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Project Title: Russian knapweed biocontrol: propagation, establishment and monitoring of
Jaapiella ivannikovi, the Russian knapweed gall midge.

Principle Investigators: Paul Ode, Colorado State University, Department of Bioagricultural
Sciences and Pest Management, Campus Delivery 1177, Fort Collins, CO 80523-1177,
970.491.4127 (tel), paul.ode@colostate.edu; Dan Bean, Colorado Department of
Agriculture, Palisade Insectary, 750 37.8 Rd., Palisade, CO 81507, (970) 464-7916 (phone),
(970) 464-5791 (fax)

Cooperator: Tom Eager, USDA Forest Service, Forest Health Service Center, 216 N. Colorado,
Gunnison, CO 81230, 970.642.1144 (tel)

Contact: Elizabeth Hebertson, USDA Forest Service — FPH, Ogden Field Office, 4746 S. 1900 E.,
Ogden, UT 84403

Amount Requested: Year 1 (2013) $39,542, Year 2 (2014) $41,094, Year 3 (2015) $19,311,
Total $99,947

Matching Funds: $87,792

Project Goals and Supporting Objectives

There are three main questions that need to be addressed at this stage of implementation of
Jaapiella ivannikovi as a biocontrol agent for Russian knapweed. This proposal is designed to
help answer these questions, which will enable the incorporation of biocontrol into the
management of Russian knapweed.

1. How can we most effectively propagate J. ivannikovi to meet the needs of western weed

managers? Our goal is to increase production of Russian knapweed gall midges for
distribution to weed managers. We need to produce approximately 10,000 galls per
year to supply Colorado alone and this will be ongoing for another 5-10 years in order to
establish the flies in all locations where Russian knapweed is a problem. Currently, we
are able to produce only 1,500 to 1,800 galls per year. One possible explanation for

these insufficient numbers may be that we are producing and releasing J. ivannikovi at a
suboptimal time of the year. Our objective is to increase shoot formation on knapweed
plants in greenhouse and garden settings, which will enable increased gall formation.
This objective includes better timing of gall formation with respect to Russian knapweed
condition at field monitoring sites. The proposed work will enable us to expand gall
production and to test two hypotheses we have regarding the timing of gall release and
the probability of field establishment. One is that by mowing knapweed stands and
stimulating shoot growth we can achieve a significantly higher establishment rate. The
other hypothesis is that we can achieve establishment by introducing flies late in the



season, in the overwintering stage, which will allow them to emerge in the spring and
oviposit on the first new shoots.
2. What release methods will ensure the highest likelihood of establishing self-sustaining

field populations? Our goal is to optimize the timing of gall release and to test the use

of Russian knapweed mowing to stimulate shoot formation, providing sites for gall
midge oviposition. The midges can only hit growing shoot tips so it is important to get
them out when the oviposition target is available. We will compare three approaches
for gall releases. First, we have been instructing landowners and weed managers to
release early in the season but that is when we have the fewest galls for distribution.
Second, we have instructed landowners to mow patches of knapweed in an effort to
stimulate new growth prior to gall release. As a third approach, we have made a few
release in the fall with the idea of having overwintering gall midges emerge in the spring
when plants are most susceptible to attack. Based on the analyses of data we collect
from these three release methods, we will use this information to arrive at a set of
recommendations for gall midge release techniques that maximize establishment
success.

3. What impact can we expect of J. ivannikovi on Russian knapweed? Our goal is to

guantify the impact of the gall midge on Russian knapweed infestations. The biggest
qguestion that weed managers have is simply what can we expect from these agents?
This agent has promise but it is very likely that the impact(s) will be subtler than those of
a foliage or root feeder. Our objective is to establish a large network of field monitoring
sites. The network of field monitoring sites will enable us to answer questions
concerning agent impact. Having a large number of field monitoring sites will also allow
us follow up in subsequent years with releases of additional agents, as they become
available, and to measure the impact of two or more agents on a Russian knapweed
stand.

