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EFFICACY QUICK REFERENCE GUIDE

In this quick reference, weed species are arranged in the order they appear in this
guide: first by flower color, grouped by related species, and then listed alphabetically.
Weeds that do not flower are colored gray. The biocontrol agents presently available
(as of 2016) for each weed are then arranged according to their individual efficacy.
Please note that efficacy designations are very broad. Some biocontrol agents thrive
in certain settings and are ineffective in others.

The following broad categories are used:

US | CAN INDIVIDUAL BIOCONTROL AGENT STATUS

High priority; recommended for release/redistribution

Medium priority, recommended to complement other agents or control methods
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Low priority; typically low impact and/or survival

Caution when redistributing; not recommended for use in all areas

Ilegal to redistribute

Ongoing releases, but establishment not yet confirmed
Released, but failed to establish

Oe®e

STATUS ORGANISM PAGE  STATUS ORGANISM PAGE
Consoren dffuea | ® Ensauren pocte. 32
Larinus minutus 36 Cyphocleonus achates 34
Sphenaptera jugoslavica 40 Larinus obtusus 38
Cyphocleonus achates 34 Agapeta zoegana 42
Larinus obtusus 38 Larinus minutus 36
Agapeta zoegana 42 Urophora affinis 44
Urophora affinis 44 Urophora quadrifasciata 46
Urophora quadrifasciata 46 Sphenoptera jugoslavica 40
Bangasternus fausti 48 Bangasternus fausti 48
Merzneria paucipunctella 52 Chaetorellia acrolophi 50

O Pelochrista medullana 54 Metzneria paucipunctella 52
Prerolonche inspersa 56 O Pelochrista medullana 54
Terellia virens 58

4 BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA



EFFICACY QUICK REFERENCE GUIDE

STATUS ORGANISM PAGE STATUS ORGANISM PAGE
Purple loosestrife Musk thistle
.. 62 86
Lythrum salicaria Carduus nutans
Galerucella calmariensis 64 D Urophora solstitialis 94
Galerucella pusilla 64 . Cheilosia grossa 96
Hylobius transversovittatus 66 . Trichosirocalus horridus 100
Nanophyes marmoratus 68 . Rhinocyllus conicus 98
. Larinus carlinae (=L. planus) 106
Eurasian watermilfoil
Myriophyllum spicatum 70 ;
yriopny J4 Waterhyacinth 108
. ‘ Eubrychiopsis lecontei 72 Eichhornia crass i])es
Megamelus scutellaris 110
Neochetina bruchi/ N.eichhorniae | 112
Pale swallow-wort 76
Vincetoxicum rossicum Niphograpta albiguttalis 114
? ‘ Hypena opulenta 78
Tansy ragwort 118
) Jacobaea vulgaris
Bull thistle 82
Cirsium vu /ga re Longitarsus jacobaeae 120
Urophora stylata 38 Cochylis atricapitana 122
. Cheilosia grossa 9 Botanophila seneciella 124
. Trichosirocalus horridus 100 . Lyria jacobacae 126
. Rhinocyllus conicus 98
. Larinus carlinae (=L. planus) 106 Common St. ]ohnswort 130
Hypericum perforatum
Canada thistle Chrysolina hyperici 132
Cirsium arvensis 84 Chrysolina quadrigemina 132
Hadroplontus litura 90 Agrilus hyperici 134
Urophora cardui 92 Aphis chloris 136
Larinus carlinae (=L. planus) | 106 Aplocera plagiata 138
Rhinocyllus conicus 98 O Zeuxcidiplosis giardi 140
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6 EFFICACY QUICK REFERENCE GUIDE
Z
ﬁ STATUS ORGANISM PAGE  STATUS ORGANISM PAGE
LI Iia.lma‘tian toadflax 142
LIy inaria dalmatica
. Mecinus janthiniformis 146 . . Aphthona lacertosa 168
é . Brachypterolus pulicarius 150 . . Aphthona nigriscutis 170
. Rhinusa antirrhini 152 Aphthona flava 172
M ‘ Calophasia lunula 156 Lobesia euphorbiana 174
L) . . Aphthona cyparissiae 176
D Yellow toadflax ” . . Aphthona fzwz.zlzmzz 178
d Linaria yu[g¢7i5 . . Hyles euphorbiae 180
. . Mecinus janthinus 146 . . Oberea erythrocephala 182
. Rhinusa pilosa 148 . Pegormya curticoris/? euphorbiag 184
. . Brachypterolus pulicarius 150 . . Spurgia capitigenalS. esulae 186
. . Rhinusa antirrhini 152
. . Rhinusa linariae 154
- ‘ Calophasia lunula 156
- Verticillium nonalfalfae 192
Alligatorweed
B Rhinoncomimus latipes 162 Alternanthera philoxeroides 194
. Agasicles hygrophila 196
. Arcola malloi 198
_ . Amynothrips andersoni 200
. . Aphthona nigriscutis 170
B Aphthona flava 172 Scentless chamomile 202
. . Aphthona lacertosa 168 Tripleurospermum inodorum
. . Aphthona cyparissiae 176 . Omphalapion hookerorum | 204
. . Aphthona czwalinai 178 . Rhopalomyia tripleurospermi| 206
. . Hyles euphorbiae 180 . Microplontus edentulus 208
. . Spurgia capitigenalS. esulae 186
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EFFICACY QUICK REFERENCE GUIDE

STATUS ORGANISM PAGE STATUS ORGANISM PAGE
Po%son hemlock 210 Wa.terlettL'lce 254
Conium maculatum Pistia stratiotes
‘ Agonopterix alstroemeriana | 212 ‘ Neohydronomus affinis 256
Hydrilla 214 Air potato 260
Hydrilla verticillata Dioscorea bulbifera
Hydrellia pakistanae 216 ‘ Lilioceris cheni 262
Hydprellia balciunasi 216
Bagous hydrillae 218 Old World climbing fern | .,
Lygodium microphyllum
]apanese knotweed %6 Floracarus perrepae 266
Fa[[opz'ﬂ japom'm Neomusotima conspurcatalis| 268
? ‘ Aphalara itadori 228
Common salvinia 79
Salvinia minima g
Melaleuca 230
Melaleuca quinquenervia ‘ Cyrtobagous salviniae 276
Boreioglycaspis melaleucae 232
Lophodiplosis trifida 234 Giant salvinia -
Oxyops vitiosa 236 Salvinia molesta
‘ Cyrtobagous salviniae 276
Multiflora' rose 240
Rosa multiflora
. Rose Rosette Disease 242
. Phyllocoptes fructiphilus 242
Tropical Soda Apple 248
Solanum viarum
Gratiana boliviana 250
Tobacco mild green 252

mosaic tobamovirus
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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 trade and travel, exotic
plant introductions are on the rise. Biological control of weeds (“biocontrol”) is the
deliberate use of living organisms to limit the abundance of a target weed. In this field
guide, biological control typically 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 weed biocontrol (“biocontrol agents” or
“agents”) include different organisms, such as insects, mites, nematodes, and fungi.

This guide focuses on the most problematic weeds in eastern North America for which
there are at least some biocontrol agents established and/or available. Multiple photos
and descriptions of each weed included in this guide emphasize key identification
traits and plant ecology. For each weed included in this guide, all biocontrol agents
released or 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 of each biocontrol agent are described in
detail. Because current impact and recommendations often vary between the US
and Canada, information is presented separately. Symbols have been added for each
biocontrol agent described in this manual to allow for quick recommendations:

US | CAN INDIVIDUAL BIOCONTROL AGENT STATUS

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

Ongoing releases, but establishment not yet confirmed

Released, but failed to establish

=X
Oe®e

Many biocontrol agents are already widespread. All target weed infestations should
be surveyed prior to release to ensure the desired agents are not already present. Keep
in mind some species are approved for use in only the US or Canada, but not both.
In addition, some biocontrol agents cause damage to nontarget species. Red text
indicates the biocontrol agent is not recommended for release in all areas.

Distribution maps are included for each weed included in this guide; maps can be
found in the bottom right corner of each weed’s description pages. Plant distribution

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA



data was collected from the USDA-PLANTS database and EDDMapS. Though
significant effort is put into keeping both databases 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. For more information on how to
utilize or contribute to the EDDMapS$ tools, visit www.eddmaps.org/about/ and
apps.bugwood.org/.

Maps depicting each biocontrol agent’s current establishment are presented in the bottom
right corner on each species’ respective description page. When a biocontrol agent attacks
more than one weed species, multiple maps are presented and labeled by weed species.
Maps were created using EDDMapS, available literature, and numerous personal
communications with regional land managers. Like weeds, biocontrol agents can spread
rapidly, making accurate distribution information elusive. Some biocontrol agents are not
yetestablished, or are established on their target weeds only in western states and provinces
not covered in this guide; the maps for these species appear blank for eastern states and
provinces. The figure

at right illustrates R
Rhinocyllus conicus is a ' -y v
established on bull and o b4 i
musk thistle in eastern i A
North America, but X
its establishment on

Canada  thistle s .
restricted to western bull Canada musk
states and provinces

not covered in this  Reported establishment of Rhinocyllus conicus in eastern North
guide. America on bull (left), Canada (middle), and musk thistle (right).

Biocontrol agents that were released but did not establish, natural enemies that are
native to North America, and some natural enemies that are not currently approved
for redistribution in the US and/or Canada (but are already present) are addressed
separately from approved and established biocontrol agents. The description,
ecology, and history/status for each of these additional species are described,
accompanied by a photo. Should you encounter species previously believed to have
failed establishment, contact your local weed superintendent, land grant university,
or extension service personnel to confirm and document their establishment, and/
or report the sighting to the EDDMapS$ database. Caution must be taken during
field redistribution to ensure that species not approved for use are not inadvertently
collected and redistributed along with approved biocontrol agents.

