benghal dayflower, com-
mon morning glory, pitted morning glory, slender amaranth, 
Indian chickweed, yellow nutsedge, and crabgrass control 
was visually estimated at 84 days after the last herbicide 
application.  The end-of-season BDF control due to the 
herbicides and cover crops was estimated by collecting 
Benghal dayflower stem counts on Nov. 26, 2008.  The 

number of BDF stems per 0.5 m2 plot were tallied in Novem-
ber with one sample collected per plot.  
 

Three months after application there was no weed control 
differentiation among the four herbicide treatments; all pro-
vided long term weed control compared to the control plots.  
Results recorded 84 days after treatment (DAT) show that 
BDF control ranged from 93-100% when Dual Magnum/
Roundup was combined with Aatrex, or applied as the two 
post directed applications.  The check plots averaged 25% 
control for all seven selected weeds.  Also, the Dual Mag-
num/Roundup treatment only averaged 62% control across 
all seven weed species at 84 DAT.  The addition of Aatrex 
improved control by 23% (Aatrex control = 85%) across all 
seven species, at 84 DAT.  The two post directed herbicide 
applications had similar weed control results as the Dual 
Magnum/Roundup + Aatrex combination.    
 

The end-of-season analysis of the herbicide and cover crop 
effects on BDF stem counts included an interaction between 
the two study factors.  Neither study factor showed signifi-
cant effects on BDF counts, however there was a significant 
interaction between herbicide and cover crop effects 
(p=<0.0001).  Analysis of the interactions between the study 
factors reveals few consistent patterns of BDF control for all 
herbicide x cover crop interactions (Fig. 1).  The lowest 
variation among the BDF means occurred with no cover 
crop or with the sudangrass/velvetbean seed mix.  However, 
the relative ranking of the average BDF density changes 
with each cover crop treatment (Fig. 1). 
 

Reasons behind the lack of end-of season BDF control may 
be related to rainfall patterns, non-uniform BDF density, and/
or late season cover crop planting.  High rainfall in May, just 
after herbicide applications in late April, may have increased 
the soil dissipation/leaching rates for Dual Magnum.  A 
lysimeter study found that metolachlor readily leached in a 
loamy sand (78% sand) with 58% of 14C metolachlor some-
what uniformly distributed in the top 15 cm of soil, and 21% 
found below 15 cm after adding only 9.2 cm of water to the 
column (Sanchez-Martin et al. 1995).  The soil properties in 
our BDF study were 69% sand, 15% clay, and 1% organic 
matter.  Our last herbicide application  was on May 9, 2008.  
Assuming a Dual Magnum half life of 25 days, then its soil 
efficacy should be about 25% of initial application efficacy by 
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July 2008.  The majority of BDF emergence (50 – 70%) 
occurs in July, which is about six to 8 weeks after the last 
application in this study.  This study will be repeated in 
2009 to determine the effects of weather and timing of crop 
planting on herbicide and cover crop treatments for BDF 
control.    

 

Figure 1.  Average Benghal dayflower stem densities for 
five herbicide (colored lines) and cover crops (x-axis) at 
seven months after herbicide applications.  

Effects of Escort, LandMark XP, and Telar with Conquer on onionweed and pre-
established grass vegetation 
CPHST STAFF: Craig Ramsey (lead) 
CHAMPIONS:      Don Givens (WR Noxious Weed Program Manager); 
  Jerry Levitt  (Arizona State Plant Health Director) 
CONTACT:   Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 
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The primary objective of this field study was to determine 
the effects of three herbicides, each applied at two rates 
(except Escort), on onionweed survival over two growing 
seasons.  A second objective was to determine the effect 
of a methylated seed oil (Conquer) on onionweed survival, 
applied at two rates and mixed with the three herbicides.   
 

The three herbicides studied were: Escort (applied at 2.0 
oz/ac), Telar (applied at 2.0 and 3.0 oz/ac), and LandMark 
XP (applied at 3.0 and 4.5 oz/ac).  Escort is metsulfuron 
methyl, Telar is chlorsulfuron, and LandMark XP is a pre-
mix of sulfometuron methyl and chlorsulfuron.  Telar cost 
was $17.50/oz, LandMark XP cost was $8.88/oz, and Es-
cort cost was $13/oz.  Conquer is a blend of methylated 
seed oils and emulsifiers, which was applied at 12% or 
24% (v/v) on two adjacent sites in this study.  Conquer, 
added as an adjuvant, may help slow droplet evaporation 
rates expected for low humidity conditions found in south-

ern Arizona.  The cost of Conquer was $28/acre (at the 12% 
v/v rate), applied at 15 gallons per acre.    
 

The two study sites were located at a landscape stone 
quarry in Tombstone, AZ.   Treatments were applied on 
March 8, 2007 as a broadcast application.  The application 
rate was 15 gallons/acre, set at 24 PSI, with a nine foot 
spray width.  The weather was: 55 – 68 ºF (12.8 – 21.1 ºC), 
19 - 27% relative humidity, and wind at 7 MPH at 11:30 am.   
 

Twelve onionweed plants were pin flagged in each plot. 
Smaller onionweed plants were not pin flagged, but were 
counted individually to record the number of unpinned on-
ionweeds per plot.  Pinned and unpinned onionweeds were 
counted for percent survival calculations on November 27, 
2007 and on December 9, 2008.  Only onionweed plants 
with completely brown foliage were considered dead; i.e. a 
plant with a single, partially green stem was considered 
alive.  
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The twelve onionweeds initially pinned in the control plots 
decreased to five plants per plot due to natural death or 
loss of pin flags. At 21 months after treatment (MAT), the 
unpinned onionweed plants in the control plots increased 
by an average of five plants per plot due to seeding.  Nei-
ther Conquer (main effect) nor any Conquer x herbicide 
interactions were significant for onionweed survival, for 
either pinned and unpinned plants. Therefore the onion-
weed data was pooled over both Conquer rates to analyze 
for survival responses to the three herbicides.   
 

The three herbicide results could not be differentiated 
based on pinned onionweed survival at 21 MAT.  Average 
onionweed survival for the control was significantly higher 
compared to survival in the herbicide treatments.  The av-
erage number of live onionweed plants for all herbicides 
(except Telar at 2 oz/ac) was less than one plant per treat-
ment.  The unpinned onionweed results mirrored the high 
onionweed efficacy for the pinned plants.  Except for Telar 
applied at 2 oz/ac, the other four herbicide treatments had 
less than two surviving, unpinned onionweed plants at 21 
MAT (Fig. 1).   
 

Escort plots had no surviving onionweed plants for both the 
pinned and unpinned plants at 21 MAT.  During the initial 
onionweed counts (before spray applications) there were a 
total of 458 onionweeds (pinned and unpinned) within the 
eight Escort plots.  At 21 MAT only one alive onionweed 
seedling was tallied in all eight Escort plots.  This onion-
weed probably seeded into the Escort plot after it was 
treated.   
 

Labeling restrictions show that Escort (2 oz/ac) should be 
mixed with a methylated seed oil (5 – 10% v/v) for onion-
weed control in non-crop or roadside use applications.  
Manor, a generic formulation of metsulfuron, is labeled for 
turf use but it has a rate limit of 1 oz/ac.  Another onionweed 
herbicide study at this site found that adding methylated 
seed oil at 10% v/v to the spray mix improved control by 72 
– 79%. 

Figure 1. Average onionweed counts of Escort, Telar, 
and LandMark for unpinned plants at 21 months after 
treatment.  
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Database development for invasive weed spread rates using GPS/GIS technology 
to measure spatial and temporal patterns for monotypic or patchy infestations   
CPHST STAFF: Craig Ramsey (lead); Lisa Kennaway (GIS Specialist) 
CHAMPIONS:      Don Givens (WR Noxious Weed Program Manager) 
CONTACT:   Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

Spatial and temporal analysis of invasive weed community 
dynamics requires a long-term database that includes lo-
calized spread rates.  Many invasive plant species are per-
ennials that spread vegetatively and form distinct patches.  
Estimated spread rates for invasive plants are a primary 
variable when conducting impact analyses for invasive-
ness, or aggressiveness.  The objectives of this study are 
to estimate perimeter spread rates for several invasive 
species over a four year period and to estimate plant stem 
density for selected patches at each study site.  Each site 
was selected using the following criteria: 1) infestations that 
are undisturbed or slightly grazed for 1 - 3 years; 2) 
patches with easily defined perimeters; 3) patches that are 

relatively monotypic and dense, and 4) patches that are 
“free-to-grow”, or not more than 50% restricted by trails, 
streams, rock outcrops, or heavy shading by shrubs or 
trees.  
 

The perimeter of each patch was measured with a Trimble 
GeoExplorer XH GPS and handheld Zephyr antennae, with 
an accuracy of 20 – 30 cm.  The GeoExplorer has ArcPad 
data collection software (www.esri.com).  The GPS unit 
automatically records a location every second, so patch 
perimeters can be accurately measured at a slow walking 
speed (approx. 1-2 ft/sec).  Most sites were mapped in the 
spring or summer and fall of 2007 and 2008.  Patch parame-
ters recorded at each site included: measurement dates, 
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locations, species, stem densities, total stem counts, and 
patch descriptions.  Estimates of total perimeter spread for 
each patch were calculated on a square meter basis and 
square foot basis.  Spread rates were then converted to 
daily rates (m2/d, or ft2/d) by calculating the number of days 
between the first and last measurements.   
 