Project Justification and Urgency

Russian knapweed, Rhaponticum (= Acroptilon) repens (L.) Hidalgo is an exotic weed that has
spread through much of the western US and is a widespread weed throughout Forest Service
lands. It is a long-lived perennial with an extensive root system and is damaging to crop lands,
range lands and riparian corridors. Long-term consumption of this species by horses (and
possibly other livestock) is known to cause symptoms resembling human Parkinson’s disease
(Chang et al. 2012). Russian knapweed was first introduced into North America about 120
years ago and has spread to occupy hundreds of thousands of acres. Russian knapweed grows
almost twice as densely in western North America compared to in Uzbekistan where it is native
(Callaway et al. 2012), possibly as a result of strong competitive and allelopathic effects on
North American natives (Grant et al. 2003, Ni et al. 2010). Although there are efficacious



chemical control methods available, the low economic value of much of the land currently
infested by Russian knapweed has made large-scale chemical control unfeasible. This situation
is the perfect setting for biological control. Russian knapweed has few natural enemies in
North America (Callaway et al. 2012), is a major and expanding pest problem and other control
methods are not sufficient to suppress it. Thus far there are no effective biocontrol agents for
Russian knapweed but we have one promising agent that has been recently introduced into the
field (Fig. 3) and several that may follow.

Jaapiella ivannikovi is a host-specific gall-forming midge (Diptera: Cecidomyiidae) that
feeds in the shoot tips of Russian knapweed and one knapweed in the genus Centaurea
(Schaffner et al. 2006). The larvae cause the shoot tips to cease elongating and to form a gall
(Fig. 1) composed of layers of unopened leaves (Fig. 2). Up to 30 larvae may live within a large
gall. Shoot tips stop growing, flowering rarely occurs, and seed production is largely eliminated
when plants are heavily infested by the midge (Djamankulova et al. 2008). These impacts could
make the midges useful in Russian knapweed control. First they will decrease the vigor of
existing stands of knapweed. Second they will decrease seed production. Although Russian
knapweed has an extensive and long lived root system, seed propagation is required for spread
beyond existing stands of the weed and cutting into seed production will help contain spread of
the plant.

Approach

The approach is divided into the three project goals. In most cases the project will be carried
out for three years with very similar approaches and goals. Changes in approaches may occur
as we obtain information from year to year but the goals will remain the same.

1. Increase production of Russian knapweed gall midges for distribution to weed
managers. This will occur in the Palisade Insectary garden and in the greenhouses. The
garden has approximately 3,000 square meters planted in Russian knapweed or in the
process of being planted. The garden will be subdivided into 60 plots of 50 square
meters each. We have noted these past two years that cutting knapweed stimulates
shoot growth and increases gall production. We will mow 6 plots down to stubble of
approximately 5 cm tall, every 3 weeks. This will begin on May 15 and go until
September 18. We will count the number of galls formed on all plots and the timing of
their formation. This will provide information on the influence of cutting on gall
formation as well as plant phenology (growth, flowering). We will grow Russian
knapweed in the greenhouse and measure gall formation. We will determine the timing
and numbers for the inoculation of fresh Russian knapweed plants with gall flies. We
will determine the best timing for Russian knapweed growth in order to produce galls
when needed (mid to late spring).



2. Optimize the timing of gall release and to test the use of Russian knapweed mowing to
stimulate shoot formation, providing sites for gall midge oviposition. We will locate at
least 100 release sites for the gall midge. This will be easier than it appears since there
is @ major demand for the agents and landowners are becoming more aware of them
and demand is increasing far faster than supply. At 30 sites we will do a single or
multiple releases early in the season, within 1 month of the greening of knapweed buds
as then emerge from the soil (off of the root system). We will release at 40 sites after
knapweed had entered the flowering state (flower buds fully formed or in bloom). And
we will release late in the season, after plants begin to senesce. In the cases where
releases are made during mid-season we will ask landowners to mow knapweed near
the release spot. This will stimulate new growth and perhaps enable mid-season
establishment.

