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Presenter�
Presentation Notes�
Spotted knapweed (Centaurea stoebe Lamarck ssp. micranthos (Gugler) Hayek (Ochsmann 2001) is one of the most significant and distributed invasive terrestrial species based on social (Norgaard 2007), economical (Maddox 1979), and ecological impacts (Ortega et al 2006) in North America.  It is a purple-flowered, short lived perennial weed which releases an allelopathic chemical, catechin, through its roots, facilitating the plant to form dense monoculture stands (Story 2001).  In addition, a single spotted knapweed plant annually produces 5,000 to 40,000 seed/ m-2 (Sheley et al. 1998), and these seeds remain viable in the soil for at least 8 years (Davis et al. 1993).  (Distribution occurs through seed transmittal)
As such, spotted knapweed seems well adapted at colonizing disturbed communities and remaining dominant once established, so control practices must be effective over several growing seasons to prevent re-infestation, such as biological control (UMN Extension 2006).  �
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Young plants will have 
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‐Older plants will have 
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From: The First International Knapweed Symposium of the Twenty-First Century 
15-16 March 2001, Coeur d.Alene, Idaho.  L. Smith, (ed.).   33 
On the taxonomy of spotted knapweed (Centaurea stoebe L.): Jörg Ochsmann
Department of Taxonomy, Institute for Plant Genetics and Crop Plant Research (IPK), 

Corrensstraße 3, D-06466 Gatersleben, Germany

Taxonomy - Centaurea species in the United States

-The genus Centaurea consists of about 500 
species of predominantly Mediterranean 
distribution (CAB, 1992)

- Spotted knapweed was introduced into North 
America as a seed contaminant from south 
eastern Europe in the middle of the 19th 
century. 

- The morphological, ecological and 
chromosome data clearly indicate that the 
American plants of spotted knapweed belong to 
the tetraploid subsp. micranthos and not to 
subsp. stoebe.  In fact subsp. micranthos has 
been a very successful neophyte not only in 
North America but also in most parts of Europe 
(Fig. 2) in the past 100 to 150 years. 

W.T.Oehmichen

Presenter�
Presentation Notes�
During recent studies the delimitation of the different taxa of spotted knapweed was 
investigated by using morphological and molecular techniques. According to this work 
Centaurea maculosa LAM. (described from Central France), as well as C. rhenana BOREAU, 
are synonyms of Centaurea stoebe L. subsp. stoebe, which is native to western and central 
Europe only. These plants are biennial, strictly monocarpic and diploid (2n = 18). All the 
North American plants called .Centaurea maculosa. are perennial, polycarpic and tetraploid 
(2n = 36) and thus must belong to a different taxon. Parallel to the introduction into North 
America similar plants spread all over Europe. Molecular data confirm that the plants 
introduced into North America and into Europe belong to the same taxon. Their correct name 
is Centaurea stoebe L. subsp. micranthos (GUGLER) HAYEK (synonyms are .C. biebersteinii. 
and .C. micranthos.)

Most North American floras list Centaurea americana and C. rothrockii as two native species in the southern United States.  These two taxa are so closely allied that they can be treated as varieties of the same species (Cronquist, pers. Comm.).  Both Jeffrey (1967) and Dittrich (1977) treat them as Plectocephalus americanus.  The genus Plectocephalus comprises a total of nine species of largely South American distribution with one species known from Ethiopia and one from North America.  This distribution suggests that the genus arose before the separation of the African and the South American contineents with the North American species entering from South America.  Therefore, it is taxonomically clearly distinct from the genus Centaurea which evolved in the Palearctic and entered North America only in recent times.  �



Fig. 2 Distribution of the subspecies of Centaurea stoebe L. 
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USDA, NRCS. 2009. The PLANTS Database (http://plants.usda.gov, 20 February 2009). National Plant Data Center, Baton Rouge, LA 
70874-4490 USA.
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G.A. Cooper. Courtesy of Smithsonian Institution, Department of Systematic Biology-Botany. United 
States, CA, Berkeley, University of California Berkeley Botanical Garden
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Control of Spotted   
Knapweed  

Projects by Wisconsin Dept. Natural Resources 
 and University of Wisconsin Green Bay



Effects of Milestone   
Treatments and Frost   
seeding on Spotted   
Knapweed Density  

Wisconsin Dept. Natural Resources
 

Wade T. Oehmichen – Principal Investigator



Background – Chemical: 
 Milestone Herbicide (Aminopyralid)

Aminopyralid (Milestone) is a 
 pyridine carboxylic acid herbicide 

 that provides post emergence control 
 of spotted knapweed when 

 applications are made during the 
 spring, and it is non‐lethal to existing 

 grass stands.  Can provide ~2 years of 
 control for spotted knapweed (Dow 

 AgroScience 2006). 

