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ABOUT THIS FIELD GUIDE

Invasive plants are a major concern worldwide. They displace native species, decrease
forage/agricultural production, alter soil nutrient and water cycling, and lower
the aesthetic value of natural areas. With the increase of world travel, exotic plant
introductions are on the rise. Biological control of weeds (also called “biocontrol”)
is the deliberate use of living organisms to limit the abundance of a target weed.
In this field guide, biological control refers to “classical biological control,” which
reunites host-specific natural enemies from the weed’s native range with the target
weed in its introduced range. Natural enemies used in classical biological control of
weeds include different organisms, such as insects, mites, nematodes, and fungi. In
North America, most weed biocontrol agents (also called “agents”) are plant-feeding
insects, of which beetles, flies, and moths are among the most commonly used.

This field guide focuses on the most problematic weeds in northwestern North
America for which there are at least some biocontrol agents established. Multiple
photos and descriptions of each weed included in this guide emphasize key
identification traits and plant ecology. Comparison tables are included to further
aid in identification of related weed species, where applicable. For each weed
included in this guide, all biocontrol agents currently found in North America are
described individually. Photos highlighting key identification features and damage
are included. The release history, current status, and recommended use for each
agent are described in great detail. Because current impact and recommendations
often vary between the USA and Canada, information is presented separately for
each country.

Symbology has been added for each biocontrol agent described in this manual to
allow for a quick redistribution recommendation:

USA | CAN RECOMMENDATION
m

High priority; recommended for release/redistribution

Medium priority, recommended to complement other agents or control methods

Low priority; typically low impact and/or survival

Caution when redistributing; not recommended for use in all areas

Illegal to redistribute

Still actively released, but establishment is not yet confirmed

Released, but failed to establish

0= X M.
COeaxe

Many agents are already widespread. All target weed infestations should be surveyed

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST



prior to release to ensure the desirable biocontrol agents are not already present.
Keep in mind that many species are approved for use in only the USA or Canada,
but not both. In addition, some agents cause nontarget damage to desirable species.
Red text indicates the biocontrol agent is not recommended for release in all areas.

Plant distribution data from the USDA-PLANTS
database is presented in a map for each weed. Though
significant effort is put into keeping the PLANTS
database current, weed spread can be rapid, making
distribution information quickly out of date. Please
visit plants.usda.gov/du/DistributionUpdate.html for
information on how to help update weed distribution

information on the PLANTS site.

Maps depicting each agents current establishment
were created using available literature and numerous
personal communications with regional land
managers. Like weeds, biocontrol agents can spread
rapidly, making accurate distribution information elusive. EDDMapS is a web-
based mapping system for documenting invasive species as well as biocontrol agent
distribution in the USA. EDDMapS combines data from existing sources (e.g.
databases and organizations) while soliciting and verifying volunteer observations,
creating an inclusive invasive species geodatabase that is shared with educators, land
managers, conservation biologists, and beyond. Information can be added in online
forms through home computers and/or apps created for smartphones. For more
information on how to utilize or contribute to these tools, visit www.cddmaps.org/
about/ and apps.bugwood.org/.

Agents that were released but did not establish or are not currently approved for
redistribution in the USA and/or Canada are addressed separately from approved
agents. The description, ecology, and history/status are described for each
species, accompanied by a photo. Should you encounter agents not believed to
be established during field surveys, contact your local weed superintendent, land
grant university, or extension service personnel to confirm and document their
establishment. Caution must be taken during field redistribution to ensure that
agents not approved for use are not inadvertently collected and redistributed along
with approved agents.

The remainder of this introduction describes biocontrol regulations, agent life
cycles, and techniques for collecting, transporting, and releasing established agents.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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BIOLOGICAL CONTROL OF WEEDS

Biocontrol agents may attack a weed’s flowers, seeds, roots, foliage, and/or stems.
Effective agents may kill the weed outright, reduce its vigor and reproductive
capability, or facilitate secondary infection from pathogens—all of which reduce the
weed’s ability to compete with other plants. Root- and crown-feeding biocontrol
agents are usually more effective against perennial plants that primarily spread by
root buds. Alternatively, flower- and seed-feeding biocontrol agents are typically
more useful against annual or biennial plants that only spread by seeds.

To be considered for release in North America, it is crucial that biocontrol agents
are host-specific, meaning they must feed and develop only on the target weed;
or in some cases, on a few closely related plant species. They must never feed on
any crop or any protected plant species. Tests are necessary in order to ensure that
the biocontrol agents are effective and that they will damage only the target weed.
Potential biocontrol agents often undergo more than five or more years of rigorous
testing to ensure that host specificity requirements are met.

The United States Department of Agriculture’s Animal and Plant Health Inspection
Service - Plant Protection and Quarantine (USDA-APHIS-PPQ) is the federal agency
responsible for providing the testing guidelines and authorizing the importation of
biocontrol agents into the USA. The Canadian Food Inspection Agency (CFIA)
serves the same role in Canada. Federal laws and regulations are in place to minimize
the risks to native plant and animal communities associated with introduction
of exotic organisms to manage weeds. The Technical Advisory Group (TAG) for
Biological Control Agents of Weeds is an expert committee with representatives
from regulatory agencies, federal land management offices, environmental
protection agencies from the USA, and representatives from Canada and Mexico.
TAG reviews all petitions to import new biocontrol agents into the USA and makes
recommendations to USDA-APHIS-PPQ regarding the safety and potential impact
of prospective biocontrol agents. Weed biocontrol researchers work closely with
USDA-APHIS-PPQ and TAG to accurately assess the environmental safety of
potential weed biocontrol agents and programs. In addition, some states in the USA
have their own approval process to permit field release of weed biocontrol agents.
The Canadian counterpart to TAG is the Biological Control Review Committee
(BCRC) which uses the North American Plant Protection Organization’s (NAPPO)
Regional Standards for Phytosanitary Measures (RSMP) number 7 (NAPPO RSMP
NO.7)- as their review/petition requirement.

Biocontrol practitioners have adopted the International Code of Best Practices
for Biological Control of Weeds. The Code was developed in 1999 by delegates
and participants of the Tenth International Symposium for Biological Control of



Weeds to improve the efficacy of and reduce the potential for negative impacts from
biological control. In following the Code, practitioners reduce the potential for
causing environmental damage through the use of biological control by voluntarily
restricting biocontrol activities to those most likely to result in success.

