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BIOLOGICAL CONTROL OF INVASIVE NATIVE AND NON-NATIVE PLANTS 

NEW PROJECT PROPOSAL
Form Instructions:  When copy and pasting into text fields please paste as “plain text”.

Project Information
Program  Admin Region  Submission (FY)* Additional Project ID  Report Type 

New Proposal (NP) 

* The Submission (FY) refers to the current Fiscal Year.

Project Number:

Project Title:

Principle Investigator:

Proposed Budget Summary (this table is auto-generated from Budget Information sections)

Year 1 BCIP Total Year 2 BCIP Total Year 3 BCIP Total Total BCIP Funds Total Funds (All)

Subject Description

Target Invasive Plant: 

Common and Scientific Names:

Biological Control Agent(s):

BCIP Priorities Addressed (check all that apply) 

Developing improved rearing, host range testing, distribution and post-release monitoring techniques for a biological 
control agent.

Development and/or implementation of technologies for monitoring/assessing plant trends and quantitative assessment 
of biological control impacts.

Integrated weed management with a biological control component that is part of a methods technology development 
approach to determine efficacy and is not considered an operational treatment.

Development of biological control strategies through funding of pilot projects.

Project Number: 
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Define the project being developed (e.g., what is the technology, goals and objectives, and who will maintain the tool 
if maintenance is necessary?) (250 words):

Provide background, justification, and urgency (e.g., describe the management problem, impacts of the invasive 
plant, supportive research) (250 words):

Project Number: 



3 | PageFS-4000-0007

Methods/Approach (750 words):

Project Number: 
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Describe stakeholder involvement in development of the proposal and application of the new technology (e.g., how involved 
are managers in the project?) (150 words):

Describe technology assistance/transfer, outreach, and the expected impacts to forest health/forest management (e.g., how will 
the technology be shared and how will it change current management?) (150 words):

Products/Publications/Technology transfer (e.g., provide timeline of expected project accomplishments) (150 words):

Project Number: 



5 | PageFS-4000-0007

Citations:

Project Number: 
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Year 1 Budget Information (for a summary of total project costs, see page 1) 

Budget Type Budget Requested BCIP 
Funding Non-Federal Match** Leveraged Funds*** Match Source Leveraged Source

ADMINISTRATION Salary

Travel for Data Collection

Travel to Meetings*

Travel for Other

PROCUREMENT Contracting

Equipment

Supplies

INDIRECT Overhead

Other

SUBTOTAL

Fiscal Year (FY): 

Project Number: 

Year 1 Notes (2000 characters):

Overhead Rate % (Describe in Notes):	 Year 1 Total:

* Funds allocated for “Travel to Meetings” in year 1 will only be approved for proposals requesting a single year of funding. 
** Non-Federal Matching (cost sharing) funds are raised from outside sources to increase the level of support provided by the Federal Government. This includes both cash and in-kind contributions.
*** Leveraged Funds are raised from outside sources to increase the level of support provided by the Federal Government (including cash and in-kind contributions) beyond the non-Federal matching requirements.
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Year 2 Notes (2000 characters):

Year 2 Budget Information (for a summary of total project costs, see page 1) 

Budget Type Budget Requested BCIP 
Funding Non-Federal Match Leveraged Funds Match Source Leveraged Source

ADMINISTRATION Salary

Travel for Data Collection

Travel to Meetings

Travel for Other

PROCUREMENT Contracting

Equipment

Supplies

INDIRECT Overhead

Other

SUBTOTAL

Fiscal Year (FY): 

Project Number: 

Overhead Rate %:	 Year 2 Total:
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Year 3 Notes (2000 characters):

Year 3 Budget Information (for a summary of total project costs, see page 1) 

Budget Type Budget Requested BCIP 
Funding Non-Federal Match Leveraged Funds Match Source Leveraged Source

ADMINISTRATION Salary

Travel for Data Collection

Travel to Meetings

Travel for Other

PROCUREMENT Contracting

Equipment

Supplies

INDIRECT Overhead

Other

SUBTOTAL

Fiscal Year (FY): 

Project Number: 

Overhead Rate %:	 Year 3 Total:
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Project Contacts (The Funding Coordinator is the individual who manages project funds. A single funding coordinator must be selected.) 