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA
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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, and/or facilitate secondary infection from pathogens—all of which
compromise the weed’s ability to compete with other plants. Root- and crown-
feeding biocontrol agents are usually more effective on perennial plants that
primarily spread by root buds. Flower- and seed-feeding biocontrol agents are
typically more useful on annual or biennial plants that only spread by seeds.
Regardless of the plant part attacked by biocontrol agents, the aim is always to
reduce populations of the target weed.

To be approved for release in North America, weed biocontrol agents must be host-
specific, meaning they must develop only on the target weed. Rigorous tests are
required to confirm biocontrol agents are host specific and effective. Candidates often
undergo five or more years of testing to ensure that rigid host specificity requirements
are met, and results are vetted at a number of stages in the approval process.

The Technical Advisory Group (TAG) for Biological Control Agents of Weeds
is an expert committee with representatives from US federal regulatory, resource
management, and environmental protection agencies, and regulatory counterparts
from Canada and Mexico. TAG members review all petitions to import new
biocontrol agents into the US, and make recommendations to USDA-APHIS-
PPQ regarding the safety and potential impact of candidate biocontrol agents.
Weed biocontrol researchers work closely with USDA-APHIS-PPQ and TAG to
accurately assess the environmental safety of candidate weed biocontrol agents and
programs. In addition, some states and some National Parks in the US have their
own approval process to permit field release of weed biocontrol agents. In Canada,
the Biological Control Review Committee (BCRC) draws upon the expertise
and perspectives of Canadian-based researchers (e.g. entomologists, botanists,
ecologists, weed biological control scientists) from academic, government, and
private sectors for scientific review of petitions submitted to the CFIA. The
BCRC reviews submissions that are in compliance with the North American Plant
Protection Organization’s Regional Standards for Phytosanitary Measures number
7. The BCRC also reviews submissions to APHIS. The BCRC conclusions factor
into the final TAG recommendation to APHIS on whether to allow release of the
candidate agent in the US. When release of an agent is proposed for both the US
and Canada, APHIS and the CFIA attempt to coordinate decisions based on the
assessed safety of each country’s plant resources.

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

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA



participants of the Tenth International Symposium for Biological Control of Weeds
to both improve the efficacy of, and reduce the potential for negative impacts from,
weed biological control. In following the Code, practitioners reduce the potential
for causing environmental damage through the use of weed biological control by
voluntarily restricting biocontrol activities to those most likely to result in success
and least likely to cause harm.

As per rule 4 of the Code of Best Practices above, species that have not been
approved are illegal to introduce to the US and Canada. When non-indigenous
natural enemies of a target weed arrive accidentally, it is generally illegal to
redistribute them intentionally within the US. A few cases where this is legal are
described in this manual. Some species introduced accidentally to Canada are safe to
utilize, however redistribution of non-indigenous natural enemies 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 eradicate the target
weed. Even in the most successful cases, biocontrol 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 IN EASTERN NORTH AMERICA
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SELECTED PLANT FEATURES

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 other plants. Traits referred to most commonly include:

LIFE CYCLE

The first recognizable stage of a plant life cycle is a seedling, when a plant has one to
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 an obvious rosette stage. Plants then grow a flowering stem in a stage
called bolting. In bud, immature flowers appear on 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; c. bolting,; d. bud; e. flowering;

f. senescence (Credits: a, f Ohio State University Weed Lab Archive; b Steve Dewey, Utah State
University; ¢ K. George Beck & James Sebastian, Colorado State University; d John Cardina, Ohio
State University; e Michael Shephard, Forest Service (a-f bugwood.org)

DURATION

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

TYPICAL LEAF ARRANGEMENT AND MARGINATION
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SMOOTH LOBED TOOTHED

Leaf a. arrangement (how leaves are arranged along a stem); b. margination (shape of a leaf’s edges)

(a,b Jacgi Sullivan, 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.

Flower heads in the sunflower family a. Canada thistle, all disc florets (Richard Old, XID Services,
Inc, www.xidservices.com); b. rush skeletonweed, all ray florets (Rachel Winston, MIA Consulting);
c. tansy ragwort, both disc (center) and ray (outer) florets (Strobilomyces)

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA
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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 animals in the phylum Arthropoda. More
specifically, most biocontrol agents are insects (class Insecta) in the orders Coleoptera
(beetles), Lepidoptera (butterflies and moths), and Diptera (true flies). In addition
to insects, there are also mite, nematode, fungi, bacteria and virus biocontrol agents.

INSECTS

Insects are the largest, most diverse class
of animals in the phylum Arthropoda. An
understanding of basic insect biology and
anatomy will help users recognize and identify
the insects used as biocontrol agents of weeds.
Most insects included in this field guide have
complete metamorphosis, which means they
exhibit a life cycle with four distinct stages:
egg, larva, pupa, and adult. All adult insects
have an exoskeleton (a hard external skeleton),
a segmented body divided into three regions
(head, thorax, and abdomen), three pairs of
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. This process is called molting,
and larval stages between molts are called
instars. The larvae of insects with complete
metamorphosis (e.g. Lepidoptera, Coleoptera,
Diptera) generally complete 3-5 instars before
molting into pupae. During the pupal stage,
insects change from larvae to adults. Insects do
not feed or molt during the pupal stage. Adult

9 Pupa Egg Q
| )
3rd Instar 15t insiar
(i, taeva larea

a. Complete metamorphosis of an insect
(L. Wilson); b. body parts of adult
insects A. head, B. antenna, C. thorax,
D. abdomen, E. wing (adapted from
Biological Control of Weeds in the West)

insects emerge from the pupal stage and do not grow or molt.

Insects in the Hemiptera and Thysanoptera have incomplete metamorphosis, which
does not include a pupal stage. Instead, their young are called nymphs and resemble the
adults to a large degree. The transformation from nymph to adult primarily involves
the development of wings (only in some species) and functioning reproductive organs.
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BUTTERFLIES AND MOTHS (ORDER LEPIDOPTERA)

Adult Lepidoptera have two pairs of membranous wings covered with powder-like
scales, prominent antennae, and coiled mouthparts adapted to siphoning nectar from
plant flowers. Adult Lepidoptera described in this manual usually feed very little,
if at all. Lepidoptera larvae (known as caterpillars) have a toughened head capsule,
chewing mouthparts, and a soft body; they are active feeders. The pupal stage of
Lepidoptera can be naked or enclosed in a cocoon, depending on the species.

BEETLES (ORDER COLEOPTERA)

Adult beetles are hard-bodied with tough exoskeletons and possess two pairs of
wings. The two front wings (elytra) are thickened and meet in a straight line down
the abdomen, forming a hard, shell-like, protective covering. The two hind wings
are membranous, larger, and used for flight; these are folded under the elytra when
not in use. Beetle larvae are grub- or worm-like, often with three small pairs of legs,
allowing some to be quite mobile. Many are pale white with a brown or black head
capsule. All beetles have chewing mouthparts.

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).
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Key to differentiate biocontrol insects with complete metamporphosis as a. larvae; b. pupae (L. Wilson)
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BIOLOGICAL CONTROL AGENT LIFE CYCLES

THRIPS (ORDER THYSANOPTERA)

Adult Thysanoptera can be wing-less or have two pairs of stalk-like wings with long
hair fringing the margins. There are two actively feeding nymphal stages for all
thrips and 2-3 inactive (non-feeding) stages. Adult and actively-feeding nymphal
stages feed by piercing plants and sucking out the contents.

TRUE BUGS (ORDER HEMIPTERA)

Many adult Hemiptera possess two pairs of wings, though some are wing-less. In
winged individuals, the hind pair is membranous; the two front wings may be
entirely membranous or only membranous at their tips and hardened at their base.
Nymphs and adults feed by piercing plants and and sucking out the cell contents.

MITES

Like insects, mites are in the phylum Arthropoda and have an exoskeleton; however
they belong to the class Arachnida, whose adult members are usually characterized
by having 8 legs (compared to the 6 legs of insects). In some mite species, the first
immature stage is called larva; mites in this stage have only 6 legs. The second
immature stage is called a nymph and has 8 legs. Nymphs typically resemble adults.
Some mite species do not have a larval stage, and some mite families have only 4 legs.

NEMATODES

Nematodes, or roundworms, are animals in 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. Eggs hatch
into larvae that resemble adults but have underdeveloped reproductive systems.

FUNGI

Fungi belong to their own kingdom (Fungi). Most 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 and 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 that land on vegetation and produce pustules, or uredia,
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 changes in
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).

WEED COMMON

SCIENTIFIC NAME

PREVIOUS NAMES

Spotted knapweed

Centaurea stoebe

Centaurea bicbersteinii, C. stoebe subsp.
micranthos, C. maculosa

Black swallow-wort

Vincetoxicum nigrum

Cyanchum louiseae

Pale swallow-wort

Vincetoxicum rossicum

Cynanchum rossicum

Musk thistle

Carduus nutans

Carduus thoermeri

Tansy ragwort

Jacobaea vulgaris

Senecio jacobaea

Dalmatian toadflax

Linaria dalmatica
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Linaria genistifolia, L. genistifolia ssp. dalmatica

Mile-a-minute weed

Persicaria perfoliata

Polygonum perfoliatum

Alligatorweed Alternanthera philoxeroides Achyranthes philoxeroides

Bohemian knotweed Fallopia xbohemica Polygonum xbohemicum, Reynoutria
xbohemica

Giant knotweed Fallopia sachalinensis Polygonum sachalinense, Reynoutria
sachalinensis

Japanese knotweed

Fallopia japonica

Polygonum cuspidatum, Reynoutria japonica

Scentless chamomile

Tripleurospermum inodorum

Matricaria perforata, Tripleurospermum
maritimum ssp. inodorum, T. perforatum

AGENT CURRENT NAME | TARGET(S) PREVIOUS NAMES

Hadroplontus litura Thistles Ceutorhynchus litura

Cheilosia grossa Thistles Cheilosia corydon

Trichosirocalus horridus Thistles Ceuthorhynchidius horridus

Larinus carlinae Thistles Larinus planus

Niphograpta albiguttalis Waterhyacinth Epipagis albiguttalis, Sameodes albiguttalis

Bellura densa Waterhyacinth Arzama densa

Cercospora piaropi Waterhyacinth Cercospora rodmanii

Botanophila seneciella Tansy ragwort Hylemyia seneciella, Pegohylemyia seneciella

Rhinusa antirrhini; R. linariae; | Toadflaxes Gymnetron antirrhini; G. linariae; G. netum

R. neta

Austromusotima camptozonale | Lygodium Cataclysta camptozonale

Pegomya curticornis, P euphorbiae | Leafy spurge Pegomya argyrocephala

Spurgia capitigena, S. esulae Leafy spurge Bayeria capitigena

Arcola malloi Alligatorweed Vogtia malloi

Omphalapion hookerorum Scentless chamomile | Apion hookeri

Microplontus edentulus Scentless chamomile | Ceutorhynchus edentulus

Spodoptera pectinicornis Waterlettuce Namangana pectinicornis, Epipsammea
pectinicornis
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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” biocontrol agents off weeds.