3. What impact can we expect of J. ivannikovi on Russian knapweed? We will establish 70
monitoring sites for Russian knapweed gall midges, some of which are indicated in
figure 3. We will spread them over the range of major Russian knapweed infestations in
Colorado. This will include approximately 25 sites in the Arkansas River basin, 15 sites in
the San Luis Valley of the Rio Grande and 30 sites on Colorado’s western slope
(drainages of the Colorado River and tributaries) and 15 sites in eastern Utah. We will
set up sites using a rangeland weeds monitoring protocol that measures stem density of
the target weed near the release point as well as target weed densities within a hectare
surround the release point. The protocol also includes measurements of other plant
densities in the plot including native and introduced species.

Expected Products and Outcomes

We expect to have good protocols to enable us (or others) to rear large numbers of J. ivannikovi
galls in an open garden or greenhouse setting. For us we expect to be able to produce 5,000-
10,000 galls per season and we expect that the timing of gall maturation should fit knapweed
phenology in the field. We expect to have recommendations for the establishment of galls at
field sites. We expect to know if it is feasible to use diapausing gall midges for late season
releases. We will have information on the initial impacts of gall midges on Russian knapweed
field sites. This will include gall populations, Russian knapweed densities and potential recovery
of other vegetation. We expect to be able to use this information as part of a Russian
knapweed management plan.



Figure 1. Russian knapweed galls formed by J. ivannikovi.

Figure 2. A Russian knapweed gall midge larva within the leaves that make up the gall
structure. The gall midge larvae is approximately 2 mm long (see 2 mm arrow for scale)
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Figure 3. Gall midge release sites in Colorado, 2012.



Timetable:

Year 1 (2013) Establish field monitoring sites in Colorado and Utah, begin production of galls in
Palisade insectary greenhouses, mow Russian knapweed garden at regular intervals (in 50
sq. meter plots) and measure gall formation on regrowing stems, release galls at as many
sites as permitted by supplies, do a late season release of galls to test hypothesis that the
overwintering stage is the best for release.

Year 2 (2014) Monitor sites for establishment of the midge, Russian knapweed stem density,
and plant community composition (native and introduced). Continue to harvest and release
galls from the Insectary garden and greenhouses.

Year 3 (2015) Monitor sites for midge establishment, stem density and plant community
composition. Evaluate sites for establishment. Evaluate release techniques and correlation
with establishment. Compile information for use by landowners and biocontrol
practitioners. During the final year we will continue to release midges but not at the sites
used for evaluation of release techniques since we need to determine if establishment and
overwintering have occurred from releases made in 2013-2014.
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Scope of work:

The PI’s laboratory will be responsible overseeing and conducting the releases and monitoring
the outcomes of control of Russian knapweed populations by Jaapiella ivannikovi throughout
the state (Objectives 2 and 3).

The co-PI’s group will be responsible for improving the mass-rearing protocols for J. ivannikovi
and developing effective release technologies that maximize establishment success of this
biocontrol agent. Furthermore, the co-PI’s group will work with the PI’s laboratory in
conducting the releases and monitoring the effectiveness of J. ivannikovi in controlling Russian
knapweed populations.

CSU Budget Justification
The majority of requested funds would support salaries in this labor-intensive project. Figures
are adjusted by 4% each year to accommodate inflation, unless otherwise noted.

Salaries ($54,753):

1. MS student ($41,616): We are requesting stipend support for a MS student in years 1 and 2
at $1700 per month. The MS student will be actively involved in field work (releases and
monitoring) and analyses for the first two years of the project.

2. P1($13,137): We are requesting 0.5 months summer salary (based on monthly salary of
$8,417) for the Pl in each of the three years of this proposal. The Pl has a nine-month tenure
track appointment, and extra support would allow him to work on this project during the
summer to complement the time used during the academic year.