FHP/BCIP Regional/Station/Area Contact�

Name:  	   Title: 

Institution:  	   Phone: 

Email:  	

Technical Monitor: 

Principal Investigators�

Name:  	   Title:  �

Institution:  	   Phone:  �

Email:  	 Time commitment: 

Project Role:  Funding Coordinator:   

Name:    Title:  �

Institution:    Phone:  �

Email:  Time commitment: 

Project Role:  Funding Coordinator:   

Name:    Title:  �

Institution:    Phone:  �

Email:  Time commitment: 

Project Role:  Funding Coordinator:   

Cooperators�

Name:  	   Title:  �

Institution:  	   Phone:  �

Email:  	 Time commitment: 

Project Role:  Funding Coordinator:   

Name:    Title:  �

Institution:    Phone:  �

Email:  Time commitment: 

Project Role:  Funding Coordinator:   

Name:    Title:  �

Institution:    Phone:  �

Email:  Time commitment: 

Project Role: 

Project Number: 

Funding Coordinator: 
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List additional documents being sent in support of the project. (e.g., curriculum vitae, letters from stakeholders, spreadsheets, 
etc.) (not more than one page):

Keywords (50 words):

Project Number: 


	Project Information
	Proposed Budget Summary
	Subject Description
	BCIP Priorities Addressed
	Year 1 Budget Information
	Year 2 Budget Information
	Year 3 Budget Information
	Project Contacts

	TechDev: The primary goal of this project is to implement a sustainable, introduction biocontrol program of the hoary cress (a.k.a. whitetop) complex (Lepidium draba L., L. chalapense L., and L. appelianum Al-Shehbaz; Brassicaceae) using a newly approved mite Aceria drabae (Acari: Eriophyidae).  Hoary cress was first introduced to North America in the late 1800s, becoming widely distributed across the US except in the Southeast.  Like many invasive weeds that grow in dense, clonal stands over vast, often remote, areas, hoary cress is difficult to control with herbicides, grazing, or mechanical control.  Therefore, biological control is an attractive option.  While identification of potential biological control agents that will not attack native or cultivated crucifers has been challenging, a monophagous mite Aceria drabae has recently been approved for release in the United States (USDA APHIS 2018).  One of the challenges to successfully implementing an effective biocontrol program using A. drabae is the development of mass-rearing programs to generate sufficient numbers of mites to release at field sites.  We also need to understand the existing level of control provided by currently present herbivores to assess the additional impact of releasing mites as well as how mites may interact with currently existing herbivores.  Therefore, the two objectives of the proposed work are to a) develop improved mass-rearing technologies for the distribution and release of this mite to different field sites infested with hoary cress, and b) to conduct pre- and post-release monitoring of hoary cress field sites to measure effectiveness of this biocontrol program.  
	Background: Native to Eurasia, L. draba was likely introduced to North America multiple times as a contaminant of alfalfa seed in the late 1800s and early 1900s (Gaskin et al. 2005).  This species has invaded rangeland, riparian areas, and pasture lands and is considered a noxious weed throughout much of the western US (Francis & Warwick 2008), although an economic impact assessment has yet to be performed.  Hoary cress can form dense stands through rhizomatous growth although reproduction by seed can also be important (Larson et al. 2000).  Like many rangeland weeds, L. draba is difficult to control with herbicides (Stougaard et al. 2009) or grazing (Scurfield 1962).  Hoary cress can negatively affect surrounding native plant communities (Mealor et al. 2004) and insect biodiversity (Cripps et al. 2006a).  Lepidium draba supports a rich community of insect herbivores in its invaded habitats in North Americ (Cripps et al. 2006a, b), many of are themselves invasive or have Holarctic distributions (Cripps et al. 2006a).  Furthermore, hoary cress can be a reservoir for beet western yellows virus and tobacco mosaic virus (CABI 2017).  That many herbivores of hoary cress also attack cultivated and native crucifers, including several species of native Lepidium, makes it challenging to find suitable biocontrol agents.  Therefore, it is essential that we maximize efficiency of mass-rearing programs of the mite A. drabae and monitor its establishment and suppression success in sites infested by hoary cress.  
	PrjNumber: BCIP-R2-19-NP
	Methods: Objective 1: develop improved mass-rearing technologies for the production, distribution, and release of the mite to different field sites infested with hoary cress
Our aim is to increase production of A. drabae for distribution to weed managers and landowners.  Aceria drabae overwinter on root buds.  During the spring, as hoary cress begins to produce aboveground growth, the mites move up to the developing flower buds where they form galls.  Aceria drabae feed on the flowers, eventually entering the seeds, ultimately preventing seed set.  Generation time from egg to adult mite is approximately 14 days and continues as long as there is suitable plant material (Littlefield et al. 2012).  As plants senesce during hot, dry summer conditions, the mites move back to the roots.  Mites are thought to disperse primarily by wind.  An important constraint in the proliferation of the mite in the field is the length of the flowering/reproductive season of hoary cress.  Arid and semi-arid habitats that are commonly found in the western US will limit the number of generations of mites in the field.  Preliminary efforts to extend the growing/flowering period of hoary cress using irrigated field plots and well-watered greenhouse plants have proven successful, indicating that this will be an important component of improving mass-rearing technology for the mite.  

