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Tansy Ragwort biological agentOperational Field Guide

1. PURPOSE

This document summarizes information for ttamsy ragwort Jacobaea vulgarisormerlySenecio

jacobaeag biocontrol agent8otanophila seneciell@ seedfeeding fly),Cochylis atricapitanéa root
crownfeeding moth) Longitarsus flavicorni@ rootfeeding beetle)Longitarsus jacobaeagtalianand

Swiss strains of rodkteding beetles), and@yria jacobaea¢a defoliating moth)The agenB. seneciellds
considered tertiary while the agen€@. atricapitanathe Italian strain of. jacobaeae andT. jacobaeae

are the focus of this document ase transition from primary to secondarly.flavicornisand the Swiss

strain ofL jacobaeaeemain primary agents. Primary is a management term for biocontrol agents

within the British Columbia Ministry of Forests, Lands and Natural Resource Operations (FLNRO) that are
under development, the responsibility of the Range Branch and not yet ambpeal treatment tool.
Secondary and tertiary agents are considered operational tools and range from limited in distribution to
widespread or actively setfistributing, respectively. The information in this document is a combination

of scientificfactsgR FASt R 20aSNBIGA2yad LYGSyRSR +a | WFASE
agentsthe summary contains pertinent information for field propagation and establishment of the
biocontrol agents as well as historical background of their introductiom British Columbia (B.C.).

2. INTRODUCTION

Cl]bwhQa Ly@FraArAgsS tftlyd tNRPRINFYQa oLtt O LlzN1J22asS Aa
plant species to protect ecological, social, and economic values. The use of biological control is one

method utilized in the endeavour of this purpose. Implicit in the use of biocontrol methods is the
acknowledgment that invasive plant eradication is not achievable. Rather, biocontrol agent species and

host invasive plant species exist in predapoey relationsips where the invasive plants are intended to

be held at acceptable population levels with salftainingagent populations.

Biocontrol Development is a component of the IPP and is the first step in the use of biological control.
This responsibility isggformed on behalf of the provincial ministries tasked with invasive species
control and collectively comprise the Inter Ministry Invasive Species Working Group and include, but are
not limited to: theMinistry of Agriculture (AGRIPlant and Animal Hel Branch; Ministry of

Environment (MoEj) Parks and Protected Areas Branch, and Ecosystems Protection and Sustainability
Branch; Ministry of Forests, Lands and Natural Resource Operation€JFRdRge Branch, and Resort
Development Branch; Ministry ofdnsportation and Infrastructure (MoT{Engineering Branch;

Ministry of Energy and Mines (MEMMine Health, Safety and Permitting Branch; and the Ministry of
Community, Sport and Cultural Development (CS@ix¢rgovernmental Relations and Planninguish.
Biocontrol Development is also performed as a cooperative venture between Agriculture ariebAdri
Canada (AAFC), Commonwealth Agricultural Bureau InternationalEDARIe) in Switzerland, as well

as numerous other provincial and state agencie®sg western North America.
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3. TANSY RAGWORT

Tansy ragwortJacobaea vulgarisa member of the sunflower family (Asteracaeae) is a biennial or
shortlived perennial. The mature plants stand on average 0.3 to 1.0 m tall and potentially up to 1.7 m in
shaded areas. The stem and leaf stalks can be a purplish colour. The leaves on mature plants are
GO2YLRdzyR YR @OFNASR> Y2ad RSSLXe& f20SR> 06S02YAy13
1999). When the leaves are crushed they produce a foul siffedl flowers measure 1.6 cm across, are
present from July to October, yellow and dalie with 10 to 16, but on average 13, ray flowers. A

single plant can produce one to 15 clusters of flower heads and result in more than 150,000 seeds
(Sheley and Petf61999; Powell et al. 1994). Seeds can persist for at le&sgears when buried up to 2

cm and at least 106 years when buried below 4 cm. Factors that promote germination are not readily
available to seeds that rest in the soil below-2.6m. Accumuaited litter and competing vegetation also
suppress germination, therefore, seeds requires disturbance that removes the litter and vegetation and
brings the seeds closer to the soil surface for them to germinate (McEvoy and Rudd 1993). However, in
moist areas, tansy ragwort can perpetuate itself almost entirely from root buds which are most common
on rosette roots. This lends to difficulty in chemical control when treated as a biennial instead of a plant
with a persistent perennial root systerfldrris and Stoederundated1989) Disturbance factors that
promote tansy ragwort include, but are not limited to, grazing, mowing, clipping, tilling, logging and
disruption of the soil surface by animals such as rabbits, gophers or marmots.

Figurel ¢ Tansy ragwort rosette
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Figure2 - Tansy ragwort flowers

Tansy ragworhas been introduced into Australia, New Zealand, South Africa, Argentina, Brazil, the
United States and Canada (Pemberton and Turner 19968)alproblematic invasive plant Korth

America where it has invaded, primarily in disturbed areas like roadsithhealthy pastures or waste
places, and generally maritime-influenced regionsvith cool, high rainfallin Ginada it was first
20aSNUSR Ay (KS wmyWeedBgienteySeriety ozAretRB12). ItaskdNdtédRo 0
exist in the east indbrador Newfoundland, Prince Edward Island, Nova Scotia, New Brunswick and
Quebec as well as Ontario, while in the west it has invaded British Columbia. In the United States it is
reported in the east in Maine, Massachusetts, New York, Pennsylvania, anddxeey, as well as
Michigan and lllinois while in the west it is in Washington, Oregon, and California as well as Idaho and
Montana Flora of North America 2012)

In Oregon, Hawkes (1980) reported the plant was moving into northeastern portions oftieetisat

were characterized by 385 cm of annual rainfall, cold winters, warm, dry summers and sagebrush
Ponderosa pine and Ponderosa pieuglasfir vegetation and by 1991 McEvoy and Cox described a
range of tansy ragwort sites in Oregon from sea léwdl000 m with precipitation ranges from 12%0

cm. Sheley and Petroff (1999) later reported some plant communities in the U.S.A. to be fairly resistant
to ragwort infestations, those dominated by sagebrush, desert and alkaline soils while large iofestati
have been found in habitats not expected to be invaded. Tansy ragwort was found in Montana,

3
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indicating the plant can establish and disperse into the intermountain zone and may spread further into
new locations in northern U.S.A.

In its native habitatri Europe, tansy ragwort is found between latitude$SK@nd 59N and west from

Ireland to east in Siberia and in western Asia (Harris and Schroedern¥/@@€; Science Society of

America 2012)The plant grows in elevations from sea level to 1600 m (Hamdated a).lt is thought

then that the invasive plant has great potential to spread in North America, however, there was
speculation that spread to continental conditions may require an adapted genotype of the species
(Harris and Schroeder 1989). It hagbaliscovered that tansy ragwort in Europe has two chemotypes
while in North America there has consistently only been one found to date. The different chemotypes
have not been found related to specific inland or maritime climates. It is thought that astepa
droughtadapted genotype has not been introduced in the B.C. interior. Conversely, since tansy ragwort
reproduces sexually and contains large amounts of genetically variable material, it is possible this could
result in evolution of the species to &hte drier conditions (U. Schaffner, pers. comm. September

2012).

Within the areas that it has occupida North Americatansy ragwort has had significant detrimental
SFFSOhad ¢KS Ay@LFraagsS LI Fyd ¢l & AyidNBRRIDOBR Ayi2 &
0SOFIYS GKS NB3IA2YyQa (2L) y2EA2dza 6SSRO® ¢KS | yydz f
million (Weed Science Society of America 20IBjs is in part due to the poisonous nature of the plant.

Tansy ragwort contains pyrrolizidiakaloids that remain present in the plant even when it is dried.

These chemicals are not harmful until ingested. The liver turns them to pyrroles which attach to DNA,

prevent cells from reproducing and over time leads to liver failure and death. A fadalwhich can

range from 520% of body weight, may not be obvious fet8 months (Harris undated a). Cattle may

accidentally feed on tansy ragwort when it grows among grasses or other plants they consume. When

the tansy grows taller it is easier to avoid.

3.1 TANSY RAGWORT IN BRITISH COLUMBIA

In November 1977, tansy ragwort was only infesting the lower Fraser Valley and lower Vancouver Island
(British Columbia Ministry of Agriculture 1977). In the fall of 1989, tkeMant Protection Action
Committeedescribed the plant as continuing to spread on the lower mainland but not significantly on
Vancouver Island. It also existed at this time in th@ Bterior in the Okanagan Valley and was

considered to be expanding its range iCEP. Harris and D. Boeder, unpublished data, 1989,

Biocontrol Subcommittee BCPPAC, B.C.).

The tansy ragwort site in the B.C. interior is located on the eastern slopes of the South Okanagan Valley
approximately 30 km north of Penticton in an area described as Naramataute Chke. The aspects of

the slopes are wediacing and the plants exist at an elevation of 700 m in the Interior DodiglBEC

zone. The Biogeoclimatic Ecosystem Classification (BEC) system is an ecological classification grouping
similar landscapes tad ecosystems into hierarchical classifications. The BEC in B.C. is defined as a
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particular plant community and its associated physiography, soil and climate that occupy a segment of
the landscape (Meidinger and Pojar 1991). fore information on BE@p to
http://www.for.gov.bc.ca/hre/becweb/) In the U.S.A., Dougldi is considered a general indicator
species for the potential habitat of tansy ragwort (Sheley and Petroff 1999). In 1994, theihfest

was mapped and calculated to cover 1296.6 ha.

During the latter part of the 2000 decade, tansy ragwort in the lower Fraser Valley existed as small
pockets and scattered plants and was considered under biological control in this area. Howewkof in fa
2011, it was noted that tansy ragwort was increasing on Vancouver Island. It has spread out from the
Cedar/South Nanaimo area and has dense populations in the Inland Island highway median at Parksuville,
along the highway at Nanoose, between Port Afti@nd Ucluelet, in the Sayward Valley and exists as

far north as Port Hardy (E. Sellentin pers. comm. September 2011).

Figure3 - Tansy ragwort near Nanaimo, Vancouver Island

In 2003, many largscale forest fires burned in®. One such fire burned through part of the area
AYFTFSAaGSR gAGK dFyae NIIg2NI Ay GKS h{lyr3aly =xFffSi
ragwort was still being actively treated by manual and chemical means in 2011 in the Okanagan Valley.


http://www.for.gov.bc.ca/hre/becweb/
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Howe\er, the plant has spread beyond the valley in this regindin 2010 it wasalsoreported in Prince
Rupert and in 201it was found on Haida Gwaii, in the Robson Valley and north of Prince George.

Figure 4ists the number of tansy ragwort sites itCBto 2012and their distribution across
biogeoclimatic zones while Appendix A displays the sites in a map of the province

Figure4 - Distribution of tansy ragwort in provincial Biogeoclimatic zones to 2012

BEC Number of Sites

BG 1
CDF 573
CMA 1
CWH 2852
ICH 16
IDF 493
MH 2
MS 307
PP 3
SBS 3
Total 4251

4. BIOLOGICAL CONTROL AGENTS FOR TANSY RAGWORT

In Canada and the U.Siplmgical control agents were sought to manage this invasive plaatast
effective alternative to chemical and mechanical treatmeiitse U.S.A. imported three biological

control agents: the cinnabar defoliating motlyria jacobaeagthe rootfeeding flea beetld.ongitarus
jacobaeae and the seedeeding flyBotanophilaseneciellaand found the best longerm control

occurred when these agents were complemented with competitive vegetation (Sheley and Petroff
1999).Aneconomic study of tansy ragwort in Oregassessed thaseof thesethree biological control
agents to hép mitigate the economic losses estimated in the millions of dollars due to (among others)
decreased forage and cattle death from tansy ragwort poisonings and to decrease the costs necessary to
control the invasive plant. The resulting report by Hans Radik Economic Evaluation of Biological
Control of Tansy Ragwort, discusses the success of this biological control program. In particular, data
from "Table 6 Cost and Net Annual Benefits of Biological Control of Tansy Ragwort in 1974 Dollars"
(Radtke 1993has been plottedFigure 5o depict the overall economic benefits realized from the
biological control of tansy ragwort by the seed fly, the flea beetle and the cinnabar @otmbs

describes this cost benefit ratio as 15:1 or for every dollar thspént a return of $15 is received

(Oregon Department of Agriculture 2002).
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Ragwort in Oregon
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Figure5 - Cost and Net annudenefits of biological control of tansy ragwort in 1974 dollars (Radtke 1993)

4.1 BIOLOGICAL CONTROL AGENTS FOR TANSY RAGWORT IN BRITISH COLUMBIA

{AYyOS GKS mpTtnQaz aS@SNI inB.C.yHe8dks indluded keteth ar&thed&st 60 SSy
available data from national historic records

1 Tyria jacobaeaéfoliar-feeding moth);1962;

1 BotanophilaseneciellgpreviouslyPegohylemyia or Hylemya seneciéRees et al. 1996§3eed
feeding fly)c 1968;

Longitarsus jacobaedtalian strain (rootfeeding flea beetle§, 1971,

Longitarsus flavicornigoot-feeding flea beetle} 1971;

Cochylis atricapitanéoot crownfeeding moth)g 1991;

Longitarsus graciliKutschera (rocfeeding flea beetleg 2005; and

Longitarsus jacobaedewiss strain (roeteeding flea beetle) 2011.