This report will focus on the estimated spread rates for 
cogongrass (Imperata cylindrica) and onionweed 
(Asphodelus fistulosus) which were monitored in 2008.   
The two sites for the cogongrass data were located in Jay, 
FL and Lottie, AL, which are both on industrial forest prop-
erty.  A total of 26 patches were measured, with seven 
patches completely or partially underneath a 10 year-old 
loblolly pine plantation (Image 1, Photo 1).  The remaining 
19 patches were located in recent timber harvest areas that 
were sprayed with herbicides in the spring of 2007.  Patch 
perimeters were measured in May and November 2008, 
ranging from 162 – 172 days between measurements.  The 
seven cogongrass patches underneath the loblolly pines 
had a spread rate of 15 ft2/day (19% increase).  The 19 

patches in the clearcuts spread at an average rate of 25 ft2/
day (143% increase).  The smallest patch was 282 ft2, while 
the largest patch was 101,350 ft2.  There is a trend for the 
larger patches to spread at slower rates than the smaller 
patches.  Rainfall in 2008 at both sites was comparable to 
the long-term average.  Patches in the clearcuts were ex-
panding after being temporarily controlled by herbicide appli-
cations in the spring of 2007.    
 

In 2008, 10 onionweed patches were monitored at the 
Tombstone Materials quarry in Tombstone, AZ.  The aver-
age spread rate was 1.6 ft2/day (120% increase) over 250 – 
252 days between April and December 2008 (Image 2).  
The average number of onionweed plants increased by 112 
plants per patch (99%) during that time period.  Onionweed 
spreads solely by seed, thus any new seedlings in a patch 
are the result of germinating seeds.  Onionweed density 
averaged 0.286 plants/ft2 in February 2009. 
 

Image 1.  GIS map overlay of an infra-red aerial photo of 
nine cogongrass patches.  Legend describes patch spread 
rates, pine plantation and clear-cut histories.    
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Image 2.  GIS map overlay of a National Agriculture Im-
agery Program (NAIP) aerial photo of four onionweed 
patches.  Legend describes patch spread rates and stem 
counts for each patch in the GIS map.  The resolution of the 
aerial photo is 2 meters.   
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This invasive species spread rate project will continue for 
several more years.  Nine other species are also being 
monitored for spread rates in seven different states.  
Weather and soil maps will be layered onto the GIS maps 

to provide additional information.  Results from this study will 
be distributed to APHIS State Plant Health Directors and 
participating land managers for prioritizing the invasive po-
tential of weed species.   

Photo 1.  The edge of most patches typically con-
sists of immature sprouts or seedlings.  Visual iden-
tification of a patch edge can be very difficult with 
immature foliage or foliage without flowers.  Note 
in this photo that cogongrass sprouts are the reddish 
tinged leaves on the left side of the photo, and na-
tive grass seedlings are right of center in the photo.   

Field test of electromagnetic technology for spray application of Habitat, Cogon-X, 
and Conquer for cogongrass control 
CPHST STAFF: Craig Ramsey (lead) 
CHAMPIONS:      Anthony Man-Son-Hing (ER Noxious Weed Program Manager) 
CONTACT:   Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

A field study was installed in Nov. 2006 in northwest Flor-
ida to evaluate an innovative spraying system for long-term 
cogongrass control.  The spraying system (MagSprayer) 
uses electromagnetic technology to induce a north/south 
charge to each of its spray droplets.  These droplets in turn 
are attracted to opposing charges on live foliage as they 
approach within one to two feet of the vegetation.  The 
MagSprayer System was patented in Aug. 2001 (USA pat-
ent 6,276,617).  The spray technology is based on assisted 
air fans and selectively placed magnets that create a turbu-
lent air stream of electromagnetically charged droplets 
which are attracted to live foliage.  
 

The objectives for this study are to evaluate: 1) the differ-
ences between the MagSprayer system and a conventional 
CO2 backpack / boom system for cogongrass control; 2) 
the effects of Cogon-X on cogongrass control, and 3) the 
effects of brush hogging on cogongrass control.  Cogon-X 
is a liquid fertilizer (NPK 3-3-3) + seaweed extract adjuvant 
that may increase herbicide translocation into the cogon-
grass rhizomes.  This study was conducted in Santa Rosa 
County on an industrial forest property that was timber har-

vested in 2000.  In Oct. 2002 the site was prepared for pine 
planting with an herbicide application of Chopper (imazapyr) 
and Garlon-4 (triclopyr).  The study is a RCB design with 
four blocks and five herbicide / adjuvant treatments.  Twenty 
plots (7.9 x 9.7 m) were installed for each of the two spray 
types (MagSprayer test and the conventional CO2 back-
pack).  Plots were placed side-by-side with inner measure-
ment plots and treated buffers. Chopper was applied at 4.68 
l/ha and Razor Pro (glyphosate) was applied at 2.34 l/ha.  
Each herbicide was combined with and without Cogon-X 
(1.67% v/v).  A methylated seed oil (Conquer) was applied 
at 30% v/v to all treatments.  Half of each plot was strip 
brush hogged in August 2006.  The other half of each plot 
was left uncut.  Plots were sprayed on November 1 – 3, 
2006.  The MagSprayer treatments were applied with a Stihl 
backpack leaf blower.  The Stihl model SR 420 had an air 
velocity of 226 MPH (101 m/s). The nozzle was set to de-
liver ~1.4 l/min.  The CO2 backpack sprayer had a boom 
with eight 8002 - EVS TeeJet nozzles and a swath width of 
4.4m.  Both the MagSprayer and boom sprayer were cali-
brated to apply 140 l/ha. 
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The glyphosate plots were fully re-infested one year after 
treatment, so these plots were not sampled for foliar or 
rhizome biomass.  The Chopper treatments, however, still 
had long-term control of cogongrass and were sampled for  
live foliar and rhizome biomass 12 months after treatment 
(MAT).  All biomass samples were oven dried, weighed, 
and analyzed for treatment interactions and differences.   
 

Initial analyses found that brush hogging was not signifi-
cant, thus all biomass data was pooled and analyzed for 
sprayer type and Cogon-X effects.  In addition, foliar re-
sponse was not significant for either sprayer type or Cogon
-X, therefore only live rhizome biomass results are re-
ported.  There was no interaction between the sprayer type 
and Cogon-X; only the main effects for these variables will 
be presented.  Analysis of the pooled data reveals that the 
conventional boom sprayer reduced live rhizome biomass 
more than the MagSprayer system (Fig. 1).  These results 
are contrary to our hypothesis that improved foliar cover-
age from the MagSprayer would translate into improved 
cogongrass rhizome control; three confounding variables 
may explain this discrepancy.  First, the MagSprayer was a 
prototype sprayer with weaker magnets placed in only one 
section of the feeder hose.  Second, Conquer was added 
to the spray mixture at a very high rate (30% v/v) which 
may have improved efficacy with the boom sprayer but not 
for the MagSprayer.  Finally, the spray applications were 
applied near the first killing frost, in the first week of No-
vember.  These low night time temperatures may have 
affected the translocation of the active ingredients.   
 

Further analysis of the rhizome data shows that the combi-
nation of Chopper and the seaweed extract adjuvant, 
Cogon-X, did reduce the rhizome biomass by 26% (p-value 
= 0.0357) at 12 MAT (Fig. 2).     
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Figure 2.  Effects of seaweed extracts, Cogon-X, 
on oven dry, live rhizome biomass at 12 months 
after application.     
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Figure 1.  Effects of sprayer type on oven dry rhi-
zome biomass at 12 months after application.   

Common tansy control with herbicides and adjuvants: third year results 
CPHST STAFF: Craig Ramsey (lead) 
CHAMPIONS:      Bruce Helbig (South Dakota State Plant Health Director) 
CONTACT:   Craig Ramsey (craig.l.ramsey@aphis.usda.gov, 970-490-4468) 

The objectives of this field study were: 1) to evaluate com-
mon tansy and native foliar biomass responses to three 
herbicides and two adjuvants, and 2) to evaluate germina-
tion and establishment success of broadcast seeding for 
site restoration.  Three herbicides (Escort, Journey and 
Habitat) were applied alone or in combination with two ad-
juvants (MSO Concentrate and Stimupro).  MSO Concen-
trate is a methylated seed oil and was applied at 10% v/v.  

Stimupro is a seaweed extract that was applied at 0.16%    
v/v.  Stimupro also contains liquid NPK nutrients (3-3-3) and 
plant growth hormones that may stimulate photosynthesis, 
thereby increasing herbicide translocation into the rhizomes.   
 

This study was located at Terry Peak Ski Resort in Lead, SD 
at approximately 1981 m in elevation. The 182 ha of ski 
slopes are heavily infested with nearly monotypic stands of 
common tansy.  The study was a randomized, complete 
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block design with 11 treatments, replicated in four blocks.  
Herbicides were applied on June 22, 2005 with a CO2 back-
pack sprayer and a six-nozzle boom.  The spray volume 
was applied at 187 l/ha.  Vegetation monitoring plots (5.5 x 
12.2 m) were divided into two restoration plots (2.7 x 12.2 
m) for a split plot, broadcast seeding on Sept. 27, 2005.  
Percent cover for four vegetation classes (common tansy, 
grasses, forbs and bare-ground) was collected in Sept. ‘05, 
June ‘06 and Sept ‘06.  Common tansy stem density was 
randomly sampled with 0.5 m2 quadrats in Sept. ‘05, Sept. 
‘06, June ‘07, and July ‘08 at 37 months after treatment 
(MAT).  Foliar biomass samples for common tansy, grasses, 
and forbs were collected in June ‘06 (12 MAT) and Sept ‘07 
(27 MAT) from randomly placed PVC quadrats (0.5 m2).   

Analysis of the split plot seeding treatments at 12 or 27 MAT 
revealed no difference in foliar biomass for grass vegetation 
between the seeded and unseeded sections of each plot.  
Thus, broadcast seeding without any ground disturbance did 
not increase grass germination or establishment rates in any 
of the herbicide/adjuvant treatments.   
 