We will use a combination of well-watered, potted hoary cress in the greenhouse and an irrigated field plot to grow hoary cress that have extended growing and flowering periods compared to unmanipulated field sites.  This will enable us to mass produce mite galls that can be collected to distributed to state and county weed managers as well as landowners.  We will use a greenhouse room dedicated to rearing plants and insects at Colorado State University to grow potted hoary cress plants for mite production.  Plants with mites will be housed in insect cages to prevent escape.  Our collaborator, Dan Bean – Director of the Palisade Insectary, Colorado Department of Agriculture – will assist in planting and maintaining an outdoor hoary cress nursery at the Palisade Insectary garden, a 3000 square meter plot that is irrigated.  Plants infested with mite galls will be harvested for distribution to weed managers and landowners as well as our own release sites (see Objective 2).  Ultimately, once our production capabilities have increased, we plan to distribute mites to land managers in neighboring western states (e.g., WY, UT, NM, MT, ID).  

Objective 2: conduct pre- and post-release monitoring of hoary cress field sites to measure effectiveness of this biocontrol program.  
We will establish 15 permanent monitoring sites throughout the Western Slope of Colorado and another 15 sites along the Front Range of Colorado.  Twenty sites will be designated as mite release sites; the remaining 10 will serve as control sites.  At each site, we will establish two permanent, perpendicular transects centered within the patch of hoary cress.  Where the two transects cross will be the release site of the mite galls.  At each site, 17 monitoring plots will be established using PVC sampling frames (0.25 m2) placed at the center (the mite release point) and at the 2 m, 4 m, 6 m, and 8 m marks along each of the four cardinal directions.  To establish baseline hoary cress demographics at each site and herbivore damage prior to release of A. drabae, we will conduct pre-release monitoring.  This will consist of measuring hoary cress patch size (perimeter) at the site and at each of the 17 plots, measuring stem densities, maximum stem height, number of flowering stems, and take counts of herbivores (e.g., Pieris rapae, Phyllotreta cruciferae, Trichoplusia ni, Plutella xylostella) – and estimate tissue consumption by these herbivores.  At each plot, we will estimate the proportion of cover by hoary cress and by other vegetation (identifying vegetation to genus or species, if possible).  Pre-release monitoring and release of A. drabae will done mid-May of Year 1 when hoary cress is actively flowering and mites are expected to have the best likelihood of establishment.  A second pre-release monitoring will be conducted in Year 2, just as mites will be released.  

