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The Asian longhorned beetle, Anoplophora glabripennis, is
an invasive insect pest of hardwood trees (particularly
maples) and a $670 billion threat to the United States. The
research of ARS scientists is improving survey and
detection of the beetle, the most costly and important
component of successful management. Photo by Matt
Smith/ARS.

The paperbark tree, Melaleuca quinquenervia, is an
invasive species that significantly decreases natural
diversity. ARS scientists in the United States and overseas
discovered three biological control agents that eat the
paperbark tree and released them as part of a successful
integrated management plan that led to a nine-fold increase
in native plant species richness. Photo by Albert (Bud)
Mayfield, USDA Forest Service, Bugwood.org, Center for
Invasive Species and Ecosystem Health.

This adult female (top right) and immature 5th instar nymph
(lower right) of the beneficial predatory spined soldier bug,
Podisus maculiventris (Say), are displaying biological control
of insect pests as they feed upon a 4th instar of the cabbage
looper, Trichoplusia ni (Hubner). Photo by Tom
Coudron/ARS.

The invasive spotted wing drosophila (Drosophila suzukii)
threatens the ability of growers in the Western United States
to export California grown table-grapes and sweet cherries
to Australia. ARS scientists developed a combination of
sulfur dioxide fumigation and cold-treatment as a
postharvest alternative to methyl bromide fumigation for
controlling this pest, retaining and expanding market access
to Australia estimated at $55 million annually. Photo by
Hannah Burrack, North Carolina State University,
Bugwood.org, Center for Invasive Species and Ecosystem
Health.
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BACKGROUND AND GENERAL INFORMATION

The USDA Agricultural Research Service (ARS) National Program 304, Crop Protection and
Quarantine, isthe Nation’s cornerstone for protecting agriculture and natural ecosystems from insect,
mite, and weed pests. Management of these pestsis critical for maintaining a safe, high-quality supply
of food and fiber and for providing healthy urban landscapes, forests, wetlands, and aquatic
ecosystems. The vision of National Program 304 (NP 304) is to devel op sustainable pest management
systems, with pests defined as both insects and weeds.

Justification for this program is based on magjor challenges that U.S. crop production and natural
ecosystems face from both native and invasive pests. Food and fiber crops worth more than $237
billion and natural ecosystems with incalculable value must be protected from these pests. Challenges
are dynamic due to the adaptations of traditional peststo control measures, frequent emergence of new
pests, unknown effects of climate extremes on pest development, and public pressure to reduce the use
of chemical pesticides. Also, increased global trade and travel have led to increasing numbers of
invasive species, causing major environmental damage and losses totaling approximately $137 billion
per year. Pest management and control systems must adapt to these challenges to maintain the
productivity and competitiveness of U.S. agriculture and the viability of natural ecosystems.

The 204 scientists on the 93 proj ects associated with NP 304 conduct fundamental and applied research
with the am of improving strategies for the cost-effective management and control of pests while
minimizing impacts on the environment and human health. They work in 46 |aboratories located in 23
States and the District of Columbiain the United States and at the five ARS Overseas Biological
Control Laboratories located in Montpellier, France; Thessaloniki, Greece; Hurlingham, Argenting;
Brisbane, Australia; and Beijing, China. The overseas |aboratories serve as bases for discovery and
development of biological control agents and work closely with ARS scientists in the United States on
approximately 50 projects to categorize, evaluate, and test insects and pathogens that might restore
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bal ance between an invasive species and natural controls. Those projects are supported by seven ARS
quarantine facilities that allow scientists to test the safety and potential efficacy of biologica control
agents before they have been approved for release. This ongoing collaboration and coordination
among ARS scientists helps to maintain arobust program for the development of biological control
agents as sustainable, cost-effective, and environmentally compatible solutions to important invasive
weeds and pests.

The principal strategy of NP 304 isto employ integrated pest management (IPM) approaches that
utilize cultural, biological, physical, and chemical methods. Although, some pests are still best
managed with synthetic chemicals, thereis a need to devel op and use more sustainable control
methods, with emphasis on biological and cultural controls and plant-incorporated protectants.