A sweep is made by swinging the net through the plant
canopy. It is best to use no more than 25 sweeps before
removing hard-bodied insects from the net, or as few as
five times for fragile adult moths and flies. Removing the
contents at regular intervals reduces the potential harm that
could result from knocking biocontrol agents around with
debris, and reduces the opportunity for predator insects and
spiders from finding and devouring the biocontrol agents.

Laura Parsons,

University of Idaho

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
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 Laura Parsons,
particles are not inhaled. University of Idaho

BERLESE FUNNELS

Berlese funnels are used to extract biocontrol agents from soil or plant litter by
using light or a heat source. Place plant or soil material on a wire mesh suspended
over a collection container (e.g. a jar), and secure the heat/light source (e.g. a heat
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lamp) above it all. As the light/heat penetrates the material, insects migrate down
and fall into the collection container. Rubbing petroleum jelly around the rim of
the collection container helps prevent insects from climbing back out. When using
a heat source, place a moist napkin in the collection container and check often to
ensure water is available to organisms collected.

HAND-PICKING/TAPPING

Stationary or slow-moving insects can be picked from foliage by
hand using forceps. Other species can be tapped onto a tray or
into a bottle topped with a large funnel using a tool such as a
racquet. Plant segments infested with galls or fungal spores can
be hand-picked and moved to new infestations. Take care when
moving plant material to ensure seeds or other propagules are
not included as this may introduce new genotypes.

Ray Willard,
Washington Dept.
Transportation

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 organisms. This
is particularly useful for collecting small biocontrol agents such
as flea beetles from weed rosettes. Rocks or debris vacuumed
up may harm collected organisms, so this method should be
applied to foliage collections only. Adding rosette leaves to the i SRR
net gives biocontrol agents substrates to crawl and hide on and  Eric Coombs, Oregon
reduces the suction strength. Net contents should be aspirated ~Dept. Agriculture

to separate biocontrol agents from unwanted material.

LIGHT TRAP

Light traps are used to collect nocturnal biocontrol 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 biocontrol agents
attracted to the sheet as they land on the surface.

Jerry Payne, USDA
ARS

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA
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TRANSPORT CONSIDERATIONS

CONTAINERS

Collected biocontrol agents must be transferred to containers to protect and prevent
them from escaping. Containers should be rigid to resist crushing and ventilated to
provide adequate air flow and prevent condensation. Unwaxed paperboard cartons
are ideal for most species. Alternatively, use light-colored, lined containers (e.g. ice
cream cartons) or plastic containers, providing they are ventilated. Cut or poke
holes in the container or its lid, and cover the holes with a fine mesh screen. Gall- or
fungus-infected foliage should be stored in large, breathable bags made of paper or
gauze. Do not use glass or metal containers for insects or foliage; they are breakable
and make it difficult to regulate temperature, air flow, and humidity.

For insects, fill containers two-thirds full with crumpled tissue paper to provide a
substrate for insects to rest on/hide in, and to help regulate humidity. Include a few
fresh sprigs of the target weed foliage. Sprigs should be free of roots, seeds, flowers,
dirt, spiders, and other insects. Do not place sprigs in water-filled containers; they
may crush the biocontrol agents or drown them upon leaking. Seal the container
lids either with masking tape or rubber bands. Be sure to label each container with
(at least) the name and number of biocontrol agent(s), 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 biocontrol 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

If you will be shipping your biocontrol agents to their final destination, use a
bonded carrier service with guaranteed overnight delivery (e.g. USPS, FedEx,
UPS, or DHL). In such cases, the release containers should be placed in insulated
shipping boxes or coolers 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 box to prevent them from having
direct contact with the release containers and also to prevent crushing should
they move about during shipping. Empty spaces in the shipping box should be
loosely filled with crumpled paper, packing peanuts, etc. Enclose all paperwork
accompanying the biocontrol agents (including permits and release forms) before
sealing the shipping box.
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OTHER FACTORS TO CONSIDER
Make shipping arrangements well before agents are collected and ensure the carrier
can guarantee overnight delivery and the proper treatment of package contents.
Plan collection/packaging schedules so that delivery occurs Monday-Thursday.
Clearly label packages and specify that they contain perishable material.
Provide the receiver with a tracking number and verify someone will be there
to accept the shipment.
Releases should be made immediately upon receipt. If that is not possible,
biocontrol agents should be checked for food depletion, excess moisture, and
overcrowding and then be refrigerated.
Have the receiver provide feedback to the shipper on the overall condition of the
shipment. This can provide important guidance on packing/shipping methods.
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RELEASING BIOCONTROL AGENTS

SELECT RELEASE SITE
Survey prospective release sites early to ensure the targeted biocontrol agent is not
ready present. We recommend release sites be large patches with plenty of host
plants. Different biocontrol 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 biocontrol agents. Good
sites should be readily accessible year after year. To reduce mortality or injury, it is
best to redistribute biocontrol agents the same day they are collected. Releases of most
biocontrol agents should be made under moderate weather conditions (mornings or
evenings of hot summer days, mid-day for cold season releases). If you encounter an
extended period of poor weather, however, it is better to release 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 or fiberglass pole as a marker at the release point. Avoid wooden or plastic
posts; they are vulnerable to weather, decay, and fire. Markers should be colorful
and conspicuous (e.g. red, orange, white). Where obvious posts may encourage
vandalism, mark your sites with tent/surveyor’s stakes or steel plates that can be tagged
with release information and located later with a metal detector and GPS. Where
a sign is appropriate, include contact information. The landowner and local weed
management authority should be notified and given a map of the release location.

RECORD SITE GEOGRAPHICAL COORDINATES

Map coordinates of the release site marker should be determined
using a GPS device or a GPS-capable tablet/smartphone and
should complement but not replace a physical marker. Accurate
coordinates will help re-locate release points if markers are
damaged or removed. Along 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 NADS3.

-

PREPARE MAP Rachel Winston,
The map should be detailed and describe access to the release  MIA Consulting
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 biocontrol 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 remote locations or places physically difficult or confusing to access.
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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 coordinates and
elevation; a summary of its biological and physical characteristics and land use; the
name(s) of the target weed and biocontrol 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, such as the iBiocontrol
map from EDDMapS. Once back in the office, submit the information to your
local weed control authority/agency. Always 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 the year and location.

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

RELEASE AS MANY BIOCONTROL 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 biocontrol 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; 2/3 mile (1 km) or more is ideal.

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA

Z
—
~
O
w
C
@
=
O
Z

23



z
=
=
O
=
a
O
~
=
z

24

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

Monitoring activities utilize standardized procedures to 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

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

e If/how the plant community or site factors have changed over time

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,
changes in the target weed population and plant community, and changes in other
factors such as climate or soil.

Monitoring: a. checking biocontrol agent abundance; b. measuring vegetation along a transect; c.
measuring vegetation in a more systematic grid (a-c 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 biocontrol agents in one or more of their
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life stages, 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 or more years to reach detectable
levels. Thus if no biocontrol 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 weed biological control expert for assistance.

To determine the changing densities of biocontrol agent populations, a systematic
monitoring approach is required. A generalalized biological control agent monitoring
form can be found in Appendix I.

ASSESSING THE TARGET WEED & CO-OCCURRING PLANTS

The ultimate goal of a weed biocontrol program is to permanently reduce the
negative impacts of the target weed on ecosystem function; success is frequently
measured as a reduction in target weed abundance. To determine if biocontrol
efforts are effective, 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 occurs 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, rough estimates of density (e.g. low,
moderate, high), age (e.g. young, old) and distribution classes (e.g. isolated plants,
small patches, dense infestations), visual infestation mapping (e.g. deliniating
infestations by hand rather than via GPS), and maintaining a series of photos from
designated photo points. Qualitative monitoring conducted consistently through
time may provide insight into the status or change of target weed populations.
However, its descriptive nature does not generally allow for quantitative statistical
analyses. Qualitative monitoring may help you recognize what quantitative
monitoring data/protocol might be most useful for the target weed system, which
you can apply to new release sites in the future.

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA
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MONITORING BIOCONTROL AGENTS

QUANTITATIVE VEGETATION MONITORING

Quantitative monitoring measures changes in the target weed population and
associated vegetation community by precisely measuring specific plant and
community characteristics. When conducted before and after a biocontrol agent
release, quantitative data can be analyzed using a variety of statistical tests to
identify where significant changes have occurred. Quantitative monitoring may
be as simple as counting the number of target weed stems in a small sample area,
or as complex as measuring plant height, flower and seed production, biomass,
species diversity, and species cover. Pre- and post-release monitoring should follow
the same protocol and be employed at the same time of year to ensure that the data
is consistent and trends are easily identified. Post-release assessments should be
planned annually for at least 3-5 years (and ideally longer than that) after the initial
biocontrol agent release. A generalalized vegetation monitoring form can be found
in Appendix I; it can be easily modified to meet your personal or agency needs.

ASSESSING IMPACTS ON NONTARGET PLANTS

To address possible nontarget attacks, 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 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 and in
Appendix II 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. Please be aware that many “look-alike” native insects feed on related
native plants.