Application Rate: 5 to 7 oz / acre



Problem!
Spring application of aminopyralid combined with spring or fall 

 seeding of warm season grasses (little bluestem, indiangrass, and 

 sideoats grama) has reduced grass stands between 25% to 90% (Dow 

 AgroScience 2006). 

Potential Solution
Frost seeding these grasses to the treatment site the following 

 November or March.

Benefits of Frost‐Seeding:

Minimal soil disturbance
Direct contact of native grass seeds to soil during spring melt

Easy and cheap seed application method
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Study Locations



Spooner Location



Before Treatment
 Spooner Location

Knapweed   
Density   

Average 85%



After Treatment (Year 2)
 Spooner Location

Knapweed Density 
 Average 79%

(Control)

Knapweed Density 
 Average 0.01%

(Treatment)

Little Bluestem Density
58%

(Treatment ‐

 

Seeded)

Little Bluestem Density
9%

(Control ‐

 

Seeded)

Little Bluestem Density
2%

(Control Not seeded)

Little Bluestem Density
22%
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Coloma Location



Before Treatment
 Coloma Location

Knapweed 
 Density 

 Average 62%



After Treatment (Year 2)
 Coloma Location

Knapweed Density Average 
56.5%

(Control ‐

 

Seeded)

Knapweed Density 
 Average 0%

(Treatment)

Grass Density Average
99%

(Treatment ‐

 

Seeded)

Grass Density Average
26%

(Control ‐

 

Seeded)

Grass Density Average
24%

(Control Not seeded)

Grass Density Average
97%

(Treatment – Not Seeded)TR
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Knapweed Density Average 
75%

(Control – Not Seeded)



Buena Vista Location



Before Treatment
 Buena Vista Location

Knapweed 
 Density 

 Average 
 78.5%



After Treatment (Year 2)
 Buena Vista Location

Knapweed Density Average 
65%

(Control ‐

 

Seeded)

Knapweed Density 
 Average 0.5%

(Treatment)

Grass Density Average
99%

(Treatment ‐

 

Seeded)

Grass Density Average
34.8%

(Control ‐

 

Seeded)

Grass Density Average
25%

(Control Not seeded)

Grass Density Average
98%

(Treatment – Not Seeded)TR
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N
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Knapweed Density Average 
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Milestone Effects on Spotted Knapweed
 (Year 2)

Plants that did come up in 

 year 2 in treatment areas
were deformed and 

 typically did not produce 

 seeds



Biological Control Agents   
for Spotted Knapweed  

in Wisconsin  
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Spotted Knapweed Biological Agents
Root‐Miners

W.T.Oehmichen

W.T.Oehmichen

Cyphocleonus achates

Agapeta zoegana

Presenter�
Presentation Notes�
In the United States and Canada there are 5 root boring insect species approved for spotted knapweed biological control (Wilson and Randall 2001).  Three of these species are moths (Lepidoptera): (Agapeta zoegana, Pelochrista medullana and Pterolonche inspersa); the other two are beetles (Coleoptera): (Cyphocleonus achates and Sphenoptera jugolavica).  Of these insects 2 are in Wisconsin, C. achates and A. zoegana (DATCP, 2008). 
All of the root boring insects damage the plant with the larvae feeding on the central vascular tissue or the cortex of the root (Figure 16).  The root boring insects will lay there eggs on the plant with the larvae then boring into the root.  This feeding damages the developing root by depleting carbohydrate reserves and creating wounds for bacteria to attack the plant.  
All of these insects are univoltine and complete there development within a single root (Figure 17).�
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History
Cyphocleonus achates was first introduced into the United States for knapweed control in 1988 in Montana (Story et al 1996).  Cyphocleonus achates was first released into Wisconsin in 2004 in Monroe County by the United States Military (Figure 18) (DATCP, 2008).   
Description
Adult Cyphocleonus achates are approximately 13 to 15mm in length, brown-gray in color with light white molted look along its back (Figure 19).  Eggs are oval and cream-colored.  Larvae are approximately 13mm in length with a slight C-shaped curve to their body, white in color and with a brown head capsule (Figure 20).  Pupae are approximately 13mm in length, white in color and will turn a slight grayish color as they develop (Figure 20).
Biology	
The following is as described by L. M.Wilson and C.B. Randall in Biology and Biological Control of Knapweed, FHTET 2001:  This weevil has one generation per year. Adults emerge from mid-July to early September with peak emergence at about mid-August. Adults spend most or their life (about 10 weeks) on the root crown, just below the surface. They climb up to the tops of plants on sunny, warm days in search of a mate. Larvae hatch in 10 to 12 days and begin to tunnel into the root central vascular tissue where they will complete their development. Unlike other knapweed weevils, C. achates has four larval instars. By the fourth instar, larvae are large, white and obviously C-shaped. Cyphocleonus achates overwinters as larvae in the root. Mature larvae can cause a gall to form in the root giving the root a swollen appearance (Figure 21). Pupae are large and white (Figure 20).  They pupate in the root gall with the onset of warmer spring temperatures. New adults appear after about two weeks of pupation by chewing their way out of the root. Evidence of larval damage is a wide tunnel abundant frass (insect excrement), and a swollen root gall (caused by the third and fourth instar) (Figure 17),
Value	
Cyphocleonus achates feed on the plant as in the larval stage, the larvae cause a gall to form in the root, which acts as a metabolic sink. Plants are stunted and some survive only one season after being infested with C. achates. Tunneling in the root also exposes the plant to bacterial and fungal infection that can cause additional secondary injury (Wilson and Randall 2001).
�



Cyphocleonus achates
-C. achates is a Palearctic species occurring in central, eastern and southern Europe 
and Asia minor.  

-Field Surveys: 1979-1985 (Switzerland, France, Austria, Czechoslovakia, Hungary, 
Bulgaria, Greece and 

- Host testing: 1984-1986 (European stations)

-Oviposition tests: only accepts plants in the genus Centaurea.

-Larval development  tests: only survived in C. micranthos and C. vallesiaca.

-Adult feeding tests: restricted to feeding on members of the subtribe Centaureinae

-Oogenesis tests: No ovariole development occurs when enclosed with plants other 
than spotted and diffuse knapweed

Family: Curculionidae
Subfamily: Rhyssinae

Genus: Cyphocleonus, 1858
Species: Cyphocleonus achates (Fahraeus, 1842)

Life history of L. minutus was carried out in Rumania (by Dr. I. Andrieseu, 
Biological Research Centre), in Greece (by Mr. J. Kashefi, University of 

Thessaloniki) in 1985 and 1986, and at the European Station, CIBC.



Spotted Knapweed Biological Agents
Agapeta zoegana

W.T.OehmichenAdultW.T.Oehmichen

Eggs
W.T.Oehmichen

Larv
ae

Presenter�
Presentation Notes�
History
Agapeta zoegana was first introduced into the United States for knapweed control in 1984 in Montana (Story et al 2000).  Agapeta zoegana was first released into Wisconsin in 1991 in Iowa County by the United States Department of Agriculture (Figure 22) (DATCP, 2008).
Description
Adult Agapeta zoegana are approximately 11mm in length, yellow in color with brown wing bands (Figure 23).  Eggs are round white and turn orange (Figure 24).  Larvae are approximately 7mm in length and are white in color with a brown head capsule and legs (Figure 25).  Pupae are white.
Biology	
The following is as described by L. M.Wilson and C.B. Randall in Biology and Biological Control of Knapweed, FHTET 2001:  Adult moths emerge from overwintering as larvae in knapweed roots in early July through early September. Mating takes place within 24 hours after emergence and the mated female begins ovipositing eggs the next day, laying eggs in the stem crevices and on the leaves of knapweed plants. Eggs are laid singly or in groups of 2 or 3 (Figure 24). Adults live 11 to 14 days with each female laying from 21 to 78 eggs in her lifetime. The larvae hatch from the eggs in 7 to 10 days and move immediately to the root cortex. Larvae develop through six instars with mature larvae overwintering in the root and pupating early the next summer.
Value	
Agapeta zoegana larvae mine the epidermal tissues of the root crown and older larvae mine the root cortex and endodermis (Story et al 2000) which reduces the survival rate of immature plants (Muller, 1989). 
�



Agapeta zoegana
-C. achates is a Palearctic species occurring in central, eastern and southern Europe 
and Asia minor.  

-Field Surveys: 1979-1981 eastern Austria, western Hungary, and eastern Rumania.

- Host testing: 1984-1986 (European station)

-Oviposition tests: only accepts plants in the genus Centaurea.

-Larval development  tests: only survived in C. micranthos and C. vallesiaca.