Many of the insect pests studied by NP 304 scientists are well known to the general public and often
newsworthy. For example, the brown marmorated stink bug—in addition to being a serious pest of
vegetable crops, fruit trees, and ornamental s—is a nuisance pest that commonly aggregates in homes.
The invasive tree pests—emerald ash borer and Asian longhorned beetle—threaten to decimate the
biodiversity and the vitality of urban landscapes and forest systems. The Asian citrus psyllid transmits
citrus greening disease (Huanglongbing), which threatens to eliminate the citrus industry in the United
States.

Noxious weeds are no less problematic. A small minority of weeds cause disproportionately large
problems in agriculture and ecosystems, with estimated loses of at least $100 billion dollars per year in
the United States. Farmers are constantly challenged with weeds, especially those resistant to
herbicides. Terrestrial weeds such as Old World climbing fern, saltcedar, and paperbark tree wreak
havoc on ecosystems, and aquatic weeds such as hydrillaand water hyacinth degrade fish and
waterfowl habitats and restrict the movement of recreational and commercial vessels.

Overdl, the weed and insect pests investigated by NP 304 scientists are vitally important because they
threaten more than 250 million acres of food and fiber crops and vast areas of natural ecosystems.
Agricultural pests affect farm-gate values, rural economies, and agricultural exports, while pests of
natural ecosystems impact biodiversity, outdoor recreation, and dependent industries. Ultimately, all of
these pests affect the Nation’s economy.

Between 2007 and 2012, NP 304 scientists significantly advanced systems and technologies for
controlling pests, as documented in this report. Reflecting the need to meet a broad diversity of
challenges, technologies and products generated by NP 304 scientists during the last 5 years are highly
varied and include biological agents to control invasive weeds and insect pests, pheromones and other
attractants to monitor insect pests and for insect mating disruption systems, reference aids for
identifying potential insect pests at ports, biocompatible foams for delivering microbia agents for
insect control, and the genome sequencing of the important post-harvest pest beetle, Tribolium
castaneum. ARS scientists made severa breakthrough discoveries for controlling insect pests, such as
anewly commercialized entomopathic bacterium, Chromobacterium subtsugae, that kills many key
piercing-and-sucking plant pests not controlled by other biopesticides, such as Bacillus thuringiensis
(Bt). In addition, they have developed a new insecticidal mode-of-action based on insect
neuropeptides. These discoveries lay the foundation for the next generation of more environmentally
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sensitive insecticides. Furthermore, ARS biocontrol technology has successfully transformed wetland
landscapes, especidly in the Florida Everglades, which was once dominated by the aggressive weed,
Melaleuca paperbark tree.

The researchersin this National Program are also leading the development of new crop protection and
guarantine tools. For example, in arthropod genomics, ARS, with multiple university collaborators, is
leading an effort (the i5K Initiative) to sequence the genomes of 5,000 insects, mites, and other
arthropods of critical importance to agriculture (http://arthropodgenomes.org/wiki/i5k). For NP 304,
this sequence information will enable researchers to develop new pest-specific research and
management tools. One of these toolsis RNA interference (RNAI) technology (gene silencing), an
exceptionally promising area of research that is dependent on knowledge of the insect genome. ARS
scientists were among the first to realize that RNAI could be used to kill insects by shutting down
essential protein production. NP 304 scientists then showed that orange trees and potatoes take up
RNAI systematically, killing the target insect (in this case the psyllids that transmit the pathogens of
citrus greening and zebra chip) that feeds on the plant. The RNAI process has been used by ARS and
others as a plant-incorporated protectant in transgenic crop species. Of particular significance, ARS
researchersin NP 304 conducted the first successful field demonstration of RNAI technologiesto
control avirusthat kills the honey bee and that were subsequently commercialized by an industry
partner. ARS scientists are working with industry under many cooperative research and development
agreements to develop more such products. Use of this type of flexible public-private partnership
approach enables ARS to more effectively address urgent problems.