As per rule 4 of the Code of Best Practices above, biocontrol agents that have
not been approved are illegal to introduce to the USA and Canada. When
biocontrol agents arrive accidentally, it is generally illegal to redistribute them
intentionally within the USA. A few cases where this is legal are described in this
manual. Some agents introduced accidentally to Canada are safe to utilize, however
redistribution of accidentally introduced agents should only be done under the
guidance of Canadian biocontrol experts.

Although weed biological control is an effective and important weed management
tool, it does not work in all cases and should not be expected to completely
eradicate the target weed. Even in the most successful cases, bioontrol often
requires multiple years before impacts become noticeable. Ideally, biological control
should be integrated with chemical, mechanical, and/or cultural methods of weed
management to improve overall weed control success.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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WEED BOTANICAL TRAITS

Weed descriptions utilized in this manual refer to a variety of life stages and
characteristic features to help readers determine the key traits that set the weed
apart from others. Traits referred to most commonly include:

LIFE CYCLE

The first recognizable stage of plant life cycles is seedling, when a plant has one to
only a few small leaves. Many perennial plants then grow into rosettes, which are
clusters of leaves typically of the same height. Annual plants and vining species
frequently do not have obvious rosette stages. Plants then grow a flowering
stem in a stage called bolting. In bud, immature flowers appear on the ends of
flowering stems and branches. These open during flowering and then set seed upon
maturation. At senescence, a plant has typically released its seeds and dies back for
the winter or permanently.

Generalized stages of spotted knapweed a) seedling, b) rosette, ¢) bolting, d) bud, ¢) flowering, f)
senescence (Credits: a, f Ohio State Weed Lab Archive, Ohio State University; b Steve Dewey, Utah
State University; ¢ K. George Beck & James Sebastian, Colorado State University; e Michael Shephard,
Forest Service (all www.bugwood.org)

DURATION
Annual species complete their life cycle (from germination to the production of
seed) within one year and then die. Summer annuals germinate during spring/early

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST



summer and mature by fall of the same year. Winter annuals germinate during fall
and mature during the spring or summer of the following calendar year. Biennial
species take two years to complete their life cycle. In the first year, the plant is a
rosette. During the next spring or summer, the plant bolts, sets seeds, and dies.
Perennial species live for more than two years.

LEAF ARRANGEMENT AND MARGINATION
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ALTERNATE OPPOSITE WHORLED SMOOTH LOBED TOOTHED
Jacqi Moulton, MIA Consulting

FLOWER HEADS

Many of the weeds included in this manual are members of the sunflower family
(Asteraceae). Members of this family produce flower heads, or capitula, that are an
aggregation of many individual flowers. These flowers, called florets, are clustered
together and attached to a receptacle. There are two types of florets: disc and ray.
Some species produce only one type, while others produce both. The receptacle and
florets are enclosed by modified leaves called bracts. The type, color and shape of
florets and bracts can help in weed species identification. Each floret produces one
seed (achene) from mid- to late summer. Some species produce seeds with a tuft of
whitish hairs (pappus) on one end, similar to those on seeds of dandelions.

a) Canada thistle, all disc florets, b) rush skeletonweed, all ray florets, ¢) tansy ragwort, both disk (center)

and ray (outer) florets (photo credits on respective weed pages)

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST 15
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BIOLOGICAL CONTROL AGENT LIFE CYCLES

Classical biocontrol agents may be found in a number of taxonomic groups. The
majority of approved biocontrol agents are arthropods in the class Insecta. More
specifically, most biocontrol agents are insects in the orders Coleoptera (beetles),
Lepidoptera (butterflies and moths), and Diptera (true flies). In addition to insects,
there are also nematodes and fungi biocontrol agents.

INSECTS

Insects are the largest, most diverse class 1iaf

of animals in the phylum Arthropoda. An /‘? .
understanding of basic insect biology and / W \
anatomy will help users recognize and identify ;) i At s K

the insects used as biocontrol agents of weeds.
Most insects included in this field guide have
complete metamorphosis, which means they

. "
i —

exhibita life cycle with four distinct stages: egg, i imna il
larva, pupa, and adult. Most adult insects also 9

have an exoskeleton (a hard external skeleton), \\ & loeter /

a segmented body divided into three regions -

(head, thorax, and abdomen), three pairs of . o

segmented legs, and may have one or two pairs
of wings. The head of an adult insect has one
pair each of compound eyes and antennae.

Immature insects have an exoskeleton that
must be shed in order for them to grow to the
next stage. The process of an insect shedding its
“skin” in order to grow is called molting, and
larval stages between molts are called “instars.”
Larvae generally complete three to five instars
before the}’ molt into pupae. During the Pupal Wilson), b) body parts of adult insects A.
stage, insects Change from larvae to adults. head, B. antenna, C. thorax, D. abdomen,
Insects do not feed during the pupal stage. E. wing (Biocontrol of Weeds in the West)

a) Complete metamorphosis of an insect (L.

Aphids (in the order Hemiptera) are a group

of insects included in this manual that have gradual metamorphosis. In this process,
there is no pupal stage. Instead, their young are called nymphs, and resemble the
adults to a large degree. The transformation from nymph to adult largely involves
the development of wings (only in some species) and functioning sexual organs.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST



BUTTERFLIES AND MOTHS (ORDER LEPIDOPTERA)

Adult Lepidoptera have two pair of membranous wings, covered (usually
completely) by minute powder-like scales. Antennae are prominent. The larvae
(caterpillars) have a toughened head capsule, chewing mouthparts, and a soft body
that may have hair-like or other projections, three pairs of true legs, and up to five
pairs of abdominal prolegs. The pupal stage of Lepidoptera is known as a chrysalis
and is often enclosed in a cocoon.

