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Project Summary
Spotted knapweed infestations have been identified by trained botanists in fields within the Quail
Wildlife Management Area, in the former Southwest Line Road dump site, and within several
smaller disturbed roadside sites in Myles Standish State Forest (MSSF). Spotted knapweed is a
highly invasive weed that is capable of forming large infestations under favorable conditions. It
is known to emit substances in the soil which hamper and disrupt growth of other plants around,
so that it promptly becomes the sole proprietor of the area it invades. Its large populations also
promote soil erosion due to weak soil-binding ability of the weed (Somers et al., 2008).
Field and open roadside habitat in MSSF harbor many native and some rare plants species (e.g.,
New England blazing star, Liatris scariosa var. novae-angliae, Little Ladies’ Tresses, Spiranthes
tuberose and Broom crowberry, Corema conradii) which potentially could be displaced by
spotted knapweed.
Spotted knapweed has been actively spreading from disturbed areas to
undisturbed open areas displacing native vegetation.
In June 2011, the Department of Conservation and Recreation (DCR) and the Friends of Myles
Standish State Forest (Friends of MSSF) developed a management plan to monitor and control
populations of spotted knapweed (Centaurea stoebe) in MSSF. In July 2011, the Natural
Heritage and Endangered Species Program (NHESP) granted permission to the DCR and the
Friends of MSSF to hand control populations of spotted knapweed within MSSF in order to
reduce the spread of this exotic and its impact to rare native species in association with these
populations.
Hand control efforts by the Friends of MSSF over the past year have not been effective in
slowing the spotted knapweed infestation within MSSF. The clipped knapweed generated new
flowers after hand clipping. Spotted knapweed also flowers for an extended period of time
during the summer so it is impossible to clip all of the flowers at one time. Most importantly,
taxonomic research (Ochsmann, 2001) has identified two subspecies of spotted knapweed in
Europe (Centaurea stoebe subsp. stoebe and subsp. micranthos). The subspecies introduced to
the United States is the perennial invasive C. stoebe subsp. micranthos, and not the biennial C.
stoebe subsp. stoebe, as it was thought when the original spotted knapweed management plan
was prepared for MSSF.
The biennial knapweed (C. stoebe subsp. stoebe) is actually not invasive and was not introduced
into the United States. The monocarpic subsp. stoebe cannot compete with perennial species
so that it is only found in habitats with open ground where seedlings can establish themselves.
On the contrary, the perennial subsp. micranthos can tolerate dense vegetation once the plants
are established. In the United States, approximately 5 million acres are infested with this
invasive subspecies (Wilson and Randall, 2005). This is the reason why hand control of this
plant is not going to be effective as originally formulated.
Biocontrol appears to be the least disruptive approach to controlling large perennial C. stoebe
ssp. micranthos infestation sites located within MSSF. DCR and the Friends of MSSF propose
to use knapweed flower weevils (Larinus minutus) and knapweed root weevil (Cyphocleonus
achates) to control the two large spotted knapweed infestation sites, and hand removal of
knapweed plants to control the small scattered infestation sites within MSSF.
	
  

	
  