PLANNING AND COORDINATION FOR THE NP 304 5-YEAR CYCLE

Prior to the start of the current 5-year research cycle, ARS scientists and administrators held a
workshop in May 2008 with customers, stakeholders, and research partners to identify major crop
protection and quarantine agricultural issues and research priorities. At the workshop, four major
research themes were formulated as the basis for programmatic research planning: systematics, crop
protection, natural ecosystem protection, and post-harvest protection and quarantine. These themes
were used as the basis for the four components in the NP 304 Action Plan.

Following the 2008 workshop, a writing team composed of ARS scientists and National Program
Leaders (NPLSs) drafted the current NP 304 Action Plan. Incorporating input from
customer/stakeholder interactions, knowledge of scientific subject matter, and input from other ARS
scientists and cooperators, the writing team identified the top priority needs that ARS could address
with itsresearch. Theseindividual research needs were aggregated into problem statements under each
of the four research components. The Action Plan guided development of new individual NP 304
research projects that began the new 5-year research cycle in 2008.

All of theindividual research plans for NP 304 projects include statements of the agricultural problem
being addressed, the anticipated products or information to be generated by the project, how the
planned research contributed to mitigating or solving the larger National Program problem statements,
and timelines and milestones for measuring progress toward achieving project objectives. All of the
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NP 304 project plans were evaluated prospectively for scientific quality by external peer review panels.
Project plans then were revised in response to review panel recommendations, if needed, and
implemented.

The next 5-year cycle for NP 304 will begin with anew Action Plan to be written in January—February
2014, and new project plans will be developed in mid-2014.

Coordination and planning for NP 304 are the tasks of the NPLs who constitute the NP 304 |eadership
team. The NPLs aso coordinate NP 304 activities with other ARS National Programs and with other
agencies and departments. Within the USDA, ARS researchers collaborate with the Animal and Plant
Health Inspection Service (APHIS), the National Institute for Food and Agriculture, the U.S. Forest
Service, the Foreign Agricultural Service, and the Natural Resources and Conservation Service.
Important inter-departmental collaborations occur with the Department of Homeland Security (DHS);
the Department of Interior, the Department of Defense; the Department of State, particularly the U.S.
Agency for International Development; and with the U.S. Environmental Protection Agency. All
Agency work is coordinated with the Office of Science and Technology Policy, and through the Office
of Management and Budget.

Customer and stakeholder interaction and research coordination have continued to play important roles
in helping NPLs guide NP 304 research to maintain its relevance to U.S. agriculture. Asshown in
Appendix 3, NP 304 NPLs attended or organized numerous research planning, coordination, and
stakeholder workshops during 2007-2012. These workshops addressed crop/commaodity-specific
challenges, emerging high-priority issues, and new scientific developmentsin the fields of entomology,
weed science, genetics, microbiology, systematics, and insect and plant genomics.

STRUCTURE OF NP 304

The NP 304 Action Plan includes the four Research Components listed below. The full Action Plan can
be viewed online at: www.ars.usda.gov/research/programs/programs.htm?np code=304& docid=17844.

Component 1: Systematics and I dentification.

For this component, ARS efforts focus on the identification of insects and weeds that are
potential pests of the Nation’s crops and natural ecosystems. Insects and microbes that are
possible natural enemies of invasive pests also are identified. Systematics tools, including
cladistics and DNA bar-coding, are used to categorize insects based on genetic and evolutionary
relationships. Taxonomic revisions are conducted, including description of new species.
Confirmatory identifications are made for potentially invasive insects and weeds.

Component 2: Protection of Agricultural and Horticultural Crops.

In this component, ARS scientists devel op innovative approaches to control arthropod pests and
weeds of field and horticultural crops. Pests of multiple crops are investigated, ranging from
established native pests to recently introduced invasive pests. Biological and cultural control
methods are emphasized, but efforts include devel oping more environmentally friendly
chemical methods. Resistance management programs are employed for genetically engineered
crops with plant-incorporated protectants. Scientists explore novel waysto control pests
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utilizing technological advances in molecular genetics, proteomics, physiology, biochemistry,
and genomics. Scientists often utilize expertise and resources from ARS Overseas Biological
Control Laboratories.

Component 3: Protection of Natural Ecosystems.