Three years after application, Escort + MSO Concentrate 
still provided very good control of common tansy (Fig. 1).  
However, visual observation of the ground in these plots 
revealed tiny seedlings sprouting during the end of the third 
growing season.  Common tansy stem density doubled for 
Escort applied without adjuvants between 15 and 37 MAT 
(67 to 133 stems/m2).  Common tansy stem density aver-

aged 133 stems/m2 for  Escort applied alone, and 18 stems/
m-2 for Escort + MSO Concentrate at 37 MAT.  Also, Escort 
+ MSO Conc. + Stimupro further reduced common tansy 
density to 9 stems/m2 (93% reduction) at 37 MAT.      
 

Common tansy oven dry foliar biomass was 616 g/m2 for 
Escort applied alone, and 19 g/m2 for Escort + MSO Con-
centrate + Stimupro at 27 MAT.  Forb biomass was slightly 
higher for the Escort applications when compared to the 
control.  Foliar grass biomass was 237 g/m2 for Escort and 
909 g/m2 Escort  + MSO Concentrate + Stimupro at 27 
MAT.  The selectivity of Escort resulted in long-term control 
of common tansy and increased grass vegetation, which is 
critical for erosion control on the steep ski slopes. 
 

The cost is $18, $45, and $48/ac for Escort, Escort + MSO 
Concentrate, and Escort + MSO Concentrate + Stimupro, 
respectively.  Most of the chemical cost is due to MSO Con-
centrate (10% v/v), which costs $26/ac. The additional cost 
of MSO Concentrate ($26/ac) may be justified by the long-
term control of common tansy.  Three years after application 
common tansy density was reduced by seven fold when 
adding this seed oil to Escort.  Eradication of common tansy 
from a site may be possible with only two spray applications.  
A second spray application should be timed at about four 
years after the first to control the seed bank resprouts germi-
nating after the initial application.   
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Figure 1. Effects of Escort and adjuvants on common tansy 
stem density at 37 MAT.  Common tansy density (# stems/
m2) for each treatment is listed in the table below the graph.   



 

 

Provide Methods Development for PPQ 
The nursery and landscape industries benefit from marketing 
novel plants. This, coupled with the growing globalization of 
trade, increases the chances that an invasive plant species will 
enter the U.S.  To keep pace with this growing threat, PPQ 
has joined forces with Mexico and Canada through the North 
American Plant Protection Organization (NAPPO) to protect 
our borders from invasive plants. In addition, PPQ is revising 
our Quarantine 37 regulation (7 CFR 319.37) such that 
plants with an unknown invasive history will be placed on the 
Plants Not Authorized Pending Plant Risk Analyses (NAPPRA) 
list. Plants on the NAPPRA list will be evaluated by a new 
Weed Risk Assessment (WRA) from the Plant Epidemiology 
and Risk Analysis Laboratory (PERAL). The new WRA is 
modeled after the Australian Weed Risk Assessment System 
and relies on information already available in the literature and 
internet. The Australian WRA system accepts or rejects the 
majority of plants; however, 25% of the plants fall into the 
“further evaluate category” due to lack of pertinent information 
(NWRAS 2006).  Given the limited information for many plant 
species, our new WRA will likely identify a number of plants 
that fall into the “further evaluate” category. Currently, APHIS 
does not have approved experimental methods to evaluate 
plants that do not have enough information to make a regula-
tory decision. Our mission is to develop laboratory and green-
house methods to evaluate plants that fall into WRA’s  “further 
evaluate category” and for problematic plants already estab-
lished in the U.S. that lack concrete information for federal 
regulation.  
 

Ability of Plants to Invade New Environments 
Three interacting biological processes determine the ability of 
a plant species to become invasive: 1) the ability to propagate 
and disperse; 2) the ability to exploit resources and escape 
predation and 3) the ability to adapt and adjust to the environ-
ment.  Traits that enable plant species to propagate and dis-
perse include high fecundity and germination rates, seed dor-
mancy, and effective seed dispersal such as fleshy fruit for 
internal animal transport, windblown seeds, or attachment 
structures for sticking to fur and/or clothing. Traits that enable 
a plant species to exploit resources and escape herbivores 
include specialized structures such as a long taproot, allelopa-
thy, drought, shade or freezing tolerance, nitrogen-fixing abil-
ity, unpalatable foliage, or high light/water use efficiency that 
may have a competitive advantage against native species.  

Preliminary evaluation of differences in epigenetic plasticity between invasive 
and noninvasive plants 
CPHST STAFF: Sharon Talley (Lead); Craig Ramsey; Ned Jones (Statistician) 
CHAMPIONS:  Alan Tasker (National Noxious Weed Program Manager); Christa Speekman (Import Specialist) 
CONTACT:   Sharon Talley (sharon.m.talley@aphis.usda.gov, 970-490-4470) 

Traits that enable a plant species to adapt and adjust per-
mit rapid modifications in plant morphology, physiology, 
and/or phenology so the species can survive, reproduce, 
and colonize under new environmental conditions.  
Mechanisms for adaptation and environmental adjustment 
that enable a species to alter its phenotype when exposed 
to a new environment and/or stressors include epigenetic 
inheritance, phenotypic plasticity and genetic variation.  
We will focus our methods development on the three in-
teracting biological process that enable a plant to invade 
new environments. 
 

Methods Development to Measure Invasive Plant Traits 
Plants that fall into WRA’s “further evaluate category” are 
lacking substantial information on their biology and poten-
tial impact.  We examined the WRA questions and have 
been working with PERAL to understand their new WRA 
process. Many of the questions asked by PERAL’s new 
WRA can be addressed through laboratory and green-
house methods (Table 1). While some plants’ traits, such 
as bird-dispersed fruit, pose a high risk of spread, other, 
more subtle traits such as some growth parameters, might 
be overlooked without proper species comparisons. To 
develop experimental methods to measure important plant 
traits that might contribute to the invasive potential of a 
plant, it is essential to compare plant traits of plants with a 
high invasive potential to a closely related taxon that have 
little to no invasive potential. Such a paired species 
method will allow us to measure important growth differ-
ences between invasive and noninvasive species.  We 
continue to develop new methods to propagate species 
pairs through seed germination, rhizomes, and vegetative 
propagules. In addition to answering some of PERAL’s 
WRA questions, our methods address an often over-
looked but extremely important biological process; a 
plant’s ability to adapt and adjust to environmental condi-
tions.   

Ability to adapt and adjust 
Two types of invasive behavior in invasive plant species 
are generalist behavior and specialist behavior. Specialist 
species invade a narrow range of environmental condi-
tions. Their narrow niche has given them hard-wired, slow 
genetic responses to environmental changes. Specialized 
invaders have been categorized by some as a “Master-of-
some” (Richards et al. 2006). These plants often have 
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Ability to Propagate and Disperse  Ability to Exploit Resource and Escape Predation  Ability to Adapt and Adjust 

6.01 Evidence of substantial reproductive failure  2.03 Broad climate suitability  6.03 Hybridizes naturally 

6.02 Produces viable seed  4.01 Produces spines, thorns or burrs, or other 
undesirable properties 

  

6.04 Self‐compatible  4.02 Allelopathic    

6.05 Requires specialist pollinators  4.03 Parasitic    

6.06 Vegetative propagation  4.04 Unpalatability     

6.07 Minimum generative time  4.05 Toxic to animals    

7.01 Propagules likely to be dispersed unintentionally  4.09 Shade tolerant    

7.02 Propagules likely to be dispersed intentionally  4.11 Climbing or smothering growth habit    

7.03 Propagules likely a contaminant of produce  4.12 Forms dense thickets    

7.04 Propagules adapted to wind dispersal  5.01 Aquatic    

7.05 Propagules buoyant  5.02 Grass    

7.06 Propagules bird dispersed  8.03 herbicide tolerant or resistent    

8.01 Proliferic seed production  8.04 Benefits from mutilation, cultivation, or fire    

8.02 Seed dormancy       

Table 1.  Example of method development topics covered in the Australian and PERAL’s WRA. 

Generalist invasive species may rely on epigenetic mecha-
nisms to allow them to adjust rapidly to changing environ-
mental conditions, while more docile non-invasive species 
may not have much epigenetic potential. Using 5-
azacytidine and bisphenol, a plant’s genome can be ran-
domly desilenced and silenced, respectively. We expected 
to observe differences in plant trait response to desilencing 
and silencing between invasive and non-invasive plants. 
This past year, we conducted several pilot studies to experi-
mentally quantify the differences in growth due to genome 
desilencing and silencing for several paired invasive and 
non-invasive species.  Specifically, we examined Canada 
thistle (Cirsium arvense), sorghum (Sorghum vulgare), pur-
ple loosestrife (Lythrum salicaria), and wand loosestrife 
(Lythrum virgatum).  We measured important biological 
traits, including relative growth rate, specific leaf area, root-
to-shoot ratio, foliar biomass, etc.  Our data set was divided 
into a developmental model data set and a validation model 
data set. We conducted multivariate logistic regression 
analyses to develop a plant invasiveness predictive model 
based on desilencing and silencing agents.  
 