Introduction
Myles Standish State Forest, the largest public recreation area in southeastern Massachusetts,
offers a variety of affordable opportunities for outdoor recreation on 12,404 acres of public land.
MSSF contains a significant portion of the third largest pine barrens in the world, and 58 coastal
plain ponds harboring unique plants and wildlife. The pine barrens are characterized by an open
canopy of scattered pitch pine with an understory of scrub oak or shrubs of the heath family.
These uncommon ecological communities support 41 state-listed rare or endangered species
(NHESP, 2007). The plant and animal communities of the pine barrens have evolved on the
droughty outwash soils as a result of the impact of multiple wildfires.
The Friends of MSSF is a non-profit volunteer group founded in 2007 to promote and conserve
the natural, cultural and historic resources of MSSF. The Friends of MSSF is directed by a local
Board of Advisors who represent the various forest user groups. The Friends are dedicated to
restoring and maintaining the forest for sustainable recreation, educating themselves and others
about the forest, and promoting a healthy habitat for native plants and wildlife. The Friends
encourage all visitors to enjoy the forest in a manner consistent with protecting its rare and
endangered pine barrens ecosystem. The Friends of MSSF operates a Pine Barrens Community
Initiative to encourage residents of southeastern Massachusetts to landscape with native plants,
help eradicate invasive plants, guard water resources, and live sustainably on the land.
The Massachusetts Division of Fish and Game manages two Wildlife Management Areas
(WMA) within the boundaries of MSSF: (1) the Pheasant Area (1,150 acres) located in the
center of the Forest; and (2) the Quail Area (870 acres) located on the southeastern edge of the
forest north of Cutter Field Road. The WMAs are managed to provide quality public game bird
hunting opportunities in the forest. This is accomplished through bird stocking and habitat
management programs.
The Quail Area was established in 1964 following a large forest fire that year. The habitat
management strategy implemented in the pheasant and quail areas involves the creation of small
clearings of grassland habitat within the dominant pine barrens community. These areas were
initially cleared with a bulldozer, and replanted with a mix of native and non-native perennial
grasses and legumes, as well as some shrubs and trees. The existing fields are mowed
periodically to prevent successional woody growth, although this does not control the invasive
species which have been documented in the WMAs. There is an exceptionally large-scale
spotted knapweed infestation within the quail WMA (see Map 2).
Spotted knapweed has invaded roadside edges along Fearing Pond, Upper College Pond, and
Snake Hill Roads where recent disturbance occurred due to pavement work and new gravel
application. Infestations located in the mowed fields within the Quail Management Area and a
former dump site near Southwest Line Road appear to be the oldest and largest within the forest,
a probable source of smaller roadside infestations. The Friends of MSSF have mapped these
infestations (see Map 1 – www.salicicola.com).

	
  

	
  

Map 1: Documented Spotted Knapweed Infestations in Myles Standish State Forest

Two subspecies of spotted knapweed are native to Europe (Ochsmann, 2001). One of these
subspecies (C. stoebe ssp. micranthos) was introduced into North America as a seed contaminant
from southeastern Europe in the mid-1800s. Today it is a well known noxious weed infesting
farm land in the United States and Canada.
This is a winter-hardy, short-lived perennial with a deep taproot, producing a rosette of leaves
and many branches with multiple flowers. Plants grow 6 to 24 inches in height and spread
entirely by seeds. The basal leaves are up to 8 inches long, deeply lobed, forming a rosette
during the first year. The stems are upright, stiff and branched. Large plants have a stem with
many branches and over 100 flower heads each. The flower heads occur singly or in clusters at
the branch tips. The head bears stiff bracts, which are black-tipped, giving the plant its “spotted”
appearance. Each head contains from 30 to 50 pink or purple colored flowers. A single plant
can produce up to 600 seeds, some of which can remain dormant for many years (Wilson and
Randall, 2005).

	
  

	
  

Flowering occurs from June to October (Wilson and Randall, 2005). Spotted knapweed grows
mainly in grasslands and open forests. A rapid colonizer of disturbed land, spotted knapweed
can displace native vegetation in adjacent undisturbed areas (Wilson and Randall, 2005). The
flower heads occur singly or in clusters at the branch tips.

Map 2: Documented Spotted Knapweed Infestations in Quail Wildlife Management Area

Proposed Biological Control Agents
A range of insects have been introduced into the United States to fight spotted knapweed
infestations. The most effective insects appear to be specialized European spotted knapweed
weevils: Larinus minutus (knapweed seed head weevil), and Cyphocleonus achates (knapweed
root boring weevil). These are natural enemies of spotted knapweed in Europe. These weevils
control spotted knapweed by feeding on its leaves, seeds and roots. Biocontrol with weevils that
are directed specifically to spotted knapweed is not damaging to the environment, provides longterm impacts on the target plant, and is self-perpetuating once established.
The knapweed flower and root boring weevils were host been tested between 1985 and 1989 to
ensure that they only target knapweeeds and will in fact die without the weed (Wilson and
Randall, 2005). The USDA Animal and Plant Health Inspection Service (APHIS) has approved
the use of the knapweed flower and root boring weevils in Massachusetts to control spotted
knapweed.