Fringe Benefits ($5460):
Fringe benefits are calculated at CSU established rates. GRA: 5.10% in Year 1 and 5.50% in Year
2; Academic Faculty: 24.10% in Year 1, 24.90% in Year 2, and 25.25% in Year 3.

Travel ($3434):
We request $1100 per year to partially defray domestic travel expenses for the MS student and
Pl from Fort Collins to Palisade and surrounding field sites (2200 total miles/yr at $0.50/mi).

Other Direct Costs ($36,300):
Subaward to CDA ($36,300): $11,780 in year 1, $12,100 in year 2, and $12,420 in year 3.

Total Direct Costs ($99,947):
Matching Costs ($67,542):

Matching costs include:
1) One half month of PI’s salary per year plus fringe (24.1% Y1, 24.9% Y2, 25.25% Y3): $16,390



2) Indirect costs on the Pl salary and fringe calculated at CSU’s federally negotiated rate of
48.7% MTDC: $7,981

3) Unrecovered Indirect costs on the federal request, which are calculated at CSU’s federally
negotiated rate of 48.7% in Years 1 through 3 of modified total direct costs (MTDC: $88,647):
$43,171.



CDA Budget and Justification

The majority of requested funds would support salaries in this labor-intensive project. Salaries
are adjusted by approximately 3.5% each year although in fact salary increases have not been
given for the past four years.

Salaries ($28,800):

We typically hire seasonal staff at a rate of approximately $14/ hr., which covers both direct
costs and fringe benefits. Seasonal staff members are usually students at Colorado Mesa
University with work or classroom experience in biological control. Seasonal staff will assist full
time staff members in rearing and releasing the gall midges and they will be hired during the
field season. We are requesting these funds to be spread over the three years of the proposed
work.

Travel ($4,500):
We request $1500 per year to partially defray travel expenses to and from field sites in western
Colorado and eastern Utah for release and monitoring of J. ivannikovi.

Supplies ($3000):

The insect rearing operations will require Russian knapweed cultivation, which will require soil
and pots as well as cages and containers for the gall midges. Costs for these items will be
approximately $2,500 annually. We are requesting $1,000 annually and the difference will go
toward the match.

Total Direct Costs: $36,300

Matching Costs: $20,250



Year-by-year budget breakdown:

2013 FHP Funds

Matching Funds

CDA (subcontract)
Salaries (including fringe benefits)

Seasonal staff $9280
Travel $1500
Supplies $1000
CSuU
Salaries (including fringe benefits)
MS Student $21,440
PI 0.5 mo summer  $5222
PI 0.5 mo academic salary (plus indirect)
Travel $1100
Indirect charges as cost share
2013 totals: $39,542
2014 FHP Funds

$5500
$1000

$7765
$19257
$33,522

Matching Funds

CDA (subcontract)
Salaries (including fringe benefits)

Seasonal staff $S9600
Travel $1500
Supplies $1000
CSu
Salaries (including fringe benefits)
MS Student $22,383
PI 0.5 mo summer  $5467
PI 0.5 mo salary
Travel $1144
Indirect charges as cost share
2014 totals: $41,094
2015 FHP Funds

$5750
$1000

$8129
$20,013
$34,892

Matching Funds

CDA (subcontract)
Salaries (including fringe benefits)

Seasonal staff $9920
Travel $1500
Supplies $1000

$6000
$1000



CSu
Salaries (including fringe benefits)
PI 0.5 mo summer  $5701

P1 0.5 mo salary S8477
Travel $1190
Indirect charges as cost share $3901
2015 totals: $19,311 $19,378
Grand totals: $99,947 $87,792



Scope of Work for the Palisade Insectary, Colorado Department of Agriculture

Project Title: Russian knapweed biocontrol: propagation, establishment and monitoring of Jaapiella

ivannikovi, the Russian knapweed gall midge.