BEETLES (ORDER COLEOPTERA)

Most adult beetles are hard-bodied with tough exoskeletons. They have two pairs
of wings. The two front wings, called elytra, are thickened and meet in a straight
line down the abdomen of the adult insect, forming a hard, shell-like, protective
covering. The two hind wings are membranous and used for flight. These are larger
and are folded under the elytra when not in use. Beetle larvae are grub- or worm-
like with three small pairs of legs. Most are pale white with a brown or black head.
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FLIES (ORDER DIPTERA)

Adult true flies are easily distinguished from other orders of insects by their single
pair of membranous wings and typically soft bodies. Larvae of most true flies,
called maggots, are legless and wormlike. Many insects have the word “fly” in their
name, though they may not be true flies. In the common names of true flies, “fly”
is written as a separate word (e.g., house fly) to distinguish them from other orders
of insects that use “fly” in their name (e.g., butterfly in the order Lepidoptera and
mayfly in the order Ephemeroptera).
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Identification key to to differentiate biological control insects as a) larvae and b) pupae (both L. Wilson)
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BIOLOGICAL CONTROL AGENT LIFE CYCLES

APHIDS (ORDER HEMIPTERA)

Most aphids have soft bodies and vary in color from green, black, brown, pink to
almost colorless. The mouthpart is unique from other insects described in this manual
in that it consists of a stylet enclosed in a sheath (rostrum). This combination allows
them to pierce and suck plant tissue (typically sap) for feeding. Most aphids have
a pair of abdominal tubes through which they exude droplets of a defensive fluid.

MITES

Like insects, mites are in the phylum Arthropoda. Egg
However, they belong to a different class, Arachnida,

whose adult members are characterized by having 8 / \
legs (compared to the 6 legs of insects). Mites have

gradual metamorphosis. The first immature stage in Larva
mites is called larva; mites in this stage have only Nymph/

6 legs. The second immature stage is called nymph

and has 8 legs. Nymphs are usually very similar in -~

appearance to adults. . ‘
pPp Rachel Winston, MIA Consulting

NEMATODES

Nematodes, or roundworms, belong to the phylum Nematoda. They are cylindrical,
unsegmented worms that are typically 0.1-2.5 mm long and 5-100 pm thick. They
have tubular digestive systems with openings at both ends. In free-living nematodes
(such as the species in this manual), eggs hatch into larvae, which appear essentially
identical to the adults, except for an underdeveloped reproductive system.

FUNGI

Fungi belong to their own kingdom (Fungi). The fungi described in this manual
are rusts, which are in the phylum Basidiomycota. Rust fungi are obligate parasites,
meaning they require a living host to complete their life cycle. They obtain nutrients
from living plant cells. Rusts can produce up to five spore types during their
lifetime. Rusts are most commonly seen as colored powder (typically yellow, orange
or brown), composed of tiny aeciospores which land on vegetation and produce
pustules, or uredia, that form on the lower surfaces. Urediniospores are red/orange
and are a characteristic sign of rust fungus infection. These spores can re-infect the
same host plant. During late spring or early summer, hair-like structures called
telia grow on the leaves and produce teliospores which will germinate into aerial
basidiospores to spread the infection to new hosts.
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SCIENTIFIC NAME CHANGES

The weeds included in this guide are listed according to their common name,
beneath which is included their scientific (Latin) name. The biocontrol agents are
listed by their scientific name. Some species have recently undergone updates with
their taxonomy. The following tables list weeds and biocontrol agents whose names
have changed most recently (listed in the order in which they appear in this guide).

Spotted knapweed Centaurea stoebe Centaurea biebersteinii, C. stoebe subsp.
micranthos, C. maculosa

Russian knapweed

Musk thistle

Rbaponticum repens Centaurea repens, Acroptilon repens

Carduus nutans Carduus thoermeri

Scotch broom Cytisus scoparius gytisus scoparius subsp. scoparius,

arothammnus scoparius
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Orange hawkweed; Pilosella aurantiaca; Hieracium aurantiacum;
Whiplash hawkweed Pilosella flagellaris Hieracium flagellare
Tansy ragwort Jacobaea vulgaris Senecio jacobaea

Dalmatian toadflax Linaria dalmatica ssp.

Linaria genistifolia, L. genistifolia ssp.
almatica

dalmatica, L. dalmatica

Scentless chamomile Tripleurospermum inodorum = Matricaria perforata, Tripleurospermum

maritimum subsp. inodorum, T. perforatum

Mogulones crucifer Houndstongue Mogulones cruciger

Subanguina picridis Russian knapweed = Paranguina picridis, Mesoanguina picridis

Cheilosia grossa Thistles Cheilosia corydon

Hadroplontus litura Thistles Ceutorhynchus litura

Larinus carlinae Thistles Larinus planus

Trichosirocalus horridus Thistles Ceuthorhynchidius horridus

Exapion fuscirostre Scotch broom Apion fuscirostre

Exapion ulicis Gorse Apion ulicis

Botanophila seneciella Tansy ragwort Hylemyia seneciella, Pegohylemyia seneciella

Aceria chondrillae Rush skeletonweed | Eriophyes chondrillae

Rhinusa antirrhini; R. Toadflaxes Gymnetron antirrhini; G. linariae; G. netum
inariae; R. neta

Spurgia capitigena, S. esulae Leafy spurge Bayeria capitigena

Pegomya curticornis, P euphorbiae | Leafy spurge Pegomya argyrocephala

Microplontus edentulus Scendess chamomile | Ceutorhynchus edentulus

Omphalapion hookerorum Scentless chamomile | Apion hookeri
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COLLECTION METHODS

Some of the most commonly used methods for collecting biocontrol agents are
sweep netting with or without aspirating, hand-picking/tapping, vacuuming, and
light traps. The effectiveness of each method depends on the type and abundance
of biocontrol agents being collected and the habitat. Regardless of the method
used, extraneous debris (e.g., other insects, weed seeds, etc.) must be sorted
and removed. Cooling the collected sample for 10 to 15 minutes reduces insect
activity and makes sorting easier. Any cooling should be done in a refrigerator,
not a freezer.

SWEEP NETTING

Sweep nets are made of cotton or muslin on a hoop 10-15
in (25-38 cm) diameter attached to a handle 3 ft (0.9 m)
long. They can be purchased from entomological, forestry,
and biological supply companies or you can construct them
yourself. As their name implies, these are heavy duty nets
used to “sweep” insects off weeds.

A sweep is made by swinging the net through the plant
canopy. If insects are suitable for aspiration (see below for a
description of aspiration and aspirators), it is best to alternate
between sweeping insects off the weed and aspirating them
out of the net. Sweep no more than 25 times before aspirating
hard-bodied beetles or as few as five times for fragile adult
moths and flies. Aspirating or removing insects at regular
intervals reduces the potential harm that could result from knocking biocontrol
agents around with debris and reduces the opportunity for predator insects swept
up with the biocontrol agents from finding and devouring the agents.