=A =4 =4 =4 =4

4.2. HISTORY OF INTRODUCTIONS IN BRITISH COLUMBIA

When investigating potential biological control agents, it is important to note that damage to some parts
of the plant is more harmful to the plant than others. For example, tansy ragwort has the ability to
regenerate rapidly following defoliation when moistureaigilable.
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The screening research foyria jacobaeagthe defoliating cinnabar moth was funded by New Zealand,
the United States and Canada (Agriculture Canddairis 208). T. jacobaeae was the first agent to be
liberated against tansy ragwort in Bi@1962.Its numbers expanded in the lower mainland and
defoliation of the plant in misummer was often extreme, removing leaves and flowers. However, the
plant was able to regenerate later in the season with a new flush of green growth, but, if the tat
feeding was sufficient and timely, seed production would be greatly reduced.

Botanophila seneciellas introduced next a single site in 196@® the lower mainland. The agent was
anticipated to be useful in feeding on remaining seed, particulatgher elevation sites where
establishment ofl . jacobaeaenight be unsuccessful. In habitat that was preferableTojacobaeagit
was thought the fly would survive in isolated plants that the moth did not prédarris 2003). The fly
has been noteds widely established in southwestern B.C. but only found on 1% of the plants
(Schroeder et al. 1989Although beneficial to the complement of biocontrol agents on tansy ragwort,
this agent was not believed to contribute a great deal as the target plant is notlseiéeld, i.e. it can
sustain itself with the production of root buds when the seedheathimaged or following flowering
(Harris undated d).

The screening research for the reigeding flea beetlé ongitarsus jacobaeatalian strain) was funded
by New Zealand and the U.S.A (Harris and Crozier 2006). InL1pitbbaead(Italian strain) was
introduced on the lower mainland. It was subsequently determined that an additional, very closely
related fleabeetle speciesongitarsus flavicornisvas included in one of the original releases in a mixed
population that came via the U.S.A. (presumdhiyn Italy) and was released in Nanaimo. There are no
reliable external differences between the two flea beetles to tell them apart eXcefldivicornisnay
appear a bit more reddish than the paler brownlLofiacobaeaeThe differences between the twoear
discernible following dissectioh. flavicorniss an important biocontrol agent for the control of tansy
ragwort in AustraliaNicLaren et al. 20001t is estimated approximately 10% of the population released
in Nanaimo was.. flavicornigHarris undéed d). Subsequent collections were made from the Nanaimo
site and placed on the lower mainland, however,ndlavicornisvere recovered at these new sites and
none have been found in Nanaimo in recent years. In Eulopgiégvicorniexists where the aarage

winter temperature is above“C, i.e. in southern England and south through western France and Spain
to north Africa (Harris undated d).

By 1985B. seneciellhad not yet been found established andexsndintroductionwas madeBy 1989,

T. jacobaae although established in the Lower Mainland, had declined in numbers significantly and
was thought at that time to be ineffectual against tansy ragwort. Conversejgcobaeasvas well
established near Nanaimo and Chilliwack and appeared to be hiagaliged effects on its host, for
example at two coastal sites, the larvae population had increased to a density of 13.1 and 5.0 per plant
by 1981. In California, these larvae densities led to infestation collapses in the following few years
(Harris andschroeder 1989). Howevdr, jacobaeaevas thought not to be dispersing fast enough to

keep up with the spread of the plant nor was it able to attack tansy ragwort in higher elevation areas in
the Okanagan Valley where winter started earlier in Octobarymmsed to January on the coast (P.

Harris and D. Schroeder, unpublished data, 1989, Biocontrol Subcommittee BCPPARCHAIds pers.
comm. March 1991 The decision was, therefore, made to pursue research for the summer breeding,

8
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root-feeding mothGochylisatricapitana(P. Harris and D. Schroeder, unpublished data, 1989, Biocontrol
Subcommittee BCPPAC, B.£n) additional agentCeutorhynchus atlanticusas also proposed for
screening research but this agent was never petitioned for relddagié and Schroeder 1989

The screening research fGr. atricapitanavas funded by Canada and Australia (Harris 20@3b).
atricapitanawas subsequently released in B.C. in 1990 to a company named Bionomics which raised
subsequent generations of the moths foleases in the lower mainland and on Vancouver Island in
1991.

Also in 1990, Agriculture and Agiood Canada reportel. jacobaead¢o be playing a role in the

reduction of tansy ragwort and. jacobaea¢o have nearly eliminated the plant in the Fraser Valiy.
seneciellavas found and reported to decrease seed production by 10% and to be excellent at finding
isolated plantsR. Harris unpublished data, 1991 Ag. Canada, Regina

Agents released thusif had generally increased in sufficient numbers in saatastal areas of B.C. to
allow for their collection and transfer to the interior to attempt control of tansy ragwort at the
Okanagan Valley site. Initial transfers included are shown in Figure 6.

Figure6 - Initial transfer of tansy ragwort biocontrol agnts into the Okanagan Valley

1992 1994 1997

Source # Released| Source # Released | Source # Released
Tyria jacobaeae | Abbotsford 2000 Chilliwack 400 0
Longitarsus Abbotsford 500 Nanaimo 1000 Chilliwack (600) 1500
jacobaeae & Nanaimo
(900)
Cochylis 0 Nanaimo 100 infested 0
atricapitana rosettes

As of 1998, none of these agents released onto the bench on the east side of Okanagan Valley (elevation
range 10941144m) were found to be established. In particular, the Italian straih.ghcobaea&vas

considered not adapted to the colder B.C. interior climate because the strain originated from southern
Europe and, therefore, was not adapted to a short summer (CAB International 2001). The adults

undergo a summer diapause and then begin breeding amtober 1 in Canada (Harris undated d) and
laying eggs too late in the season for survival where the growing degree days become shorter and
temperatures cool too early. Plants in the Okanagan Valley are senesced{®ctolaer. Essentially the

Italian stain of fleabeetle is not synchronized with the plants at higher elevations (CAB International
2001). HoweverB. seneciellavas found dispersed in the Okanagan Valley and subsequent surveys of

the fly revealed it to be also dispersed around the lowerntaaid and on Vancouver Island.

Due to the significant size and further potential for spread of tansy ragwort in the Okanagan Valley, the
lack of success in getting the current complement of biological control agents to establish in this habitat
and the nee for an agent that inflicted the sangpe of damage ak. jacobaea¢Harris undated d)X.
atricapitanawas expected to reduce tansy ragwort, but not solvedigcussions began to obtain an

9



Tansy Ragwort biological agentOperational Field Guide

additional agent foB.C. Tle discussiosfocussed ora strainof L. jacobaeaéom the Swisslura

Mountains The rootfeeding fleabeetle was thought to be the most promising for controlling its host

and the Swiss strain beds earlier in the seasorThe Swiss straih. jacobaeaénhabits areas in Europe

with cool noist summers and early cold wintefBhe winter (Italian) and summer (Swiss) breeding

biotypes ofL. jacobaeaare widespread in Western Europe, interbreed and produce offspring with

intermediate life cycles (Harris undated d). The Swiss dhaihbeen aproved for releasén Canada in

GKS mMpTtnQa odzi A0 RAR y2i SadlrofAiAdaK ¢gKSYy NBfSIFaSR
Canada, but, none were shipped, and it was also approved for importhiatdSn 2002. Additional

screening was thoudlprudent given recent changes in phylogeny within the Asteraceae, including to

0KS GNAROS {SySOA2ySISE IyR I O2YYAUYSy(d G2 TFdNIKS)
DeClerclloate, pers. comm., June 2010)inihal screening would be reqeid to address any untested

native and plants of concern ta®and Canada. Screening research for this agent was initiated in 2005

by B.C

Also in 2005, a shipment of 135 flbaetles was obtained in May from Nova Scotia for release in the
Okanagan Valley. It was thought this shipment containgaicobaeaq(talian strain) that may have
adapted climatically in the cold maritime, following jirevious introduction into Canada from Europe,
to reproduce in the summer instead of the falinfortunately, voucher specimens from the collection
site were not sent to the Canadian Food Inspection Agency (CFIA) and the identification of-the flea
beetles was not confirmed prior to their shipment and release. It was found subsequently that at least
some of these fledeetles were in facLongitarsus gracilidHostspecificity studies were planned far
gracilisin conjunction with the studies on the Swiss strairhofacobaeaéto take advantage of the
available test plants) to determine the conge=nces of this introduction and the potential to use this
flea-beetle as a biological control ageitowever, repeated attempts to collect more flbaetles from
the Nova Scotia site failed. Literature searches revealed this species to have a widangesthian its
counterparts. It was dgdedto not redistribute this agent further. It was also determined through
regular monitoring in the Okanagan Valley thaigracilisvas well established near a riparian zone and
attempted removal from the province ould require a broadcast application of general pesticide
immediately adjacent to water, which did not take place

In the meantime, attempts to have. jacobaeaestablished in the provincial interior continued. In 2008,
1000T. jacobaeadarvae were colleted from Vancouver and Gabriola Islands and released into the
Okanagan Valley. Monitoring of the release site has taken place each year from 2009 to 2012 and
jacobaeadarvae and moths have been present each year. The plants have greatly dwindlezl siteth

and the agent is dispersing. A second release (2273 larvae) was made in the Okanagan Valley in 2010,
which has also established.

The Swiss strain &f jacobaeaewvas again approved for import and the first shipment of 72-fieatles

was released iMay of 2011 in the Okanagan Valley. This-Beatle has not been witnessed to survive
through a winter, however, two subsequent shipments have been released at this same site in October
2011 and September 2012 with 702 and 1107-Beatles, respectivelyand a third release of 898 flea
beetles was made nearby in June 2013. It is hopeful this agent will establish.

10
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In 2012, the molecular analysis results of a 2011 collectidrogitarsudlea-beetles at the single
release site oL. flavicornigmixed wth L. jacobaea€ltalian strain)hear Nanaimaevealed all the

beetles to bel. jacobaeael. flavicornigs currently considered as not existing in B.C., however, further
efforts are planned to collect and analyse further flegetles from this site.

Appendices B, C, D and E display the distribution. ghcobaeageB. seneciellaL. jacobaeaeandC.
atricapitana, respectively, in the province to August 2012.
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4.3 AGENT TIMING AND INTERACTION

Figure7 - Timing of the life cycle stages of four tansy ragwort biocontol agents, their overlap and the recommended months for thdtitg
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Longitarsus
jacobeaea
(Italian)

Tyria
jacobaeae

interest

Life
cycle overwintering pupa adult | adult/egg/larva_| larva larva/pupa overwintering pupa
monitor adult larva
collect adult larva

Notes

Life
cycle

igh elevations, larva may e

larva

pupa

adult

larva

| Larva/pupa

adult

adult/larva

larva

larva

monitor

larva

larva

larva

collect

larva

larva

Notes

Life

cycle

egg/larva

adult

inactive adult

multiple larva/pupa found/plant root/crown. Excavate infested plants prior to larva vacating to pupate in the soil

adult

larva

adult/egg/larva

monitor

other

adult

collect

adult

Notes Aiilicable to L. jacobaeae (ltalian) strain onli. Monitor OTHER refers to feedini evidence (Aui;/Sei).

Life
cycle pupa adult adult/larva larva upa
monitor adult larva other
collect I | larva |

12

Notes | Monitor OTHER indicates the oiiortunity to monitor for iresence only, extensive foliar feeding is tyiical of T. jacobaeae




Tansy Ragwort biological agentOperational Field Guide

4.4 AGENT HABITAT RANGE
Native (European) Distribution

Tansy ragwort has a widespread natraege (see Section 3). The imported biological control agents
dzZASR Ay . o/ & O02YS FNBY | @GFINARSGe 2F t20F0GA2ya o6AGl

1 T.jacobaeaés native from Europe to west central Asia, the original source of the agent was
Switzerland (Harris 2@&);

 B.senecielld & 2060GFAYSR GKNRdzZAK | ®{ ®! a2dzNOSa 2F (KS
Paris, France. After May 1984, the proposed source for additional releases was Washington (P.
Harris pers. comm. May 1984);

1 L. jacobaeagltalian strain)s native from the north Mediterranean to southern Scandinavia and
from Ireland east to Siberia and Tibet, the original source of the agents was Italy (Harris and
Crozier 2006);

1 L. flavicorniss native to Italy, more specifically is the only species knoam filan, to
southern England and south through western France and Spain to north Africa (Harris undated
d);

1 C. atricapitands native from North Africa to southern Sweden and east to Poland and then to
southern Russia. It is most common in coagtaktem Europe. The original source was of
Spanish moths via Australia in 1968 (Harris 200&nhd

1 L. jacobaeaéSwiss strain) is likely native to north of the Alps from eastern France to Austria but
may have a wider range &sjacobaeaalso is found throughdwcentral, northern and eastern
Europe. The source for B.C. is Switzerland (De CHéweke et al. 2010).