If you observe approved biocontrol agents feeding on and/or developing on native
species, take samples to a biocontrol specialist in your area. Alternatively, send the
specialist the site data so he/she can survey the site for nontarget impacts. Be sure
not to ascribe any observed damage to any specific bioocntrol agent and thus bias
the confirmation.
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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
safely transferred to new target weed patches during the appropriate plant stage.
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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. They are
most problematic in western states and provinces, but are included in this eastern
guide because some eastern infestations may benefit from biocontrol agent releases.
Below is a comparison of these two knapweed 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,

TraIT

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;
Hasrtar Dry Dry to mesic Dry
AVERAGE 1.5 2.5 1.5
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 LEAF 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 airy hairy
CAPITULUM 0.25-0.4” 0.25-0.6” 0.12-0.25%
DIAMETER (7-10 mm) (6-15 mm) (3-6 mm)
Nartow; Fringed oo horeand | Narrows Fringed by
BracT y sharp spines; rigids sharp spines; Termina
Terminal spine longer > spine longer than
DESCRIPTION Dark brown
than laterals and not crianeular ti laterals and strongly
curved backward & p curved backward
CarrTuLum
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Rhaponticum, with a distinct biocontrol program not included in this guide because
it currently pertains only to western North America.

Credits: Diffuse: Richard Old, XID Services, Inc, www.xidservices.com; Spotted: Michael Shephard,
USDA Forest Service, bugwood.org; Squarrose: Steve Dewey, Utah State University, bugwood.org;
Meadow: Eric Coombs, Oregon Department of Agriculture; Black: Mikrolit; Brown: Cindy Roche,

bugwood.org
MEADOW BLACK BROWN
Centaurea jacea Centaurea jacea Centaurea jacea
nothosubsp. pratensis ssp. nigra Ssp. jacea
Perennial Perennial Perennial

Moist sites

Mesic to moist

Disturbed initially; Mesic

to Moist
2’ 1.5° 2’
(0.6 m) (0.45 m) (0.6 m)

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

6” long (15 cm);
Entire margins (sometimes
tiny teeth or lobes);
Tapered both ends, widest
past middle; Green; Less

hair hair
0.5-0.75” 0.6-17 0.5-0.85”
(12-18 mm) (15-25 mm) (12-22 mm)

Bearing papery, deeply
fringed margins

Tipped with comb-like,
black teeth

Bearing papery, translucent
margins

BIOLOGICAL CONTROL IN EASTERN NORTH AMERICA

29



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 annual or short-lived perennial. This plant has a deep and
fibrous taproot. Stems are 1-3.5 ft tall (0.3-1 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.
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Diffuse knapweed a. plant (K. George Beck & James Sebastian); b. infestations (Eric Coombs,
Oregon Department of Agriculture)(a,b bugwood.org)
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FAMILY ASTERACEAE

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

HABITAT: This plant rapidly colonizes dry and disturbed lands, thriving most in

shrub-steppe zones and dry, open forests.

ECOLOGY: Diffuse knapweed spreads only by seeds. Unlike other knapweeds,
the flower heads of diffuse do not open to shed seeds. Instead, seeds are shed
as the mature plants tumble in the wind after the stiff central stalk breaks.
Seeds are also spread by vehicles, animals, and people, and can remain viable
for many years. Flowering occurs from June through October. Seeds germinate
throughout the growing season.

BIOLOGICAL CONTROL: The majority of releases on diffuse knapweed have
been made in western North America, where this weed is most problematic.
As of 2016, only Bangasternus fausti, Larinus minutus, Sphenoptera jugoslavica,
Urophora affinis, and U. quadrifasciata, have established
on diffuse knapweed in the East, and typically only
with small populations and limited impact.
In the West, successful diffuse knapweed 5
control has been achieved at some sites by f=m & = 7
using a combination of insects attacking a ‘i
seeds, foliage, and roots of knapweed plants;
Larinus spp. and Cyphocleonus achates have
been the most important.

| —

NOTES: A diploid, fertile hybrid between ;
diffuse knapweed and spotted knapweed | Y

1
has been identified as C. xpsammogena. N /Lj';,h_"';“ ‘\J\
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SPOTTED KNAPWEED

Centaurea stoebe L. sensu latu

SYNONYMS: bushy knapweed; Centaurea biebersteinii DC, Centaurea stoebe L.

ssp. micranthos (Gulger) Hayek, Centaurea maculosa Lam.
ORIGIN: Introduced in contaminated hay from Europe and Asia as early as 1890.

DESCRIPTION: A bushy, winter-hardy, biennial or perennial forb. This upright
plant is often found in dense infestations. Plants grow from 1-3.5 ft (0.3-1 m)
in height and are supported by a deep taproot. Rosette leaves are gray-green,
woolly, and deeply divided. Stem leaves are pinnately divided, becoming smaller
and less divided towards the tips of multiple woolly, hairy stems. Mid-plant
branches are topped by a few to many pink or lavender flower heads producing
numerous tiny, bristle-topped seeds. Receptacles are covered by shortly fringed
bracts with dark brown tips which give the plant its common name of “spotted
knapweed.”

Spotted knapweed a. plant (Angelica Velazquez, Cowlitz County Noxious Weed Control Board); b.
infestation (Leslie J. Mehrhoff, University of Connecticut, bugwood.org)
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FAMILY ASTERACEAE

Spotted knapweed c. rosettes (Rob Routledge, Sault College); d. leaf (John Cardina, The Ohio State
University); e. flower head (Michael Shephard USDA Forest Service)(c-e bugwood.org)

HABITAT: This species rapidly colonizes disturbed and often dry sites (including
rocky roadsides, talus slopes, pastures, sandplain grasslands, and coastal dunes),
then invades adjacent undisturbed grasslands and open forests.

ECOLOGY: Spotted knapweed spreads only by seeds that are dispersed by wind,
water, livestock, wildlife, and human activity and which can remain viable in the
soil for many years. Flowering occurs from June to October. Seeds germinate
throughout the growing season. Heads persist on the stiff stems through the winter,
eventually breaking off when new rosette growth appears the following spring.

BIOLOGICAL CONTROL: The majority of releases on spotted knapweed have
been made in western North America, where this weed is most problematic.
As of 2016, Agapeta zoegana, Bangasternus fausti, Cyphocleonus achates, Larinus
minutus, L. obtusus, Urophora affinis, and U. quadrifasciata have established on
spotted knapweed in the East, but typically with small
populations and limited impact. In the West, successful
spotted knapweed control has been achieved
at some sites by using a combination of insects
attacking seeds, foliage, and roots of knapweed
plants. Larinus spp. and Cyphocleonus achates
have been the most important in the West
the role of Agapeta zoegana is under study.

| —

NOTES: Centaurea stoebe L. is the appropriate
name for the diploid form present
throughout Europe; the nomenclature
for the tetraploid form invasive in North
America remains to be resolved.
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Cyphocleonus achates (Fahracus)

Knapweed root weevil

DESCRIPTION: Eggs are <2 mm in diameter and white or pale yellow initially,
but darken during incubation. Larvae are plump, creamy white or yellowish,
with large, light brown head capsules. They can be up to 13 mm long. Similar to
most weevils, they are C-shaped. Adults are large, 13—15 mm long, brown-gray
mottled, and have short, thick snouts. Females have rounded abdomens, while
the males” are flattened.

Cyphocleonus achates a. larva and root damage (Mark Schwarzlidnder, University of Idaho, bugwood.
org); b. pupa in root; c. adult (b,c Jennifer Andreas, Washington State University Extension)

LIFE CYCLE: Adults emerge in late summer through early fall and spend most
of their life on the root crown, just below the surface. On hot, sunny days they
climb to the tops of plants in search of mates. Females lay their eggs in notches
they excavate on the root crown, just below the soil surface. A typical female
may lay over 100 eggs. Larvae hatch in 10-12 days and mine towards the center
of the roots. They develop through four instars, with third- and fourth-instars
often causing a gall-like enlargement of the root. Larvae overwinter in the roots,
and pupation occurs in the root over a two-week period in early summer. New
adult weevils chew through the root and crawl to the surface. They live for 8-15
weeks but do not overwinter. There is one generation per year.

DAMAGE: Small plants can be killed by larval feeding. Most damage is done
when multiple larvae occupy a root, which leads to a reduction in plant biomass
and density of knapweed populations. Tunneling in the root also exposes the
plant to bacterial and fungal infection that can cause secondary injury.

PREFERRED HABITAT: This weevil prefers hot and dry sites, with loose, well-
drained, coarse soils in temperate areas. It favors bare soil surfaces where grasses
do not crowd the target plants. It disperses by walking so does best at infestations
with continuous knapweed plants.
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COLEOPTERA: CURCULIONIDAE

RELEASE HISTORY: This weevil was introduced from Austria, Hungary, and
Romania and released on both spotted and diffuse knapweed in the western US
in 1988 and in western Canada in 1987. Eastern North American releases were
made only on spotted knapweed in the US, beginning in 1994 (IN, MI, MN,
NE, NY, SD, WI) and only on spotted knapweed in ON, Canada in 1993.
Successful redistributions were made to squarrose knapweed in the western US
in 1995. Attempted redistributions to meadow knapweed in the western US

failed to establish.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. In the eastern US, C. achates is confirmed established only on spotted
knapweed and only with limited populations. In the western US, the principal
host is spotted knapweed, on which its abundance and impact vary. Numerous
studies claim this biocontrol agent can be effective, but largely in combination
with Larinus spp., with high plant competition, under dry conditions, and in
loose soil. Damage to diffuse knapweed in the western US is usually (but not
always) less extensive compared to spotted knapweed. This weevil is established
on squarrose knapweed in the western US, but only in limited numbers and
with unknown impact. This weevil is not established in eastern Canada. In
western Canada, spotted knapweed is also the preferred host, on which high
weevil populations can decrease plant density and stature, though evidence
supporting this is anecdotal. Its impact there is greatest in conjunction with
other biocontrol agents. Populations are smaller on diffuse knapweed than
spotted knapweed in western Canada, but the weevil is having increasing impact
on diffuse knapweed, especially at hot, dry, and open sites with loose soil.