Laura Parsons, University
of Idaho

Sweep netting is an easy and efficient method for collecting insects from the above-
ground portion of plants, and is particularly useful for adult flea beetles. The best
time for sweeping is during the warmest part of the day (1 -6 p.m.) as this is when
the beetles are most active. In general, adult moths and flies
are very delicate, and collecting them with sweep nets can
be damaging or fatal. It is best to use other methods for
collecting delicate species.

ASPIRATING

Use an aspirator to suck the biocontrol agents (usually
small species) directly from the weed or the sweep net.
This provides selective sorting (no unwanted or unknown

Laura Parsons, University

of Idaho
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material is inadvertently collected). A variety of aspirators can be purchased from
entomological, forestry, and biological supply companies, or you can construct
them yourself. For the latter, make sure that tubing reaching your mouth is covered
by fine-mesh screening, so that insects and small particles are not inhaled.

HAND-PICKING/TAPPING

Stationary or slow-moving insects can be picked from foliage
by hand using forceps or tweezers. When sweeping agents is
ineflicient or damages tap them onto a beat sheet or tray using
a tool such as a racquet. Plants infested with galls or fungal
spores can be hand-picked and moved to new infestations.
Take care when moving plant material to ensure seeds are not
included as as this may introduce new genotypes.

VACUUMING

Either a leaf blower with reverse capability or an industrial
strength wet-dry vacuum cleaner can be equipped with a nylon
mesh net on the inside mouth of the blowing tube (held in
place with a rubber band or bungee cord) to suck up insects.
This is particularly useful for collecting small agents such as
flea beetles from weed rosettes. Rocks or debris vacuumed up
may harm collected adults, so this method should be applied
to foliage collections only. Adding rosette leaves to the net
gives agents substrates to crawl and hide on and reduces the
suction strength. Net contents should be aspirated to separate
agents from unwanted material.

LIGHT TRAP

Light traps are used to collect nocturnal agents (typically
moths) that are otherwise difficult to collect during the day.
Construct a wire or wooden framework to support a battery-
operated lantern and beneath it a large funnel (with a wide
enough opening for large insects) that rests inside a wide-
mouth jar with target weed material in the bottom. Place it in
a sheltered place near a target weed infestation. Start the light
at dusk, and empty it in the morning. Alternatively, prop up a
white sheet to serve as a reflecting surface, and place a lantern
in front of it on a stool. Hand-collect the insects attracted to
the sheet as they land on the surface.

Ray Willard , Washington
State  Department  of
Transportation

Eric Coombs, Oregon
Department of Agriculture

Jerry Payne, USDA ARS

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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TRANSPORT CONSIDERATIONS

CONTAINERS

Collected insects must be transferred to containers intended to protect and prevent
them from escaping. Containers should be rigid enough to resist crushing but
also ventilated to provide adequate air flow and prevent condensation. Unwaxed
paperboard cartons are ideal for most biocontrol species. As an alternative, you
can use light-colored, lined or waxed-paper containers (e.g., ice cream cartons
are particularly suitable) or plastic containers, providing they are ventilated and
colored or transluscent. Cut holes in the container or its lid, and cover the holes
with a fine mesh screen. These ventilation procedures are not necessary for galls or
fungus-infected foliage. Do not use glass or metal containers; they are breakable
and make it difficult to regulate temperature, air flow, and humidity.

Again for insects, fill the containers two-thirds full with crumpled paper towels
or tissue paper to provide a substrate for insects to rest on and hide in and to
help regulate humidity. Include a few fresh sprigs of the target weed foliage (as
food) before adding the agents. Sprigs should be free of seeds, flowers, dirt, spiders,
and other insects. Do not place sprigs in water-filled containers; they may crush
the agents or drown the agents upon leaking. Sprigs are not needed for galls or
fungus-infected foliage. Seal the container lids either with masking tape or label
tape. Be sure to label each container with (at least) the biocontrol agent(s) name,
the collection date and site, and the name of the person(s) who did the collecting.

TRANSPORTING BIOLOGICAL CONTROL AGENTS

When transporting short distances, place the containers in large coolers with sealed
ice packs wrapped in crumpled newspaper or bubble wrap to prevent direct contact
with containers. Place extra packing material in the coolers to prevent the ice packs
from shifting and damaging the insect containers. Always keep coolers out of direct
sunlight. If you sort and package your agents indoors, keep them in a refrigerator
(no lower than 40°F or 4.4°C) until you transport or ship them.

SHIPPING LONG DISTANCES

You might need to use a bonded carrier service with overnight delivery (e.g., USPS,
FedEx, UPS, or DHL) if your release sites are far from your collection sites or you
have to deliver your agents to several sites. In such cases, the containers should be
placed in insulated shipping containers with one or more ice packs. The sealed
ice packs need to be wrapped in crumpled newspaper, wrapping paper, or bubble
wrap, and should be firmly taped to the inside walls of the shipping container to
prevent them from having direct contact with the insect containers and also to
prevent crushing should they move about during shipping. Empty spaces in the
shipping container should be loosely filled with crumpled paper, packing peanuts,



etc. Enclose all paperwork accompanying the agents (including any needed permits)
before sealing the shipping container with tape.

OTHER FACTORS TO CONSIDER

*  Make your shipping arrangements well before you collect the agents, and make
sure the carrier you select can guarantee overnight delivery as well as the proper
treatment of the package contents.

* Plan collection and packaging schedules so that overnight shipments can be
made early in the week rather than delivery on Friday-Sunday.

*  Clearly label the contents of containers and specify that they are living insects.