This component encompassesARS' efforts to control insect and weed pests of urban
landscapes, forests, wetlands, and aquatic ecosystems. Scientists focus on the most
economically important pests. Many ecosystems where these pests occur consist of huge areas
with high environmental value, so management options are limited to biologically based
approaches, including use of semiochemicalsin trapping systems, sterile insect techniques, and
biological control. Scientists often collaborate with the ARS Overseas Biological Control
Laboratories to find and characterize potential biocontrol agents.

Component 4: Protection of Post-Harvest Commodities and Quar antine.

Research in this component strives to improve methods for reducing pest damage in fresh,
stored and processed commodities and limit the spread of exotic pests. Scientists develop
sensitive acoustic or el ectromagnetic tools to cost-effectively and accurately detect pest
infestations and systems to suppress or eradicate invasive insects, especialy fruit flies and
moths. Depending on the pest problem, scientists use sterile insects, biological control,
attractants and traps, or a combination of these techniques to control or eradicate pests.

ARS isamission-directed, problem-
solving agency with the capacity to Pest Control Research
integrate basic and applied research in
response to stakeholder needs. Timelines
for developing technologies and products
vary greatly. Many research needs are
often urgent and specific, such as the need
to develop an attractant for the brown
marmorated stink bug, whereas other
reguests are long-term and complex, such
as the need to eradicate cactus moth from
Florida. Asin these examples, most of the
research conducted by NP 304 scientistsis
ablend of basic and applied research

directed toward controlling pests. Figure 1 | New Pests |

|Ilustrat_e£ thefun_damental stages toward | Established Pests |
developing effective pest control:

Detection, Assessment, Solutions, € Control-Resistant Pests |e—

Implementation, and Evaluation. NP 304
scientists are closely involved with each , -
Figure 1: Pest control research has five interconnected stages,

of these stages, depend' ng on the pest illustrated as blocks of an arch. ARS scientists contribute to all stages,
problem. In the case of a new pest, such but specialize in developing solutions, the keystone.
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as spotted wing drosophila, the emphasisis on detection (defining range of occurrence), assessment
(characterizing pest impact), and solutions (problem solving), whereas for an established pest such as
the paperbark tree (Melaleuca), emphasisis on biocontrol solutions, implementation with technology
transfer, and post-treatment eval uation.

The status of a pest can change; for example, in some cases, herbicide-resistant weeds, have moved
from “established” pests when they were controlled by traditional methods to “new” pests that require
additional attention by scientists (Figure 1, arrow). ARS regularly communicates with scientists from
other agencies, especially APHIS, to determine the status of potential invasive pests and, when
appropriate, begin research to address problems. In some cases, ARS conducts research in support of
APHIS eradication (e.g., Asian longhorned beetle), while, in others, it devel ops long-term management
strategies for farmers and land-managers.

The goal of ARS research isto develop and transfer cost-effective pest-control Solutions (systems,
technologies, and methods) for implementation. For example, the DHS U.S. Customs and Border
Protection approached ARS in 2007 about a problem in the Rio Grande Valley with giant cane (Arundo
donax). The cane was growing to 20 feet in height in dense masses that prevented Border Patrol
officers from having adequate visibility. These stands of giant cane can cover many square miles of
area along the river, not only creating a security problem, but also removing water from the ecosystem
and sheltering the invasive cattle fever tick. ARS scientistsin Weslaco, Texas, worked with researchers
at the ARS European Biological Control Laboratory to develop biocontrol solutions to the problem.
Together, they identified insect biological control agents from the giant cane’s native range in southern
Europe, which have now been released and are creating areas where visibility through the canes has
increased to an acceptable level. As asecond example, ARS technologies were transferred to organic
farmersin Florida, who received training in the use of sunflowers asatrap crop in a push-pull strategy
to control thrips on peppers and tomatoes.