5-azacytine and bisphenol differentiated invasive from non-
invasive species based on four plant growth traits. The over-
all logistical predictive model had a high accuracy (ROC = 
0.959). 5-azacytidine differentiated the best of two desilenc-
ing or silencing agents (Fig. 1). The accuracy to predict the 
invasive or noninvasive status for Canada thistle was 90%, 
sorghum was 100%, purple loosestrife was 95%, and wand 
loosestrife was 94%. These results provide strong evidence 
that epigenetic mechanisms are important to invasive be-
havior; however, more species and more life forms need to 
be analyzed.   

specialized structures or traits that allow them to exploit a 
narrow niche. For example, Tamarisk has a long taproot 
that allows it to exploit water in a water-limited environ-
ment, but is not able to be a good competitor in water plen-
tiful environments (Hansen 2009). On the other hand, gen-
eralist species invade a broad range of environmental con-
ditions through space and time. These species have been 
called a “Jack-of-all-trades” because they perform well in 
many different environments (Richard et al. 2006). An ex-
ample of a generalist weed is Canada thistle, which has a 
very broad environmental range (Hansen 2009). Generalist 
weeds must be able to respond rapidly to stressors and 
stimuli and may use a soft-wired, rapid response mecha-
nism such as epigenetics. 
 

Epigenetic control of plant traits is extremely important for 
understanding the ecology of invasiveness as it applies to 
changing environments in space and time.  Epigenetic 
modifications are based on molecular processes that acti-
vate, reduce, or disable the activity of certain genes that 
allow a species to change its physiology, phenology, and 
morphological traits in response to environmental condi-
tions.  An introduced plant may appear to lack invasive 
traits until it is exposed to stressors or stimuli, which 
causes certain silenced genes to be activated and other 
less needed genes to have a reduced or disabled expres-
sion. The ability to regulate gene expression in different 
environments gives plants a mechanism to control the allo-
cation resources specific to that environment. Genes that 
are unnecessary and energetically costly in a certain envi-
ronment may be silenced, allowing more resources to be 
channeled to other traits that allow the plant to exploit re-
sources specific to that environment.  
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Figure 1.  Probability of invasiveness for four species: based on three traits and gene 
expression agents. 
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The basic objective of the EQuIPP project is to develop a 
series of predictive models based on biological plant traits 
that can be used by APHIS officials to determine the inva-
sive potential of a plant species that has been proposed for 
importation.  The primary hypothesis of this study is that 
plant traits can be used to develop predictive models for 
invasiveness classification.  A second hypothesis is that 
generalist invasive species adapt, or have plastic re-
sponses to, environmental stimuli or stressors more readily 
and more intensely than non-invasive species.  For exam-
ple, invasive plants established in North America are often 
invasive elsewhere in the world.  Such generalist species 
have adapted to changing environments in space and time, 
and have developed unique mechanisms to respond with 
changes in selective pressure.    
 

Invasive plant studies often attempt to de-
velop plant trait models by manipulating re-
sources such as light, water, temperature or 
nitrogen to quantify plant responses to envi-
ronmental stressors or stimuli.  Typically, gen-
eralist species are highly adaptable while spe-
cialist species are not.  It is yet to be deter-
mined whether there is a correlation between 
potential plasticity and invasiveness potential 
for generalist species.  Plant studies designed 
to include both stimuli/stressor factors and 
invasive/non-invasive species may be able to 
correlate potential plasticity with invasive po-
tential. 
 

We decided to use such a study design to 
apply stimuli/stressors in the form of DC mag-
netic fields to seeds and subsequent seedling 
growth.  A greenhouse study was conducted 
in 2008 to compare the seedling traits be-
tween four invasive and four non-invasive spe-
cies that were taxonomically paired.  The pri-
mary objective was to develop a logistic regression model 
based on known invasive classes for each species and four 
plant traits.  The study factors included three magnetic lev-
els (south pole, north pole, and an un-magnetized control) 
and two invasive classes (invasive and non-invasive spe-
cies).  Seeds were exposed to DC magnets and watered 
with untreated, south pole, or north pole treated water.  The 
predictive model was based on four plant traits: 1) plant 

Plant trait model development to predict invasive potential of plants for planting 
CPHST STAFF: Sharon Talley (Lead); Craig Ramsey; Ned Jones (Statistician) 
CHAMPIONS: Alan Tasker (National Noxious Weed Program Manager); Christa Speekman (Import Specialist) 
CONTACT: Sharon Talley (sharon.m.talley@aphis.usda.gov, 970-490-4470) 

height; 2) average leaf width; 3) root/shoot ratio, and 4) root 
biomass growth per day.   
 

Study analyses revealed that plant growth was significantly 
different for both invasive status and magnetic polarity 
(Photo 1).  In general, the averages of the four plant traits 
were greater for the invasive species than the non-invasive 
species.  Both invasive and non-invasive species increased 
growth when exposed to south pole fields.  Multivariate lo-
gistic regression analysis was used to fit the predictive 
model to the four trait variables.  A subset of the original 
data was used to validate the final models.  The Receiver 
Operating Characteristic (ROC) test shows a good fit (ROC 
= 0.89709) for the eight species.  Overall accuracy of the 
predictive model was 70% (28 predicted invasive out of 40 
true invasive plants) for invasive classification and 71% (30 

predicted non-invasive out of 42 true non-invasive plants) for 
the non-invasive classification.  Model accuracy improved 
with the inclusion of taxonomically similar species in the 
developmental dataset.  Single traits generally have low 
statistical power to differentiate species.  However, when the 
measured traits are combined together, the model improved 
its ability to differentiate between invasive and non-invasive 
species. 

Photo 1. South pole magnetic field effects on purple loosestrife growth at 
61 days after planting.     
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The logistic model for root/shoot ratio differentiated the 
eight species into non-invasive (< 0.4) and invasive classes 
(>0.6) with little overlap between these probability bands 
(Fig. 1).  Assigning a probability for invasive potential al-
lows regulators to set invasive class thresholds.  Predicting 
invasiveness based on probability also mirrors the ecologi-
cal gradient in invasive behavior among plant species typi-
cally seen in nature.  The mean probability of invasiveness 
for each invasive species was significantly different from 
that of each non-invasive species, based on south pole 
treatments (Fig. 2).    

 

 

Figure 1. Probability of invasive-
ness (x-axis) for eight species 
(south pole and control treat-
ments) based the root/shoot ratio 
(y-axis).  Invasive seedlings (red 
dots) and non-invasive seedlings 
(green dots) are differentiated by 
our predictive model.  South pole 
treated seedlings had less varia-
tion compared to the control.   
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Figure 2. Tukey test for probability of 
invasiveness (y-axis) for eight species (x-
axis), based on south pole magnetic treat-
ment.   
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Enhancing Asian gypsy moth trapping in the Pacific Northwest 
CPHST STAFF: Lisa Kennaway (lead); Tom Kalaris (support) 
CHAMPIONS: Weyman Fussell (APHIS PPQ ISPM, Forest Pests); Roeland Elliston (WR Program Manager); 
           PPQ WA State Plant Health Director Office; PPQ OR State Plant Health Director Office;  
                          WA Department of Agriculture; OR Department of Agriculture 
CONTACT:   Lisa Kennaway (lisa.kennaway@aphis.usda.gov, 970-490-4463) 

There are eleven data inputs into the model: 
 

1. High risk shipping ports (including Portland, Tacoma, 
and Seattle) 

2. Low risk shipping ports (including Coos Bay, Kalama,   
       Longview, Grays Harbor, Olympia, Everett, Port  
       Townsend, Port Angeles, Anacortes, Bellingham, and    
       Vancouver) 
3.    Canada and California border crossings 
4.    2008 AGM port interception points 
5.    Columbia river 
6.    Human population 
7.    Major transportation routes (highways) 
8.    Rest areas & weigh stations 
9.    Railways 
10.  Major population areas based on nighttime lights 
11. Import volume (total imports greater than 1000 metric 

tons from China, Japan, Russia, & South Korea) 
(Colunga-Garcia, 2008) 

Within the model, the data are grouped into three  
categories; Introduction, Transportation, and Population.  
Two weighting strategies were approved by project stake-
holders:  1) Introduction 50%, Transportation 30%, Popu-
lation 20%; and 2) Introduction 40%, Transportation 40%, 
Population 20% (Fig. 2). 
 

The results are delivered in a spatially reference raster 
data set that depicts a range of introduction hazard, high 
to low (Fig. 3), and a quantitative spreadsheet analyzing 
the relationship between modeled AGM risk and 2008 
survey traps (Fig. 4). 

Figure 1. (A) Female adult Asian gypsy moth; (B) Larva 
(images courtesy of John Ghent, USDA Forest Service). 

(A) (B) 

Methods & Results 
 

The analysis method uses a raster-based geospatial model.  
The model has two main assumptions: 1) areas closest to 
highways, places, ports, Columbia River, and railways have 
highest potential for AGM introduction based on movement 
of commodities; 2) analysis can only account for AGM activ-
ity on the outside of traveling mechanisms and containers. 

Introduction 
 

The Asian gypsy moth (Lymantria dispar ssp., AGM) is an 
exotic pest that has been detected, but not established, in 
the United States (Fig. 1).  The threat to American agricul-
ture is significant due to AGMs broad range of host plants, 
including 500 species of trees and shrubs (APHIS, 2003). 
The AGM is similar to the European gypsy moth.  However, 
AGM has a much broader host range and the females are 
capable of flying up to 25 miles, unlike the flightless female 
European gypsy moth (USDA, 2006).  This makes identify-
ing early introductions of the pest very important.     
 

AGM is native to Asia.  A primary pathway of introduction 
into America is via ship and cargo traffic from the Far East.  
These trade patterns place the states of Washington and 
Oregon in high risk of AGM introduction.  
 

These states currently have comprehensive surveillance 
systems in place to identify (and eradicate if necessary) 
any moths prior to establishment.  The trapping system is 
organized and managed with expert local knowledge, and 
places higher trap densities in and near major shipping 
ports and transportation routes. 
 

To enhance the placement of traps in Washington and Ore-
gon, a geospatial model is being developed to predict ar-
eas with highest AGM introduction risk based on transpor-
tation and population variables.  The goal of this model is 
to improve and/or validate existing trapping locations.   
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Figure 2.  Flowchart describing the model process. 
 