To monitor the establishment success of A. drabae at the 30 field sites (20 mite release sites; 10 control sites) as well as assess the impact that the mite has on suppressing hoary cress and promoting the recovery of native vegetation, we will monitor hoary cress demographics at each of the 17 plots within each field site.  We will measure stem density, stem height, number of flowering stems, measure herbivore numbers and damage, and measure the proportion of hoary cress cover and cover of other vegetation – taking note of which species are native and which are invasive.  Post-release monitoring will be done in late May of each year of the proposed work (years 2-3) and subsequent years as other funding permits.  
	Timeline: Our findings will be disseminated through the publication of peer-reviewed manuscripts and presentation at scientific conferences.  We will also present our findings to county and state invasive plant managers (with our cooperators at state weed meetings, cooperative extension events, CWMA meetings).  After publication, datasets will be made available on repository sites such as dryad.org.  We will work with CSU extension to create a field guide to hoary cress herbivores; how to characterize their feeding damage.  We will conduct the field monitoring in Years 1 through 3 of the proposed study.  Mass-rearing of A. drabae and distribution to land managers throughout CO as well as nearby states will occur the three years of the project.  We recognize that it may take several years to document the effects of the mite on hoary cress populations.  Therefore, we are committed to securing future funding to carry out long-term monitoring of these field sites.  
	TechTransfer: Findings from our proposed research will provide a baseline of current control of L. draba effected by already established herbivores (e.g., Pontia protodice, Pieris rapae, Plutella xylostella, Trichoplusia ni, Phyllotreta flea beetles, mustard aphids) already existing in many of the same habitats infested by hoary cress.  This baseline will inform biocontrol specialists, practitioners, and land managers of how the introduction of the mite A. drabae expected to interact with already existing herbivores in the community and whether we can expect successful establishment of the mite.  Furthermore, we will share our mass-rearing technologies as well as the mites themselves with other interested parties.  This information will help land managers make better management decisions.  This information will be shared via meetings (e.g. W-4185, International Entomophagous Insects Conference, Entomology 2019) as well as direct interactions with county and state weed managers as well as property owners.  
	StakeholderInvolvement: Stakeholders (e.g., county weed agents) in CO and nearby states (e.g., ID, MT, NV, UT, WY) will be asked to help locate potential hoary cress populations at which we can conduct releases of mass-reared A. drabae.  Monitoring to detect establishment of the mite in subsequent years at these additional sites throughout the montane West will provide us with valuable information regarding establishment and spread of the mite beyond Colorado.  Furthermore, this project has three collaborators: Dan Bean (CDA Palisade Insectary), Carol Randall (USFS, Region 1), and Ian Pearse, Research Ecologist at the USGS invasive species group in Ft. Collins.  Dan Bean and Carol Randall will work with stakeholders in other western states to locate and monitor hoary cress sites.  Ian Pearse will provide research and technical support by identifying areas susceptible to invasion by hoary cress and A. drabae and forecasting ecological impacts.  
	Citations: CABI 2017.  https://www.cabi.org/isc/datasheet/10621 
Cripps et al. 2006a.  Biocontrol Science and Technology 16: 1007-1030.  
Cripps et al. 2006b.  Journal of Biogeography 33: 2107-2119.  
Francis & Warwick.  2008.  Canadian Journal of Plant Science 88: 379-401.  
Gaskin et al. 2005.  Molecular Ecology 14: 2331-2341.
Larson et al. 2000.  Journal of Range Management 53: 556-559. 
Littlefield et al.  2012.   Petition 12-03 submitted to TAG. 
Mealor et al. 2004.  Western North American Naturalist 64: 503-513.  
Scurfield.  1962.  Journal of Ecology 50: 489-499.  
Stougaard et al. 2009.  Weed Technology 13: 581-585.  
USDA APHIS.  2018.  Environmental Assessment, January 2018.  
	Notes1: see attached CSU budget justification