	
  

	
  

Map 3: Spotted Knapweed in Former Southwest Line Road Dump Site

The knapweed flower weevil Larinus minutus and root boring weevil Cyphocleonus achates
have been host-tested against, respectively, 74 and 71 North American plant species in nine plant
families before being cleared by the USDA for release in the United States. The tested plants
included closely related native North American plants of the family Asteraceae including
endangered and rare species, and also economically important plants (Shelton, 2012).
Upon completing the tests, both weevil species were considered oligophagous, host-specific to
only some plants in the genus Centaurea. Larinus minutus was found to be feeding exclusively
on knapweeds from the subgenera Acrolophus, Calcitrapa and Jacea, while Cyphocleonus
achatus was found to have an even narrower feeding range--only within knapweeds in the
subgenus Acrolophus (Story, 2002).
The root boring weevil (Cyphocleonus achates) is considered host specific to spotted and diffuse
knapweed. Host tests were conducted on 71 plant species, but C. achates only developed from
larva to adult on four of the 71 plant species: Centaurea maculosa (European and American biotypes), C. diffusa (European and American bio-types), C. micranthos (European) and C.
vallesiaca (European), all of which belong to the subgenus Acrolophus (Shelton, 2012).
	
  In Europe host plants for Larinus minutus are Centaurea phrygia, C. jacea, C. diffusa, and the

C. stoebe/C. maculosa complex, while Cyphocleonus achatus attacks only C. stoebe/maculosa

	
  

	
  

and C. diffusa. Knapweed patches are even hard to find in Europe because they are kept under
control with the native insects and diseases.
Most of the European knapweeds named above, have been introduced to the US and occur in
Massachusetts and Plymouth County, except for Centaurea phrygia. The most aggressive of
them is spotted knapweed (C. stoebe). Brown knapweed (C. jacea) is the second problematic
knapweed observed in large amounts in many areas in Plymouth (e.g., Tidmarsh Farms, Pine
Hills area). C. diffusa, a problematic species in the Midwest, already occurs in western MA,
though is not yet known from Plymouth County. If the introduced weevils would ever attack any
other plant beside spotted knapweed, these could be only other unwelcome knapweed species.
Currently there are some ten species of Centaurea known from Massachusetts, all of them alien.
The weevil species under consideration are host specific to the extent that they can consume only
some knapweeds, let alone any plants belonging to genera other than Centaurea.
Weevils used in spotted knapweed biological control inflict damage to the plant in two places:
the seed head and the root. The plant is damaged by the larvae of these insects which feed in the
seed head or root tissue, destroying it. Only the adult seed head weevils eat foliage. Knapweed
weevils eat and develop only on knapweed and no other plants. Without a specific complex of
knapweed, the weevils will die. It is unlikely that any one species alone could successfully
control knapweed. Most knapweed biocontrol programs use a combination of bioagents which
together create multiple stresses on the plant and have a greater chance of suppressing knapweed
(Wilson and Randall, 2005).
The lesser knapweed flower weevil (Larinus minutus) was introduced into the United States in
1991 to control knapweed and has one generation per year. Adults spend the winter in plant
litter within the knapweed patch. Adults are active from May or June until August. Adults feed
on the leaves, outer stem tissue and flowers prior to laying eggs. Eggs are deposited in the seed
head. Female weevils lay between 28 and 130 eggs in clusters of up to five eggs. Eggs hatch
three days later and the newly hatched larvae feed on the pappus hairs, then move downward to
consume the seeds and portions of the receptacle. Feeding lasts about four weeks until the larva
constructs a pupal chamber attached to the flower base in which to house the pupa. New adults
emerge and feed on foliage and flowers before moving to overwintering sites at the base of the
plants (Wilson and Randall, 2005).
Adult flower weevil feeding can severely defoliate knotweed plants. A single larva can destroy
the contents of an entire knotweed seed head. Emerging adults make characteristic emergence
holes in the center of the affected seed heads. Knapweed plants under attack by the flower
weevil typically turn a blue-green color, have few leaves and often have distorted growth. The
weevils develop large populations within 3 to 5 years and disperse rapidly to new areas (Wilson
and Randall, 2005).
The knapweed root weevil (Cyphocleonus achates) was introduced into the United States in
1988 to control knapweed, and has one generation per year. Adults emerge from the root crown
from mid-July to early September. Adults spend most of their life (about 10 weeks) on the root
crown of knapweed just below the ground surface. They climb up to the tops of plants on sunny,

	
  

	
  

warm days in search of a mate. When the larvae hatch from eggs in 10 to 12 days they
immediately begin to tunnel into the root central vascular tissues, where they complete their
development. The root weevil overwinters as larvae in the root. Mature larva can cause a gall to
form in the root giving the root a swollen appearance. The larva pupates 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 in the root,
abundant insect excrements and a swollen root (Wilson and Randall, 2005).
Small knapweed plants can be killed as a direct result of larval feeding. Most damage is done
when multiple larvae occupy a root. Plants are stunted and some survive only one season after
being infested with knapweed root weevil. Tunneling in the root also exposes the knapweed to
bacterial and fungal infection that can cause additional injury. The knapweed root weevil is a
weak flyer and consequently is slow to spread (Wilson and Randall, 2005).