-Adult feeding tests: restricted to feeding on members of the subtribe Centaureinae

-Oogenesis tests: No ovariole development occurs when enclosed with plants other 
than spotted and diffuse knapweed

Family: Tortricidae 
Subfamily: Tortricinae 

Tribe: Cochylini 
Genus: Agapeta, 1858

Species: Agapeta zoegana Linnaeus, 1767

Life history of L. minutus was carried out in Rumania (by Dr. I. Andrieseu, 
Biological Research Centre), in Greece (by Mr. J. Kashefi, University of 

Thessaloniki) in 1985 and 1986, and at the European Station, CIBC.



Spotted Knapweed Biological Agents
Seed‐head Feeders

W.T.Oehmichen

W.T.Oehmichen

Urophora affinis

Urophora quadrifasciata
Larinus obtusus & L. minutus

Presenter�
Presentation Notes�
BIOLOGICAL AGENTS
All of the knapweed biological insect agents approved for release in the United States damage the plant as larvae, impacting either the seed-head or the root of the knapweed.  In addition to impacting the seed-head both Larinus species will defoliate some of the knapweed’s leaves.  It is unlikely for a single knapweed bioagent to control an invasion alone, so most programs use a combination of agents.
Spotted knapweed biological agents are classified into 2 categories: seedhead feeders or root borers.  Further, they are classified into 3 different groups: beetles, flies and moths.   

SEEDHEAD FEEDERS
In the United States and Canada there are 8 seed-head feeding insect species approved for spotted knapweed biological control (Urophora affinis, Urophora quadrifasciata, Terellia virens, Chaetorellia acrolophi, Metzneria paucipunctella, Larinus minutus, Larinus obtusus and Bangasternus fausti).   Of these insects, in Wisconsin we have U. affinis, U. quadrifasciata, L. minutus, L. obtusus and B. fausti.  All of the seed-head feeders damage the plant with the larvae mining out the immature seeds and seed-head tissues in the capitulum.  For some of these insects the feeding induces the plant to form a gall around the developing larvae (Figure 1) which limits or destroys seed production in the floret.  Others which do not induce the formation of a gall form a chamber inside the seed-head which damages or displaces developing seeds (Figure 2).
�



Spotted Knapweed Biological Agents
Urophora quadrifasciata

W.T.Oehmichen

W.T.OehmichenAdult

Presenter�
Presentation Notes�
History
Urophora quadrifasciata was first introduced into the United States for knapweed control in 1980 in Idaho (Lang et al 1997).  Urophora quadrifasciata was first released into Wisconsin in 1991 in Washburn and Waukesha Counties by the United States Department of Agriculture (Figure 4) (DATCP, 2008).  
Description
Adult flies are approximately 4mm in length with distinct black UV pattern on the wings (Figure 6). Eggs are white in color and crescent-shaped.  Larvae are barrel shaped and creamy white, approximately 3mm in length, and have a dark round anal plate with light pigment visible around two light spiracles (Figure 7).  Galls are thin and paper-like and can be found around the base of the capitulum of the seedhead (Figure 7) (Wilson, Randall 2001). 
Biology	
Developing U. quadrifasciata larvae will go through 3 instars with pupation will be in the spring.  Adults will emerge in mid to late spring. After mating takes place a single egg is placed among developing florets though a single seedhead may be attacked several times by multiple U. quadrifasciata.  Eggs hatch after about three to four days and mine to the floret ovary.  Feeding larvae cause the plant to form a thin gall around the larvae.  Larvae overwinter in the seedhead. (Lang 2006).   
Value
U. quadrifasciata larvae displace and destroy seeds within the seedhead, reducing total seed production (Harris 1980).
�



Spotted Knapweed Biological Agents
Urophora affinis

Presenter�
Presentation Notes�
History
Urophora affinis was first introduced into the United States for knapweed control in 1973 in Montana and Oregon (Story and Anderson, 1978).  Urophora affinis was first released into Wisconsin in 1991 in Washburn and Waukesha Counties by the United States Department of Agriculture (Figure 3) (DATCP, 2008).  
Description
Adult flies are approximately 5mm in length with black faint horizontal bands across the wings (Figure 4). Eggs are white in color and crescent-shaped.  Larvae are barrel shaped and creamy white, approximately 3mm in length, and have a dark round anal plate with two light spiracles visible (figure 5).  Galls are woody like and form at the base of the capitulum of the seedhead.  Between two to four galls per seedhead is common (Wilson, Randall 2001).
Biology
Developing U. affinis larvae will go through 3 instars with pupation in the spring.  The adults will emerge in mid to late spring. After mating takes place the eggs are laid between the bracts on closed flower buds. Developing larvae cause the plant to form a fusiform gall from tissues of the ovary and receptacle. The gall becomes lignified and hard. The females recognize the proper host bud by size and by probing to check the thickness and hardness of the bud exterior.  Larvae overwinter in the seedhead. (Lang 2006).   
Value
U. affinis larvae form a metabolic sink that sequesters nutrients at the expense of plant tissues.  This causes fewer and smaller flowering stems produced the following year (Harris 1980).  Also the developing gall displaces seeds within the seedhead. 
�



Spotted Knapweed Biological Agents
Larinus minutus & L. obtusus

W.T.OehmichenW.T.Oehmichen

LARVA PUPA

ADULT
W.T.Oehmichen

Presenter�
Presentation Notes�
History
Larinus minutus was first introduced into the United States for knapweed control in 1991 in Montana, Washington, and Wyoming (Lang et al 1996).  Larinus minutus was first released into Wisconsin in 2004 in Monroe County by the United States Military (Figure 8) (DATCP, 2008).  
Description
Adult Larinus minutus are approximately 5 to 7mm in length, dark in color with light white patches of hair along its back (Figure 9).  Eggs are round and yellowish.  Larvae are 3mm in length with a slight C-shaped curve to their body, white in color and with a brown head capsule (Figure 10).  Pupae are 6mm in length, white in color and will turn a slight brownish color as it develops (Figure 11).
Biology	
	The following is as described by L. M.Wilson and C.B. Randall in Biology and Biological Control of Knapweed, FHTET 2001:  Larinus minutus has one generation per year. Adults spend the winter in plant litter within the knapweed patch. Adults are active in the field from May or June until August. Mating occurs continuously during this 11-week period. Adults feed on the leaves (including rosette leaves in the spring), outer stem tissue and flowers prior to laying eggs. Eggs are deposited in the seedhead between the pappus hairs. Up to five eggs are clustered; the number of eggs laid per female ranges between 28 and 130. Eggs hatch three days later and the newly hatched larvae feed on the pappus hairs, then move downward to consume seeds and partially the receptacle. Feeding lasts about four weeks as larvae go through three instars. The number of L. minutus larvae that a seedhead can support depends on the size of the seedhead and the knapweed species. The larva constructs a pupal chamber (partly from seed coats) attached to the flower base in which to house the pupa (figure 2). New adults emerge and feed on foliage and flowers before moving to overwintering sites at the base of the plants.
Value
	L. minutus in adult stages will feed on knapweed leaves, defoliating the plant.  While in the larval stage L. minutus will feed on the seeds within the knapweed floret; a single larva can destroy the contents of an entire spotted knapweed seedhead (Wilson and Randall, 2001).
�



Larinus obtusus
-“The genus Larinus consists of 150 to 200 species occurring mainly in the Palearctic 
region from the Atlantic coast of Europe to Japan” (CABI, 1992).

-All members of the genus Larinus attack the capitula of their host plants.

- Host testing started in 1988 with beetles from western Rumania, 1989 western 

-Hungary and Geneva, 1990 northern Yugoslavia.

-Oviposition tests were made with 74 plant species: restricted to Centaurea species

-Larval development  tests: development only occurred in Centaurea species.  Zero 
larvae survived in C. americana.

-Adult feeding tests: feed preferably on Centaurea species.

Family: Curculionidae
Subfamily: Cleonidae

Tribe: Lixini
Genus: Larinus Germar, 1824

Species: Larinus obtusus Gyllenhal, 1836

Identification of Larinus species collected at field sites and used for the screening 
programme was checked by Dr. L. Dieckmann and L. Behne, German 

Entomological Institute at Berline, FRG.

Presenter�
Presentation Notes�
“Some North American Cardueae were included in the screening tests, but were generally unacceptable to L. obtusus as were the European species in this tribe.  The weevil is specific to a few old worl subgenera in the genus Centaurea.  Thus no rare or native American plants will be adversely effected”.
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Larinus minutus
-“The genus Larinus consists of 150 to 200 species occurring mainly in the Palearctic 
region from the Atlantic coast of Europe to Japan” (CABI, 1992).

-All members of the genus Larinus attack the capitula of their host plants.

- Host testing started in 1988 with beetles from western Rumania, 1989 western 

-Hungary and Geneva, 1990 northern Yugoslavia.

-Oviposition tests: only accepts plants in the genus Centaurea.