Figure 3.  Map depicting current results to be used  
during the 2009 trapping season. 

State 

Risk  

#

Risk 

Text

No. of 

Traps

% of All 

Traps

Sq. Mile 

Area

Traps/Sq. 

Mile

WA 2 low 0 0% 0 0.000

WA 3 low 0 0% 765 0.000

WA 4 low 138 1% 9039 0.015

WA 5 med 924 4% 20074 0.046

WA 6 med 939 4% 11917 0.079

WA 7 med 1542 6% 8794 0.175

WA 8 high 4386 18% 10282 0.427

WA 9 high 8326 34% 4792 1.737

WA 10 high 8181 33% 1396 5.860

Total 24436 100% 67059

OR 2 low 0 0% 2984 0.000

OR 3 low 4 0% 27512 0.000

OR 4 low 267 2% 23879 0.011

OR 5 med 1602 9% 18125 0.088

OR 6 med 3775 21% 11499 0.328

OR 7 med 2974 17% 6096 0.488

OR 8 high 1729 10% 3976 0.435

OR 9 high 4857 28% 2572 1.888

OR 10 high 2446 14% 481 5.085

Total 17654 100% 97124

Model 1                                                                                          

(Introduction 40%, Transportation 40%, Population 20%) 

Figure 4.  Table depicting relationship between 
AGM risk and 2008 survey traps.  

In 2009, we plan to expand the model to California.  The 
goals and strategies behind the California effort will be 
very similar to the Washington/Oregon protocol. 
 

The final phase of this hazard model is to distribute the 
data using a web-based or stand alone software system 
that will allow a variety of users to access and ask general 
questions of these data.  A final delivery method has not 
been determined, however it is agreed that the method 
will require a spatially accurate data delivery system that 
includes additional base data and imagery for reference.  
Top options being considered include a web-based map-
ping application (e.g. Google Earth) and ArcExplorer, a 
stand alone GIS data viewer software (www.esri.com).   

Future 
 

The current model results are being distributed to program 
personnel, both at the state and federal level, to use  
during the 2009 trapping season.  It is expected that there 
will be an ongoing flow of comments between users in the 
field and model developers.  The model will then be  
adjusted if there are any interceptions in 2009. 
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The APHIS Pest Spread Model is a web-based tool that 
analyzes the possible movement of a pest through the con-
tiguous United States based on the availability of crops it 
utilizes for food, reproduction, and habitat.  The tool is the 
result of a collaboration between APHIS and Kansas State 
University Geography and Plant Pathology Departments. 
Implemented in late 2008, it was designed to aid risk as-
sessors and emergency responders in determining the 
direction and relative speed at which an introduced pest 
might move, and areas that might bear further study, a finer 
trapping resolution, or sampling. This type of analysis has 
already been used to study the possible movement of Xyle-
borus glabratus (tropical ambrosia beetle), the pest respon-
sible for vectoring Raffaelea laurelensis (Laurel Wilt) from 
the Savanna, GA port toward vulnerable agriculture in Flor-
ida (Fig. 1). 
 

The Pest Spread Model is based on the same geospatial 
technology that one can use to calculate a route between 
two locations on roads with mapping websites. The dis-
tance or time of travel calculated by such web applications 
are called the “cost of movement,” or COM. In this applica-
tion of the technology, the same kind of “network” is built 
for each pest available for analysis, with values represent-
ing a relative COM between the two counties each line 
connects. Currently, the application offers a network for 
each pest on the Cooperative Agricultural Pest Survey 
(CAPS) Program Top 50 Pest List that use hosts for at 
least part of their reproduction, foraging, or habitat. 
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Modeling pest spread in the United States using Network Geospatial Technology 
CPHST STAFF:  Peg Margosian (lead); Tom Kalaris (support) 
CONTACT:  Peg Margosian (peg.margosian@aphis.usda.gov, 785-532-3430) 

The application starts with base map information, approxi-
mately 27 pest networks placed into three groups for ease of 
observation, an Euclidean distance network, and a series of 
tools and models (Fig. 2). The user can turn networks and 
base map layers on and off by expanding and contracting 
the groups of networks and clicking on the checkboxes 
alongside each layer (Fig. 3). 
 

To model the spread of a hypothetical pest infestation, users 
can open a model, select the network on which the analysis 
will take place, and locate one or more infestation points on 
the map (Fig. 4). The user can also change the results by 
manipulating the Default break values box, where, for each 
number entered, a ring of spread will be generated at that 
number of COM units. For instance, entering “25 50 75” will 
generate three spread rings at 25 COM units each. Execut-
ing the model will result in rings of spread moving out from 
the input start locations, the spacing of which indicates a 
relative rate and direction of spread (Fig. 5). 
 

Interpretation of the results can be both quantitative and 
intuitive. In the example in Figure 5, the wide spacing be-
tween two rings of movement (indicated by the top pair of 
arrows) suggest relatively quick movement through the 
northern Great Plains, while narrow spacing in western Mon-
tana suggest slow or impeded movement, both due to the 
presence or lack of host. Similarly, the bottleneck indicated 

Figure 1. Rela-
tive direction 
and speed of 
movement of X. 
glabratus from 
infested areas in 
Georgia (large 
black point) into 
Florida, pre-
dicted by net-
work analysis. 

Figure 2.The startup screen for the APHIS Pest Spread Model. 

 
Summary: The APHIS Pest Spread Model is an online application offering models to examine the possible spread of an 
introduced pest from any point in the contiguous United States. Users can access networks for many of the pests listed on 
the CAPS Top 50 Pest List, interactively input infection locations, and run models for different scenarios to examine the pos-
sible movements the pest may make based on host availability. Results can be printed. While large in scale, the tool could 
be valuable for risk assessors, trapping program managers, and emergency responders needing to narrow their area of in-
terest or maximize trapping and response resources.  

30 COM Units 

40 COM Units 

50 COM Units 

60 COM Units 
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Figure 3. The application with a network and the Ports 
layers turned on by a user. 
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by the single arrow suggests that movement out of Mon-
tana into Idaho would be restricted to the Snake River Val-
ley. This kind of analysis could guide trapping program 
managers in various states in concentrating resources 
where they may do the most good. It can also alert re-
sponders in an emergency to areas to search or sample for 
presence of the pest in question. 
 

Currently, quantitative analysis is limited to calculation of 
the area covered by each ring of movement on the map. 
This can be acquired through the Print Task located on the 
model/tool bar. This simple task can generate a map with a 
legend, the summary of areas for each ring, or both, as 
shown in Figure 6. The output from this task can either be 
directly printed out, or saved as an HTML for later use. 
 

This application is in its early stages, and many new fea-
tures will be implemented in the future. Further research 
will enable the development of networks in which the Cost 
of Movement will not only incorporate the availability of 
host, but also climactic variables. Output will include the 
ability to export the results to ESRI shapefile format for 
further use in ArcGIS software. 

Figure 5. Results from a model run on an infestation point 
in western Montana. Wide spacing between rings suggest 
quick movement through the landscape, while narrow spac-
ing suggests slow or impeded movement. 

Figure 4. Initiation of the spread model for a network in the 
first CAPS group of networks. Note the infestation point lo-
cated on the map (arrow), and the eight Default break values 
entered in the box, which will result in eight rings of move-
ment generated at 25 COM unit spacing. 

Figure 6. Output from the Print Task includes a 
map, a legend, and the area each ring of movement 
covers in square meters. 
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Light brown apple moth colony (LBAM) for western 
region research and control efforts 
 

The main focus of the project in 2008 was on methods de-
velopment in for LBAM (Fig. 1) mass production in prepa-
ration for the implementation of sterile insect release for its 
eradication. To this effect, significant advancements in 
rearing techniques were made; the size of the colony rose 
steadily throughout the year.  In May, about 500 pupae 
were produced; by December we produced over 18,000. 
 

Methods and rearing protocols were made more efficient 
by combining accepted practices with new and creative 
solutions.  We developed a novel cage design where eggs 
can be easily collected on plastic strips suspended in the 
cage.  Many materials were tested for the best oviposition 
substrate, taking into consideration preferences of the fe-
male and the cost.  Modifications were made in adult feed-
ing practices and diet selection for larvae.  Three different 
diets were tested for larval development.  Results were 
presented in a poster at the Entomological Society of 
America annual meeting in Reno, Nevada.  We determined 
the diet used for mass rearing of pink bollworm (PBW) was 
the most suitable for mass LBAM production because of its 
cost. Numerous experiments for optimization of rearing 
practices are still in progress. 
 

From January through August, CDFA performed LBAM egg 
host suitability tests for commercially available Tricho-
gramma species in an Albany, CA laboratory space.  We 
provided eggs and support.  CDFA also received eggs to 
place at field sites for wild parasitoid monitoring and suit-
ability tests. 
 
 
 

REARING & DIET DEVELOPMENTREARING & DIET DEVELOPMENTREARING & DIET DEVELOPMENT   
DEVELOPMENT OF ARTIFICIAL DIETS 

Updates on artificial diets and the light brown apple moth (LBAM) 
CPHST STAFF: Nada Carruthers (nada.t.carruthers@aphis.usda.gov, 510-559-5790)  

Figure 1.  Light brown apple moth adult (Todd Gilligan, 
www.tortricid.net). 

 

We prepared and sent larval, pupal, and adult specimens to 
PPQ Inspection in Watsonville, California and to USDA in 
Edinburg, Texas for DNA research.  In addition, specimens 
were sent to the National Lepidoptera Specialist for PPQ in 
Columbus, Ohio for morphological study.  Eggs and rearing 
instructions were shipped to the CPHST Otis, Massachu-
setts facility, and to the University of California, Riverside for 
establishment of their own research colonies.  The Univer-
sity of California, Berkeley also requests eggs occasionally 
for help with their small colony. 
 