ARS systematists addressing Component 1 primarily contribute to the Detection stage because they are
on the front line of pest identification, but they aso contribute to identifying possible biological control
agentsin the Solutions stage. Through the Smithsonian Institution and other museums, these scientists
maintain premier insect, mite, and weed reference collections and have developed expertisein
identifying new pestiferous arthropods and weeds. Scientists addressing research in Components 2, 3,
and 4 assess the impact of pests (Assessment stage) and ultimately implement control measures
(Implementation stage), but their specialty is developing solutions for controlling pests defined within
their components. These solutions rely on a solid foundation of basic research and require integration
of multiple disciplines, technologies, and tools to develop cost-effective and environmentally friendly
pest control systems (Figure 2).

NP 304 research is organized by pest complex, commodity, or ecosystem, depending on the situation,
but also by cross-cutting issues. For example, corn growers and cotton growers have important insect
pests and weed problems that are addressed within crop production systems; but cross-cutting issues
such as managing insect resistance to crops—especially genetically engineered crops—or weed
resistance to herbicides, benefit from sharing pest resistance management strategies across several
crops. This helpsimprove research approaches and reduce redundant research and allows scientists to
quickly share innovative solutions or strategies.
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Other cross-cutting issues used to
coordinate NP 304 projectsinclude
invasive species, environmental
risk management, climate change,
and biofuels, among others. Lastly,

Cost-effective, environmentally friendly
control of pests

the emergence of insect and weed >

genomics provides a cross-cutting 655 S/

platform for organizing pest C &/ Biocontrol
©'/ Sterile Insects

research as scientists use genomes
to explore pest vulnerabilities and
new control methods.

Monitoring Tools

Budget reductions over the past few
years have prompted the
realignment of some research
priorities within NP 304 and the
closure of severa laboratories that
supported NP 304 research. The
laboratories in Fairbanks, Alaska;
Shafter, California; and Weslaco,
Texas, were among the most
prominent. Fortunately, many of Figure 2: Like a pyramid, research products require a broad foundation.
the experienced researchers and

support staff at those locations were able to relocate to other laboratories to continue to provide their
expertise to ARS research. In addition, some projects that were originally in NP 304 were combined
with related projects in other National Programs. The research contributions from those closed
laboratories and combined projects are reflected in this report, and are noted in the publication list in
Appendix 2.

Ecology

For organizational and administrative purposes, specific NP 304 research projects are assigned to only
one of the four research components. However, many research projects contribute to the goal's of
multiple NP 304 research components or to other National Programs.

RELATIONSHIPOF NP 304 710 OTHER NATIONAL PROGRAMS

ARS research is organized into four National Program areas. Nutrition, Food Safety, and Quality;
Animal Production and Protection; Natural Resources and Sustainable Agricultural Systems; and Crop
Production and Protection (CPP).

The CPP program areais home to four National Programs:

NP 301 — Plant Genetic Resources, Genomics, and Genetic Improvement
NP 303 — Plant Diseases

NP 304 — Plant Protection and Quarantine

NP 305 — Crop Production
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Projects from afifth CPP National Program—NP 308, Methyl Bromide Alternatives—were merged
into NP 304 and NP 303 in FY 2012. The NP 308 projects merged into NP 304 support research in
Component IV. The accomplishments from NP 308 projects for the 2006—-2011 time period were
included in areport prepared in September 2011 at:

(wwwe.ars.usda.gov/SP2UserFil es/Program/308/NP308%20A CCOM PL | SHM ENT%20REPORT %20FI
NA L %2009%2015%202011.pdf).

Collaborations among scientists within CPP National Programs are common because all of the
programs, directly or indirectly, benefit from controlling agricultural pests. For example,
collaborations with plant breeders (NP 301) produce plants naturally resistant to insect pests,

technol ogies devel oped with plant disease scientists (NP 303) reduce plant diseases vectored by insects,
and insect control technol ogies developed with crop production scientists (NP 305) lead to healthier
crops with higher yield and quality. NP 304 a so collaborates with National Programs outside of the
CPP area, including National Program 212—Climate Change, Soils, and Emissions, which investigates
the effects of climate change on weeds (Figure 3).