Biocontrol of Large Knapweed Infestation Sites
There are two large areas within MSSF that are infested with spotted knapweed: (1) 180 acres
within the Quail Wildlife Management Area; and 2.5 acres within a former dump site off
Southwest Line Road. Beginning in the 2012 growing season, the Friends of MSSF propose to
release knapweed root weevils (Cyphocleonus achates) in the former dump area the Quail
Wildlife Area, followed by releases of knapweed flower weevils (Larinus minutus) in both sites
during the 2013 growing season.
The weevil supplier will provide Animal Plant Health
Inspection Service (APHIS) 526 permits for shipping the weevils for release in Massachusetts.
It is expected that the weevil subpopulations will overlap and be eventually self-regulated
naturally, depending on the amount of knapweed available. As a rule, however, the initial
release of each weevil species should be separated by at least 100 meters to allow the weevils to
establish without being impeded by the other species.
Timing of the weevil release is critical for the weevils’ survival and flourishing at new sites. The
adult knapweed flower weevil (Larinus minutus) is primarily available for release in July and the
adult knapweed root weevil (Cyphocleonus achates) is available from late July to early
September. If the release is not immediate, the weevils are to be stored in a refrigerator no
colder than 40º to 50º F for no longer than 2 days.
The following procedures will be used to release the weevils:
1. The weevils will be shipped to Irina Kadis for release in the early morning hours between
6 and 10 a.m. or in the cooler evening hours between 7 and 8 p.m. Weevils are less likely
to fly away immediately when released in cool temperatures.
2. Avoid releasing weevils during rainy or very hot weather for optimal establishment. If
the weevils must be released in the rain, provide shelter for the weevils until they can
disperse on their own. Place a cardboard box on its side, put the shipping container in the
box and open the lid. The weevils will disperse when weather conditions improve.

	
  

	
  

3. Install a permanent release location marker. Hammer a ¾” plastic conduit pipe 1 meter
long into the ground, place a bamboo pole into the pipe and tie brightly colored flagging
tape hear the top of the pole. The permanent location marker would then be GPSed and
photographed. The site photo should include other prominent features that will remain
the same each year.
4. Release the adult weevils on the ground within a 3-foot radius of the permanent location
marker under knapweed plants where they can continue to mate and disperse on their
own. The location marker will be used later to monitor weevil activities.
5. Release 200 adult knapweed flower weevils (Larinus minutus) or 100 knapweed root
weevils (Cyphocleonus achates) at the location marker.
6. Retain 5 to 10 living or dead weevils. Put the weevils in two small vials with 70% ethyl
alcohol for a voucher specimen. On a piece of white paper, in pencil, write the name of
the weevil, source of weevils, the date of release, person releasing, and release site. Put
the paper inside the vial. This identifies the bioagent released for future reference. Save
one vial of specimens for the Friends’ records and send the other vial to the DCR.
7. Take a series of photographs to record the release. Identify a photo point to record
changes in the release site over time.
8. Complete a Knapweed Weevil Release Form (see Appendix A) for each release site.
Submit a copies of the form to the Massachusetts Department of Conservation and
Recreation.
If done correctly, a single release will be sufficient to establish a weevil population. More than
one release might be needed if a prior release fails. It may take 2 years to determine if the
release was successful.

Hand Control of Small Knapweed Infestation Sites
The Friends of MSSF will organize two or three work parties annually during the months of July,
August and September to manually remove small scattered populations of spotted knapweed
identified on Map 1. Volunteers will be trained by Irina Kadis, a trained botanist, to recognize
the spotted knapweed and differentiate it from other plants in the aster family with which it can
be confused.
Species identification is essential when working near a similar, yet rare species, the New
England blazing star. Both plants flower at the same time and superficially somewhat resemble
each other. With Irina present during these events, volunteers can consult with her or she can
locate rare plants with a flag, so they are protected during volunteer efforts. If Irina is not
available, Bill Vickstrom, Melissa Guimont or Sharl Heller will supervise the work parties.
The Friends of MSSF and their volunteers will controlling small spotted knapweed infestations
at known roadside and trail infestation sites by manually cutting the tap root and removing the