*  Contact personnel at the receiving end, tell them what you are shipping and
when it is due to arrive, provide a tracking number, verify that someone will be
there to accept the shipment, and instruct them not open the container prior
to releasing the agents.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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RELEASING BIOCONTROL AGENTS

SELECT RELEASE SITE

Survey prospective release sites early to ensure the targeted agent is not already
present. Release sites should typically contain large (4,000 m?, 1 acre) patches of the
target weed. Different agents will have different habitat preferences, so select sites on
an individual basis. Avoid transferring agents to areas with high disturbance, other
control methods (e.g. mowing, insecticide/herbicide use), or with a large number of
ant mounds or ground dwelling animals which may predate the biocontrol agents.
Good sites should be readily accessible year after year. To reduce mortality or injury,
it is best to redistribute the agents the same day they are collected. Releases of all
biocontrol agents should be made under moderate weather conditions (mornings
or evenings of hot summer days, mid-day for cold season releases). Avoid making
releases on rainy days. If you encounter an extended period of poor weather,
however, it is better to release the biocontrol agents than wait three or more days
for conditions to improve, as the agents’ vitality may decline with extended storage.

ESTABLISH PERMANENT LOCATION MARKER

Place a steel fence post or plastic/fiberglass pole at least 4 ft (1.2 m) tall as a marker
at the release point. Avoid wooden posts; they are vulnerable to weather and decay.
Markers should be colorful and conspicuous. White, bright orange, pink, and red
are preferred over yellow and green, which may blend into surrounding vegetation.
Where conspicuous posts may encourage vandalism, mark your release sites with
short, colorful plastic tent/surveyor’s stakes or steel plates that can be tagged with
release information and located later with a metal detector and GPS.

RECORD GEOGRAPHICAL COORDINATES AT =
RELEASE POINT USING GPS 1
Map coordinates of the site marker should be determined using .
a global positioning system (GPS) device of a GPS capable
tablet/smartphone. Coordinates should complement but not | ##sfs
replace a physical marker. Accurate coordinates will help re- =
locate release points if markers are damaged or removed. Along  ¢;co5arva

with the coordinates, be sure to record what coordinate system
and datum you are using, e.g., Latitude/Longitude in WGS 84 or UTM in NADS83.

PREPARE MAP

The map should be detailed and describe access to the release site, including roads,
trails, and relevant landmarks. The map should complement but not replace a
physical marker and GPS coordinates. Maps are especially useful for long-term
biological control programs in which more than one person will be involved or
participants are likely to change. Maps are often necessary to locate release sites in

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST



remote locations or places physically difficult or confusing to access.

COMPLETE RELEVANT PAPERWORK AT SITE

Your local land management agency may have standard biocontrol agent release
forms for you to complete. Typically, the information you provide includes a
description of the site’s physical location, including GPS-derived latitude, longitude,
and elevation; a summary of its biological and physical characteristics and land
use; the name(s) of the agent(s) released; date and time of the release; weather
conditions during the release; and the name(s) of the person(s) who released the
agents. The best time to record this information is while you are at the field site.
Consider using a smartphone and reporting app. Once back in the office, submit
the information to your local weed control authority or land management agency.
Keep a copy for your own records.

SET UP PHOTO POINT

A photo point is used to visually document changes in weed infestations and the plant
community over time following the release of biocontrol agents. Use a permanent
feature in the background as a reference point (e.g., a mountain, large rocks, trees, or
a permanent structure) and make sure each photo includes your release point marker.
Pre- and post-release photographs should be taken from roughly the same place and
at the same time of year. Label all photos with year and location.

Photo point with photos spanning three years, Rachel Winston, MIA Consulting

RELEASE AS MANY AGENTS AS POSSIBLE

As a general rule of thumb, it is better to release many individuals of a biocontrol
agent species at one infestation than it is to spread those individuals too thinly
over multiple infestations. Releasing all agents within a release container in one
spot will help ensure that adequate numbers of males and females are present for
reproduction and reduce the risks of inbreeding and other genetic problems. If you

have more than one release container, be sure to put some distance between the two
releases; 1 km (24 mile) is ideal.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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MONITORING BIOCONTROL AGENTS

Documenting outcomes (both successes and failures) of biocontrol release
programs will help generate a more complete picture of biocontrol impacts, guide
future management strategies, and serve education and public relations functions.
Monitoring can help determine:

*  If the biocontrol agents have become established at the release site

* If biocontrol agent populations are increasing or decreasing and how far they
have spread from the initial release point

e If the biocontrol agents are having an impact on the target weed

*  If/how the plant community or biotic/abiotic factors have changed over time

Monitoring can provide critical information for other land managers by helping
them predict where and when biological control might be successful, helping them
avoid releasing ineffective agents or the same agent in an area where they were
previously released, and/or helping them avoid land management activities that
would harm local biocontrol agent populations or worsen the weed problem.

Monitoring methods can be simple or complex. A single year of monitoring may
demonstrate whether or not the biocontrol agents established, while multiple years
of monitoring may allow you to follow the population of the biocontrol agents, the
decline of the target weed, changes in the plant community, and other biotic and
abiotic (e.g. climate, soil) changes.

Monitoring: a) checking biocontrol agent abundance, b) measuring vegetation along a transect, c)
measuring vegetation in a more systematic grid (all Rachel Winston, MIA Consulting)

ASSESSING BIOCONTROL AGENT POPULATIONS

If you wish to determine whether or not biocontrol agents have established after
initial release, you simply need to find the agents in one or more of their life stages,
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or evidence of their presence. Recommendations for the best stages to monitor are
given for each biocontrol agent in the following section of this guide. Begin looking
for biocontrol agents where they were first released, and then expand to the area
around the release site.

Populations of some biocontrol agents take two to three years to reach detectable
levels. Thus if no agents are detected a year after release, it does not mean that the
agents failed to establish. Revisit the site at least once annually for three years. If
no evidence of biocontrol agents is found, either select another site for release or
make additional releases at the monitored site. Consult with your county extension
educator or local biological control of weeds expert for assistance.

To determine the changing densities of biocontrol agent populations, a systematic
monitoring approach is needed. The Standardized Impact Monitoring Protocol
(SIMP) is one such approach to monitoring biocontrol agent populations,
weed populations, and the surrounding plant community over time. This
simplified protocol was developed through cooperation among the Bureau of
Land Management, the University of Idaho, Forest Health Protection, the Nez
Perce Biocontrol Center, and the Idaho State Department of Agriculture. SIMP
monitoring forms and additional information regarding this method can be found
at www.agri.state.id.us/Categories/PlantsInsects/Noxious Weeds/Bio_Control.php.