Crop Protection and Quarantine
Relationship of Components to ARS National Programs
Component 1 Component 2 Component 3 Component 4
Systematics and Protection of Protection of Protection of Post-
Identification Agricultural and Natural Ecosystems Harvest Commodities
Horticultural Crops and Quarantine
NP 303: Plant Diseases NP 107: Human Nutrition NP 212: Climate Change, NP 107: Human Nutrition
Soils and Emissions
NP 305: Crop Production NP 108: Food Safety NP 108: Food Safety
NP 213: Bioenergy
NP 212: Climate Change, NP 212: Climate Change,
Soils and Emissions NP 215: Pasture, Forage Soils and Emissions
and Rangeland Systems
NP 213: Bioenergy NP 301: Plant Genetic
Resources, Genomics and
NP 301: Plant Genetic Genetic Improvement
Resources, Genomics and
Genetic Improvement NP 303: Plant Diseases
NP 303: Plant Diseases NP 305: Crop Production
NP 305: Crop Production

Figure 3: Associations among other ARS National Programs both contributing to and receiving assistance from the four
components of National Program 304, Crop Production and Quarantine.
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In addition, NP 304 accomplishments are often achieved in close cooperation with public and private
sector collaborators. In fact, many NP 304 researchers are co-located on land-grant university
campuses, an association that strengthens the research capacities of both institutions. These
partnerships enable ARS researchers to participate in and contribute to the training of America s future
agricultural researchers and entrepreneurs. The training and preparing of young scientists for careersin
agricultureiscritical for sustaining modern agriculture. The following table shows that during this 5-
year period NP 304 scientists trained and mentored nearly 750 postdoctoral fellows and graduate and
undergraduate students. Thisis an important measure of the leadership and community stewardship
NP 304 research leaders and scientists are contributing to agriculture and related sciences.

Visiting Scientists and Students with National Program 304 Projects

B Postdoctoral Fellows | Graduate Students UINE BT e
(over 3 months) Students
48 86 182 479

How THISREPORT WAS CONSTRUCTED AND WHAT IT REFLECTS

The NP 304 Accomplishment Report is adistillation of some of the most significant accomplishments
of the past 5 years by ARS scientists working on the National Program’s goals. It is a snapshot of the
research conducted during this period and its early benefits. In areport on the value of agricultural
research (www.ers.usda.gov/publications/eb10/eb10.pdf), the USDA Economic Research Service
pointed out that the benefits of research usually trail its completion by 5 to 10 years because it often
takes that long before the technology is completely developed, transferred, and adopted by end-users.
Thus, the accomplishments and breakthroughs in this report are unlikely to reflect all of the resulting
impact of the research.

In this report, NP 304 accomplishments and their impact are organized and presented according to
research components and their linked problem statements as described in the Action Plan. The content
of this accomplishment report was derived primarily from NP 304 scientists summaries of their
projects’ highest impact accomplishments from the 2007-2012 NP 304 annual reports and other reports
of NP 304 research projects. This report focuses on the actual or projected impacts of those
accomplishments and, where relevant, cites key publications or Web URL s documenting those
accomplishments. NP 304’s current research projects are listed in Appendix 1. Publications authored
by NP 304 scientists are compiled in Appendix 2; publications that document specific accomplishments
are also cited within the narrative text. Appendix 3 lists patents issued during this report period,
information about how NP 304 research aligns with the ARS Strategic Plan, and research and planning
coordination meetings. Appendix 4 contains a reference table matching accomplishments with their
related Action Plan Problem Statements.

This report was prepared for an external (to USDA) retrospective review of NP 304 to assess how well
this National Program attained its projected goals, as outlined in its current Action Plan. Accordingly,
the purpose of the retrospective review is not to judge the performance of individual NP 304 research

9
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projects, but to gauge the overall impact of the National Program. Consequently, the report does not
attempt to catalogue all the individual accomplishments of NP 304's constituent research projects.
Individual scientists or projects are not identified by name in the narrative text; rather, their
achievements are described in the context of contributions towards accomplishing the National
Program’s stated commitments to effective insect and weed management.