-Larval development  tests: only survived in Centaurea plants

-Adult feeding tests: feed preferably on Centaurea species.

Family: Curculionidae
Subfamily: Cleonidae

Tribe: Lixini
Genus: Larinus, 1824

Species: Larinus minutus Gyllenhal

Life history of L. minutus was carried out in Rumania (by Dr. I. Andrieseu, 
Biological Research Centre), in Greece (by Mr. J. Kashefi, University of 

Thessaloniki) in 1985 and 1986, and at the European Station, CIBC.



•Biocontrol agents can establish self‐perpetuating populations and expand throughout the 

 
target invasive plant’s range, including areas with difficult access. 

•Regulation of the invasive plant population can be long‐term with biocontrol; the densities of 

 
the biocontrol agent populations adjust themselves in response to changes in invasive plant 

 
density. 

•The impact of host‐specific agents is focused on a single plant species, minimizing

 

the 

 
likelihood of harm to other nontarget plants. 

•Overall, the cost of biocontrol is low relative to other approaches such as chemical and 

 
physical control, and expenses are incurred at the beginning of a program rather than on a 

 
continuing basis (not including the costs of long‐term monitoring). 

•Biocontrol agents are nonpolluting and leave no toxic residues. 

Studies showing positive biological agent control on Spotted or Diffuse Knapweed:
Seastedt, T.R, N. Gregory, D. Buckner. 2003. Effect of biocontrol insects on diffuse knapweed (Centaurea diffusa) in a Colorado grassland. Weed Science, 51: 

 

237‐245.

Story, J.M., W.R. Good, L.J. White, L. Smith. 2000. Effects of the Interaction of the Biocontrol Agent  Agapeta zoegana L. (Lepidoptera: Cochylidae) and Grass 

 

Competition on Spotted Knapweed. Biological Control, 17, 182‐190.

Story, J.M., L. Smith, J.G. Corn, L.J. White.  2006. Influence of Seed Head‐Attacking Biological Control Agents on Spotted Knapweed Reproductive Potential in 

 

Western Montana Over a 30‐Year Period. Environmental Entomology: 37 (2): 510‐519.

Jacobs, J.S., S.E. Sing, J.M. Martin. 2006. Influence of Herbivory and Competition on Invasive Weed Fitness: Observed Effects of

 

Cypocleonus achtes 

 

(Coleoptera: Curculionidae) and Grass‐Seeding Treatments on Spotted Knapweed Performace. Envionrmantal

 

Entomologist: 35(6): 1590‐1596.

Benefits of Biologist Control

From: Fish and Wildllife Service – Biologist Control 

Presenter�
Presentation Notes�
Impacts of Biocontrol on Invasive Plant Populations
Once released, biocontrol insect populations typically require two to three years to successfully establish, and 10 to 20 years before they significantly affect the invasive plant population. As the direct and indirect effects of biocontrol agent attacks reduce the host invasive plant’s ability to compete within the plant community, invasive plant populations gradually decline, but are not eliminated. Biocontrol therefore has limited application for situations where rapid or complete invasive plant control is required. However, for widely established invasive plants, or for established plants with the potential to become widespread, biocontrol may be an appropriate strategy. 

In areas where desirable vegetation is absent, suppression of one invasive plant species can lead to subsequent invasion and community dominance by another invasive plant. This phenomenon is referred to as the “biocontrol treadmill” (McCaffrey and Wilson 1994). When more desirable perennial vegetation is not available to fill niches opened up by the suppressed target species, another undesirable species for which biocontrols are not available may become established in its place. For example, Campbell and McCaffrey (1991) found that following successful suppression of St. Johnswort (Hypericum perforatum) in Idaho, the study sites reverted to the nonnative annual grass community that predated introduction of St. Johnswort. For proposed release sites in which multiple invasive species occur or are nearby, a plan for controlling these species is an integral part of the management approach. 
The effects and effectiveness of biocontrol for managing invasive plant populations in general is highly variable and depends on the unique interactions between biocontrol agents and host plants, as well as a number of other biological, environmental, and procedural factors. A biocontrol agent that is very effective in controlling an invasive plant population under a given set of conditions may fail to establish, fail to reach populations levels to significantly reduce invasive plant populations, or (in rare cases) cause unanticipated negative non-target impacts under a different set of conditions. 