ASSESSING THE STATUS OF THE TARGET WEED AND CO-
OCCURRING PLANTS

The ultimate goal of a biological control program is to permanently reduce the
abundance of the target weed and enable the recovery of more desirable vegetation
on the site. To determine the efficacy of biocontrol efforts, there must be monitoring
of plant community attributes, such as target weed distribution and density. Ideally,
monitoring begins before biological control efforts are started (pre-release) and at
regular intervals after release. There are many ways to qualitatively (descriptively) or
quantitatively (numerically) assess weed populations and other plant community
attributes at release sites.

QUALITATIVE (DESCRIPTIVE) VEGETATION MONITORING

Qualitative monitoring uses subjective measurements to describe the target weed and
the rest of the plant community at the management site. Examples include listing
plant species occurring at the site, estimates of density, age and distribution classes,
visual infestation mapping, and maintaining a series of photos from designated
photo points. Qualitative monitoring provides insight into the status or change of

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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MONITORING BIOCONTROL AGENTS

target weed populations. However, its descriptive nature does not generally allow
for detailed statistical analyses. Data obtained in qualitative monitoring may trigger
more intensive monitoring later.

QUANTITATIVE VEGETATION MONITORING

The purpose of quantitative monitoring is to measure changes in the target weed
population as well as the vegetative community as a whole before and after a
biocontrol agent release. It may be as simple as counting the number of stems
of the target weed in an area, or as complex as measuring plant height, flower
and production, biomass, species diversity, and species cover. If designed properly,
quantitative data can be statistically analyzed and give measurable information
on plant community changes. Pre- and post-release monitoring should follow the
same protocol and be employed at the same time of year. Post-release assessments
should be planned annually for at least three to five years after the initial biocontrol
agent release. The SIMP approach is a combination of qualitative and quantitative
elements and can be easily modified to meet your personal or agency needs.

ASSESSING IMPACTS ON NONTARGET PLANTS

To address possible nontarget attacks on species related to the target weed, you
must become familiar with the plant communities present at and around your
release sites and be aware of species closely and distantly related to the target weed.
You may have to consult with a local botanist or herbarium records for advice on
areas where nontarget plants might be growing and how you can identify them.
Care should be taken in the management of your weed biocontrol program to
ensure that all closely related native species are identified and monitored along with
the target weed.

If you observe approved biocontrol agents feeding on and/or developing on
nontarget species, the vegetation sampling procedures described above can be
easily modified to monitor changes in density and/or cover of the nontarget
species. Concurrently, you may wish to collect additional data, such as the number
of agents observed on nontarget plants, the amount of foliar feeding observed, or
the presence of characteristic biocontrol agent damage. Collecting this data for
subsequent years can help determine if there is a population level impact or if the
nontarget feeding is temporary or of minor consequence to the nontarget species.

If you observe approved biological control agents feeding on and/or developing on
native species, collect samples and take them to a biocontrol specialist in your area.
Alternatively, you may send the specialist the site data so he or she can survey the
site for nontarget impacts.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST



ADDITIONAL CONSIDERATIONS

AVOIDING PARASITISM

Some biocontrol agent populations are plagued by parasitoids that reduce their
numbers and, consequently, their impact. When redistributing such species, it
is important to ensure that parasitoids are not transferred along with the desired
biocontrol agent. This can be accomplished by collecting plants infested with the
desired biocontrol agents in the fall and storing them at 39-46°F (4-8°C) over the
winter. Two to three weeks prior to their normal emergence time, bring them to
room temperature in rearing cages or breathable, clear containers. Any parasitoids
that emerge should be separated and destroyed. Emerging biocontrol agents can be
transferred to new target weed patches during the appropriate plant stage.

BIOLOGICAL CONTROL OF WEEDS IN THE NORTHWEST
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HOUNDSTONGUE
Cynoglossum officinale L.

SYNONYMS: gypsy flower, beggar’s lice
ORIGIN: Native to Eurasia; first recorded in North America in Ontario in 1859.

DESCRIPTION: Upright, herbaceous biennial or short-lived perennial typically
growing 1-4 ft tall (¥5-1.2 m) from a stout taproot. Leaves are grayish green,
have smooth margins, and are softly to roughly hairy on both surfaces. Basal
leaves are up to 12 in long (30 cm); stem leaves are smaller, without stalks, and
grow alternately. An individual plant may have one to several rosettes on one
root system. Flowering stems are cymes with 10-35 flowers, though usually 2-3
flowers are open at once. Flowers have five reddish-purple petals, turning blue
with age. Each flower produces up to four nutlets, each densely covered with

small hooks.

HABITAT: Capitalizes on disturbance to invade areas with a wide variety of

a) plant (Robert Vidéki, Doronicum Kft., www.bugwood.org), b) infestation (Rachel Winston, MIA

Consulting)
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FAMILY BORAGINACEAE

c) rosette (Rachel Winston, MIA Consulting), d) flowers (Fornax), ¢) nutlets (Richard Old, XID

Services, Inc, www.xidservices.com, www.bugwood.org)

conditions. Can be found in rangeland, pastures, abandoned crops, roadsides,
and other waste places, but does especially well in forest clearings opened by
logging operations and road construction.

ECOLOGY: Spreads only by seed. The barbed hooks on the surface of nutlets
readily adhere to animal fur, feathers, machinery or human clothing. Seeds only
remain viable in the soil for up to three years. Germination typically occurs in
early spring. Plants are rosettes the first year, not producing flowering stems
until the second year. Flowering occurs throughout summer. Most plants die
following flowering, but some continue to flower for one or two more years.

APPROVED BIOLOGICAL CONTROL AGENTS: USA: There are no

approved biocontrol agents; CAN: Longitarsus quadriguttatus and Mogulones
crucifer (=Mogulones cruciger).

NOTES: All parts of the plant contain
pyrrolizidine alkaloids that are toxic to livestock
and humans.
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HOUNDSTONGUE BIOLOGICAL CONTROL

European exploration for potential
biological control agents began in 1988. Following the testing of six species,
Mogulones crucifer and Longitarsus quadriguttatus were approved for release in
Canada in 1997 and 1998, respectively. A petition for the release of M. crucifer
in the USA was denied due to concerns about the agent’s host specificity. Despite
its denial in the USA, M. crucifer naturally migrated there from Canadian release
sites and is presently established in three states. The USDA APHIS issued a pest
alert in 2010 which outlines the legal penalties that can be imposed on any
individual who is affiliated with the unauthorized collection, transportation, and
release of M. crucifer within and to the USA.