Development of artificial diets for beneficial root and 
stem feeders 
 

Our studies in 2008 also included two agents for the biologi-
cal control of weeds;  Liocleonus spp., a potential biological 
control agent of saltceder, and Cyphocleonus achetes, an 
agent for spotted and diffuse knapweed. 
 

The majority of efforts were dedicated to optimizing the rear-
ing systems for C. achetes.  The system developed in our 
laboratory has been used with variable success.  The sev-
enth generation of insects is presently laying eggs in the 
laboratory, but a well-developed rearing system is still not 
cost effective nor ready for technology transfer. 
 

Work with Liocleonus spp. was started by our cooperators in 
BBCA laboratory in Rome, Italy. They collected 53 adults in 
Central Turkey and shipped the insects to Rome. Unfortu-
nately all collected insects died due to lack of appropriate 
rearing systems. 
 

Interest for rearing technology developed in our lab is large. 
The Chinese Academy of Agricultural Sciences invited Nada 
Carruthers to lead a workshop on the use of artificial diet for 
production of beneficial insects. The workshop was attended 
by nineteen scientists that came from different cities in 
China. They are interested in the development of rearing 
methods for a wide variety of insects used in biological con-
trol.  USDA / ARS Australian Biological Control Laboratory is 
also interested in our technology for rearing biological con-
trol agents for the climbing fern. 
 

Our studies with Hylobius transversovittatus (an agent for 
biological control of purple loosestrife( are finalized.  Tech-
nology has been transferred to three insectaries and produc-
tion is on the way. We are still actively working with transfer-
ring our rearing techniques to a large scale production and 
development system that focuses on stockpiling H. trans-
versovittatus.  
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Development of CAPS commodity-based survey schemes 
CPHST STAFF:  Melinda Sullivan (lead) 
CHAMPIONS:  John Bowers (National Survey Coordinator);  
  Kristian Rondeau (WR Program Manager Pest Detection);  
  Brian Kopper (ER Program Manager Pest Detection)  
CONTACT:   Melinda Sullivan (melinda.j.sullivan@aphis.usda.gov, 970-490-4469) 

The Cooperative Agricultural Pest Survey (CAPS) is a 
combined effort by Federal and State agricultural organiza-
tions to conduct surveillance, detection, and monitoring of 
agricultural plant pests and biological control agents. Sur-
vey targets include insects and mites, nematodes, weeds, 
plant pathogens, and mollusks. The goals of the CAPS 
program include protecting American agriculture and facili-
tating the export of U.S. agricultural products.  
 

To protect American agriculture, one of the primary func-
tions of the CAPS program is to detect exotic pests before 
they can become well established. The economic costs 
associated with eradication of a pest that is not well estab-
lished within a particular area are much less than when the 
pest is established and reproducing. In the past, the CAPS 
surveys have focused on sampling one to a few organisms 
at a time. The purpose of commodity-based surveys is to 
increase efficiency by surveying for a suite of exotic pests 
at the same time, including those that may only be consid-
ered minor pests. By increasing survey efficiency, the odds 
of detecting a pest before it becomes established will be 
greatly enhanced.  

A series of survey references and survey guidelines are 
being developed for CAPS cooperators by CPHST to assist 
with commodity-based surveys. The Commodity-Based 
Survey References are comprised of a series of pest data-
sheets, which include images of the pest and information 
gathered from Pest Risk Assessments (PRAs) and the sci-
entific literature. Each pest section contains detailed infor-
mation on the biology, host-range, distribution, survey, and 
identification of the pest in appropriate detail for CAPS sur-
veyors. The second document, the Commodity-Based Sur-
vey Guidelines, provides directions for survey and identifi-
cation of a smaller number of pests, determined by a sub-
committee of the CAPS National Committee. The methods 
are intended to increase homogeneity of the national data 
set and increase the statistical confidence in negative data 
(e.g., demonstration of “free from” status). Each document, 
upon completion, goes through a CPHST peer review. This 
is followed by a one month review that is open to the entire 
CAPS community (document is posted on the NAPIS-CAPS 
website). Final edits are made and the document is posted 
on the NAPIS-CAPS website for use (http://
ceris.purdue.edu/caps/). After this initial review process, 
documents are open for comment on a yearly basis. Table 1 
(following page)shows the current status of several        
commodity-based documents. 
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 Table 1: Status of Commodity-based survey manuals produced from 2005 through 2008. 

 

 
 

* New risk maps are being added to each reference document and all guideline documents 
are being revised to include only PPQ recommended traps and lures. 

Manual Status/Last Update* Comments 

Citrus 
     Reference 

 
  

        Survey guidelines 

Final version posted on 
CAPS site /July 2005 

Citrus pests are now cov-
ered under the Citrus 
Health Response Program 

Final version posted on 
CAPS site/March 2006 

  

Soybean 
Reference 

  
  
         Survey guidelines 

Final version posted on 
CAPS site/October 2008 

Initial manual published 
Feb. 2006; completed an 
update in 2008 

Final version posted on 
CAPS site/July 2007 

  

Oak 
Reference 

  
  

  
Survey guidelines 

Final version posted on 
CAPS site/September 2006 

Authors: 
University of Minnesota, 
USDA Forest Service 

Final version posted on 
CAPS site/September 2006 

  

Grape 
Reference 

  
  

Final version posted on 
CAPS site /July 2007 

  

CAPS review has occurred. 
Final update pending 

  

Small grains 
Reference 

  
 
        Survey guidelines 

Final version posted on 
CAPS site /February 2008 

Includes wheat, oats, rye, 
and barley 

Final version posted on 
CAPS site /April 2008 

  

Pine 
Reference 

  
  

       Survey guidelines 
  

Final version posted on 
CAPS site /March 2008 
  
  

Authors: 
University of Minnesota, 
USDA Forest Service 

Final version posted on 
CAPS site /April 2008 

  

Corn 
Reference 

In process - 
Initial draft due March 2009 
  

Authors: 
University of Nebraska and 
CPHST Fort Collins 

Potato 
Reference 

In process - 
Initiated September 2008 

Authors: 
University of Wyoming 

Manual Status/Last Update* Comments 

Citrus 
     Reference 

 
  

        Survey guidelines 

Final version posted on 
CAPS site /July 2005 

Citrus pests are now cov-
ered under the Citrus 
Health Response Program 

Final version posted on 
CAPS site/March 2006 

  

Soybean 
Reference 

  
  
         Survey guidelines 

Final version posted on 
CAPS site/October 2008 

Initial manual published 
Feb. 2006; completed an 
update in 2008 

Final version posted on 
CAPS site/July 2007 
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Reference 

  
  

  
Survey guidelines 

Final version posted on 
CAPS site/September 2006 

Authors: 
University of Minnesota, 
USDA Forest Service 

Final version posted on 
CAPS site/September 2006 
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Reference 

  
  

Final version posted on 
CAPS site /July 2007 

  

CAPS review has occurred. 
Final update pending 

  

Small grains 
Reference 

  
 
        Survey guidelines 

Final version posted on 
CAPS site /February 2008 

Includes wheat, oats, rye, 
and barley 

Final version posted on 
CAPS site /April 2008 

  

Pine 
Reference 

  
  

       Survey guidelines 
  

Final version posted on 
CAPS site /March 2008 
  
  

Authors: 
University of Minnesota, 
USDA Forest Service 

Final version posted on 
CAPS site /April 2008 

  

Corn 
Reference 

In process - 
Initial draft due March 2009 
  

Authors: 
University of Nebraska and 
CPHST Fort Collins 

Potato 
Reference 

In process - 
Initiated September 2008 

Authors: 
University of Wyoming 
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Identification Technology Program: 2008 in Review 
Terrence Walters (Taxonomist) – Program Coordinator & Instructor 

Julia Scher (Taxonomist) – Tool Developer, Developer Support, & Instructor 
Jeff Drake (Engineer) – Identification Technology Engineering 

Delivering Identification/Diagnostic Aids 
and Resources to PPQ and Cooperators 

The entry, establishment, and spread of invasive pests are 
a constant threat to U.S. agriculture and native ecosys-
tems. Globalization brings with it new entry pathways and a 
wider variety of pests due to the increasing and ever-
changing diversity of imports. Rapid, accurate detection 
and identification before pests can become established is a 
strategic objective for PPQ. The Identification Technology 
Program (ITP) Team is dedicated to delivering to PPQ and 
its cooperators state-of-the-art, technologically-based de-
tection and identification tools to support reducing pest 
entry, establishment, and spread within our borders. We 
design, develop, and deliver electronic tools to serve a 

diverse clientele who have varying levels of taxonomic 
knowledge and experience, a diversity of survey, detection, 
and identification responsibilities and needs, and who may 
be located off-shore, at ports-of-entry, or within our states 
and territories. 

Electronic, Interactive, Matrix-Based Identification 
Tools for PPQ and Cooperators 

Electronic, interactive matrix-based keys are an exciting, 
relatively recent identification technology that is fundamen-
tally different from traditional, paper-based dichotomous 
keys; users can choose characters in any order and can 
ignore any character. The number of matrix keys produced 
worldwide is growing rapidly; matrix keys may evolve to be-
come the key format of choice. 

CPHST has used Lucid® software to develop many 
identification tools based on interactive matrix keys 
(“Lucid tools") to help meet PPQ’s needs. Lucid 
(www.lucidcentral.org) is the most widely used ma-
trix key-building software, both nationally and inter-
nationally. A wealth of media, such as fact sheets, 
drawings, photographs, and videos, can be attached 
to the characters and taxa in Lucid tools, enabling 
them to be used for identification, verification, infor-
mation gathering, or as an image gallery. Further, a 
Lucid tool can be presented as an integral compo-
nent of a comprehensive web site, such as a site 
about a particular genus or a specific commodity. 