Predicted North American Distribution

Biological control of tansy ragwort has done well in areas with moderate temperate and Mediterranean
climates.L. jacobaeadas become well established and added to the control of its host in Oregon and
elsewhere. There was concern with the original complement of agents to follow the invasive plant into
colder climatesTo view the distribution of treatment and dlisrsal sites of. jacobaeae, B. seneciella, L.
jacobaeaq(talian), andC. atricapitandn the province, see Appendices B, C, D and E respectivibly.
Swiss strain dof. jacobaeaeeflects its native range, these fldgeetles may be found at altitudésom

300 to greater than 1400 m and minimum temperatucds25°C (De Clereckloate et al. 2010).

5. USING BIOLOGICAL CONTROL AGENTS FOR TREATMENT OF TANSY
RAGWORT

Redistribution of agents is a critical part of a biocontrol program. It is important fasive plant

managers to determine whether resources should be allocated to redistributing any biocontrol agent or
whether the agent may be effectively s&fA & LISNEAY 3 Ay | LI NI A OdmtheN | NBI @
life cycleof individual biocontrbagent species found at
http://www.for.gov.bc.ca/hra/Plants/downloads/AgentHandlingMatrix.pdio the IAPP Application
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found athttp://www.for.gov.bc.ca/hra/Plants/application.htnand field monitoring for the presence of
agents will assist in this determination.

¢2 SyadaNBE STFFAOASY(d RAAUGNRAOdzOAZ2Y (KNPRezBwvdzl (G§KS 0
plant managers should endeavour to recollect from established field sites and make releases into new

sites. First, however, tansy ragwort infestations should be investigated for the presence of other agents

not only to decrease competition foesources if the existing population is significant as can happen at

intervals withT. jacobaeagbut, also to determine if a release of the agent is necessary. For general

information regarding redistribution of biological control agents, please reféiadule 1.9 Biological

Treatment & Monitoring of the IAP Reference Guide which is located at
http://www.for.gov.bc.ca/hra/Publications/invasive lants/IAPP_Reference Guide/Module%201.9.pdf

C2NJ &adzYYlF NAT SR fle2dzia 2F ®Sfer@K 2F (GKS | 3SydQa f AT
http://www.for.gov.bc.ca/hra/Plants/biocontrol/bcmatrix.htmFor more detailed information on

collecting, shipping and releasing methods and equipment, please refer to the document Biocontrol

Agent Handling Techniques, for the collecting, shipping and releasin@. intich is located at
http://www.for.gov.bc.ca/hra/Plants/downloads/HandlingTechniqguesV2.pdf

Treatment of tansy ragwort and subsequent monitoring of those activities in B.C., in partioutes o

lower mainland and on Vancouver and the Gulf Islands, is faced with the issue of extreme urbanization.
Over the almost 50 years since treatment began, urban development has had a significant impact on the
makeup of this landscape. Some sites wherteldgical control agents have been released no longer

exist and are replaced with homes, commercial buildings or roads, while other sites may have the tansy
ragwort population increase or decrease from these same types of activities. This has ledutiidgfic

in understanding micraite habitat suitability of the various species. However, monitoring for the

dispersal of the agents from their original point of release has been effective.

5.1 FIELD APPLICATION OF INDIVIDUAL TANSY RAGWORT BIOCONTROL AGENTS

For summarized descriptions on working in the field with each of the three agents transitioning to
secondary, namelyl. jacobaeaeL jacobaeadtalian)and C atricapitana, refer to the Appendice&, H,
andl, respectively.

5.2 MONITORING DATA OF BRITISH COLUMBIA TANSY RAGWORT BIOCONTROL SITES

Sixbasic questions were investigated from IAPP data in October @d ®iocontrol development
records for each of the agenTs jacobaeae, B. seneciella, L. jacobg#adian), andC. atricapitana

1. Was there a peferred Biogeoclimatic (BEC) zone in which to release each species that led to
establishment?

What were the BEC zones each species dispersed into?

What was the minimum number of agents released for each species that led to establishment?
Was there a prefeed month to collect and release each species that led to establishment?
Was there a preferred field source to collect each species from that led to establishment?

Did the duration between collection and release of the agent affect its establishment?

S
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It is important to understand the nature of monitoring when looking at the results of these questions
and the data from which this information was summarized (locatetigpendix F)Sites are monitored
multiple times for several reasons:

1 To determine esthlishment of the agent at a site. Finding agents at any given site, at any given
time can be difficult and, therefore, negative monitoring results are generally thought of as
unknown establishment. However, for the purposes of the tables within this dontyme
unknown survival describes sites that have not been monitored;

i To investigate the timing of the life cycle of the agent in different habitats;

1 To determine the correct time of the year to look for and collect the agent which can include
purposely lookig early or late within the window during which the agent is suspected to be
visible, thus having a high likelihood that the result will be negative;

1 To investigate specific details about the agent, such as what does the feeding damage look like
on the plant and what affect it may have, where the agent may be located on the plant during
different stages of its life cycle or time of the day or season, etc.;

1 To determine if the population of the agent is building sufficiently to allow for collection; and

I Todetermine which sites are still in existence.

Additionally, there is a finite annual capacity to perform monitoring and dispersal work, which can result
in all treatment sites not investigated regularly or at all and not all potential areas investigated fo
dispersal of the agent.

A negative monitoring occurrence, therefore, can be an artifact of the monitoring activity and not
ySOSaalNAte NBFfSOG G(GKS 3SyidiqQa LINBaSyOSs F2N SEI
different location. Alsosome monitoring may be recorded as negative but could reflect site conditions

such as no plants available due to attack by different agents or anthropogenic manipulation of the site.

Tyria jacobaeae

The minimum number of . jacobaeadarvaecollected and edistributed to a new site that resulted in
establishment was 50 larvae (Appendix F). These agents were collected from a CWHdm BEC zone and
released into this same BEC zone in July. Although the number of releases made in each of the BEC
zones listed is ndarge (Figure 8), it appears that CWHdm is agreeable for surviVajadobaeaas is

also reflected in the fact that the agent has dispersed further on its own into this BEC zone (Figure 9).

It is always preferable for the agents to be collected agutistributed within the same type of habitat. If

the recipient site was within a different habitat/BEC zone, it would be advisable to use larger numbers

to transfer to compensate for the stress on the population as much as possible. For example, IDFdm1
does not appear to be a preferred BEC zone (Figure 8), therefore, more larvae may help to ensure
establishment. Early attempts (400 collected in 1992 and 1000 in 1994 both from CWHdm) to establish
the agent into the IDF failed, but, later attempts ( 1000emiftd in 2008 and 2273 in 2010 both from
CDFmm) were successful. Success in the IDF could have been affected by the originating BEC zone, the
handling of the larvae or the speed by which they were transferred and released into their new location
(great cae was taken to feed them abundantly and release them as fast as possible), or that the agent
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had acclimatized to B.C. Between Figures 8 and 9, it appears that all BEC zones the agent has been
released into to date have allowed it to establish. For tangyvat sites in BEC zones different than
those included below (see also Table 1, Appendix F)), it is recommended to collect the larvae from as
similar BEC zones as possible and to handle them and release them as fast as can be managed.

There does not appedo be a preferred month for subsequent survival within the two months that the
agent can be collected within (Figure 10). However, it is recommended to collect the larvae when they
are of sufficient size. At any time, larvae will exist in varying sihesmajority of the larvae should be
greater than or equal to 20 mm long x 5 mm wide.

With respect to a preferred source of collectiongst of the sites yield agents that readily establish at

new sites, except for Sumas Mountain (33% survival). It cammdetermined if agents collected from

this site are not healthy or whether subsequent handling of these agents resulted in poor condition and,
therefore, poor survival, but, a contributing factor would have been the habitat of the release site as

two of the failed sites were releases made in 1992 and 1994 in the IDFdm1 that did not establish (Figure
11).

The question was also asked if the length of time between collecting the caterpillars and releasing them
could affect the success rat€hese activities are done over a range of days (however, not all data is
available) and cannot be discerned to be a cause for the agent to not establish at a site {Bigure

Figure8 - Tyria jacobaeaesurvival per Biogeoclimatic zone

BEC SurvivalY SIIEN Survival Unkiown Total No. |
CDFmm ' 5 (71%) 2 (29%) ' 7 (100%)
CWHdm 4 (100%) 4
CWHxm1 7 (41%) 7 (41%) 3 (18%) 17

IDFdm1 1(33%) 2(67%) 3

IDFxh 1 (100%) 1

Total 18 (56%) 11 (34.5%) 3 (9.5%) 32

Figure9 - Tyria jacobaeadlispersal Biogeoclimatic zones

EE
CDFmm 17 (50%)
CWHdm 5 (15%)
CWHxm1 10 (29%)
IDFdm1 2 (6%)

Total 34

FigurelO- Tyria jacobaeaesurvival per release month

Survival Y Survival N Survival Unkown Total No.
Unknown 6 (71%) 1 (14%) 1 (14%) 8
June 1 (50%) 1 (50%) 2
July 11 (50%) 9 (41%) 2 (9%) 22
Total 18 (56%) 11 (34.5%) 3 (9.5%) 32
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Figurell- Tyria jacobaeaesurvival per source location

Source Survival Y Survival N __Survival Unkown Total No.
Unknown 6 (86%) 1 (14%) 7
AAFC 1 (100%) 1
Bridal Falls 1 (100%) 1
Chilliwack 2 (50%) 2 (50%) 4
Haslam & Gabriola 1 (100%) 1
Haslam 2 (50%) 2 (50%) 4
Lazlo Lane, Cedar 1 (100%) 1
Nanaimo 1 (100%) 1
SumasMountain 4 (33%) 8 (67%) 12
Total 18 (56%) 11 (34.5%) 3 (9.5%) 32

Figurel2- Days between collection and release dfria jacobaeae

Site Location No.Released Collection Date = Treatment Date Days Between Established |
101669 Chilliwack 1 (=unknown Unknown 190001-02 Unknown Unknown
guantity) (default date)
101658 King Rd. Abbotsford 3300+856 Unknown + 196201-01 & Unknown Yes
Unknown 196701-01
101659 McKenzie Rd. Abbotsford 5000 Unknown 196301-01 Unknown Yes
102375 Richardson Rd. Nanaimo 13,000+80+ Unknown + 196401-01 & Unknown Yes
6200+2800 Unknown + 196501-01 &
Unknown + 196601-01 &
Unknown 1981-01-01
101665 Cultus Lake Chilliwack 3500 Unknown 197201-01 Unknown Yes
101666 Clearbrook Road Abbotsford 300 Unknown 197401-01 Unknown No
101667 Cannor Road Chilliwack 300 Unknown 1981-01-01 Unknown Yes
101670 Nicomen slough 500 Unknown 198907-10 Unknown Yes
101671 2521456" St. Langley 250 Unknown 198907-11 Unknown No
101672 South side of 12B Rd. Langley 250 Unknown 198907-11 Unknown No
102383 Keeping Rd. Abbotsford 250 Unknown 198907-11 Unknown Yes
101674 Hudson Rd. Chemainus 125 Unknown 198907-26 Unknown Yes
101675 Kevan Dr. Gabriola Island 300 Unknown 198907-27 Unknown No
101676 Aldergrove 150 Unknown 199007-24 Unknown No
101677 Huntington Rd. Langley 110 Unknown 199007-24 Unknown No
101678 Ross Rd. Abbotsford 150 Unknown 199007-24 Unknown No
101679 Starr Rd. Abbotsford 100 Unknown 199007-24 Unknown Yes
101655 Powerline Naramata 1000 Unknown 199206-22 Unknown No
101827 Chute Lake Rd"Zsite powerline 400+1000 Unknown 199206-22 & Unknown No
199407-14
112297 Stamps Rd. Duncan 1 (= unknown Unknown 199410-13 Unknown Yes
guantity)
101680 Glover Rd. & 216St. Langley 200 199507-19 199507-19 0 Yes
101681 88" & 257" St. Langley 200 199507-19 199507-19 0 No
101682 River Rd. & Hudson Rd. Ladner 200 199507-19 199507-19 0 No
101683 88" Ave. &264 st. 200 199507-19 199507-19 0 Yes
101684 Old rock quarry north ceabird 50 1996:07-26 1996:07-26 0 Yes
Cafe Hwy 7
219933 CedarHuddington Road 100 Unk. 200606-13 Unknown Yes
222684 Island highway 100 2006-07-19 200607-19 0 Yes
205096 Anderson Bay FSR Cortese 100 2006:07-19 2006:07-22 3 Unknown
241320 Anderson BaySR, Texada Islanc 100 2006-07-18 2006-07-22 4 Unknown
241321 Anderson Bay near airstrip, 200 2007-07-18 2006:07-22 4 Unknown
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Texada Island
6820 Chute Lake Rd. 1000 200807-29 200807-31 2 Yes

210081 3.5 km off Lakeshore Rd. 2273 201007-14 201007-17 3 Yes
Okanagan Valley

Botanophila seneciella

The eaiier of the tworeleases of this agentwas monitored in 2002. No agents were found, however,
subsequent dispersal monitorir{§igure 13hasrecordedthe flies atthirty-one sites spread acrogke

Lower Mainland, Vancouvesland, two Gulf Islarg{Salt Spring and Gabriola) and into the interior in

the Okanagan VallgyDFdm1)Observations that have not been recorded in IAPP have noted this agent
to exist at many tansy ragwort sites and not be restricted by a forest canopy. Of note, Markin (G.
Markin, unpublished data, 1998, Montana) described the fly as well established ntbatwlonize the
coniferous forest environment of the northern Rockies. In B.C., attack by the fly has resulted in a
decrease in seed by approximately tthirds of the capitula attacked for a total reduction of about 5%.
However, since the plants arelatto produce root buds and sustain themselves when the flowerhead is
attacked or flowering is complete, the impact of the fly by itself is negligible (Harris undated d).
SubsequentlyHarris P. Harris unpublished data, 1991 Ag. Canada, Regiparted te fly to reduce

the seed by 10% and was proving efficient at finding isolated plants. This latter characteristic, attacking
isolated plants, is beneficial &s jacobaea&loes not avoid feeding on flowers containiBgseneciella

but prefers dense infestins of tansy ragwort (Harris 2003a).