Both M. crucifer and L. quadriguttatus established in
Canada, though M. crucifer has proven to be a far superior agent. Its high impact
has negatively affected populations of L. quadriguttatus, which is now only
confirmed established in low numbers in BC where it has limited impact. M.
crucifer is established in AB, BC, ID, MT and WA. At sites where M. crucifer
has been present for multiple years, houndstongue is now typically rare or
completely absent. Nontarget attack has been documented in both Canada
and the USA, though to date this attack appears to be only minor, sporadic,
and temporary spillover. It should be noted that M. crucifer has been shown
capable of developing on several plant species that are considered threatened and
endangered in the USA. To date, M. crucifer does not yet occur in areas of the
USA with populations of these protected species. In addition, there are regions
of the USA not yet established by M. crucifer where there exists large populations
of related plant species known to be more prone to M. crucifer attack. Both are

significant concerns for the future. The incidence of nontarget feeding is still
being monitored in both Canada and the USA.

USA: Both L. quadriguttatus and M. crucifer
are not approved for release. Though M. crucifer naturally migrated from
Canada, its redistribution within the USA is illegal and is punishable with
steep penalties. CAN: Due to the high impact of M. crucifer, continued use of
L. quadriguttatus is not recommended in Canada. Redistribution of M. crucifer
is reccommended and is best accomplished using an industrial strength wet-dry
vacuum cleaner from April to May.



AGENT

Longitarsus

quadyiguttatus

Mogulones
crucifer

ADULT IMPACT

RECOMMENDATION

Defoliation and root- feeding
now have limited impact in
CAN due to success of M.

crucifer.

Not released in USA. No
longer recommended for
redistribution in CAN due
to tremendous success of M.
crucifer.

Root-feeding extremely
. effective throughout weed
range in Canada, causing high
mortality.

Naturally spread to USA;
illegal to redistribute.
Increasingly distributed in
CAN, but recommended

where not already established.

Longitarsus, Mogulones: Mark Schwarzlinder, University of Idaho
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Longitarsus quadrz'gutmms (Pontoppidan)

Houndstongue flea beetle

DESCRIPTION: Eggs are elliptical, yellowish-orange, and laid at houndstongue
leaf petiole bases, on root crowns or into the soil within 2 ¢cm from first year
rosettes. Larvae are 1-4 mm long, have short legs, a white body and yellow head
with thick head capsule. Adults are up to 3 mm long, shiny black, and have long
antennae. Both wing covers have 2-4 reddish spots that vary in size and shape.
It is the reddish spots that gives this agent its Latin name, and helps differentiate
this species from other Longitarsus.

Longitarsus quadriguttatus: a) adult (Mark Schwarzlinder, University of Idaho), b) feeding damage
(© Province of British Columbia. All rights reserved. Reproduced with permission of the Province of
British Columbia)

LIFE CYCLE: Eggs hatch in spring; emerging larvae feed on secondary roots and
the main tap root cortex. Larvae overwinter in plant roots and resume feeding
in early spring. There are three larval instars. Pupation occurs in the soil. Adults
emerge in late spring, feed, mate, and oviposit within a week of emergence.
There is one generation per year.

DAMAGE: Adults feed on foliage leaving a characteristic shot-hole appearance
over the entire leaf that provides little control of the weed. Larvae feed on roots,
often leading to plant morrtality.

PREFERRED HABITAT: Hot, dry sites with a mild continental climate.

HISTORY: Introduced from Austria to Canada (BC 1998, AB 1999).

CURRENT STATUS: Established in AB and BC initially, but Mogulones crucifer
subsequently destroyed all known houndstongue at the AB release sites. L.
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COLEOPTERA: CHRYSOMELIDAE

quadriguttatus is now only confirmed established in low numbers in BC where
it has limited impact.

REDISTRIBUTION: In Canada, given the high success of M. crucifer, continued

use of L. quadriguttatus is not recommended.

NOTES: This agent is not approved for release in the USA. Typical of all flea

beetles, adults are capable of jumping great distances and do so when disturbed.

X
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Mogulones crucifer (Pallas)

Houndstongue root weevil

SYNONYMS: Mogulones cruciger Herbst

DESCRIPTION: Eggs are white (turning yellow-orange with age) and laid at the
bases of houndstongue leaf petioles. Larvae are white with brown head capsules,
1-4 mm long, and have the typical weevil “C-shape.” Adults are 2-3 mm long
and a mottled dull brown with a white cross pattern on their wing covers.

A\'/()g///m/(’f z';‘//f{'ﬂ’/‘: a) eggs, b) larva (a,b Rachel Winston, MIA (:onsn]ringL ¢) adult (Mark

Schwarzlinder, University of Idaho)

LIFE CYCLE: Overwintering adults emerge in spring from the soil litter and
feed on houndstongue rosette leaves prior to mating and laying eggs from April-
May. Hatching larvae feed on roots and develop through three instars. Mature
larvae exit roots to pupate in the soil in prepared silk oval cocoons covered in
soil particles. New adults emerge in late summer and early fall and feed on
houndstongue foliage prior to mating and laying eggs. Autumn oviposition
is typically much less frequent than in spring. Adults may live 1-2 years, so
overlap in generations has been documented, and larvae can typically be found
throughout the year. Overwintering can occur in three forms: mature adults in
soil, pupae and new adults in cocoons, or larvae in roots.

DAMAGE: Adults feed on foliage, leaving characteristic circular and oval feeding
holes over the entire leaf and petioles. Feeding larvae consume roots which, in
turn, may kill plants outright, prevent rosettes from flowering, or decrease the
reproductive output of already-flowering stalks.

PREFERRED HABITAT: Does well at all houndstongue sites in BC and AB at

which it has been released.