overhead rate on CSU's cost share amount, plus unrecovered indirect costs on the federal request, which are calculated at CSU's federally negotiated rate of 52% MTDC in all years (no costs are excluded from the base calculation)
	FY1: 2019
	BCIPSalary1: 25604
	NFMSalary1: 10486
	LFSalary1: 
	MSSalary1: CSU
	LSSalary1: 
	BCIPDataCollect1: 1500
	NFMDataCollect1: 
	LFDataCollect1: 
	MSDataCollect1: 
	LSDataCollect1: 
	BCIPMeetings1: 
	NFMMeetings1: 
	LFMeetings1: 
	MSMeetings1: 
	LSMeetings1: 
	BCIPTravelOther1: 
	NFMTravelOther1: 
	LFTravelOther1: 
	MSTravelOther1: 
	LSTravelOther1: 
	BCIPContract1: 2736.00
	NFMContract1: 
	LFContract1: 
	MSContract1: 
	LSContract1: 
	BCIPEquip1: 
	NFMEquip1: 
	LFEquip1: 
	MSEquip1: 
	LSEquip1: 
	BCIPSupply1: 2250
	NFMSupply1: 
	LFSupply1: 
	MSSupply1: 
	LSSupply1: 
	BCIPOverhead1: 
	NFMOverhead1: 22140
	LFOverhead1: 
	MSOverhead1: CSU
	LSOverhead1: 
	BCIPOther1: 
	NFMOther1: 
	LFOther1: 
	MSOther1: 
	LSOther1: 
	BCIPSubtotal1: 32090
	NFMSubtotal1: 32626
	LFSubtotal1: 0
	OHRate1: 52
	Total1: 64716
	Notes2: see attached CSU budget justification
overhead rate on CSU's cost share amount, plus unrecovered indirect costs on the federal request, which are calculated at CSU's federally negotiated rate of 52% MTDC in all years (no costs are excluded from the base calculation)
	OHRate2: 52
	Total2: 66658
	FY2: 2020
	BCIPSalary2: 26372
	NFMSalary2: 10801
	LFSalary2: 
	MSSalary2: CSU
	LSSalary2: 
	BCIPDataCollect2: 1545
	NFMDataCollect2: 
	LFDataCollect2: 
	MSDataCollect2: 
	LSDataCollect2: 
	BCIPMeetings2: 
	NFMMeetings2: 
	LFMeetings2: 
	MSMeetings2: 
	LSMeetings2: 
	BCIPTravelOther2: 
	NFMTravelOther2: 
	LFTravelOther2: 
	MSTravelOther2: 
	LSTravelOther2: 
	BCIPContract2: 2818
	NFMContract2: 
	LFContract2: 
	MSContract2: 
	LSContract2: 
	BCIPEquip2: 
	NFMEquip2: 
	LFEquip2: 
	MSEquip2: 
	LSEquip2: 
	BCIPSupply2: 2318
	NFMSupply2: 
	LFSupply2: 
	MSSupply2: 
	LSSupply2: 
	BCIPOverhead2: 
	NFMOverhead2: 22804
	LFOverhead2: 
	MSOverhead2: CSU
	LSOverhead2: 
	BCIPOther2: 
	NFMOther2: 
	LFOther2: 
	MSOther2: 
	LSOther2: 
	BCIPSubtotal2: 33053
	NFMSubtotal2: 33605
	LFSubtotal2: 0
	Notes3: see attached CSU budget justification
overhead rate on CSU's cost share amount, plus unrecovered indirect costs on the federal request, which are calculated at CSU's federally negotiated rate of 52% MTDC in all years (no costs are excluded from the base calculation)
	OHRate3: 52
	Total3: 68657
	FY3: 2021
	BCIPSalary3: 27163
	NFMSalary3: 11125
	LFSalary3: 
	MSSalary3: CSU
	LSSalary3: 
	BCIPDataCollect3: 1591
	NFMDataCollect3: 
	LFDataCollect3: 
	MSDataCollect3: 
	LSDataCollect3: 
	BCIPMeetings3: 
	NFMMeetings3: 
	LFMeetings3: 
	MSMeetings3: 
	LSMeetings3: 
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	NFMTravelOther3: 
	LFTravelOther3: 
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	LSTravelOther3: 
	BCIPContract3: 2903
	NFMContract3: 
	LFContract3: 
	MSContract3: 
	LSContract3: 
	BCIPEquip3: 
	NFMEquip3: 
	LFEquip3: 
	MSEquip3: 
	LSEquip3: 
	BCIPSupply3: 2387
	NFMSupply3: 
	LFSupply3: 
	MSSupply3: 
	LSSupply3: 
	BCIPOverhead3: 
	NFMOverhead3: 23488
	LFOverhead3: 
	MSOverhead3: CSU
	LSOverhead3: 
	BCIPOther3: 
	NFMOther3: 
	LFOther3: 
	MSOther3: 
	LSOther3: 
	BCIPSubtotal3: 34044
	NFMSubtotal3: 34613
	LFSubtotal3: 0
	PI1FundCoord: Yes
	PI2FundCoord: Off
	PI3FundCoord: Off
	Coop1FundCoord: Off
	Coop2FundCoord: Off
	Coop3FundCoord: Off
	FHPSName: Amy Lockner
	FHPSTitle: Forest Entomologist
	FHPSInstitution: USDA FS, Rocky Mountain Region
	FHPSPhone: 970-642-4448
	FHPSEmail: alockner@fs.fed.us
	TechMonitor: 
	PI1Name: Paul J. Ode
	PI1Title: Professor
	PI1Institution: Colorado State University
	PI1Phone: 970-491-4127
	PI1Email: paul.ode@colostate.edu
	PI1TimeC: 10%
	PI1Role: project director
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	PI3TimeC: 
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	Coop1Name: Dan Bean
	Coop1Title: Director of Palisade Insectary
	Coop1Institution: Colorado Department of Agriculture
	Coop1Phone: 970-464-7916
	Coop1Email: dan.bean@state.co.us
	Coop1TimeC: 5%
	Coop1Role: project advisor, cooperator
	Coop2Name: Ian S. Pearse
	Coop2Title: Research Ecologist
	Coop2Institution: USGS
	Coop2Phone: 970-226-9145
	Coop2Email: ipearse@usgs.gov
	Coop2TimeC: 5%
	Coop2Role: project advisor, cooperator
	Coop3Name: Carol Randall
	Coop3Title: Entomologist
	Coop3Institution: USDA FS, Northern and Intermountain Regions
	Coop3Phone: 208-769-3051
	Coop3Email: crandall@fs.fed.us
	Coop3TimeC: 5%
	Coop3Role: project advisor, cooperator
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