10



COMPONENT I: Systematics and |dentification

The identification of arthropods, plants that are out of place, and the microbes that interact with
all aspects of agriculture is an obvious need for research and for the practice of agriculture.
Knowing how to control an insect and what damage to expect from a given weed or utilizing a
microbe as a biocontrol agent depends on accurate identification of that organism. The
involvement of the USDA in identifying and classifying organisms goes back to the

Department’ s origins, when it employed the largest corps of entomologists of the 19" century to
begin the enormous task of classifying insectsin the United States. Those efforts have continued
and have expanded to include weeds and microbes.

The discipline of identification, or taxonomy, is a subset of systematics. Systematicsisthe
science that studies the diversity of organisms, including not only identification, but also genetic
and evolutionary relationships between different kinds of organisms. For ARS, the simplest
relationship between systematics and taxonomy is that systematics provides the biological basis
for meaningful classification and naming. Therefore, even basic developmentsin systematics
can eventually result in practical improvementsin identification. An immediate example of this
relationship is the use of barcoding to identify species by matching short sequences of
mitochondrial DNA with sequences typical of that particular species. This convenient method
requires the study of genetic relationships among speciesin a particular group in order to
understand the variation and consistency of the sequence within the species aswell asits
unigueness among Species.

Over the past 5 years, ARS scientists have performed awide variety of research projectsin this
field, ranging from confirmatory identification of potentially invasive insects at the Nation's
ports and airports to theoretical studies that have changed the framework of the science of
ecology. Studieswith insects, in particular, have supported revisionary taxonomic work,
including descriptions of new species and their rearrangement into natural classifications.
Research on weeds and microorganismsis more limited and focused on support of other work,
such as control of invasive weeds and microbial interactions.

The direct application of systematics to practical agriculture is more subtle. Quantitative
relationships among intraspecific popul ations, among species, and even among higher-level taxa
often inform about biological characteristics associated with benefit, risk, and methods of
control. For example, an understanding of the intraspecific phylogeny of an invasive weed can
help determine its native point of origin, helping to target efforts to find biological control
agents.

The information accumulated by ARS is best exemplified by the major collections it maintains.
The major arthropod collections are part of the U.S. Nationa Museum and consist of millions of
individual specimens (www.ars.usda.gov/main/site_main.htm?modecode=12-45-49-00). The
three ARS Overseas Biological Control Laboratories maintain plant and arthropod collections for
their own reference and documentation, although they also actively deposit voucher specimensin
museums. Collections of pathogens that kill insects are maintained at several locations, with the
main one located at the Biological Integrated Pest Management Research Unit in Ithaca, New
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York. Outside of NP 304, the U.S. National Fungus Collectionsin Beltsville, Maryland, are a
major national resource for the country. Live collections include the National Plant Germplasm
System (www.ars-grin.gov/npgs/index.html), the National Microbial Germplasm Program
(www.ars-grin.gov/nmg/index.html), the National Animal Germplasm Program
(http://nrrc.ars.usda.gov/A-GRIN/main_webpage/ars?record source=US), and the National
Invertebrate Genetic Resources Program (www.ars-grin.gov/nigrp/index.html). This system of
collectionsis an example of how ARS is able to connect different research directions to
encourage interdisciplinary innovation. NP 304 funds only some of the collections described,
but they all interact within the Agency for the benefit of systematic research.

The NP 304 Action Plan includes three Problem Statements that were expected to guide the 5-
year research plan and the devel opment of the anticipated products in this Component. The
Problem Statements and the ARS research accomplishments that address each of them are
presented below.

PROBLEM STATEMENT IA: Insects and Mites

Arthropods are particularly varied and numerous, constituting more different species than all
other organisms combined. The significance of this characteristic to agriculture can hardly be
overstated. Agriculture depends on arthropods for ecological systems services such as
pollination, pest management, and soil conditioning. Cropsin the field are constantly challenged
by herbivorous arthropods, which by some estimates cause an overall average crop lossin the
United States of 50 percent if uncontrolled, and even under controlled conditions they continue
to cause 13 percent loss ($26 billion ayear). Integrated pest management (IPM) is a system that
attempts to control pests economically while preserving the environment, and it includes the use
of beneficial insects. The “integrated” in IPM demands considerable technical expertise and
background knowledge. One of the principal requirements is knowledge of the kinds of
arthropods that cause damage or are beneficial.