It is recommended to first monitor for dispersalBfseneciellan new BEC zones that are in the
proximity of the known infested areas as they may already be there. Thereafter, collect and redistribute
this agent fom as similar BEC zones as possible into the sites that are not intended for chemical control.

Figurel3- Botanophila seneciell@ispersal per Biogeoclimatic zone

CDFmm 9 (29%)
CWHdm 8 (26%)
CWHds1 1(3%)
CWHxm1 10 (32%)
IDFdm1 3 (10%)
Total 31

Longitarsus jacobaeae (Italian)

The minimum number df. jacobaeadlea-beetlescollected and redistributed to a new site that

resulted in establishment was 150. These agents were collected from a CWHdm BEC zone and released
into the CDFmm BEC zone in November. Although the number of releases made in each of the BEC
zones listed is ndarge (Figure 14), it appears that CDFmm is agreeable for survivghobbaeaas is
reflected in the fact that the agent has dispersed further on its own into this BEC zone (Figure 15).

It is always preferable for the agents to be collected andsteithiuted within the same type of habitat. If
the recipient site was within a different habitat/BEC zone, it would be advisable to use larger numbers
to transfer to compensate for the stress on the population as much as possible. However, this has not
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proven successful in the IDF. Agent collection numbers have ranged from 500 to 1000, have come from
BEC zones CDFmm, CWHdm and CWHxm1 and were collected in the months, April, September and
October. Despite the variety of these factors, no release of thignstriafleabeetle has established in

the IDF (Figure 16). All listed Coastal BEC zones hale jagdbaea€ltalian) establish and disperse.

Much of the area on the lower mainland containgacobaeae

There does not appear to be a preferred month nbdleL. jacobaea¢Figure 17). The only months

during which complete failure to establish has been recorded were at a single site with one release
made in April and two releases made in October, all into the IDF. The failure to establish is likely due to
the BEC zone released into, not the months the agents were handled.

All sources oL. jacobaeadave yielded a measure of success, except for the combined source of Sumas
Mountain, Nanaimo and Vedder Canal, Chilliwack (Figure 18). However, again tlectéadstablish is

likely due to the BEC zone the agents were released into (IDF) and not this combination of sources.
These same sources have yielded successful establishment at other release sites.

Szucs et al (2011) have found thgacobaeaéltalian srain) is surviving, interbreeding and producing
hybrids with the Swiss strain in cold winter climates of Montana. At this point in time, further studies are
needed to understand whether the resulting traits of development time, fecundity, longevity,izgg s

and sex ratio are favourable and hence whether releases of both the Italian and Swiss sttains of
jacobaeaeat the same sites should be done or avoided.

Figurel4 - Longitarsus jacobaeasurvival per Biogeoclimatic zone

BEC Survival Y Survival N Survival Unkown Total No.
CDFmm 18 (100%) 18
CWHdm 14 (82%) 2 (12%) 1 (6%) 17
CWHxm1 19 (86%) 3 (14%) 22
IDFdm1 3 (100%) 3
Total 51 (85%) 8 (13%) 1 (2%) 60

Figurel5- Longitarsus jacobaeadispersal Biogeoclimatic zones

BEC Total
CDFmm 10 (39%)
CWHdm 4 (15%)
CWHxm1 12 (46%)
Total 26
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Figurel6 - Longitarsus jacobaeasurvival per number released per Biogeoclimatic zone

Number Released BEC EstY‘ EstN  Unk. ‘

Unk. CDFmm 1

Up to 199 CDFmm 1

200-299 CDFmm 2
CWHdm 4
CWHxm1 9

300-399 CWHdm 3
CWHxm1 2

400499 CDFmm 1
CWHdm 2
CWHxm1 1

500-599 CDFmm 2
CWHdm 2
CWHxm1 3 1

600-699 CWHdm 1

700-799 CDFmm 2
CWHdm 1
CWHxm1 4

900 IDFdm1 1

1000 CDFmm 7
CWHdm 1
CWHxm1 1 1
IDFdm1

1200 CDFmm
CWHdm

1500 CWHdm 1

2000 CDFmm 1
CWHdm 1

Figurel7 - Longitarsus jacobaeasurvival per release month

Month Survival Y Survival N Survival Unkown Total No. ‘
Unknown 8 (100%) 8

August November 1 (100%) 1

& October

May 1 (100%) 1
September 2 (67%) 1 (33%)

October 29 (85%) 5 (15%) 34

October & April 1 (100%) 1
November 10 (83%) 1 (8.5%) 1 (8.5%) 12

Total 51 (85%) 8 (13%) 1 (2%) 60
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Figurel8- Longitarsus jacobaeasurvival per source location

Source Survival Y Survival N Survival Unkown Total No.
Unknown 2 (100%) 2
Cassidy/Nanaimo 1 (100%) 1
Cedar/Nanaimo 2 (100%) 2
ChilliwackVedder Canal 1(100%) 1
England & unknown 1 (100%) 1
Nanaimo 15 (88%) 1 (6%) 1 (6%) 17
Nanaimo/Oregon 1 (100%) 1
Peardonville 2 (100%) 2
Sumas Mountain 27 (87%) 4 (13%) 31
Sumas Mountain & 1 (100%) 1
Nanaimo & Vedder canal,

Chilliwack

UBC 1 (100%) 1
Total 51 (85%) 8 (13%) 1 (2%) 60

Cochylis atricapitana

C. atricapitananoths are difficult to collect as they are nocturnal (Powell et al. 1994). They have been
observed in daylight hours, but, appear too fragile for collection purpdSe€¢€ssellpers. comm., Feb.
2013. Releases, therefore, have been made with larvéested plants. The minimum number Gf
atricapitanainfested plants collected and redistributed to a new site that resulted in establishment was
50 (Appendix F). Except for the original releases raised in the Bionomics labs (2827, 398, 869 and 481
estimated larvae infesting plants) all subsequent collections made from the field in B.C. have been small
in comparison. These subsequent releases were made with plants dug from sites established with the
Bionomic releases; however, no plants were dissectedatithe of collection to confirm the average
number ofC. atricapitandarvae infesting the roots. A few plants from these collection sites were sent

to AAFC for dissection. It was confirmed that the roots did h@lisatricapitandarvae along with..
jacdbaeaelarvae D. Ralph, pers. comiMar. 2013. There have been eight releases of 50 infested

plants, five of which have survived (Figure 19). There does not appear to be distinguishing factors from
IAPP data to explain the successes or failures. Thediablished releases (made with 50 infested

plants) were collected in May (4 releases) and October (1 release) while all the failed releases were
collected in May. There are only two sources that supplied all eight of these releases (in fact, all the
releases to 1996), the Sumas Mountain Road site and the Chemainus/Nanaimo site. The BEC zones of
these sites are CWHdm and CDFmm, respectively. The established releases were placed into the
CWHxm1 and the CWHdm, as were the failed releases.

The various monthfor handling the moth also show varying levels of success (Figure 20). Although the
numbers for comparison are very small, October does appear to be a less successful month to collect
larvae infested plants than in the spring.

Again, the sources of agerfts collection have yielded varying success and one has shown no success,
however, this site that failed to establish is in the IDFdm1 in the Okanagan Valley (Figure 21).
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The Coastal BEC zones all have a variable success rate (Figure 22), but avesagkehtgldér and two
have had dispersal sightings recorded for them (Figure 23). The IDF, on the other hand has had no

success in having this agent establish.

The question was also asked if the length of time between harvesting the plants and transpieting
could affect the success rate. These activities were done quite quickly and do not appear to be a cause

for the agent not establishing at a site (Figure 24).

Figurel9- Cochylis atricapitanaurvival per release number

Number Released Survival Y Survival N Survival Unknown Total No.

50 plants 5 (62.5%) 3 (37.5%) 8
59-70 plants 1 (33%) 2 (67%) 3
100 plants 2 (100%) 2
150 plants 1 (100%) 1
398 moths+100 2 (100%) 2
plants-481 moths

869 moths 1 (100%) 1
2827moths 1 (100%) 1
Total 11 (61%) 7 (39%) 18

Figure20 - Cochylis atricapitanaurvival per release month

Survival Y Survival N Survival Unknown Total No.
April 3 (60%) 2 (40%) 5
April & October 1 (100%) 1
May 6 (67%) 3 (33%) 9
October 1 (33%) 2 (67%) 3
Total 11 (61%) 7 (39%) 18

Figure21 - Cochylis atricapitanaurvival per source location

Source Survival Y Survival N Survival Unkown Total No.
Bionomics ~ 3(@00%) 3
Bionomics &Abbotsford 1 (100%) 1
Fraser Valley 1 (100%) 1
Nanaimo 1 33%) 2 (67%) 3
Sumas Mountain Rd. 6 (60%) 4 (40%) 10
Total 11 (61%) 7 (39%) 18
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Figure22 - Cochylis atricapitanaurvival per Biogeoclimatic zone

SurvivalY Survival N Survival Unk. Total No.
CDFmm 2 (67%) 1 (33%) 3
CWHdm 4 (67%) 2 (33%) 6
CWHxm1 5 (71%) 2 (29%) 7
IDFdm1 2 (100%) 2
Total 11 (61%) 7 (39%) 18

Figure23 - Cochylis atricapitanalispersal Biogeoclimatic zones

2] =(e2 Total
CWHdm 4 (44%)
CWHxm1 5 (56%)
Total 9

Figure24 - Days between harvest and transplant of plants infested wiflochylis atricapitana

Site Source Location (\[o} Date Date Days Established
Released Collected Released Between
102401 Bionomics Private Abbotsford CWHdm 2827 Unknown 1991-04-02 Unknown Yes
estimated
larvae
101829 Bionomics + Sumas Mountain Rd. CWHdm 398 Unknown+  1991-04-05 Unknown Yes
Abbotsford (private) Abbotsford estimated Unknown +199410-06
larvae + 100
plants
102383 Bionomics Keeping Rd. (private) CWHdm 869 Unknown 1991-04-11 Unknown Yes
Abbotsford estimated
larvae
101831 Bionomics Chemainus/Nanaimo  CDFmm 481 Unknown 1991-04-12 Unknown Yes
estimated
larvae
101827 Nanaimo Chute Lake Rd. IDFdm1  70plants 199404-25 199404-25 0 No
112295 Sumas Mountain Dawson Rd. (private) CWHdm  100plants 19941006 19941006 0 No
Rd. Abbotsford
101834 Nanaimo Mudge Island CDFmm  100plants 19941012 199410-13 1 No
101835 Sumas Mountain Polar Avenue, CWHxm1 50plants 19950517 199505-17 0 No
Rd. Abbotsford
101836 Sumas Mountain Cox Rd. CWHdm 50plants 19950517 199505-17 0 Yes
Rd.
101837 Sumas Mountain Vedder Canal dyke CWHxm1 50plants 19950517 19950517 0 Yes
Rd.
101838 Sumas Mountain Old Yale Rd. CWHxm1 50plants 19950517 199505-18 1 Yes
Rd.
101839 Sumas Mountain Private property CWHdm  50plants 19950517 199505-18 1 No
Rd.
101840 Sumas Mountain Harris road (private) CWHxm1 150plants 19950517 199505-18 1 Yes
Rd. Abbotsford/Matsqui
101841 Sumas Mountain Glenmore Rod. CWHxm1 50plants 19950517 199505-18 1 No
Rd. Abbotsford
101843 Sumas Mountain McKee Rd (private) CWHxm1 50plants 19950519 19950519 0 Yes
Rd. Abbotsford
102388 SumasMountain  Clayburn CWHxm1 50plants 19950517 19950518 1 Yes
Rd. Abbotsford/Matsqui
102430 Nanaimo Salt Spring (private) CDFmm  60plants Unknown 199605-16 Unknown Yes
6820 Fraser Valley Chute Lake Rd. IDFdm1  59plants 200804-14 200804-17 31 No
& 16
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6. SUMMARY

Tansy ragwort has been reported to be resurging in recent years, especially on Vancouver Island.