REDISTRIBUTION: Adults can be can be netted in late summer, but are large
enough to be hand-picked. They are most apparent on sunny days and in the
afternoon. Releases of 50-100 individuals should be made at large infestations
with hot climates and loose, well-drained soil. Establishment can be monitored by
observing adults the following late summer or dissecting roots for feeding larvae
the following autumn through early summer.
Note that root damage without larvae
present can be difficult to distinguish

. ' sl o
from other root-feeding insects. Wy A0 - ¢
A (A
NOTES: Multiple larvae are often found AR q 7

attacking the same root, along with
other species.

diffuse spotted
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Larinus minutus Gyllenhal
Lesser knapweed flower weevil

DESCRIPTION: This species is very similar to Larinus obtusus. Eggs are elongate,
yellow, and often clustered in the flower head between pappus hairs. Larvae are
white, C-shaped, and have brown head capsules. They are approximately 8 mm
long. Pupae are 6 mm long and white, turning brown shortly before emergence.
Adults are 4-5 mm long, a mottled-brown color, and have a large, bent snout.

. W yub) i
Larinus minutus a. pupa (Gary Brown, USDA APHIS PPQ); b. adult (Laura Parsons & Mark

Schwarzlinder, University of Idaho); c. adult feeding damage to stem and leaves (Rachel Winston,
MIA Consulting); d. emergence hole (Jennifer Andreas, Washington State University Extension)

LIFE CYCLE: Overwintering adults emerge from plant litter throughout the
summer. Mating occurs continuously during this long period. Adults feed on
knapweed leaves, outer stem tissue, and flowers prior to laying eggs. Up to five
eggs are deposited in a flower head between pappus hairs; females lay 28-130 in
a lifetime. Larvae hatch in three days and feed on pappus hairs before consuming
seeds and receptacle tissue. Larvae feed through the entire knapweed flowering
period of and develop through three instars in four weeks. The number of larvae
per flower head depends on flower head size and knapweed species. Pupation
occurs in chambers made of chewed seeds and pappus hairs within the flower
head. New adults emerge by chewing their way out, leaving behind the now-open
pupal chamber. They feed on foliage and florets before moving to overwintering
sites at plant bases. There is one generation per year.

DAMAGE: Defoliation by adults can be severe, which can stunt and even kill
affected plants. Larval feeding consumes large portions of developing seeds,
reducing the rate of knapweed spread.

PREFERRED HABITAT: This weevil typically prefers sites more dry and hot
than those tolerated by L. obtusus. It favors dense knapweed stands with little
plant competition and requires well-drained, coarse soils. Sites with compacted
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COLEOPTERA: CURCULIONIDAE

soil (especially those grazed with livestock during the bolting stage) or places
with prolonged rainfall are not suitable for this insect.

RELEASE HISTORY: This weevil was introduced from Greece and Romania and
released on both diffuse and spotted knapweed in the western US in 1991. Eastern
US releases began in 1992 on both diffuse knapweed (MN, NE, SD, TX) and
spotted knapweed (IN, MI, MN, NE, NY). The weevil spread naturally and via
intentional redistributions to meadow and squarrose in the western US in 1997. A
redistribution attempted on purple starthistle in the western US failed to establish.
Individuals from Greece were released on diffuse and spotted knapweed in western

Canada in 1991. In eastern Canada, it was redistributed only to spotted knapweed
(ON 2007, MB 2012).

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America, but populations and impact are greatest in western states and provinces.
Larval feeding decreases knapweed seed output while adult feeding stunts plant
growth. In the western US, this weevil causes widespread decreases in density
of diffuse knapweed. Impact on spotted knapweed is variable; it can reportedly
be high, but is typically less dramatic than on its preferred diffuse knapweed.
The weevil’s impact on meadow and squarrose knapweed in the western US
is typically lower than its impact on diffuse knapweed. In Canada, this weevil
is only established in western provinces, where it prefers diffuse knapweed; it
causes extensive damage to diffuse and localized damage to spotted.

REDISTRIBUTION: Adults can be collected with a sweep net (with or without
an aspirator) during summer when plants are in early flowering. Releases of at
least 200 individuals should be made at new (uninfested) patches of knapweed.
Establishment can be monitored the following summer by checking for adults
and/or feeding larvae within capitula. Note that feeding larvae can be difficult
to distinguish from other knapweed weevil species.

NOTES: Larinus minutus reportedly prefers
diffuse knapweed while L. obtusus prefers
spotted. Both are difficult to differentiate

with the naked eye, with some evidence s T o L St
pointing to them being variants of the " 7= __‘I_'Ji "
same species. Many releases of either A | TN
biocontrol agent likely contained a

mixture of both. Rodent predation )

can be high at some sites. diffuse spotted
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Larinus 0btusus Gyllenhal
Blunt knapweed flower weevil

DESCRIPTION: This species is very similar to Larinus minutus. Eggs are
elongate, yellow, and deposited in the flower head between pappus hairs. Larvae
are white, C-shaped, and have brown head capsules. They are approximately 8
mm long. Pupae are 6 mm and white, turning brown shortly before emergence.
Adults are 5-7 mm long, a mottled brownish-black, and have a large, bent snout.

Larinus obtusus a. adult (Laura Parsons & Mark Schwarzlinder, University of Idaho); b. adult
feeding damage (Rachel Winston, MIA Consulting); c. larval feeding damage (Montana State
University Archive, bugwood.org)

LIFE CYCLE: Overwintering adults emerge from plant litter throughout the
summer. Adults feed on knapweed foliage and flowers prior to laying eggs. Eggs
are deposited in the flower head between pappus hairs. Larvae hatch in three days
and feed on pappus hairs and developing seeds. Larvae feed through the entire
knapweed flowering period, and develop through three instars in 3-4 weeks. The
number of larvae per flower head depends on on flower head size and knapweed
species. Pupation occurs in 9 days in pupal chambers made of chewed seeds
and pappus hairs within the flower head. New adults emerge in late summer by
chewing their way out, leaving behind the now-open pupal chamber. They feed
on foliage and senescing florets before moving to overwintering sites at the base
of plants. There is one generation per year.

DAMAGE: Defoliation by adults can be severe, which can stunt and even kill
affected plants. Larval feeding consumes large portions of developing seeds,
reducing the rate of knapweed spread.

PREFERRED HABITAT: This weevil favors more moist sites with cooler
temperatures than those tolerated by L. minutus. It establishes on south and
west slopes with well-drained coarse soils, often near water. Excess competing
vegetation may discourage its establishment.
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COLEOPTERA: CURCULIONIDAE

RELEASE HISTORY: This weevil was introduced from Romania and Serbia
and released on both diffuse and spotted knapweed in the western US in 1992.
Eastern US releases were made only on spotted knapweed and beginning in
1995 (MI, MN, NE, NY, SD). The weevil spread naturally and via intentional
redistributions to meadow, black, and brown knapweed in the western US
beginning in 1999. The weevil was introduced from Romania and released on
both diffuse and spotted knapweed in western Canada in 1992; no releases or
redistributions have been made to eastern Canada to date.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. In the eastern US, L. obtusus is confirmed established only on spotted
knapweed and only with limited populations. Throughout the western US, the
principal host is spotted knapweed, on which its abundance and impact vary.
Larval feeding decreases knapweed seed output while adult feeding may stunt
plant growth. This weevil successfully reduces spotted knapweed abundance at
some locations in the Pacific Northwest but has little to no impact at some other
knapweed infestations. Populations are more limited and have less impact on
diffuse, meadow, black, and brown knapweed in the western US, largely via seed
reduction. In Canada, the weevil is only established in the western province of
BC where it prefers spotted knapweed. The weevil prefers more moist conditions,
so it has a smaller distribution than L. minutus, and its overall impact on spotted
knapweed is moderate. The weevil’s impact on diffuse knapweed in western
Canada is unknown.

REDISTRIBUTION: Adults can be collected with a sweep net (with or without
an aspirator) during summer when plants are in early flowering. Releases of at
least 200 individuals should be made at new (uninfested) patches of knapweed.
Establishment can be monitored the following summer by checking for adults
and/or feeding larvae within capitula. Note that feeding larvae can be difficult
to distinguish from other knapweed weevil species.

NOTES: Larinus obtusus reportedly prefers spotted

knapweed while L. minutus prefers

diffuse. Both are difficult to differentiate

with the naked eye, with some evidence " . |/
pointing to them being variants of the (7= L [
same species. Many releases of either : '
biocontrol agent likely contained a
mixture of both. Rodent predation )
can be high at some sites. diffuse spotted
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Sphenoptera jugoslavica Obenberger

Bronze knapweed root borer

DESCRIPTION: Eggs are flat and white when first laid, but change to dark
bluish-purple after five days. Larvae have an enlarged head and a long, thin,
cylindrical body that tapers to the end. They are whitish with inflated segments
and dark brown head capsules. Pupae are initially white, but later darken. Adults
can be up to 10 mm long. They are a metallic bronze color and somewhat
flattened, with their bodies tapering towards the narrowed abdomen tip.

/42'

Sphenoptera jugoslavica a. eggs; b. larva in root (a,b Eric Coombs, Oregon Department of Agriculture);
c. adult (Laura Parsons & Mark Schwarzlinder, University of Idaho)(a-c bugwood.org)

LIFE CYCLE: Adults emerge in summer as knapweed flowers. They feed on
knapweed leaves for 2-3 days before mating. During late summer, females lay
multiple eggs between the bases of rosette leaves. Leaf stems with diameters
of 3-6 mm are preferred over smaller leaves. Females lay an average of 50 eggs
during their lifetimes. Larvae hatch after two weeks and feed between leaf stalks.
As knapweed sets seed, second instars mine into the upper root; their feeding
creates swollen galls and tunnels often filled with frass. Larvae overwinter in
roots. Pupation (nine days) occurs within the feeding chamber during early
summer the following year. There is one generation per year.