Biocontrol Success on Refuges
   
The factors affecting biocontrol successes and failures are not fully understood and practitioners are continually gathering data to help improve the predictability of biocontrol effects. Although only about one-third of invasive plant biocontrol projects in the United States exhibit successful control (DeLoach 1991), there are a number of well-documented successes for biocontrol of several terrestrial and aquatic invasive plant species, including tansy ragwort (Senecio jacobaea), leafy spurge (Euphorbia esula), musk thistle (Carduus nutans), St. Johnswort (Hypericum perforatum), water hyacinth (Eichhornia crassipes), hydrilla (Hydrilla verticillata), and alligator weed (Alternanthera philoxeroides). Many National Wildlife Refuges have experienced significant success with biocontrol programs.
When effective, biocontrol can have a number of advantages over other invasive plant management methods (Culliney 2005):
Biocontrol agents can establish self-perpetuating populations and expand throughout the target invasive plant’s range, including areas with difficult access. 
Regulation of the invasive plant population can be long-term with biocontrol; the densities of the biocontrol agent populations adjust themselves in response to changes in invasive plant density. 
The impact of host-specific agents is focused on a single plant species, minimizing the likelihood of harm to other nontarget plants. 
Overall, the cost of biocontrol is low relative to other approaches such as chemical and physical control, and expenses are incurred at the beginning of a program rather than on a continuing basis (not including the costs of long-term monitoring). 
Biocontrol agents are nonpolluting and leave no toxic residues. 

Effects of Biocontrol on the Environment 
The two ecological cornerstones discussed above provide the framework for ensuring effectiveness and safety in classical biocontrol. Current protocols and regulations for selecting and importing biocontrol agents into the United States involve rigorous testing to ensure that biocontrols will not attack nontarget plant species. However, these protocols are not designed to thoroughly assess and predict the biocontrol agent’s long-term effectiveness and risks associated with complex ecological interactions. 
Several authors have reviewed benefits and risks of biocontrol (Culliney 2005, Delfosse 2005, Simberloff and Stiling 1996, Hoddle 2002, Louda and Stiling 2004, and others). Assessment of the potential risk from biocontrol is not simple, and oversimplification can lead to erroneous conclusions (Delfosse 2005). Biocontrol does present some risk of unintended, adverse impacts and once biocontrol agents are released and established the biocontrol process cannot be reversed. The risk of using biocontrol must be weighed against its potential benefits, as well as the risks associated with other management methods, and the risk of doing nothing to manage invasive plant populations. 
Biocontrol can be beneficial relative to other methods. However, lack of quantitative evidence regarding complex interactions and outcomes associated with introducing nonnative organisms warrants increased caution and continued development of improved ecological risk assessment (Louda and Stiling 2004). The following are a few examples of how biocontrols have been linked to nontarget impacts and unforeseen interactions. 
�





Collection of 
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Collection of 
 Agents



County Year Cypho Larinus Agapeta Urophora
Adams 2004 400 1200 0 0
Bayfield 2008 40 250 0 0
Burnett 2005 50 150 0 0

2006 200 400 0 0
2007 150 1520 0 0
2008 0 750 0 0

Columbia 2008 20 500 0 0
Douglas 2008 40 250 0 0

Fond du lac 2008 0 250 0 0
Iowa 1991 0 0 0 6000

2008 20 250 0 0
Jackson 2004 50 0 0 0

2007 100 200 0 0
Juneau 2007 50 200 0 0

Marinette 2007 120 1200 0 0
Marquette 2008 10 250 0 0
Monroe 2004 450 3050 355 0

2005 400 900 200 0
2006 1425 10605 39 0
2007 170 1700 0 0

Outagamie 2007 0 300 0 0
Polk 2008 0 250 0 0

Portage 2007 0 920 0 0
2008 100 250 0 0

Washburn 1991 0 0 0 6000
2007 0 400 0 0
2008 0 400 0 0

Waukesha 1991 0 0 0 6000
Waushara 2005 80 100 0 0

2006 100 400 0 0
2007 40 1300 0 0

Winnebago 2008 0 250 0 0
Wood 2007 50 400 0 0

TOTAL 4065 28595 594 18000

Presenter�
Presentation Notes�
2008 – 22 sites, 12 counties – Larinus spp. 4,650 + Cyphocleonus achates 300

Late and wet year for collection = poor numbers for collection.

Total 4065 Cypho, 28,595 Larinus, 594 Agapeta�





Knapweed Corral for Cyphocleonus achates

Story J.M., W.R. Good, and L.J. White, 1996. Propagation of Cyphocleonus achates (Fahraeus) 

 
Coleoptera: Curculionidae for Biological Control of Spotted Knapweed: Procedures and Cost. 