Presumably this is due to the cool wet springs that much of the province has been experiencing but may

also be due in part to local disturbancelagh may lead to germination of buried seeds that the

biocontrol agents cannot access. McEvoy and Cox (1991) mention the existence of an invulnerable stage

Ay GKS LXIFydQa tAFS 0e0fS oAy (GKAA OFasf 0dzZNASR as$s:
0A2t23A0Ft AyaSoid O2y(iNRt aeadSvyaé¢d Ly hNBI2yIZ (K!
precipitation, elevation, land use, and yearofjfacobaeaeeleases (while also having released of

jacobaeaeand B seneciellxand found they did not influence the speed of, nor level of success of, the

biocontrol agents in controlling tansy ragwort. It is expected the biological control agents will increase in
numbers in their natural predateprey cycle with their host plant @e it is available. Monitoring of

previously controlled sites followed by disturbance or significant rainfall may reveal localized plant

resurgence and potential action required such asnteoduction of locally extirpated agents due to lack

of food.

Multiple agents are always recommended for control of tansy ragWaridate, the most significant

effect on tansy ragwort in B. has been as a resuf T.jacobaeaeandL. jacobaea€ltalian).Continued
dispersal monitoring of these two agents, along vittseneciellaand C. atricapitangparticularly along

the fringes of where thegre currently known to exist is recommendtdimprove understanding and
prepare for movement of the agents in the future as tansy ragwort spreads. See Appendices G, H and |
for specific information on the description, effects and handling@ gficobaeagl. jacobaeaéltalian

strain) andC. atricapitanarespectively as they transition to secondary, operational biocontrol agents.
McEvoy and Cox (1991) showed that biologicatrmbinsects are able to keep tansy ragwort at low
population levels. They demonstrated that the agents caused heavy mortality of smaller, younger plants
and a sharp decline in the reproduction of large mature plants in the infestations. Subsequent
monitoring and collection of quantified plant survey data is recommended to show success of
biocontrol.
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APPENDIX B. Distribution of Tyria jacobaeae in British Columbia
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APPENDIX C. Distribution of Botanophila seneciella in British Columbia
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APPENDIX D. Distribution of Longitarsus jacobaeae in British Columbia
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APPENDIX E. Distribution of Cochylis atricapitana in British Columbia
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APPENDIX F. Tansy ragwort biocontrol agent Invasive Alien Plant Program (IAPP) application monitoring data
(British Columbia Ministry of Forests Lands and Natural Resource Operations, 2012)

Table 1 - Tyria jacobaeae release monitoring

: Treatment : No.
Site Date Location R "
101669 190001-02 AAFC Chilliwack 1 (=unknown CWHxm1
(default quantity)
date)
101658 196201-01 King Rd. 3300+856 CWHxm1 Y Y|Y N
& 196701~ Abbotsford
01
101659 196301-01 McKenzie Rd. 5000 CWHxm1 Y N| N
Abbotsford
102375 196401-01 Richardson Rd. 13,000+80+ CDFmm N Y N N Y
& 196501~ Nanaimo 6200+2800
01 & 1966
0101 &
1981-01-01
101665 1972-01-01 Cultus Lake 3500 CWHxm1 Y 'Y N Y
Chilliwack
101666 197401-01 Clearbrook Road 300 CWHxm1 N| N
Abbotsford
101667 1981-01-01 Cannor Road 300 CWHdm N|Y
Chilliwack
101670 198907-10 Sumas Nicomenslough 500 CWHdm Y
Mountain
101671 198907-11 Sumas 2521456" St. 250 CWHxm1 N
Mountain Langley
101672 198907-11 Sumas South side of 12B 250 CWHxm1 N
Mountain Rd. Langley
102383 198907-11 Sumas Keeping Rd. 250 CWHdm Y
Mountain Abbotsford
101674 198907-26 Sumas Hudson Rd. 125 CDFmm Y N| N Y
Mountain Chemainus
101675 198907-27 Sumas Kevan Dr. Gabriole 300 CDFmm N N
Mountain Island
101676 199007-24 Sumas Aldergrove 150 CWHxm1 N
Mountain
101677 199007-24 Sumas Huntington Rd. 110 CWHxm1 N
Mountain Langley
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101678 199007-24 Sumas Ross Rd. 150 CWHxm1
Mountain Abbotsford
101679 199007-24 Sumas Starr Rd. 100 CWHxm1
Mountain Abbotsford
101655 19920622 Sumas Powerline 1000 IDFdm1 N N| N
Mountain Naramata
101827 199206-22 Sumas Chute Lake Rd"2  400+1000 IDFdm1 N N/ N| N
& 199407- Mountain & site powerline
14 Sumas
Mountain
112297 199401-01 Stamps Rd. 1(= CDFmm
Duncan unknown
quantity)
101680 199507-19  Chilliwack Glover Rd. & 21 200 CWHxm1
St. Langley
101681 199507-19  Chilliwack 88" & 257" st. 200 CWHxm1
Langley
101682 199507-19  Chilliwack River Rd. & 200 CDFmm
Hudson Rd.
Ladner
101683 199507-19  Chilliwack 88" Ave. &264" 200 CWHxm1
St.
101684 199607-26 Bridal Falls Old rock quarry 50 CWHdm
north of Seabird
Cafe Hwy 7
219933 200606-13 Lazlo Lane, CedarHuddington 100 CDFmm
Cedar Road
222684 200607-19 Haslam Lake Island highway 100 CDFmm
Rd.
205096 200607-22 Haslam Rd.,  Anderson Bay FSF 100 CWHxm1
Nanaimo Cortese
241320 200607-22 Haslam Rd. Anderson Bay FSF 100 CWHxm1
Texada Island
241321 200607-22 Haslam Rd. Anderson Bay 200 CWHxm1
near airstrip,
Texada Island
6820 200807-31 Haslam Rd. Chute Lake Rd. 1000 IDFdm1
and South
Road,
Gabriola
Island
210081 201007-17 Nanaimo 3.5 km off 2273 IDFxh
Lakeshore Rd.
Okanagan Valley
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Table 2 - Tyria jacobaeae dispersal monitoring

Site ID  Dispersal Date Location BEC
101831 2007-08-22 Junction of Haslam antidshead Roads in Cedar district. Between Chemainus and Nanaimo. CDFmm
101831 20030803 Junction of Haslam and Adshead Roads in Cedar district. Between Chemainus and Nanaimo. CDFmm
102417 201007-15 Cedar Road at bridge, Nanaimo CDFmm
102421 200309-10 500 m down Cedar Road (south) from Island Hwy, Nan&edar District. CDFmm
102429 201007-14 Stamps Road, Duncan. CDFmm
102430 200508-23  Salt Spring Island. At the end of Mansel Road, off Robinson Road. At hydro line on Rain Forest Road. SBaptsidjrsin the CDFmm
estates and straight at the next stop sign. NOTE: Take "No public access road" to office to obtain permission to aceass tt

102431 201007-16 Collins Road, Saltspring Island. CDFmm
112294 20101019 Hwy 91, Delta, east sid# hwy 0.5 km south of 72nd Avenue intersection. CDFmm
219687 2006:07-18 Hilbert Rd., Cassielyellow Pt. CDFmm
219918 200606-13 Cedar- Lazo Lane CDFmm
233468 2011-08-19 CDFmm
233482 201207-14 CDFmm
235724 2007-08-01 Nanaimo, King Road (paraltelNanaimo Parkway) on private property; new owner acitively involved in IP control CDFmm
246907 201007-14 South of Cassidy Airport, off Simpson Road in Industrial area. CDFmm
246920 200807-30 South Road, Gabriola Island. Forest openimgst conifers have been removedlder is replacing. CDFmm
246921 200807-30 South Road, Gabriola Island. Between ### South Road and Crestwood Road. CDFmm
246922 200807-29 Haslam Road, private field wittattle grazing. UTM's are approximate, selected the location off IAPP map display. CDFmm
270152 20030819 SSI, Mansell Road/Nose Point Road. CDFmm
270153 201007-14 Adshead Road, near Cedar. CDFmm
101836 20030823 Cox Road and gravel pit roadersection. CWHdm
102392 20030903 Industrial Way and Hwy 1 (TCH), Exit #109, Chilliwack. CWHdm
102398 200309-22 Nicomen Slough, North side of Hwy #7. CWHdm
102401 200309-02 [...] Property, Abbotsford. CWHdm
244296 2007-07-25 DCk Lougheed Hwynear Hodgson Rd. CWHdm
101838 200206-03 Between Old Yale Road and railway line on rail way rights of way (just above old cabin). CWHxm1
101838 200308-27 Between Old Yale Road and railway line on rail way rights of way (just above old cabin). CWHxm1
101840 20030902 Abbotsford/Matsqui, Property beside XXXXX, Harris Road. CWHxm1
102377 20031002 100 m west of Riverside Road, Abbotsford. CWHxm1
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102384 200308-14 North Parallel Road, Abbotsford. CWHxm1
102389 20031002 Gladwin Road, Abbotsfor@atsqui). CWHxm1
102390 20031002 Near Gladwin Road, Abbotsford, Matsqui. CWHxm1
102393 20031002 XXXXX Quadling Road. XXXXX XXXXXX Farms, Abbotsford/Chilliwack CWHxm1
102408 20030815 Clayburn Road and Bell Road, Abbotsford (Matsqui). CWHxm1
102425 200206-06 Glover Road, Langley CWHxm1

Table 3 - Botanophila seneciella release monitoring

Site Treg;r;r;ent Source Location Rell\:ec;se d BEC %
102372 196801-01 PEARDONVILLE, ECHO RD. GRAVABBOTSFORI 1 CWHxm1 N
102383 198511-07 Farm, Keeping Road, Abbotsford 1 CWHdm
Table 4 - Botanophila seneciella dispersal monitoring
Site ID  Inspection  Location BEC

Date

6820 2007-09-19 Chute Lake Road. IDFdm1
101655 20011029 Powerline, R.O.W. Naramata, Chute Lake Road. Naramata watershed. IDFdm1
101665 201007-12 Cultus Lake. Between Maple Falls and Iverson. Chilliwack. CWHxm1
101670 1991-09-30 Nicomen Slough. North side of Hwy #7 near pumphouse. CWHdm
101674 201007-14 Hudson Road, Chemainus. CDFmm
101675 20050824 Kevan Drive, Gabriola Island. CDFmm
101827 200009-28 Chute Lake road, Naramata. Powerline R.O.W. Seconansfiewerline access road, near mud bogging area. IDFdm1
101831 2007-08-22 Junction of Haslam and Adshead Roads in Cedar district. Between Chemainus and Nanaimo. CDFmm
101837 19900810 Vedder Canal dyke, west side, lower road, just north of the #2 Roténce. CWHxm1
101838 201007-12 Between Old Yale Road and railway line on rail way rights of way (just above old cabin). CWHxm1
101843 201007-13 McKee Road, across from clubhouse at golf course, Abbotsford. CWHxm1
102375 20050823 Richardson RoadNanaimo. CDFmm
102385 19900810 XXXX Farm, Dawson Road, Abbotsford. CWHdm
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102386 19900819 Dawson and Willet Roads, Abbotsford. CWHdm
102388 19900810 At [...] Clayburn, between Bell and Wright Streets, Abbotsford (Matsqui). CWHxm1
102410 19900810 Keeping and Sumas Mountain Road, Abbotsford (Sumas Mountain) CWHdm
102417 201007-15 Cedar Road at bridge, Nanaimo CDFmm
102418 201007-15 XXXXX Farm, Akenhead Road, Nanaimo. CDFmm
102421 201007-15 500 m down Cedar Road (south) from Island HhanaimeCedar District. CDFmm
102429 201007-14 Stamps Road, Duncan. CDFmm

102430 200508-23 Salt Spring Island. At the end of Mansel Road, off Robinson Road. At hydro line on Rain Forest Road. Go to first #iep sign  CDFmm
estates and straight at theext stop sign. NOTE: Take "No public access road" to office to obtain permission to access the are

237363 19920929 West side of Lickman Rd. at corner of Yale Rd. CWHxm1
246194 19900810 Lower Sumas Mountain Road, Abbotsford. FVRD sifé74#841. CWHxm1
246629 19900810 Downes rd. East of Mt Lehman on S side of rd. CWHxm1
246999 2011:07-22 Hack Brown. East of Nixon. CWHdm
248156 199008-10 Lefeuvre north of Huntington. East side of road. CWHxm1
264135 19900819 Chilliwack, Columbigalley at Iverson Rd. and Columbia Valley Rd. CWHdm
271494 19900810 Hackbrown CWHdm
276147 2011-07-18 RCO, DCK, Hope. Most northern entrance/exit into Hope from the Coquihalla Hwy. CWHds1
279920 1991-09-30 Keeping E Sumas mountain CWHdm
280812 199008-10 Vedder Mountain Road CWHxm1

Table 5 - Longitarsus jacobaeae (Italian strain) release monitoring

Site ID Treg;r:;ent Source Location No. Released Zone

102380 190001-02 Along dike on frontage 300 CWHxm1
road.
102372 1971-01-01 UBC Echo Road, near airport, 400 + 593 + CWHxm1 Y| N N
&197201-01 gravel pit site, 200
&197401-01 Abbotsford.
102375 197401-01&  England & unknown Richardson Road, 92 + 1000 CDFmm Y Y Y Y'Y
197601-01 Nanaimo.
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102377 197801-01 Peardonville 100 m west of Riverside 200 CWHxm1 Y
Road, Abbotsford.