HISTORY: Introduced from Hungary and Serbia to Canada (BC 1997, AB
1998). Spread naturally to the USA by 2008.
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COLEOPTERA: CURCULIONIDAE

Mogulones crucifer damage to d) leaves, ¢) leaf petioles, f) roots (all Rachel Winston, MIA Consulting)

CURRENT STATUS: Though this agent is approved for use in Canada, it was
rejected for release in the USA due to concerns of nontarget attack. It has since
migrated naturally from Canada to bordering states in the USA. This agent has
been very effective in Canada and in the portions of the USA to which it has
naturally migrated. At sites where the agent has been present for multiple years,
houndstongue is now typically rare or completely absent. Nontarget attack has
been documented in both Canada and the USA, though to date this attack
appears to be only minor, sporadic, and temporary spillover. M. crucifer has been
shown capable of developing on several plant species considered threatened and
endangered in the USA. To date, M. crucifer does not yet occur in areas of the
USA with populations of these protected species. In addition, there are regions
of the USA not yet established by M. crucifer where there exists large populations
of related plant species known to be more prone to M. crucifer attack. Both are
significant concerns for the future. The incidence of nontarget feeding is still
being monitored in both Canada and the USA

REDISTRIBUTION: It is illegal to release or redistribute this species within
the USA. The USDA APHIS issued a pest alert in 2010 which outlines the
legal penalties that can be imposed on any individual who is affiliated with
the unauthorized collection, transportation, and release of M. crucifer in
and to the USA. In Canada, adult field collections can be difficult as adults
drop easily from leaves and are readily camouflaged in the soil. The most
efficient method is to aspirate adults from leaves, petioles, the
root crown and surrounding soil by using an industrial strength
wet-dry vacuum cleaner (with a catchment container) from April .
through May and sieving the resulting material. Adults are most
active following periods of sunny, warm days and in the morning
to early afternoon. Releases of 300 individuals should be made on *
patches of at least 400 m2 (1/10 acre) containing plants in a variety
of stages. Establishment can be monitored the following spring.
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KNAPWEED SPECIES COMPARISON (Centaurea)

Diffuse and spotted knapweed are the most common knapweed species in North
America and the primary targets of knapweed biological control efforts. Below is a
comparison of these two species, as well as four others that are typically considered
less problematic in North America but are occasional hosts to knapweed biocontrol
agents. Russian knapweed is in a different genus, Rbhaponticum, and comprises its
own, distinct biocontrol program. It is treated separately in this guide.

TraAIT

DIFFUSE
Centaurea diffusa

SPOTTED

Centaurea stoebe

SQUARROSE
Centaurea virgata
SSp. squarrosa

Lire HisToRY

Annual to short-lived
perennial (usually

Short-lived perennial

Long-lived perennial

biennial)
PREFERRED Disturbed initially; Disturbed initially; Disturbed initially;
Hasrmar Dry Dry to mesic Dry
AVERAGE 1% 2%5° 1%
HEeicHT (0.45 m) (0.75 m) (0.45 m)
4-8” long 4-8” long 4-8” long
(10-20 cm); (10-20 cm); (10-20 cm);
BasaL LEar Deeply divided into  Deeply divided into Deeply divided into
DESCRIPTION linear lobes; elliptic lobes; fine lobes;
Gray-green; Densely =~ Gray-green; Densely =~ Gray-green; Densely
hairy hairy hairy
CAPITULUM 0.25-0.4” 0.25-0.6” 0.12-0.25¢
DIAMETER (7-10 mm) (6-15 mm) (3-6 mm)
Iglarr}(l)w; Fripgec'i Fringe short and 111\1 arrow; Fr.ixb}ged .by |
Bracr y sharp spines; rigid; sharp spines; Termina
DESCRIPTION Terminal spine longer Dark br:)wn spine longer than
than laterals and not o lar 6 laterals and strongly
curved backward flanguiar tip curved backward
CAPITULUM
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Credits: Diffuse: Richard Old, XID Services, Inc, www.xidservices.com; Spotted: Michael Shephard,
Forest Service, www.bugwood.org; Squarrose: Steve Dewey, Utah State University, www.bugwood.

org; Meadow: Eric Coombs, Oregon Department of Agriculture; Black: Mikrolit; Brown: Cindy

Roche, www.bugwood.org

MEADOW BLACK BROWN
Centaurea jacea Centaurea jacea Centaurea jacea
nothosubsp. pratensis ssp. nigra ssp. jacea
Perennial Perennial Perennial

Moist sites

. . Disturbed initially; Mesic
Mesic to moist

to Moist
2 1%’ 2
(0.6 m) (0.45 m) (0.6 m)
6” long (15 cm); 6” long (15 cm);

Entire margins (sometimes
tiny teeth or lobes);
Tapered both ends, widest
past middle; Green; Less

6” long (15 cm);
Entire margins (sometimes
tiny teeth or lobes); Wide
at base then taper near
stem; Green; Fine hair

Entire margins (sometimes
tiny teeth or lobes);
Tapered both ends, widest
past middle; Green; Less

hair hair
0.5-0.75” 0.6-1” 0.5-0.85”
(12-18 mm) (15-25 mm) (12-22 mm)
Bearing papery, deeply Tipped with comb-like, | Bearing papery, translucent
black teeth margins

fringed margins
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DIFFUSE KNAPWEED

Centaurea diffusa Lam.

SYNONYMS: white knapweed, tumble knapweed
ORIGIN: First recorded in North America in 1907 in an alfalfa field.

DESCRIPTION: A winter-hardy forb that usually grows as a biennial but may
at times grow as an or short-lived perennial. Stems are 1-3% ft tall (5-1 m)
with numerous, spreading branches that give the plant a ball-shaped appearance
and tumble-weed mobility when broken. Rosette leaves are deeply divided,
gray-green, and covered in small hairs. Stem leaves are stalkless, getting smaller
and less divided higher up the stem. Flower heads have white (sometimes pink
or lavender) florets that occur at the ends of branches and produce numerous
bristle-topped seeds. Receptacle bracts are edged with a fringe of spines; the
terminal spine is distinctly longer. This plant has a deep and fibrous taproot.
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a) plant (K. George Beck & James Sebastian), b) infestations (Eric Coombs, Oregon Department of
Agriculture) (both www.bugwood.org)
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FAMILY ASTERACEAE

N

c) leaf (K. George Beck & James Sebastian), d) capitulum with white florets (Richard Old, XID
Services, Inc, www.xidservices.com, ¢) capitulum with pink florets (Steve Dewey, Utah State
University) (all www.bugwood.org)

HABITAT: Rapidly colonizes roadsides and disturbed lands, especially dry sites. It
prefers habitats in the shrub-steppe zones and dry, open forests.

ECOLOGY: Spreads only by seeds. Unlike other knapweeds, the