DAMAGE: Adults feed on knapweed foliage, leaving characteristic circular and
oval feeding holes over the entire leaf. 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: This beetle prefers arid environments with a period of
drought in summer. It thrives in well-drained, coarse soils with southern aspects.
Exposed soil between plants increases the soil temperature, making sites even
more suitable.

RELEASE HISTORY: Individuals from Greece were released in the western US
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COLEOPTERA: BUPRESTIDAE

on diffuse knapweed in 1980. The beetle spread naturally and via intentional
redistributions in the western US to spotted knapweed by 1987 and squarrose
knapweed by 1996. Redistributions to western meadow knapweed infestations
failed to establish. Though not intentionally introduced in the eastern US, this
beetle likely spread naturally from nearby states. Individuals from Greece were
released in BC, Canada on diffuse knapweed from 1976. It was redistributed
from diffuse to spotted knapweed in BC in 1987.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. In the eastern US, S. jugoslavica is confirmed established only on
diffuse knapweed and only with limited populations. It is established on diffuse,
spotted, and squarrose knapweed in the western US, though diffuse is the
preferred host, on which it reduces plant density and seed output, especially
among competing vegetation. The overall impact on diffuse is moderate, as
the agent is largely restricted to hot, dry sites. While spotted knapweed can be
attacked, agent distribution and impact are typically limited. It is slightly to
moderately effective on squarrose knapweed in the western US. In Canada, S.
Jjugoslavica is established on both diffuse and spotted knapweed, but only in the
western province of BC where diffuse knapweed is again the preferred host. On
diffuse, high agent populations can be found throughout the driest part of the
weed’s range; high beetle numbers in conjunction with other biocontrola gent
can decrease weed stature, seed production, and rosette density, though most
impact is only localized. On spotted knapweed, S. jugoslavica can decrease seed
production and stature of plants growing in hot dry areas, but most spotted
infestations are too moist to support beetle populations.

REDISTRIBUTION: Adults can be collected with a sweep net (with or without
an aspirator) during summer when knapweed plants are in flower. Releases of
50-200 individuals should be made at large infestations with hot climates and
loose, well-drained soil. Establishment can be monitored by observing adults the
following summer or dissecting roots for feeding larvae the following autumn
through early summer. Note that root damage
without larvae present can be difficult
to distinguish from other root-feeding
insects. M A g Mg\

NOTES: Plants rarely support more than , Yot
one larva; if two develop on a single
root, the larva feeding lowest in the .
root is usually smaller. diffuse spotted
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Agapeta zoegana (L)
Sulfur knapweed moth

DESCRIPTION: Larvae are white with brown mouthparts and can be up to 7
mm long. Adults are usually 11 mm long with a wingspan measuring 15-23
mm. Forewings are bright yellow with brownish band markings; hind wings are
dark gray. Females have a larger, more rounded abdomen than males and lay
white, flattened eggs that turn yellow-red in a few days.
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Agapeta zoegana a. egg (Nez Perce Biological control Center Archive); b. larva and root damage
(USDA ARS); c. adult (Laura Parsons & Mark Schwarzlinder, University of Idaho)(a-c bugwood.org)

LIFE CYCLE: Larvae overwinter in knapweed roots and feed within the roots
the following spring. Pupation occurs in the roots; adults emerge from summer
to early fall when knapweeds are in bud and flowering. Adults mate within 24
hours of emergence and are short-lived. They are most active in early mornings
or evenings, and rest low on plants or on the soil surface during the day. Females
deposit eggs on knapweed stem crevices and leaves as early as the following day.
A single adult female lays 21-78 eggs in her lifetime. Larvae hatch in 7-10 days
and migrate to the crown area and mine roots, developing through six instars.
As they mine outer root layers, larvae produce a whitish web tunnel that encloses
them. They create a spiral trail downward before they turn back towards the top
of the root. There is usually only one generation per year.

DAMAGE: When larvae feed within roots, root tissue can be completely consumed.
This reduces knapweed biomass and density and may kill small plants.

PREFERRED HABITAT: This moth is found mostly in dry, well-drained, open
sites with loamy soil. It survives in areas characterized by a moderately humid
climate or in areas with arid, subcontinental climates. It can tolerate cold winter
temperatures, but requires a long growing season. Suitable host plants have root
diameters of at least 0.1 in (2.5 mm).
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RELEASE HISTORY: This moth was introduced from Austria and Hungary
and released on spotted and diffuse knapweed in the western US in 1984 and
subsequently redistributed to MN, SD and W1 in the eastern US. It remains
unclear if attempted redistributions to squarrose knapweed in the western US
were successful. Austrian and Hungarian populations were also used for releases
on spotted and diffuse knapweed in western Canada in 1982. Redistributions
were made from spotted to squarrose knapweed in western Canada in 2006.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. In the eastern US, A. zoegana is confirmed established only on spotted
knapweed. This moth can cause significant reduction of spotted knapweed above-
ground biomass and number of capitula per plant, but it has not demonstrated
any obvious effect on plant density. It is expected to primarily affect large plants.
Its abundance is believed to be limited, and its overall impact is likewise believed
to be low throughout the US, though this is currently under study. In Canada,
this moth is established only in western provinces not covered in this guide,
where high populations may have a significant impact on diffuse and spotted
knapweed populations, especially in conjunction with other biocontrol agents.
Though widely distributed in western Canada, moth abundance is variable.

REDISTRIBUTION: Because moths are delicate, distribution efforts should
use larvae. Infested plants can be dug up (including the roots) and transferred
to new sites in late fall or early spring. Alternatively, roots can be collected in
fall and stored at 39-46°F (4-8°C). Two to three weeks prior to their normal
emergence time, bring them to room temperature in rearing cages or breathable,
clear containers. Once they emerge, adults can be transferred to new knapweed
infestations. Releases of 100-200 individuals should be made on continuous,
nonlinear patches of knapweed in loamy soil. Establishment can be monitored
the following spring by dissecting roots for feeding larvae or observing adults in
low foliage during late summer. Note that root damage without larvae present
can be difficult to distinguish from other root-feeding insects.

NOTES: Multiple larvae may attack the
same root. In one observation, more
than 50 A. zoegana larvae and 20 o O T o o L
Cyphocleonus achates larvae were found (2= . (i
attacking one very long segment of :
knapweed root.

diffuse spotted
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Ur 010/707"61 d]ﬁnis (Frauenfeld)
Banded knapweed gall fly

DESCRIPTION: Eggs are white and elongate. Larvae are creamy white, barrel-
shaped, and with heads that retract slightly. Larvae of flies do not have head
capsules but do develop dark brown anal plates by the end of the feeding period.
The pupa is brown, barrel-shaped, and 3 mm long. Adults can be up to 4 mm
long. They have dark bodies and clear wings marked with faint horizontal bars.
Females have long, pointed, black ovipositors.

Urophora affinis a. larva in gall (Eric Coombs, Oregon Department of Agriculture); b. multiple galls
(Jim Story, Montana State University); c. adult (Laura Parsons & Mark Schwarzlinder, University of
Idaho)(a-c bugwood.org)

LIFE CYCLE: There is usually one generation per year, though two may occur
in warm climates. Overwintering as third instars, flies pupate for ~14 days in
the spring. Adults emerge when knapweed is in bud. Females lay up to 120 eggs
in groups of 1-5 among immature florets inside closed flower heads. After 3-4
days, larvae hatch and tunnel into the base of the capitulum to feed on receptacle
tissue. Larval feeding triggers the formation of a hard, woody gall that surrounds
the larva. 2-4 galls per capitulum is common, though the number depends on
capitulum size and knapweed species. Most larvae require a cold period to induce
pupation, and thus overwinter in flower heads; 10-25% of larvae may pupate
early in suitable climates, with second generation adults emerging in early fall.

DAMAGE: Larval feeding directly destroys some seeds, reducing the rate of
knapweed spread. In addition, galls drain nutrients from other parts of the
plant, which causes stunting and reduces the number of flower heads produced.

PREFERRED HABITAT: This species is well adapted to a variety of conditions
and can be found throughout much of North America. It shows a preference for
mesic sites and appears to do better on dense knapweed populations.

RELEASE HISTORY: Individuals from Austria, France and Russia (some via
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Canada) were released on diffuse and spotted knapweed in the western US in
1973. Eastern US releases were made on diffuse knapweed in 1983 (MD) and on
spotted knapweed beginning in 1983 (IN, MD, MI, MN, NY, PA, VA, WI). This
fly spread naturally and via intentional redistributions to squarrose knapweed
in the western US from 1988. Individuals from France and Russia were first
introduced to western Canada in 1970 and subsequently released in MB, QC,
and ON on spotted knapweed beginning in 1970 and on diffuse knapweed in
1980. Many releases contained a mixture of U. affinis and U. quadrifasciata.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. Throughout the US, and along with U. quadrifasciata, this fly
contributes to diffuse and spotted knapweed seed reduction >50% at some sites.
This may slow the rate at which knapweed spreads, but it has not appreciably
lowered stand density because sufficient seeds remain. At other sites, the direct
effect of Urophora galls on seed production is negligible, and it is not considered
as important or effective as other knapweed agents. It has limited abundance
and impact on squarrose knapweed in the western US. In Canada, high fly
populations stunt plant growth and significantly decrease seed production, but
have not resulted in any apparent decline in knapweed density to date.

REDISTRIBUTION: Sweeping adult flies is possible, though flies are fragile
and can be damaged during collection. The species is best transferred by placing
plants with infested capitula into uninfested patches during late fall or early
spring. Transferring infested capitula may also transfer unwanted parasitoids,
insects, or knapweed seeds. To avoid this, plants with infested capitula can be
collected and adults reared out indoors. Refer to Additional Considerations in
the Introduction for instructions on how to do so. Once they emerge in spring,
flies can be transferred to uninfested knapweed patches in groups of 50-100.
Establishment can be monitored by observing adults on knapweed foliage the
following summer or by dissecting capitula for larvae from summer to spring.
Note that feeding larvae can be difficult to distinguish from other knapweed fly
species. Uraphora species have dark brown anal
plates and can be found within galls.

aill
.