Contact: Dan Bean, Colorado Department of Agriculture, Palisade Insectary, 750 37.8 Rd., Palisade, CO
81507, (970) 464-7916 (phone), (970) 464-5791 (fax)

1.

Increase production of Russian knapweed gall midges for distribution to field sites. The Palisade
Insectary has about 3,000 sq. meters of garden space planted in Russian knapweed and two
greenhouses where Russian knapweed is currently being grown in pots. The garden will be used
to provide a continuous supply of J. ivannikovi galls during the summers of 2013, 2014 and 2015.
This will be done by harvesting galls from 50 sq meter plots within the garden and mowing plots
at regular intervals during the summer and counting the number of galls formed and the timing
of formation in relation to the timing of mowing (the treatment). This will result in galls for
release as well as in quantitative evaluation of mowing regime on Russian knapweed phenology
and gall formation. This information will be made available to the public in the form of
educational material (brochures, webinars), which will aid in gall midge production outside of
this project. We anticipate the following levels of gall production based on the increases we’ve
seen over the past three years. 2013: 4,000 galls, 2014: 8,000 galls, 2015: our production should
top out at 10,000 galls per season, given the size of our garden. This will be more than enough
to meet the requirements set out in this proposal. We will also grow Russian knapweed in our
greenhouses, particularly over the winter. This will enable us to harvest galls in the spring for
early season distribution to field sites. We will have one greenhouse dedicated to gall-free
knapweed and the other with knapweed gall midges. We will have over 1,000 plants and over
500 gall producing plants at any one time. We should be able to harvest 2,000- 3,000 galls per
season. This should be sufficient to meet the needs of the project.

We will locate and release galls at 80 sites in western Colorado and eastern Utah. The Palisade
Insectary will locate sites in Colorado and our Forest Service collaborator, Elizabeth Hebertson,
will locate them in eastern Utah. We will intensively monitoring of at least 20 of the release
sites, measuring Russian knapweed stem density, plant frequency and the frequency of non-
targeted plants, both introduced and native. Six monitoring transects 50 meters in length will
radiate out from the point of release at 60° intervals. Sites will be established in 2013 and
monitored at least twice during the field seasons of 2014 and 2015.

We will work with landowners and land managers to investigate the influence of mowing
knapweed on the establishment of galls. We will mow Russian knapweed stands near the point
of release of the galls and will monitor establishment and gall densities in the mown and
unmown areas near the point of release. We hypothesize that mowing will enable better
establishment when plants responds with more shoot formation.

We will organize all data sets and give them to Paul Ode for analysis and evaluation. We will
assist in dissemination of information gained from field trials, greenhouse and garden
production of knapweed galls.
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October 30, 2012

Paul Ode

Bioagricultural Sciences and Pest Management
Colorado State University

Ft. Collins, CO

Dear Dr. Ode;

The purpose of this letter is to acknowledge our support for and excitement to participate
in the proposed project titled “Russian knapweed biocontrol: propagation, establishment
and monitoring of Jaapiella ivannikovi, the Russian knapweed gall midge”. We have
approved a budget of $36,300 to complete our scope of work. Our group at the Colorado
Department of Agriculture, Biological Pest Control in Palisade, CO, has extensive
experience in rearing biological control agents and in establishing field populations of
them. The proposed work fits well into the mission of the Biological Pest Control
Program and will complement our other efforts perfectly. The target plant, Russian
knapweed, is widely regarded as one of the top five noxious weeds in Colorado and is
similarly regarded in many western states. We anticipate providing several thousand
galls per year, containing the Russian knapweed gall midge. We will also monitor field
sites in western Colorado and eastern Utah.

If you have any questions regarding our program or support for this project, please feel
free to contact us at (970) 464-7916.

Sincerely,

Dan Bean, PhD

Director with fiscal authority, Biological Pest Control
Colorado Department of Agriculture

Palisade Insectary

750 37.8 Rd.

Palisade, CO 81526

dan.bean@ag.state.co.us
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