	
  

	
  

entire knapweed plant. Follow-up control work will continue in September to eliminate new
spotted knapweed plants. Spotted knapweed plants will be double-bagged by the volunteer work
groups. Park staff will collect the bags and send them to the incinerator trash service to further
reduce infestations in the state.
Upon discussing other control efforts of spotted knapweed in the State with Chris Buelow,
former Restoration Ecologist with NHESP, it has become clear that manual control of existing
satellite subpopulations is to last for several years. The Friends of MSSF anticipate continuing
the monitoring and manual removal work for as many years as it is needed. Due to the presence
of the large infestations in the southern part of MSSF, new roadside subpopulation discoveries
are quite probable. Each fall, the map of hand controlled sites will be updated and submitted to
DCR to make sure other management activities are aware of any new spotted knapweed sites.

Monitoring of Release Sites
The purpose of quantitative monitoring is to measure and record changes in the knapweed
population after release of the weevils. Monitoring of the release sites will be performed each
year by Irina Kadis, who is a trained botanist, and Friends of MSSF to: 1) ensure that the
weevils have established; 2) determine how far the weevils have spread from the release sites; 3)
measure the impact of the weevils on the spotted knapweed populations; 4) determine if a
supplemental release is needed; and 5) monitor changes in state-listed plant species populations.
Monitoring will consist of: 1) taking before and after photos of all known spotted knapweed
infestation sites within MSSF; and 2) measuring knapweed weevil damage within the two largest
knapweed infestation areas. The monitoring transects at each release location will be marked
with a ¾” plastic conduit pipe one meter long hammered into the ground.
Each winter at the two large knapweed infestation sites, the Friends of MSSF will count seed
head exit holes and collect four knapweed plants within a one meter radius of the release location
and at 100 foot intervals along each of four lines in the four cardinal directions (i.e., north, south,
east and west) from each release site permanent marker. Plant collection bags will be labeled
with the site name, date and transect location. Seed heads and roots will then be dissected
indoors to see if they contain weevil larvae or pupae.
Each spring, the Friends of MSSF will monitor and photograph all sites of known spotted
knapweed infestations to document the success or failures of the proposed control measures.
Knapweed Monitoring Forms (see Appendix B) will be prepared for each knapweed infestation
site. The impact on state-listed plant species will also be documented. If the proposed control
measures do not show positive results, DCR and the Friends of MSSF will re-evaluate the
control measures and then develop a revised Management Plan.
Each spring, DCR will consult with the Natural Heritage and Endangered Species Program
(NHESP) about the effectiveness of the Management Plan to control the spotted knapweed
infestations and its effectiveness in preserving the health of state-listed plants in the infested
areas. Any modifications to the Management Plan as described in this document will require
approval by the NHESP. The present DCR contact is James Baecker, Regional Planner. He may
be reached by phone at 617-626-1355 or by e-mail at jim.baecker@state.ma.us

	
  

	
  

Precautionary Measures
Precautionary measures will also be taken to prevent further spreading of spotted knapweed
across the Forest by DCR mowing machinery. Each spring, Irina Kadis will provide an annual
invasive plant familiarization briefing for the MSSF park staff. Once knapweed is spotted, the
mower should avoid the area so mowing machinery is not contaminated with invasive plant
seeds.
After the spotted knapweed has formed seeds, if a patch is noticed too late to avoid, workers
should wash the working parts of the mowing machines before mowing elsewhere. Staff
reporting knapweed infestations and regular washing of the working parts of mowing machines
will help control the spread of spotted knapweed in the Forest.

Invasive Plan Species Monitoring and Evaluation
The Friends of MSSF intend to provide a brochure and poster of enlarged photo images of
spotted knapweed and other invasive plants present in the Forest from Salicicola.com for
permanent display at the park headquarters, maintenance building and interpretive center. The
brochure and poster will include instructions for reporting the location of identified invasive
plant infestations within the forest. The Friends of MSSF website contains a tool for identifying
invasive plant subpopulations by volunteers or staff and reporting their GPS coordinates within
MSSF at: http://fmssf.salicicola.com/invasive The following web address is suitable for mobile
phone use: http://fmssf.salicicola.com/mobile/invasive/entry/ This website will be used for
ongoing monitoring of all invasive plant species within MSSF.
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Appendix A: Knapweed Weevil Release Form

	
  

	
  

Appendix B: Knapweed Monitoring Form

	
  