NOTES: This species does not disperse
as rapidly as U. quadrifasciata, but is _f;_a_. g
often the dominant species where both ™
flies coexist. Deer mice feed heavily on
Urophora larvae, and mice populations .
are known to increase as a result. diffuse spotted
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Urophora quadrifasciata (Meigen)
UV knapweed seedhead fly

DESCRIPTION: Eggs are white and elongate. Larvae are creamy white, barrel-
shaped, and with heads that retract slightly. Larvae do not have head capsules but
do develop dark brown anal plates by the end of the feeding period. The pupa
is brown, barrel-shaped, and 3 mm long. Adults can be up to 4 mm long. They
have dark bodies and clear wings marked with distinctive dark bands forming a
“UV” pattern on each wing. Females have long, pointed, black ovipositors.
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Urophora quadrifasciata a. larva (USDA ARS); b. adult (Laura Parsons & Mark Schwarzlinder,
University of Idaho)(a,b bugwood.org)

LIFE CYCLE: There are usually two generations per year. Overwintering as third
instars, flies pupate for 14 days in spring, and adults emerge as knapweed is in
bud. Females lay up to 120 eggs in groups of 1-5 among immature florets inside
closed flower heads; females prefer well-developed capitula. After 3-4 days,
larvae hatch and tunnel into the base of the capitulum and feed on receptacle
tissue through three instars. Larval feeding induces the formation of a papery
gall that surrounds the larva. 2-4 galls per capitulum is common, though the
number depends on capitulum size and knapweed species. Pupation occurs in
galls in late summer. Second generation adults emerge in early fall, attacking
late-developing seed heads. Larvae overwinter in capitula.

DAMAGE: Larval feeding directly destroys some seeds, reducing the rate of
knapweed spread. In addition, galls drain nutrients from other parts of the
plant, which causes stunting and reduces the number of flower heads produced.

PREFERRED HABITAT: This species is well adapted to a variety of conditions
and throughout much of North America. It is tolerant of severe winter conditions
but requires considerably more protective snow cover than U. affinis.

RELEASE HISTORY: Individuals from Russia were released in western Canada
on diffuse knapweed in 1972 and subsequently spread naturally to spotted
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knapweed by 1975 and meadow knapweed by 2000. Eastern Canada releases
began on spotted knapweed in 1979 (MB, ON, QC) and diffuse knapweed
starting in 1993 (MB, ON). The fly spread naturally from Canada to the western
US by 1979 (diffuse and spotted knapweed) and subsequently spread naturally
and via intentional introductions throughout the western US to brown, meadow,
and squarrose knapweed, yellow starthistle, and bachelor’s button. Eastern US
redistributions occurred only on spotted knapweed beginning in 1983 (AR, IN,
MD, MI, MN, NY, VA, WI), often under the assumption it was the approved
U. affinis. It was officially approved for redistribution in the US in 1989.

CURRENT STATUS: Attacks both diffuse and spotted knapweed in North
America. Throughout the US, this fly is more widely distributed than U. affinis
but less abundant. Together seed reduction can be >50% at some sites, but
negligible at others. Seed reduction may slow the rate at which knapweed spreads,
but has not appreciably lowered stand density as sufficient seeds remain. This
species is not considered as important or effective as other biocontrol agents. It
has limited abundance and impact on brown, meadow, and squarrose knapweed,
yellow starthistle, and bachelor’s button in the western US. In Canada, high fly
populations decrease diffuse and spotted knapweed growth and seed production
but result in no apparent decline in knapweed plant density. Impacts on meadow
knapweed in western Canada are even lower.

REDISTRIBUTION: Sweeping adult flies is often damaging. Instead, transfer
infested capitula into uninfested patches during fall or early spring. This may also
transfer unwanted parasitoids, insects, or knapweed seeds. To avoid this, plants
with infested capitula can be collected and adults reared out indoors. Refer to
Additional Considerations in the Introduction for instructions. Once they emerge
in spring, flies can be transferred to new knapweed infestations in groups of 50-
100. Establishment can be monitored by observing adults on knapweed foliage
the following summer or by dissecting capitula for larvae from summer to spring.
Note that feeding larvae can be difficult to distinguish from other knapweed flies.
Urophora species have dark brown anal plates
and can be found within galls. i SN

NOTES: This species disperses more " ,11.__/" >4 Al *.,1.__/'”1
rapidly than U. affinis, but U. affinis is (.2 | (T
often the dominant species where both : o
flies coexist. Deer mice feed heavily on
Urophora larvae, and mice populations )
are known to increase as a result. diffuse spotted
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Bangasternus fausti (Reitcer)

Broad-nosed knapweed seedhead weevil

DESCRIPTION: Eggs are yellow ovals covered with dark egg caps. Larvae are
white with brown head capsules, C-shaped, and and up to 8 mm long. Pupae
are white and up to 5 mm long. Adults are small and gray to brown/black. They
can be 4 mm long, and they have shorter, more blunt snouts compared to the
Larinus weevils.

Bangasternus fausti a. pupa (USDA ARS European Biological Control Laboratory); b. adult (Laura
Parsons & Mark Schwarzlinder, University of Idaho)(a,b bugwood.org)

LIFE CYCLE: Overwintering adults emerge from soil and plant litter in spring
and feed on knapweed foliage prior to egg laying. Eggs are laid from late spring
through summer, individually on the underside of leaflets or on stems below the
developing flower head. Eggs are covered with masticated plant tissue (which
forms a black egg cap) and hatch in 8-12 days. Depending on egg placement,
hatching larvae either mine into the midrib of the leaflet or into the stem prior
to tunneling into the flower head. Larvae develop through four instars and feed
on developing seed tissue throughout summer. Pupation occurs in the flower
head within a chamber made of frass and fused seeds. Adults emerge in late
summer or early fall when knapweeds are senescing. Adults drop to the ground
to overwinter. There is one generation per year.

DAMAGE: Larval feeding destroys seeds and receptacle tissue. Seed consumption
does not kill existing plants, but does help reduce the rate of knapweed spread.

PREFERRED HABITAT: This weevil prefers hot, dry areas and does not do well

in areas with prolonged rain or at high elevations.
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RELEASE HISTORY: This weevil was introduced from Greece and originally
released on diffuse knapweed in the western US in 1990. It was subsequently
redistributed to spotted knapweed in numerous western states, in MN and NE
in 1992, and in NY in 2009. It was also successfully redistributed to squarrose
knapweed in the western US in 1993. Attempted redistributions to meadow
knapweed and purple starthistle in the western US failed to establish.

CURRENT STATUS: Bangasternus fausti attacks both diffuse and spotted
knapweed in North America. It currently has limited establishment in the eastern
US. It is established on diffuse knapweed in NE and on spotted knapweed in NE
and WI. Larvae can consume up to 100% of seed in attacked capitula, though
a proportion of seeds often escape attack in large flower heads. Its abundance
is low throughout the US, but not likely due to interspecific competition. The
overall impact of this weevil is limited in the US. This weevil has not been
released and is not established in Canada.

REDISTRIBUTION: Though populations are typically low in the US, some
populations in OR and WA are reportedly large enough for redistribution. Adults
can be collected with a sweep net (with or without an aspirator) during summer
when plants are in early bud to early flowering. Releases of 200 individuals
should be made on patches of at least 2,000 m? (0.5 acre). Establishment can be
monitored the following summer by checking for adults and/or feeding larvae
within capitula. Note that feeding larvae can be difficult to distinguish from
other knapweed seed-feeding weevil species.

NOTES: This species is not approved for release in Canada.

diffuse spotted
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Chaetorellia acrolophi Whice & Marquarde
Knapweed peacock fly

DESCRIPTION: Eggs are shiny white, elongate, and have a long filament
thickened at one end. First generation larvae and pupae are white and barrel-
shaped. Second generation larvae and pupae are more yellowish-brown in color.
Adults are 4-5 mm long and have bright green eyes, orange-yellow colored
abdomens, and overall spotting on the thorax. Wings are clear with light brown

bands.

Chaetorellia acrolophi a. larva (Rachel Winston, MIA Consulting); b. adult (USDA APHIS PPQ
Archive, bugwood.org)

LIFE CYCLE: There are usually two generations per year; however, a rare
third generation is possible under ideal conditions. Adult flies emerge in early
summer as knapweed buds form. Mating occurs immediately, and oviposition
starts within two days. Females lay eggs individually or in small groups of 2-4
underneath bracts of unopened buds. A single female may lay 70 eggs in her
lifetime. Larvae hatch in 4-5 days and penetrate buds, feeding on immature
florets until they reach the developing seeds where they feed through three
instars. Pupation occurs in the flower head 10-15 days after larvae hatch. First
generation adults typically emerge throughout July, mate, and lay eggs. New
larvae of this generation continue to feed on developing seed tissue. Third instars
overwinter. Pupation occurs within the flower head the following spring.

DAMAGE: Larval feeding destroys some developing seeds. This does not damage
existing plants, but helps reduce the rate of knapweed spread.

PREFERRED HABITAT: This fly is most effective in areas with low density
knapweed, which is less preferred by other knapweed seed feeders. It generally
does better at higher elevations and in regions with high rainfall.
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RELEASE HISTORY: This fly was introduced from Austria and Switzerland and
released on spotted knapweed in the western US in 1992; it was subsequently
redistributed to MN, NE and SD in the eastern US. Populations from Switzerland
were released on spotted knapweed in western Canada in 1991. Redistributions
were made from spotted to diffuse knapweed in western Canada in 2011.

CURRENT STATUS: Chactorellia acrolophi attacks both diffuse and spotted
knapweed in North America, but it is established only in western states and
provinces not included in this guide. In the western US, it is established only on
spotted knapweed, on which larval feeding reduces seed production; however,
populations are limited throughout its established range so its overall impact
is minimal. This fly is established on both diffuse and spotted knapweed in
Canada, but only in a western province not covered by this guide (BC) where its
abundance is limited and its impact is currently unknown.