102378 197801-01 Peardonville 1/2 km west of Cannor 500 CWHdm
Road and CNR crossing.

102379 198301-01 Between Minto and 1 (unknown) CDFmm
Evans Road, Nanaimo.

102381 198401-01 Nanaimo PeardonvilleHuntington 350 CWHxm1
Road, west oBradner
Road, Abbotsford.

102382 198401-01 Nanaimo/Oregon 50 m west of Watcom 1000 CWHxm1
Road and Parallel Road,
Abbotsford.

102384 1986:10-30 Sumas Mountain North Parallel Road, 200 CWHxm1
Abbotsford.

102385 198610-30 Nanaimo XXXX Farm, Dawson 450 CWHdm

Road, Abbotsford.

102386 1986:10-30 Sumas Mountain Dawson and Willet 250 CWHdm
Roads, Abbotsford.

102387 1986:10-30 Nanaimo Wright Street and 250 CWHdm
Bateman Avenue,
Abbotsford (Matsqui).

102388 1986:10-30 Nanaimo At [...] Clayburn, between 200 CWHxm1
Bell and Wright Streets,
Abbotsford (Matsqui).

102389 198610-30 Nanaimo Gladwin Road, 200 CWHxm1

Abbotsford (Matsqui).

102390 1986:10-30 Nanaimo Near Gladwin Road, 200 CWHxm1
Abbotsford, Matsqui.

102391 1986:10-30 Nanaimo Glenmore Road, 300 m 250 CWHxm1
north of Downes Road,
Matsqui,Abbotsford.

102392 1986:10-30 Sumas Mountain Industrial Way and Hwy 1 200 CWHdm
(TCH), Exit #109,
Chilliwack.

102393 1986:10-30 Sumas Mountain XXXXX Quadling Road. 400 CWHxm1

XXXXX XXXXXX Farms,
Abbotsford/Chilliwack
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102394 1986:10-30 Sumas Mountain Iverson Road, between 650 CWHdm
Lunzmann and
Henderson Roads, Cultus
Lake, Chilliwack.

102395 198610-30 Sumas Mountain Columbia Valley Road, 250 CWHxm1
300north of Henderson
Road, Cultus Lake,
Chilliwack.

102396 1986:10-30 Sumas Mountain Duncan, Vimy Hall area 400 CDFmm
off Gibbins Road.

102398 198811-14 Sumas Mountain Nicomen Slough, North 300 CWHdm
side ofHwy #7.

101674 198811-18 Sumas Mt. Hudson Road, 250 CDFmm
Chemainus.

102400 198811-18 Sumas Mountain Haslam property on 250 CDFmm

Adshead Road, Nanaimo

102401 198911-08 SumasMountain [...] Property, 400 CWHdm
Abbotsford.
102402 198911-08 Sumas Mountain Nicomen, north side of 1200 CWHdm Y
Hwy 7.
102403 198911-17 Sumas Mountain North Road, Gabriola 1200 CDFmm
Island.
102404 19901017 Sumas Mountain Nicomen Island Researct 1000 CWHdm
site.
102405 199010-17 Sumas Mountain South end of powerline 2000 CWHdm
across Sumas Mountain,
Abbotsford.
102406 19901017 SumadMountain Glenmore Road, 1 km 1000 CWHxm1
south of Downes Road,
Abbotsford.
102383 1986:08-07 & Sumas Mountai& [...] Farm, Keeping Road, 100 + 200 + CWHdm Y
198811-14& Sumas Mountai& Abbotsford. 250
199010-18 Sumas Mountain
102407 1990-10-18 Sumas Mountain XXXX properties, 750 CWHxm1

Clayburn, Abbotsford.

102408 199010-18 Sumas Mountain Clayburn Road and Bell 750 CWHxm1
Road, Abbotsford
(Matsqui).

102410 199010-18 Sumas Mountain Keeping and Sumas 500 CWHdm

Mountain Road,
Abbotsford (Sumas
Mountain)
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102411 199010-19 Sumas Mountain Frontage road, west of 750 CWHdm
Lickman, Chilliwack.

102412 199010-19 SumadMountain 1.4 km north of Keith 250 CWHxm1
Wilson bridge, Vedder
Canal, Chilliwack.

102413 199010-19 Sumas Mountain 0.7 km west of Robinson 750 CWHxm1
Road on Majuba Road,
Chilliwack, (Yarrow).

102414 19901019 Sumas Mountain Luckakuck Road, 750 CWHxm1
Chilliwack

102415 1990-10-23 Sumas Mountain 27424128 Street, 250 CWHxm1
Langley (Aldergrove).

102416 199010-23 Sumas Mountain Bradner Road, 0.2 km 300 CWHdm

north of Marsh
McCormick, Abbotsford.

102417 199010-24 Sumas Mountain Cedar Road at bridge, 500 CDFmm
Nanaimo

102418 199010-24 Sumas Mountain XXXXX Farm, Akenhead 500 CDFmm
Road, Nanaimo.

102419 199010-24 Sumas Mountain South Road, Gabriola 750 CDFmm
Island.

102420 199010-24 Sumas Mountain 850 m from North Road 750 CDFmm

on Degnen Road,
Gabriola Island.

102421 199211-25 Sumas Mountain 500m down Cedar Road 150 CDFmm
(south) from Island Hwy,
NanaimeCedar District.

102422 199311-10 Nanaimo XXXX264th Street, 500 CWHxm1
Langley.

102423 199311-10 Nanaimo [...]JUpper Sumas 1500 CWHdm
Mountain Road,
Abbotsford.

102424 199311-10 Nanaimo XXXXXXXth Street, 500 CWHxm1

Aldergrove, (Langley)

102425 199311-10 Nanaimo Glover Road, Langley 500 CWHxm1 N
102426 19941013 Nanaimo South RoadGabriola 1000 CDFmm
Island.
102427 199410-13 Nanaimo Mudge Island, North side. 1000 CDFmm
102428 19941013 Nanaimo XXX Weathers Way. XXX 1000 CDFmm
XXXX property, Mudge
Island.
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102429 199410-13 Nanaimo Stamps Road, Duncan. 1000 CDFmm
102430 199605-16 Nanaimo Salt Spring Island. At the 1000 CDFmm

end of Mansel Road, off

Robinson Road. At hydro

line on Rain Forest Road.

Go to first stop sign in the

estates and straight at

the next stop sign. NOTE

Take "No public access

road" to office to obtain

permission to access the

area.
102431 1996:09-21 Nanaimo Collins Road, Saltspring 1000 CDFmm

Island.
101684 1996:09-24 Cedar, Nanaimo 3.6 km north of Seabird 300 CWHdm

Cafe on Hwy #7. Old rock

quarry.
101655  19921020&  Sumas Mountai Powerline, R.O.W. 500 + 1000+ IDFdm1 N| N

199404-25& Nanaimo& Vedder ~ Naramata, Chute Lake 600
199710-24 canal, Chilliwack Road. Naramata

watershed.
101827 199710-24 Cassidy, Nanaimo  Chute Lake road, 900 IDFdm1 N| N

Naramata. Powerline

R.O.W. Second site on

powerline access road,

near mud bogging area.
6820 2001-09-20 ChilliwackVedder Chute Lake Road. 1000 IDFdm1

Canal

112294 2001-11-08 Cedar/Nanaimo Hwy 91, Delta, east side 2000 CDFmm

of hwy 0.5 km south of

72nd Avenue

intersection.
Table 6 - Longitarsus jacobaeae (Italian strain) dispersal monitoring
Site ID  Inspection Date Location ~ BEC
101831 20030808 Junction of Haslam and Adshead Roads in Cedar district. Between Chemainus and Nanaimo. CDFmm
101675 200309-11 Kevan Drive, Gabriolaland. CDFmm
112297 20030821 Stamps Road, Duncan CDFmm
246920 200807-30 South Road, Gabriola Island. Forest openimgst conifers have been removedlder is replacing. CDFmm
246921 200807-30 South Road, Gabriola Island. Between ### South Boddrestwood Road. CDFmm
246922 200807-29 Haslam Road, private field with cattle grazing. UTM's are approximate, selected the location off IAPP map displé CDFmm
103998 200810-28 North side of Mudge Island. CDFmm
222684 201007-14 Island Highway CDFmm
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101831 201007-14 Junction of Haslam and Adshead Roads in Cedar district. Between Chemainus and Nanaimo. CDFmm
270153 201007-14 Adshead Road, near Cedar. CDFmm
246999 2011-07-19 Hack Brown. East of Nixon. CWHdm
112295 19941006 XXXXX Dawson Road, off Upper Sumas Mountain Road, Abbotsford. CWHdm
101836 200804-16 Cox Road and gravel pit road intersection. CWHdm
275973 20101018 RCO/DCK, Hwy 7, Nicomen Slough area. North Nicomen Road. CWHdm
101835 20031002 Between [...] and...] Polar Avenue, Abbotsford. CWHxm1
101840 200308-26  Abbotsford/Matsqui, Property beside XXXXX, Harris Road. CWHxm1
101665 20030903 Cultus Lake. Between Maple Falls and Iverson. Chilliwack. CWHxm1
101678 20031002 South of Peardonville on RoRsad, Abbotsford. CWHxm1
101672 20030907 South side of 12B Road, Langley. CWHxm1
101680 20030907 Glover Road and 216th Street. West of railway, Langley CWHxm1
101658 20031002 Between McKenzie and Riverside Roads on King Road, Abbotsford. CWHxm1
101838 201007-12 Between Old Yale Road and railway line on rail way rights of way (just above old cabin). CWHxm1
271670 20101020 industrial way west of lickman rd on the north side of the road CWHxm1
276543 20101019 RCO, DCK, Langley. Glover Rézll line edge between rail and fenceline (private). No plants found on the road ec CWHxm1
248116 20101019 Vye east of MacKenzie on the south side. CWHxm1
101841 199508-18 Next to [...] Glenmore Road. Abbotsford. CWHxm1

Table 7 - Cochylis atricapitana release monitoring

Site Treatment Date Source Location No. Released
102401 1991-04-02 Bionomic Private Abbotsford 2827larvae CWHdm
101829 1991-04-05 Bionomie- Abbotsford Sumas Mountain Rd. 398 larvae + CWHdm Y| N
+199410-06 (private) Abbotsford 100 plants

102383 1991-04-11 Bionomic Keeping Rd. (private) 869larvae CWHdm Y
Abbotsford

101831 1991-04-12 Bionomic Chemainus/Nanaimo 481larvae CDFmm Y

101827 1994-04-25 Nanaimo Chute Lake Rd. 70plants IDF dm1

112295 199410-06 Sumas Mountain Rd.  Dawson Rd. (private) 100plants CWHdm N
Abbotsford

101834 199410-13 Nanaimo Cedar arep Mudge Island 100plants CDFmm N

101835 19950517 Sumas Mountain Rd.  Polar Avenue, 50plants CWHxm N
Abbotsford 1

101836 199505-17 Sumas Mountain Rd.  Cox Rd. 50plants CWHdm Y
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101837 19950517 Sumas Mountain Rd.  Vedder Canal dyke 50plants CWHxm
1

101838 199505-18 Sumas Mountain Rd.  Old Yale Rd. 50plants CWHxm
1

101839 19950518 Sumas Mountain Rd.  Private property 50plants CWHdm

101840 199505-18 Sumas Mountain Rd.  Harris road (private) 150plants CWHxm
Abbotsford/Matsqui 1