 
Biological Control, 7, 167‐171

J. Story

Presenter�
Presentation Notes�
Solution – true knapweed insectory for Cypho

Creation of priority areas to start field insectaries, all supplemented with base insectory.�







Survivability of Spotted Knapweed 
Biological Agents to a Spring 

Prescribed Fire

Wade T. Oehmichen
Wisconsin Department of Natural Resources

Wildlife Management 
wade.oehmichen@wisconsin.gov



We hope to determine if spotted knapweed 
biological agents are able to withstand a 

spring prescribed fire.  

Torch
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Vegetation 
Sampling

Urophora Seedhead 
Sampling (larvae)

Cyphocleonus achates &
Agapeta zoegana

Root Sampling (larave)

Larinus minutus & 
Larinus obtusus 

Sweepnet Sampling 
(Adults)

Step 1: Pre-Burn Sampling (2006)
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Step 2: Conduct Prescribed Burn on sites (March - May 2007)
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Step 3: Post-Burn Sampling (May – 
August, 2007)

Urophora 
Sampling

Cyphocleonus achates &
Agapeta zoegana
Larva Sampling

Larinus minutus & 
Larinus obtusus 
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photo: W.T. Oehmichen



Vegetation Sampling 

Discussion / Highlights
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All treatment sides (for all sites) were not significantly different 
than their corresponding control side. (P-value <.0001)



Prescribed Fire

photos: W.T. Oehmichen

Prescribed Fire



Before fire (Flat Lake, MN 4.18.2007)

After fire (Flat Lake, MN 4.18.2007)

photo: W.T. Oehmichen

photo: W.T. Oehmichen



Before fire (Gruss Site, MN 4.18.2007)

After fire (Gruss Site, MN 4.18.2007)

photo: W.T. Oehmichen

photo: W.T. Oehmichen



Before fire (Keizer North, WI 3.23.2007)

After fire (Keizer North, WI 3.23.2007)

photo: W.T. Oehmichen

photo: W.T. Oehmichen



Prescribed Fire Statistics

Site Avg_Max_Temp 
(Celcius)

Dur_>40C 
(minutes)

Dur_>50C 
(minutes)

Dur_>60C 
(minutes)

Flat Lake 84.5 (184 F) 13.7 6.5 4.7

Gruss 85 (185 F) 8.5 6.3 4.8

Job Core 81.87 (179 F) 9.1 6.5 4.2

Keizer 
North 66.9 (152 F) 9.5 3.7 2.6

Keizer 
South 50.7 (123 F) 5.1 1.3 0.2

photo: W.T. Oehmichen

Presenter�
Presentation Notes�
40 C = 104 F
50 C = 122 F
60 C = 140 F�



Root Samples
Cyphocleonus achates & Agapeta zoegana

C. achates -

 

adult

Agapeta zoegana -

 

adult

Agapeta zoegana -

 

larvaC. achates –

 

adult, pupa, larva photos: W.T. Oehmichen







Sweep Net – Data
Larinus minutus & Larinus obtusus





Urophora Sampling
Urophora affinis & Urophora 

quadrifasciata



Urophora Sampling – Post Burn Data

Urophora affinis & Urophora quadrifasciata

Sites Total 
Rosettes

U. affinis 
Galls

U. quad 
Galls

U. affinis_% 
Galls

U. quad_% 
Galls

U. affinis 
emerged

U. quad 
emerged

Emerged U. 
affinis_%

Emerged 
U. 

quad_%

K_S 100 33 7 0.33 0.07 17 0 0.52 0.00

K_N 100 37 6 0.37 0.06 9 0 0.24 0.00

Gruss 100 41 7 0.41 0.07 6 0 0.15 0.00

Flat 
Lake 100 32 8 0.32 0.08 4 0 0.13 0.00

Job 
Core 100 18 12 0.18 0.12 11 0 0.61 0.00

photo: W.T. Oehmichen

photo: W.T. Oehmichen



Urophora Sampling – Discussion / Highlights

Urophora affinis & Urophora quadrifasciata

• Incubation of Urophora affinis galls showed a 
portion of U. affinis larva surviving to adults at 
all sites.

• Incubation showed no U. quadrifasciata larva 
developing into adults in all samples collected

photo: W.T. Oehmichen



Questions?

Wade T. Oehmichen
 1210 North Palmatory

 

Drive

 Horicon, WI  53050

 (920) 485‐3026
spottedknapweed@gmail.com

 wade.oehmichen@wisconsin.gov

mailto:spottedknapweed@gmail.com
mailto:wade.oehmichen@wisconsin.gov
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