In 2008, ITP continued to develop Lucid tools for a 
variety of government users to enhance and comple-
ment existing paper-based and electronic identifica-
tion resources. To develop Lucid tools, ITP locates 
taxonomic experts as tool authors and in the process 
establishes collaborative relationships with various 
academic institutions and governmental agencies. 
ITP-produced Lucid tools are peer reviewed and 
published on the Internet and/or on compact disc. In 
2008, CPHST delivered four Lucid interactive inter-
net-based tools to USDA-APHIS and its domestic 
and international cooperators. 

Figure 1. Wood Boring Beetles of the World Part I: Wood Boring 
Beetle Families, a Lucid identification resource that includes an 
interactive key to wood boring beetle families, was published on the 
Internet in 2008. Keys to wood boring beetle genera within each of 
the nine families will be added to the resource in future years. 
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Supporting Off-Shore Identification 

In addition to developing Lucid tools which, as described 
on the previous page, are accessible to the international 
community, ITP supports the off-shore component of its 
three areas of focus (off-shore, ports-of-entry, and do-
mestic) through participation in various international ef-
forts. Three such efforts are highlighted below. 

Jamaica was the site in January 2008 of a training work-
shop to support mealybug identification for Caribbean 
surveyors and identifiers. The workshop was hosted by 
APHIS International Services. The recently-published 
ITP Lucid resource Scale Insects – Identification Tools 
for Species of Quarantine Significance was a strategic 
component of the workshop. Instructors demonstrated its 
features and it was used by the participants during a 
hands-on session to identify unknowns. Each workshop 
participant received a compact disc of the scale resource 
to support their future identification needs. 

A workshop entitled Scale Insects was held in Lima, 
Peru (September 2008) and in Zamorano, Honduras 
(October 2008). The two workshops were hosted by 
APHIS International Services to support South and Cen-
tral American surveyors and identifiers. Dr. Greg Evans 
(USDA/PPQ/NIS), instructor for the workshops, also 
used Scale Insects – Identification Tools for Species of 
Quarantine Significance during the laboratory identifica-
tion sections of the workshops and each of the partici-
pants received a compact disc of the scale resource. 

Terrence Walters is the Lucid Project Coordinator for 
Quad (Quadrilateral Scientific Collaboration in Plant Bio-
security), comprising Australia, Canada, United States, 
and New Zealand. In this role, he directs the Quad Lucid 
Team on the development of Lucid tools and other elec-
tronic tools to support the focus by the four countries on 
plant protection and quarantine. In addition to ensuring 
the Quad community remains informed and updated on 
activities by the Lucid Team via the Quad website 
(www.quadscoop.org), Terrence also oversees annual 
team objectives and tasks.  

During 2008, the Quad Lucid Team released its first col-
laboratively developed Lucid tool in support of plant pro-
tection and quarantine: PIAkey: Identification Guide to 
Invasive Ants of the Pacific Islands, Edition 2 (http://
www.lucidcentral.org/keys/v3/PIAkey). Additionally, a 
workshop ITP held in 2008 in Fort Collins, Colorado to 
support future building of Lucid tools was attended by 
members of the Quad community. 

Figure 2. Grasshoppers of the Western United States,  
Edition 2 and Edition 3, are two Lucid identification tools 
containing an interactive key to common adult grasshop-
pers. The tools were published on the Internet in 2008. In 
2009 Edition 4 will be released with the addition of an inter-
active key to all stages of grasshopper nymphs. 

Figure 3. PIAkey: Identification Guide to Invasive Ants of 
the Pacific Islands, Edition 2, is a Lucid identification tool 
published on the Internet in 2008. The Pacific Invasive Ant 
Key was developed through a collaboration among 
CPHST, University of California-Davis, New Zealand Min-
istry of Agriculture and Forestry, and the Quadrilateral 
Scientific Collaboration in Plant Biosecurity in response to 
the growing threat invasive ants pose to the environment, 
agriculture, public health and economy of the United 
States and Pacific Island nations.  
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ID Source: A Searchable Database of  
Identification Aids 

During the past decade, a trend among taxonomists is the 
increasing use of electronic media to produce identifica-
tion keys and other tools. The electronic keys are often 
interactive matrix keys, which are gaining wider accep-
tance within the taxonomic community. These electronic 
identification aids are often made available on the Inter-
net. A result of all of this activity, along with the domi-
nance of the Internet, is an abundance of electronic identi-
fication tools produced worldwide and a proliferation of 
identification-themed websites containing resources such 
as keys, fact sheets, and image galleries. 

Some of these electronic tools could undoubtedly be of 
use for identifying invasive species of interest to PPQ. 
However, although increasing numbers of electronic iden-
tification tools are continually being published worldwide, 
a means with which to locate, comprehensively track, and 
compile information about them is lacking. 

Individuals within PPQ having identification responsibili-
ties may regularly search the Internet for websites that 
can help them in making identifications. But it is time con-
suming to sort through the many irrelevant sites to find 
those in their area of interest. Upon finding a candidate 
site, it may not be easy to determine its relevance and 
usability, or how to access or purchase it. 

In 2007, ITP began design and construction of a new 
identification resource, “ID Source,” to address these 
issues. ID Source will be an online searchable database 
of information about and links to web-based identifica-
tion keys and other electronic aids. ID Source will in-
clude only those aids selected as valuable for PPQ’s 
identification and detection needs. Specialized search 
queries will be performed to populate ID Source, along 
with research, filtering, and selection methods, to effi-
ciently locate valuable electronic aids. Pieces of informa-
tion about a site, such as title, taxonomic group covered, 
and other information, will be clearly presented to enable 
visitors to quickly assess which aids are relevant for them. 
ID Source is thus conceived as the first site of choice to 
consult when looking for useful identification aids. 

In 2008, the basic framework of the website and its asso-
ciated database structure were completed. Population of 
the database will be initiated in 2009 in collaboration with 
Colorado State University. ID Source will be available via 
the APHIS Intranet in 2010. 

Figure 5. LBAM ID, a Lucid and molecular resource be-
ing designed to aid in the confirmation of target specimens 
encountered during light brown apple moth surveys in 
California, was initiated in 2008. The resource, which will 
be available on the Internet in 2009, will include interac-
tive identification keys to both adults and larvae as well as 
a DNA sequence search tool. LBAM ID is being developed 
by CPHST in collaboration with Colorado State University 
and the California Department of Food and Agriculture.  

Figure 6. Pests and Diseases of Cultivated Palms from the 
United States and Caribbean, ITP’s first commodity-based 
Lucid resource to support domestic and off-shore surveys, 
was initiated and development gained further momentum 
through two workshops held in 2008. The resource will in-
clude five keys for identifying palm diseases, disorders, and 
pests, as well as a key to cultivated palm species. This re-
source is being developed by CPHST in collaboration with 
the University of Florida, Southern Plant Diagnostic Net-
work, Florida A&M University, and Florida’s Division of 
Plant Industry. 
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Providing Identification Training and  
Support to PPQ and Cooperators  

One of ITP’s strategic objectives is to provide ongoing 
learning opportunities to individuals interested in develop-
ing Lucid tools to support PPQ’s survey, detection, and 
identification needs. ITP initiated or conducted four work-
shops in 2008, as described below. 

In the summer of 2008, ITP coordinated two 2-day work-
shops in Fort Collins and Raleigh for individuals motivated 
to create Lucid tools for pests and diseases of quarantine 
concern. Workshop participants came from Agriculture 
Canada and numerous universities, colleges, and federal 
and state agencies throughout the United States. We were 
fortunate to have as workshop instructors Kevin Thiele and 
Matt Taylor from the University of Queensland, Australia.  

Palm Workshops I and II, held at Florida A&M University, 
and the University of Florida, respectively, brought together 
botanists, entomologists, horticulturists, plant pathologists, 
and diagnosticians to develop a commodity-based Lucid 
resource for cultivated palms. Workshop participants deter-
mined the resource scope, circumscribing the commodity, 
pests, diseases, disorders, and palms, the types of media to 
include, and the path forward for the release of the resource. 
Pests and Diseases of Cultivated Palms of the United States 
and Caribbean will be ITP’s first commodity-based resource 
to support domestic survey and detection activities.  

ITP worked closely with PPQ in 2008 to begin developing 
PPQ’s Plant Biosecurity Curriculum (PBC) for courses to be 
offered in 2009 at various U.S. universities. A goal of the 
PBC is to provide individuals with necessary background to 
serve in regulatory agencies to support plant health and 
plant biosecurity. 

 
Figure 7. Two ITP workshops, 

entitled Developing and Deploy-
ing Lucid Identification Tools, 

were held in Fort Collins 
(participants right) and Raleigh 

during the summer of 2008. These 
two-day workshops provided the 
participants with knowledge and 

methods to build a complete Inter-
net-based Lucid tool. Workshops 
focused primarily on developing 

interactive Lucid matrix keys, but 
also covered creation of fact 

sheets and image processing.  

Figure 6. To initiate the 
development of a commod-
ity-based Lucid resource to 
support PPQ’s recent focus 
on domestic commodity-
based annual surveys, ITP 
conducted two workshops 
during 2008. The work-
shops brought together sci-
entific experts on the pests, 
diseases, disorders, and 
botany of cultivated palms. 
Participants of Palm Work-
shop II (left) met at the Uni-
versity of Florida, Ft. 
Lauderdale. 
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Delivering Automation Technology- 
Based Tools for Survey, Detection, and 
Identification 

The RAPID (Robotic Automated Pest ID) project strives to 
deliver a multifaceted survey support system. By automat-
ing the handling, classification, physical sorting, and report-
ing of survey samples, RAPID aims to greatly reduce the 
volume of survey samples that must be processed and 
identified by hand. Beyond the advantages of speed and 
relief from tedium, automation captures data instantly and 
frees limited and highly trained human resources to focus 
on the larger picture. RAPID utilizes the latest advances in 
image processing and analysis, remote sensing, pattern 
recognition, and industrial robotics technology to provide 
rapid, automated identification in support of targeted pest 
species detection. 