REDISTRIBUTION: Sweeping adult flies is possible, though this is typically
not the best stage for collection as flies are fragile and can be damaged during
collection. This species is best transferred by placing plants with infested capitula
into uninfested patches during late fall or early spring. Transferring infested
seed heads may also transfer unwanted parasitoids, other seed head insects, or
knapweed seeds. To avoid this, plants with infested capitula can be collected
and adults reared out indoors. Refer to Additional Considerations in the
Introduction for instructions on how to do so. Once they emerge in spring, flies
can be transferred to new spotted knapweed infestations in groups of 50-100.
Establishment can be monitored by observing adults on knapweed foliage the
following summer during the heat of the day or by dissecting capitula for larvae
from summer throughout the following spring. Note that feeding larvae can be
difficult to distinguish from other knapweed fly species. Urophora species can be
differentiated by their dark brown anal plates and from being enclosed by galls.

NOTES: At some western US infestations of spotted knapweed, populations of
this fly are limited by interspecific competition.

diffuse spotted
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Metzneria paucipunctella zeller
Spotted knapweed seedhead moth

DESCRIPTION: Eggs are elongate, oval, and reddish-brown when first
deposited, but turn yellowish as they mature. Larvae are 4-5 mm long, white
with dark brown head capsules, distinct body segments, and several pairs of
prolegs. Pupae, enclosed in a cocoon, are brown with appendages fused to the
body. Adult moths are small (8 mm long). Their front wings are slightly fringed
and light gray with peppery spotting and dark tips. When at rest, the wings are
folded over their backs, giving them a slender appearance.

Metzneria paucipunctella a. larva and pupa; b. adult (a,b Norman Rees, USDA ARS bugwood.org)

LIFE CYCLE: Adults begin emerging and mating in late spring and early summer
when knapweeds are in the rosette and bolting stages. They fly at dusk and are
rarely seen. Female moths may lay 60-100 eggs, beginning in early summer.
Eggs are placed singly on bracts at the base of young flower heads, or on stems
just below the capitula. Larvae hatch in 10-12 days as flower heads are opening,.
Larvae enter opened capitula and feed on florets, seeds, and receptacle tissue
(which reduces the viability of uneaten seeds). There are five instars total. Several
young larvae can occupy a flower head early in the season, but only one larva
survives beyond the third instar. Larvae overwinter in flower heads. Pupation
occurs in the capitulum in spring and lasts 3-4 weeks. There is one generation
per year.

DAMAGE: Feeding larvae can destroy eight seeds per larva (on average) and
reduce the viability of other seeds. Older larvae bind seeds together, preventing
seeds from dispersing over long distances.

PREFERRED HABITAT: This moth does not tolerate severe winter
temperatures. Favored sites are south slopes in dry climates with mild winters.
Snow cover during winter enhances larval survival. It appears to do best in areas
where knapweeds flower early.
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RELEASE HISTORY: This moth was introduced from Switzerland and released
on spotted knapweed in western Canada from 1973. It was redistributed to diffuse
knapweed in western Canada from 1981 and redistributed to spotted knapweed
in ON, Canada in 1993. The moth was redistributed from Canada to spotted
knapweed in the western US from 1980; it was subsequently redistributed to
MN and VA in the eastern US from 1986. It spread naturally and via intentional
redistributions to diffuse and meadow knapweed in the western US from 1980.

CURRENT STATUS: Metzneria paucipunctella attacks both diffuse and spotted
knapweed in North America, but it is established only in western states and
provinces not included in this guide. In the western US, spotted knapweed is the
preferred host, though even on this species moth abundance is rarely high and
seed reduction is typically insufficient to impact knapweed populations. Attack
to diffuse and meadow knapweed in the western US is far less common; impact
is insignificant on these species. This moth is established on both diffuse and
spotted knapweed in Canada, but only in western provinces. It is moderately
abundanton spotted knapweed but has only limited impact on plant populations.
Diffuse knapweed is rarely attacked- largely only when growing amongst spotted
knapweed infestations.

REDISTRIBUTION: Sweeping adults is possible though it would be difficult
to collect many, and this method is not recommended due to the likelihood of
causing damage during collection. The species is best transferred by placing plants
with infested capitula into uninfested patches during early spring. Transferring
infested seed heads may also transfer unwanted parasitoids, other seed head
insects, or knapweed seeds. To avoid this, plants with infested capitula can be
collected and adults reared out indoors. Refer to Additional Considerations in
the Introduction for instructions on how to do so. Once they emerge in spring,
adults can be transferred to new knapweed infestations in groups of 50-100.
Establishment can be monitored by dissecting capitula for larvae from late
summer throughout the following spring.

NOTES: Populations in western states
and provinces of the US and Canada
are limited by overwintering mortality, . ./ B s A
parasitism, and predation (frequently e e
deer mice).
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Pelochrista medullana (Staudinger)

Brown-winged knapweed root moth

DESCRIPTION: Eggs are oval, somewhat flattened, and have a strong outer
shell with distinct ribs. Initially they are white, but gradually turn dark yellow
during incubation. The segmented larvae are whitish-yellow with brown head
capsules. They are usually less than 10 mm long. Adult moths are tan to gray
with mottled wings fringed at their tips. They can be up to 10 mm long.

Pelochrista medullana a. larva in root (USDA APHIS PPQ Archive); b. adult (Bob Nowierski,
Montana State University)(a,b bugwood.org)

LIFE CYCLE: Adults emerge throughout summer when knapweed is bolting and
flowering. They mate within 24 hours of emergence and lay eggs primarily on
the lower surface of rosette leaves. Females can lay up to 120 eggs in warm dry
weather, but this can be greatly reduced by cold, rainy conditions. Larvae hatch
7-9 days after oviposition, move to the center of the rosette, and mine into the
root crown. Larvae feed on outer layers of root tissue, similar to Agapeta zoegana.
Webbed tubes are produced along feeding tracks, which can be irregular,
downward or spiralling; tunnels are lined with a silken web. There are six larval
instars. This species seems to prefer rosette plants; larvae that feed on roots
of flowering plants develop poorly. Larvae overwinter in roots and complete
development in spring or early summer. Pupation occurs within webbing inside
the root. There is one generation per year.

DAMAGE: Larval damage to the roots is similar to that caused by A. zoegana.
Larvae reduce root storage capacity and expose the plant to pathogens, but only
the third to sixth instars cause measurable damage. Small plants with <0.4 in (10
mm) root diameter can be completely destroyed. Plants that survive insect attack
usually grow smaller and produce fewer flower heads than uninfested plants.
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PREFERRED HABITAT: This moth prefers hot, dry areas and dense knapweed

patches. Knapweed populations growing in poor, coarse, or gravel soils are ideal.

RELEASE HISTORY: This species has only been released in western North
America. Individuals from Austria and Hungary were released on diffuse and
spotted knapweed in the western US in 1984. Individuals from Austria were
released in western Canada on diffuse knapweed (beginning in 1982) and
spotted knapweed (beginning in 1986 in rearing tents).

CURRENT STATUS: Pelochrista medullana attacks both diffuse and spotted
knapweed in North America, but it is established only in the western US in
a state not covered by this guide (MT). In MT, its preferred host is diffuse
knapweed. Populations remain limited on both knapweed species for unknown
reasons, causing only minimal damage at localized sites. This moth failed to
establish on either diffuse or spotted knapweed in Canada.

REDISTRIBUTION: Populations are so small as to likely preclude redistribution.
Where established, infested plants can be dug up (including the roots) and
transferred to new sites in late fall or early spring. Alternatively, roots can be
collected in fall and stored at 39-46°F (4-8°C). Two to three weeks prior to
their normal emergence time, bring them to room temperature in rearing cages
or breathable, clear containers. Once they emerge, adults can be transferred to
new knapweed infestations. Releases of 50-100 individuals should be made on
continuous, nonlinear patches of knapweed. Establishment can be monitored
the following spring by dissecting roots for feeding larvae. Note that root
damage without larvae present can be difficult to distinguish from other root-
feeding insects.

NOTES: Usually only one larva develops per root, likely due to intraspecific
competition. Very large roots have been observed to contain up to four.

diffuse spotted
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Pterolonche inspersa Staudinger
Grey-winged knapweed root moth

DESCRIPTION: Eggs are black and oval-shaped with a slightly depressed center.
Larvae are pearly white with inflated segments and have brown head capsules.
Pupae are enclosed in silken “chimney tubes”. Adult moths can be up to 8 mm
long. Their wings are light brown, exhibiting a silvery sheen. Wingspans are up
to 20 mm. When at rest, adults hold their wings close to their sides.

Prerolonche inspersa a. larva and root damage (Eric Coombs, Oregon Department of Agriculture);
b). silken chimney tube (USDA ARS European Biological Control Laboratory); c. adult (USDA
APHIS PPQ Archive)(a-c bugwood.org)

LIFE CYCLE: Adults emerge from late summer through early fall, mate, and
lay eggs during their short, 15-20 day life span. Eggs are laid singly or in small
groups on the lower surfaces of rosette leaves. A single female may lay 140+ eggs
in her lifetime. Larvae hatch within 12 days and mine down the root, feeding on
the root's woody central portion or soft tissue near the outer edges causes galls to
form. There are five larval instars; third instars typically overwinter within roots
and resume feeding the following spring. Larvae construct silken “chimney”
tubes that extend from the galls upward to 20 mm above the soil surface, where
they pupate. The chimneys provide easy exits for emerging adults. Pupation
usually lasts 15 days and occurs in early summer. There is one generation per
year.

DAMAGE: Larvae feed on roots, which interrupts the vascular flow of nutrients
plants, thereby decreasing the plant’s biomass and flowering ability. Damaged
roots become spongy and fragile and easily break apart. Damage attracts other
predators, which move into t