101841 19950518 Sumas Mountain Rd.  Glenmore Rod. 50plants CWHxm
Abbotsford 1

101843 199505-19 Sumas Mountain Rd.  McKee Rd (private) 50plants CWHxm
Abbotsford 1

102388 19950518 Sumas Mountain Rd.  Clayburn 50plants CWHxm
Abbotsford/Matsqui 1

102430 199605-16 Nanaimo Salt Spring (private) 60 plants CDFmm

6820 200804-17 Fraser Valley Chute Lake Rd. 59 plants IDF dm1

Table 8 - Cochylis atricapitana dispersal monitoring

Site Dispersal Location 2] =(e2
Date

102414 201010-18 Luckakuck Rd. Chilliwack CWH
101667 200309-03 Cannor Rd x CNR Chilliwack CWH dm
102378  200309-03 % km west Cannor Rd x CNR Chilliwack CWH dm
102392  200309-03 Industrial Way & Hwy 1 exit #109 Chilliwack CWH dm
102387 20031002 Wright St. & Bateman Ave. Matsqui CWH dm
102408 20030815 Clayburn Rd. x Bell Rd. Matsqui CWH xm1
102384 20030902 North Parallel Rd. Abbotsford CWH xm1
102412 200309-03 1.4 km north of Keith Wilson bridge Vedder Ca®hllliwack ~ CWH xm1
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APPENDIX G. Tyria jacobaeae

The goal of the Ministry of Forests, Lands and Natural Resource Operation©)k_tReduce target

invasive plant populations to ecologically and economically acceptable levels prel/ant their

encroachment into new areas. Implicit in the use of biocontrol methods is the acknowledgment that

invasive plant eradication is not achievable. Rather, biocontrol agent species and host invasive plant

species exist in predateprey relationdips where the invasive plants are intended to be held at

acceptable population levels with salfistainingagent populations{f A y OS (G KS mMdpcnQas aSg¢
agents have been releasagainst tansy ragworfyria jacobaeaéfoliar-feeding moth)g 1962;

Botanophila seneciellgseedfeeding fly)q 1968;Longitarsus jacobaedéalian strain (rootfeeding flea

beetle)¢ 1971;Longitarsus flavicornigoot-feeding flea beetle) 1971;Cochylis atricapitané&oot

crownfeeding moth)g 1990; and_ongitarsugacobaeaeSwiss strain (roeteeding flea beetle) 2011.

( L Agent Description

Tyria jacobaea@dults are attractive bright red and
brown/black moths 15 to 22 mm long with a wingspan
of 27 to 35 mm (Rees et al. 1996) (Fig2@& Their
forewings are blackrrey with brilliant crimson red
stripes on the upper and lower margins and two red
dots near the tips while the hind wings are crimson. The
brilliant colouring indicates the possibility of toxicity,
therefore, discouraging predators. Thggsare 1 mm
and ae round with ribs (Harris undated e). The larvae
are black with ringed oranggold bands (Powell et al.
1994) (Figur@5). Thepupaeare dark reddistbrown

and 20 to 25 mm long (Rees et al. 1996) (Figuje

Figure25 - Tyria jacobaeaelarvae on tansy ragwort Figure26 - Tyria jacobaeaedult on tansy ragwor
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Life Cycle

Tyria jacobaeabas one generation per year. Thdult moths emerge from pupation in late spring (May
through June) and begin mating and dgging within two weeks (Rees et al. 1996). The females lay 73
285eggswhich are not large numbers compared to other insect species, in batcheslddL6nto the
underside of rosette basal leaves (Harris undated e; Peterson 1977; Stewart and Sampson 2009). Initially
the eggs are yellow but they gradually turn transparent grey and hatch after several weelka:vElee
changes colour through their five instars, from ggggen in the first instar to black with ringed orange

gold bands in the second through fifth instars (Harris undated e; Powell et al. 1994). Larvae develop to
their fifth instar in four to seven weeks and when mature, they measure 2.5 cm in length (Shdley

Petroff 1999; Harris undated e). The first instar feed aggressively on the undersides of the leaves before
they make their way to adjacent leaves and bolting stems as they grow. They prefer to feed on flowers,
leaves and tender stems are less preferrbdt will also be heavily consumed when population numbers
are high. Once the larvae have stripped the plant, they will crawl to additional plants to find more food
(Harris undated e; Rees et al. 1996). Larvae

must consume sufficient plant material to

pupate and need to be at least 140 mg to
fully develop, some growing to 260 mg °

(Harris undated e). Mature larvae leave the
LI \\\\\\\\\\\\\\\\\\\\\

debris and in the soil near the plant
community (Rees et al. 1996). jacobaeae

plant and prepare to pupate under stones,
overwinter asgpupae 4

Figure27 - Tyria jacobaeagupae
Effect on Tansy ragwort

Adultsdo not feed on the plants. THarvaefeed, in preferential order, on the flower buds, on leaves
(often leaving the mid vein) starting with upper stem leaves, then lower stem leaves, and finally on
rosette leaves and may even feed on the outer layer of the stem if food sources are insutfaigeme

28). Peterson1977) noted that 3640 larvae can defoliate an entire plaht.B.C., sites on the coast and

in the Okanagan have had populations of the agent build to this extent and higher, completely
defoliating infestationsThis feeding hasarying effects on the plant population. Often it has been noted
that the size of the plants may be reduced but not the number of flowering pl&ntslérris, A.T.S

Wilkinson and J. H. Myers, unpublished datajated, CanadaT. jacobaeaés able to redue the

fecundity of its host plant but does not have a direct effect on the cover nor biomass (McEvoy and Rudd
1993). Tansy ragwort plants that have been defoliated early in the growing season have a greater
compensation capacity to rapidiggeneratethan those defoliated later which is positively correlated

with the amount of moisture available to the plantgth late summer rains that fall after the larvae

have begun to pupatéCox and McEvoy 1983)his is unlike other invasive species such as bullehist

that is seriously damaged by defoliation (P. Harris, unpublished data, 1989, Regional District, Williams
Lake) However, McEvoy and Cox (1991) later determine that precipitation in Oregon does not decrease
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the combined ability of. jacobaea@andL. jaobaeaeto control tansy ragwort infestationdt is

speculated that plants the dry interior Okanagan Valley should have a lower compensation capacity
andmay not regenerataseasilyr & G K2aS i GKS O2Faideo ¢KS I NBI S
photosynthesize and replenish energy reserves in the roots, potentially leading to plant death in winter
conditions. However, if a plant can build up enough energy reserves, then winter damage may not
occur, despite the defoliation.it8s in Nova Scotia arfllEl experienced plant defoliation and decreases

in plant density and complete plant elimination at sites with no grahimgn B.C. the moth alone was

not able to control tansy ragwort at the initial release sites on the cadst difference appears toe in

the length of recovery time of tansy ragwort after defoliation. In the Maritimes, there are about two
months between defoliation and when the first winter frosts occur while at the B.C. coast, there are
about four months. Decreased root reserves aotber winters explain the success of the agent in the
east(Harris 1973)Again,T. jacobaeaenay be more effective in the drier, shorter growing season and
cooler winters of some parts of the B.C. Interior. There has been an observed significant idetelirsy
ragwort plants at one of th&. jacobaeaeelease sites in the Okanagan Valley after only four years.
Those plants that do regenerate from defoliation and are able to produce flowers, have lower seed
viability than those with seeds produced in Baitowering plants (Sheley and Petroff 1998)key effect

of this agent is the decrease in seed productidrich becomes even more effective when competing
@SasSGl A2y SEA&aGE 6AGK GKS GlFyaé NI3Ig2Nlsla GKS
survive with competitionCoombs 1988Harris 1973)A reduction in seed also reduces the potential for
seeds to enter and remain dormant in the solil for future outbreaks and the chance to create an
infestation elsewhereThis complements the effect bf jacobaeaeon the target plant (Coombs 1988

t

L

McLaren et al. 2000T.jacobaca® d SFFSOG 2y GKS LI I yd OFy RSONBI as$s

disease as was found in Montana where two diseases were discovered affecting the pupae. It is
speculated thain cooler temperatures where the pupae remain in the soil longer, their potential to
disease exposure is greaté€( Markin, unpublished data, 1998, Montankn) Victoria Australia,abpite
their best efforts to handld'. jacobaea®r place it in the recoimended habitat, other factors may have
prevented establishment such dgsease, predation and ill adapted European biotypes for Victoria. As
well, plant nutritional factorsvere considered to ba contributing facto(McLaren et al. 2000Tansy
ragwort dants may continue to survive but remain as rosettes for several years if
they are damaged, nutritionally impoverished or subjected to strong competition
(Thompson and Harris 1986)® 2 | O &ffedt ¢ taGs@agwort may simply
decrease when populatiandecline as a result of decreased food. In turn, the tansy
ragwort may be able to resurge from seeds accessed in the seed bank, from plants
that escaped predation or from those with root reserves still viable (particularly if

L. jacobaeaés not present)In these cases it may be necessary ténteoduceT.
jacobaeaewnhen the plant density builds again.

Figure28 - Defoliated stalk of tansy ragwo
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Handling Cycle

Although the agent in its various forms can be found outside the sequences described below, the weeks ifaticateitoring and collecting
have been found to be the most productive.

Biocontrol ‘ Activity

agent of
interest
Life
Tyria cycle pupa adult adult/larva larva pupa
jacobaeae | monitor adult larva other
collect larva
Notes | Monitor OTHER indicates the opportunity to monitor for presence only, extensive foliar feeding is typical of T. jacobaeae

For general information regarding redistribution of biological agents, please refer to Module 1.9: Biologitmlefite% Monitoring of the IAP
Reference Guide, located at:
http://www.for.gov.bc.ca/hra/plants/RefGuide.htm

For more detailed information on collecting, shipping, releasing methods andraguip please refer to the document Biological Agent
Handling Techniques, for the collecting, shipping and releasing in BC, which is located at:
http://www.for.gov.bc.cahra/plants/downloads/HandlingTechniguesV2.pdf
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Agent Behaviour

T. jacobaea@ppears to be affected by seasonal temperatures. In cooler and wetter than normal spring
months,pupationcan be delayedcausing the adults to emerge later and delaying the ovipositing and
larvae stages beyond normal emergence dates and peak petioasn, moths have been seen in late

fall in colder areas in the U.S.A. such as the Cascade Mountains or some areas along the coast (Rees et
al. 1996) Adultsare hard to capture but can be observieabting on the plants during the dayhey can

be highly ative, take flight when approached and haeag irregulaspatterned flighs before resting

However, they do not travel far to find a mate (Peterson 1977). They are attracted to light and their

peak flights occur at dawn and dusk. When populations are, tiighadults migrate in mass flight (Harris
undated e). Théarvaetend to congregate at the tops of plants (Fig@® and drop from the plants

when they are disturbed where they remain suspended by silken threads. When it is safe to do so, they
climb upthe thread and return to feeding. Larvae have
been known to travel up to 800 m to find food when
plant densities decrease (Harris 2005). Feeding on
tansy ragwort causes larvae to store toxins which
discourage vertebrate predation, however they are
consumedoy other insects and even initial
establishment in B.C. was thought to be prevented by
the predation of carabid beetles. They are also prone
attack by parasitic nosema (Harris undated e).

Figure29 - Multiple Tyria jacobaeadeeding on tansy
ragwort

Dispersal Behaviour

T. jacobaeaenay appear to not be capabld dispersing easily, however, this species is appearing to do
so in B.CTheadultsare considered to beveak flies (Harris undated g Thelarvaewill transfer by

crawling to nearby plants search of foodvhen a plant has become stripped (Re¢sl.1996).In

Oregon the populations did not increase in density or spread significantly for 5 ybarisaren et al.

2000. It is important that the moth infest large populations of plants and have corridors of plants
available for it to disperse along.

Collecting

T. jacobaeaare typically collected for redistribution #&rvae. All instars can be collected, but it is best

to collect later instar, larger larvae (20mm long x5 mm widieey should not be handled without
glovesasthe larvae are sensitivi® the oils on human hands. (Petersb@77). They are lightly

encouragedr gently shakerfrom plants into containersWhen large quantities congregate on plant
terminals, the plants can be tipped ovitie containers and gently shaken to remove the larvitee
collection containers should be well ventilated and the surface area large enough so the larvae are not
piled several deep, especially when smaller larvae may be mixed in with larger larvae. It is helpful to
provide stiff stems for the larvae to clindmd separate themselves. One liter containers can be used for
2550 larvae. Four liter containers can be used for up to 400 la@artainershouldbe cleaned after
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24 hours and new food providethclude as many floral buds as possible and lots of/ lgedwth

attached to stemsCollection container sizes for storage is variable depending on the number of larvae
collected.In ideal conditions of plentiful food, no crowding, cool, dry and not shaken about, larvae can
be kept for a few days. Howevexs hrvae requiresignificantcare and foodlit is best to release them as
soon as possible€ollect larva starting mid to late June through to mid July on Vancouver Island and
the Fraser Valley and one to two weeks later in @lkeanagan ValleyAdult mothscan be collected but it

is not recommended. If this is done, only-200 are kept in relatively small containers and fluffqul

tissue added so they can hide and prevent flight to decrease damage to their wings. They must be kept
cool, dry and not shake@ollections should consist of even numbers of males and females if possible,
erring on the side of more females. Take care not to allow agents to escape during trahspget.
numbers ofT. jacobaeaean be difficult to collect as tansy ragwort infestations are often controlled
within a few years.