ARSisanational resource for arthropod taxonomy. Efforts range from basic science resulting
from systematics studies to application of better methods for identification. During the last 5
years, ARS has accomplished major revisions of significant groups, described speciesin support
of biological control programs, and helped APHIS produce tools for detection of pests that could
invade the United States. Some of the work involves population genetics applied to distinguish
genetic structure and gene flow within species.

Hidden Neotropical diversity. Groups of plant-feeding insects may include suites of species that
range from highly adapted specialists that feed on a single species of plant to generalists that feed
on many different kinds of plants. Cryptic species are often included in these insect groups,
making precise identification impossible using morphol ogical methods and obscuring true
ecological relationships of the plants and the insects. ARS scientistsin Beltsville, Maryland,
were part of ateam that made a significant contribution to biological theory by using molecular
methods to identify insects, as described in an article in Science (cited below). The team used
molecular techniques to assess the number of species of Blepharoneura tephritid fliesin cucurbit
flowers occurring in 10 biogeographic zones throughout Latin America, from Mexico to Bolivia.

12


http://www.ars-grin.gov/npgs/index.html�
http://www.ars-grin.gov/nmg/index.html�
http://nrrc.ars.usda.gov/A-GRIN/main_webpage/ars?record_source=US�
http://www.ars-grin.gov/nigrp/index.html�

ARS NP 304 CROP PROTECTION AND QUARANTINE ACCOMPLISHMENT REPORT 2007-2012 — COMPONENT 1

Sampling 419 plantsin 9 genera, the investigators identified 52 genetically defined species based
on the conservative criterion of a 4-percent sequence difference in the cytochrome c oxidase
subunit 1 mitochondrial gene. Contrary to expectations, the team found a variety of evolutionary
patterns for this genus resulting in different levels of biodiversity regionally and within species
of plants. For example, rare plant species were not hosts to generalist species of theflies. Also,
there were locally endemic species on continentally widespread host plants, suggesting that there
has been a history of habitat fragmentation during the estimated 2.6 million years leading to the
speciation patterns observed. Most significantly, the team found multiple species of fliesin the
same plant part, which was a clear contradiction to the usual assumption of niche partitioning
among closely related species. Thiswas abasic discovery, but it informs practical effortsin
biological control by broadening the range of ecological situations that should be explored for
natural enemies. The findings also imply that among invasive species there may be a complex
pattern of evolutionary adaptation after introduction, suggesting an increased need to study
potential ecological roles of introduced species.

Condon, M., Scheffer, S.J., Lewis, M.L., and Swensen S. 2008. Hidden Neotropical diversity:
greater than the sum of its parts. Science 320:928-931.

First molecular phylogeny of the family Tortricidae (leaf-roller moths). Phylogenies provide
working hypotheses of genealogical relationships among organisms that can be used to develop
more robust and meaningful classifications, track the evolution of character states, and
potentially predict behavior, host utilization, and invasiveness of plant-feeding insects. ARS
scientists, working with international collaborators that included scientists from the University of
Maryland and Smithsonian Institution and funded in part by an NSF grant, “ Discovering the
Tree-of-Life,” developed the first molecular phylogeny for the leaf-roller moth family
Tortricidae, which includes numerous pests of crops, ornamentals, and forests worldwide.
Feeding habits (internal versus external) were shown to be highly compatible with the
phylogeny, with fruit feeding and seed feeding restricted to specific pest groups. Within alarge
group characterized by eggs being deposited in large clusters, as opposed to singly or in small
batches, there is a conspicuously higher proportion of polyphagous species (those that attack a
wide range of plant families). Virtualy all of the latter are externa feeders and are considerably
easier to detect through visual inspection compared to internal fruit feeders and seed feeders, the
latter of which cause direct damage to high-value fruit commodities. Therefore, tortricids from
other countries that deposit single eggs or small clusters of eggs are more likely to be important
invasive pests, justifying greater efforts to detect them on imported plants or fruits. These
findings will provide a broad-scale framework for predicting which tortricid species are most
likely to cause significant economic damage to fruit and seed