Many pest survey and detection processes, where the 
same tasks are repeated over and over again, lend them-
selves well to the application of industrial automation tech-

material handling and image analysis that were so success-
fully applied to automated genome surveys. RAPID tools are 
being developed to support a wide range of survey needs 
including pest detection, predator/prey quantification for 
IPM, and commodity seed purity analyses. RAPID is a fed-
eral-state collaborative effort among USDA/APHIS/PPQ 
Center for Plant Health Science and Technology, USDA 
Forest Service, and New Mexico State University’s College 
of Agriculture (NMSU). 

During 2008, two tools, PISCES and RitaWeb, were de-
signed, developed, and tested for the RAPID System. We 
recognized from the project’s inception that simply attempt-
ing to automate traditional taxonomic identification such as 
appraising sutures and hairs, was not, in general, a practical 
approach for automation. A fundamental objective of the 
RAPID project has been to develop new, nontraditional diag-
nostic techniques and identify traditional techniques suited 
to automation, aiding in automated survey support. Develop-
ing a capability to evaluate the reflected optical radiation 
from samples is one such diagnostic capability, now called 
PISCES, advanced this past year by the RAPID team. 

Figure 8. RAPID (Robotic Automated Pest ID) technology includes robotics, automated sample feeding, image 
analysis, and relational databases. RAPID ALPHA, shown here, is utilized in the development and testing of all sur-
vey support tools in the project. 
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PISCES (Pest Identification Spectral Camera Experiment 
Station) is a hyper-spectral imaging spectrometer which is 
unique in its capability to optically image a group of sam-
ples, providing both morphological and spectral properties 
(400 – 1100 nm) of samples for diagnostics. The other im-
portant spectrometry tool is an ASD 
Inc. fiber optic point spectrometer 
which extends the spectrum signifi-
cantly into the NIR to 2500 nm, 
where absorption bands can be 
expected. These devices can ‘see’ 
electromagnetic spectra that the 
human eye cannot and thus hold 
significant potential for diagnostics. 
In 2008, the PISCES spectrometry 
tools were brought on board to test 
whether the potato cyst nematode’s 
(PCN) spectral signature was distinct 
from other morphologically similar 
entities resulting from processed soil 
samples.  

A second RAPID tool created in 
2008 is RitaWeb (Robotic Informa-
tion Technology Assistant Web Inter-
face). RitaWeb forms the data foun-
dation for the suite of RAPID survey 
support tools. Now, for the first time, 
users of the RAPID automated sur-
vey support tools have access to a 
complete, electronic, end-to-end 

survey support system. RitaWeb is composed of 
web based, server-side applications, and rela-
tional databases that link all aspects of survey, 
providing instant access to survey data. Ri-
taWeb links all RAPID survey tools from the 
definition of survey parameters such as trap 
location and date of collection, through auto-
mated identification, documentation via imaging, 
to the generation of survey statistics and re-
ports. RitaWeb leverages the power of the in-
dustrial automation techniques that are funda-
mental to RAPID, automatically documenting 
data on every sample that enters the system. 
RitaWeb provides immediate, easily accessible, 
powerful new information for managers, deci-
sion makers, survey personnel, and scientists. 

In 2009 the RAPID project intends to deliver a 
successful pilot study to the USDA Forest Ser-

vice demonstrating the capability of the RAPID system to 
support wood boring beetle surveys. Additionally the 
team is continuing efforts to identify automation tech-
niques in support of PCN surveys and will continue its 
support to NMSU’s efforts in survey for IPM in agricul-
tural crops.  

Figure 9. Project scientists use PISCES (Pest Identification Spectral 
Camera Experiment Station) to investigate multi-spectral properties of 
three different nematode cysts for diagnostic features. 

Figure 10. RitaWeb (Robotic Information Technology Assistant Web Interface) pro-
vides timely, web-based access to powerful new information for managers, decision 
makers, survey personnel, and scientists.  
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Lucid Tools Initiated and/or in Development by ITP During 2008 

Title: Identification Resource for the Fruit Fly Species of Anastrepha: The Anastrepha daciformis, grandis, robusta, schausi, and serpen-
tina species groups 

Collaborators: USDA/ARS Systematic Entomology Laboratory, Smithsonian Institution, Commonwealth  
 Scientific and Industrial Research Organization (Australia), and Universidad de Panama 
Expected Completion: 2010 
 
Title: Wood Boring Beetles of the World: Genera of the Bostrichidae and Buprestidae 
Collaborators: California Department of Food & Agriculture, Montana State University, and Harvard University 
Expected Completion: 2010 
 
Title: Wood Boring Beetles of the World: Key to the World Genera of Xyleborina Ambrosia Beetles 
Collaborators: NSF PEET and Michigan State University 
Expected Completion: 2009 
 
Title: Wood Boring Beetles of the World: North American Scolytids  
Collaborators: Colorado State University and USDA Forest Service 
Expected Completion: 2010 
 
Title: LBAM ID: Tools for Diagnosing Light Brown Apple Moth and Related Western U.S. Leafrollers (Archipini: Tortricidae) 
Collaborators: California Department of Food & Agriculture and Colorado State University 
Expected Completion: 2009 
 
Title: Diagnostic Tools for Tortricid Moths of Immediate and Future Concern to United States Agriculture 
Collaborators: Colorado State University and California Department of Food & Agriculture  
Expected Completion: 2012 
 
Title: Cicadellidae Genera of Quarantine Significance 
Collaborators: USDA/APHIS Plant Protection & Quarantine 
Expected Completion: 2009 
 
Title: Morphological - Phylogenetic Lucid Key for Oomycetes: Phytophthora, Pythium and Related Genera I. Phytophthora  
Collaborator: USDA/APHIS Plant Protection & Quarantine 
Expected Completion: 2010 
 
Title: Grasshoppers of the Western United States, Edition 4 
Collaborators: USDA/APHIS Plant Protection & Quarantine and Colorado Department of Agriculture 
Expected Completion: 2009 
 
Title: Pests and Diseases of Cultivated Palms from the United States and Caribbean 
Collaborators: Southern Plant Diagnostic Network, University of Florida, Florida A&M University, and Florida  
 Department of Agriculture and Consumer Services-Division of Plant Industry 
Expected Completion: 2010 
 
Title: Identification of Imported Dried Botanicals 
Collaborators: Delaware State Plant Health Director’s Office and Delaware State University  
Expected Completion: 2010 
 
Title: Pests and Diseases of Cultivated Citrus in the United States, including Exotic Pests and Diseases of Concern: I. Diseases and 

Commonly Confused Disorders. 
Collaborators: USDA/APHIS/PPQ Citrus Health Response Program  
Expected Completion: 2009 
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Nada Carruthers  
Entomologist 
Albany, CA 
510-559-5790 
nada.t.carruthers@aphis.usda.gov 
 
 
 
Jeff Drake 
Engineer 
Identification Technology Program  
Las Cruces, NM 
505-646-2629  
jeff.drake@aphis.usda.gov 
 
 
 
 
 
 
Rich Hansen  
Entomologist 
Ft. Collins, CO 
970-490-4461 
richard.w.hansen@aphis.usda.gov 
 
 
 
 
 
Tom Kalaris 
Statistician 
GIS Coordinator 
Fort Collins, CO 
970-490-4462 
tom.m.kalaris@aphis.usda.gov 
 
 
 
 
Lisa Kennaway 
Geographer 
Fort Collins, CO  
970-490-4463 
lisa.kennaway@aphis.usda.gov 
 
 
 
 

Dan MacKinnon 
Biological Science Technician 
Ft. Collins, CO 
970-490-4466 
daniel.k.mackinnon@aphis.usda.gov 
 
 
 
 
 
 
 
Peg Margosian 
Geographer 
Manhattan, KS  
785-532-3430 
peg.margosian@aphis.usda.gov 
 
 
 
 
 
 
Craig Ramsey  
Weed Scientist, Agronomist 
Ft. Collins, CO  
970-490-4468 
craig.l.ramsey@aphis.usda.gov 
 
 
 
Julia Scher 
Taxonomist 
Identification Technology Program  
Fort Collins, CO 
970-4904465 
julia.l.scher@aphis.usda.gov 
 
 
 
Melinda Sullivan 
Plant Pathologist 
Ft. Collins, CO 
970-490-4469 
melinda.j.sullivan@aphis.usda.gov 
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Sharon M. Talley 
Ecologist 
Fort Collins, CO  
970-490-4470 (phone) 
sharon.m.talley@aphis.usda.gov 
 
 
 
 
 

Terrence Walters 
Taxonomist 
Identification Technology Program  
Coordinator 
Ft. Collins, CO 
970-490-4471 
terence.w.walters@aphis.usda.gov 
 
 

 

Kenna Van 
Laboratory Support Assistant 
Ft. Collins, CO 
970-490-4464 
kenna.l.van@aphis.usda.gov 
 
 
 
 
 
 

Rick Zink 
Laboratory Director 
Ft. Collins, CO 
970-490-4472 
richard.t.zink@aphis.usda.gov 

From Left to Right: Kenna Van, Dan MacKinnon, Sharon Talley, Rich Hansen, Melinda Sullivan, Richard Zink, Julie Scher, Lisa Kennaway, Christina 
Southwick, Tom Kalaris, Craig Ramsey and Terrence Walters. 
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