Releasing

T. jacobaeaenoths/larvae should be released as soon as possible. Establishment success is higher when
habitat conditions of the collection site@matched to the habitat of the release site. When this is not

the case, it is recommended to increase the number of agents to be released to compensate for
mortality. A matched habitat release in general should be I88ae, however, establishment hagbn
successful with less. A release into unmatched habitat should be a minimum of 1000 larvae
considerably less than theverage larvae release quantities in Tasmanfi@000 McLaren et al. 2000If
releasingmoths, Rees et al. (1996) recommend using@Q00. Release agents into sites with the

preferred site characteristics listed below. Always check for and avoid if possible potential disturbance
factors (described below) at the new site before releasing.

Monitoring

Monitor for larvaeas per the Handling Cycle table above. More specifically,
monitor throughout the Fraser Valley, lower mainland, and Vancouver and
Gabriola Islands from midune through to mieluly, as populations decrease
after mid-July. Monitoring for larvae in theouthern interior typically occurs
throughout Julyand even early Augushs well, larvae feeding evidence can
be observediuring their feeding period anfibr several weeks after the

larvae have stopped feeding and moved into their pupation phBsgng

the feeding period, floral buds and leaves appear to have significant chewed
edges, somewhat resembling grasshopper feeding and unlike thehsiet
feedingin the middle of leaves made lyjacobaeaePlants can appear
blackened as the larvae discard their molted skins and deposit feces on the
plants (Figure30). Take care not to walk on larvae travelling between plants.

Figure30- Tyria jacobaeae Monitor for adultsas per the Handlig Cycle table above. More specifically,
feeding "residue” on tansy monitor throughoutthe Fraser Valley, in early June through late Augush, wi
ragwort plant (feces and molts) peak periods in early to miduly.Adults can be founth the field during the
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day on the plants wherthe upper foliage tends to shadéém while theyrest on the lower plant parts.
Adults can be observed either when they rest on the foliage or when they are encouraged to take flight
by walking through an infestation during the day. Monitor for moths dispersed into sites with the
preferredsite characteristics listed below.

Preferred Site Characteristics

Site Size
Large sitegminimum 0.5 havith high plant densities will ensure longevity and may assist with
successful long term establishment.

Plant Density

High plant density is necessaoyfulfill the feeding requirements of the larva staged allow the larvae

to travel to new plants when they have stripped the ones they occRpgs et al. (1996) describe
necessary fant densityas being greater than 4 plantsfrwhile in B.C. the recomendation is closer to

a minimum of6 plants/m?. An abundant continuous supply of bolting plants each year is necessary to
ensure a continuous increase in population.

Ground Cover

In situations where plant density is low and larvae density is high, thedanay find it necessary to
move from one feeding area to another to fulfill their feeding requiremestgnificant ground cover
may be a hindrance to larvae crawling to adjacent plants.

Competing Vegetation

T. jacobaeadave been found at sites with plenty of plant competition including tall grasses, shrubs and
various forbgFigure31).
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Figure31 - Various sites with plant competition

AT

ChuteLake Road

Cedar Hill Regional Park

Shade

T. jacobaeaare typically found in opersunnyareas such as meadows, fields and road edges. They can
be found on plants under closed canopiien few plants are presenhowever it hasbeennoted that
theytend to not persist in shaglsuch as under trees or in steep canyarsyet locationgP. Harris,

A.T.S Wilkinson and J. H. Myers, unpublished datdated, Canada).

Slope

Adults and larva€lo not appear to have a preference for slope as thaye beerfound on gentle and
steep slopes as well as flat aréasdeal habitat Consider using the slope of a potential site to promote
other desirable conditions (e.g. see Aspect).

Aspect
Adults and larvae do not appear to have a preferenceafparticular aspct in ideal habitatWhere the
habitat is less ideal, release agents onto flat areas or into sunny south aspects.
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Elevation

In Great Britain establishment of the moth has been described as requiring warm sunny sites at
elevations up to 1000 m (Rees et HD96) However, in B.C., the moth has been able to establish at
elevations as low as 7 m and as high as 1144 m.

Temperature

No specific reference to temperature in the literature was discovered, nor measure@.ifOBnote, the
agent originates from Eur@pto central Asia and the source of moths foEBame from Switzerland
(Harris 2005.

Moisture Regime

In Oregon sitesalong thecoast did not establish well, presumably due to high rainfall (200 to 250 cm

annually) (Hawkes 1980). Areas that flood alsmdt establish well. Conversely, sites that have

LINPf 2y 3SR RNE LISNA2R&a> SalLISOALlffe R@EeEBofMoistueS Y2 (K
Regime for details)

Soil Moisture Regime

Dry locations will cause tHarvaeto dehydrate and lose kty weight(Harris undated e)Thepupaecan
lose up to 1/3 of their mass before they will die. Conversely, too much moisture will cause the
larvae/pupae to detrimentally absorb watéHarris 2005). For examplelcLaren et al. (200G)oted
waterlogging durng the winter pupation period was an issue for site establishn2atnot releasd’.
jacobaeaeonto sites where water pools on the ground while the agent is pupating (fall through early
spring).Established releases and positive dispersal locaiiolsCare restricted to hygric and subhygric
areas situated on lower slopes, valley bottoms and plains on the lower mainland and Vancouver Island
i.e. water receiving aresor where thewater table is high beneatiHowever, these sites also have
coarse, weldrained soilsIn the Southern Interior, the moth has establishedmiu and lower slopes in
submesic, mesic, subhygric and hygric locatidhgse features may be more a reflection of where the
plant grows It is important then to ensure sites do not flood otherwise haveverly wet conditions
which can be detrimental to the pupa®¢Laren et al. 2000

Soil Texture and Compactness

T. jacobaeadas been found established in B.C. at sites with minimal top soil over bedrock pargec
soils that providegood drainage (rail lines, road edgasy at sites with organic build up. Additionally,
research has found that dense soil with low porosity can affect survival of soil inhdhitiag by
restricting their movement (Potter et al. 2004).

Snow Cover
T. jacobaeaehas been found established inMat sites with substantial dry snow cover (Southern
Interior), heavy wet snow (Nanaimo) no snow in mild coastal conditions (lower mainland).

Disturbance

T. jacobaeaevould be less successful at sites that arewad when flowers are present as the floral

buds and upper plant parts are preferred by the larvae. Additionally, excavation would not only disturb
the plants and agents feedyron them in the summer, but winter excavation would disturb pupae
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development.Do not releasd . jacobaeaavhere ants and aphids are present (Rees et al. 1996) nor
spiders or where cattle are likely to trample the site.

Biogeoclimatic Ecosystem Classification Zones

T. jacobaeadas been released in and, thereafter, dispersed furiihé various Biogeoclimatic
Ecosystem Classification (BEC) zones (see the Field Guide for a definition and more information).
Included below are the BEC zones the moth has been found to populate in the province iNalate.
that some of the release sisehave not been monitoredue to lack of access or destroyed sises
percentages of establishmenbuldbe higher.

Figure 3 Established releases

BEC Releasd Dispersal
CDF mm 5/7 (71%) 16/16 (100%)
CWH dm 4/4(100%) 5/6 (83%)
CWH ds1 0/2 (0%)
CWHxm1  7/17 (41 %) 9/9 (100%)
IDFdm1 1/3 (33%) 2/2 (100%)
IDF xh1 1/1 (100%)

@ # sites with establishment/ # release sites
b # sites withT. jacobaeaésites monitored

General Location in Province

T. jacobaeadas been released and found established in four general areas of the province including: in
the Fraser Valley; on Vancouver Island; on several coastal islands; and in the Okanagan. The most
easterly established release in the Fraser Valley is near Séslaind. To date this population has not
selfdispersed to the lower mainland fringe of the tansy ragwort infestation near Hope (approximately
21 km away). Older established populations have been found significantly dispersed while younger
populations arealso beginning to disperse. On Vancouver Island the moth has dispersed from Nanaimo
south to Duncan as well as on Gabriola and Salt Spring Islands. On the lower mainland it is dispersing
throughout the Langley, Abbotsford, Chilliwack, Agassiz and Deka ared in the Okanagan it is

beginning to disperse in the Chute Lake area.
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Figure33 ¢ Nanaimo release site: Before images taken July 19, 2006. After images taken mid
July 2010

b/
"
LY

Before
Recommendations

T. jacobaeaés well suited to attack dense populations of tansy ragwort in preferred habitat. It may take

a few years for the population numbers to increase to the point of controlling the target plant on a site.
However, when plant densities decline, the agent nunsbgill also decrease, perhaps even disappear

from some localized sites. As seed banks and roots are not directly attacked by this agent, the plant may
resurge again in the future. For this reason, it is best to release this moth in conjunction with other
biocontrol agents. Recent cool wet springs have been favourable for many plant species, including tansy
ragwort. With a resurgence of the plant, there should be a resurgente jatobaea@mumbers in

subsequent years, especially with a warmer, drier spras they move through their predatprey

cycle and potentially give rise to collectable numbers. Alternatively, the agent may require re
introduction into areas in which it was formerly plentiful if it became locally extirpated in the past due to
lack d its food plant or to areas where the agent has not been able Wistribute itself due to a lack of
corridors with suitable habitaMonitoring release sites should be the first step to determine if the

agent is still present and at what lev8lfficent dispersal monitoring should also take place prior to

further releases of the moth to ensure efforts are not wastad tansy ragwort infestations in coastal
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B.C. are controlled within a few years by the combination of agents, it is necessary tolyeggedach

for new collection sitesReleases of the agent into further sites in th€ terior should be attempted,
eveninto the wet areas of Haida Gwdiiowever, successful control may not be achieved without the
establishment of additional, rodeeding agents. Collections for sites further north than the Okanagan
Valley would be best done from the Okanagan Valley where the agent has spent a generation or two
adapting to the different conditions rather than returning to the coast to collect.
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APPENDIX H. Longitarsus jacobaeae (Italian strain)

The goal of the Ministry of Forests, Lands and Natural Resource Operation©)k_tReduce target

invasive plant populations to ecologically and economically acceptable levels and/émptieeir

encroachment into new arealmplicit in the use of biocontrol methods is the acknowledgment that

invasive plant eradication is not achievable. Rather, biocontrol agent species and host invasive plant

species exist in predateprey relationshipsvhere the invasive plants are intended to be held at

acceptable population levels with salffistainingagentLJ?2 LJdzf | A2y ad® { Ay OS GKS wmdcn
agents have been releasagainst tansy ragworfyria jacobaeaéfoliar-feeding moth)g 1962;

Botanophila seneciell@seedfeeding fly)q 1968;Longitarsus jacobaedéalian strain (rootfeeding flea

beetle)¢ 1971;Longitarsus flavicornigoot-feeding flea beetleg 1971;Cochylis atricapitané&oot

crownfeeding moth)g 1990; and_ongitarsus jagbaeaeSwiss strain (roeteeding flea beetle) 2011.

Agent Description

Longitarsus jacobaee (Italian strain) are roefeeding flea beetles of tansy ragwort (Figd4). The

adult males are 24 mm long while the females are 1 mm larger than the males. Initially gdlderihey
change to goldetbrown when mature and finally to

dark brown when t. They have enlarged rear legs " -
that enable them to leap great distances. Tdugsare
oval and measure 0.66 x 0.3 mm. They are initially
yellow and darken over time (Harris and Crozier 2006
The hatchindarvaeare white, slender, commahaped
and 6 mmx 1mm. Its head capsule is dark brown and
its thoracic shield and anal plate are brown (Powell et
al. 1994; Harris and Crozier 2006) (Figdse The -
pupaeare white and 24 mm long (Rees et al. 1996).

Figure34- Longitarsus jacobaea€talian strain) adult (Powell
et al. 1994)

Life Cycle

Theadultsgenerally emerge in early spring to early
summer (May to June), feed for a short time and
aestivate until late summer or early fall (September),
however spring emergence can be delayed (Powell et
al. 1994; PHarrispers comm.June 1994, When they
appearlater in the season they feed intensely. The
shortened days activate sexual changes in both males
- and females, for example, the flight muscles are

“"  absorbed when oviposition begins (Harris undated d).
In areas where continuous long days occur, 99% of

Figure 35 Longitarsus jacobaea@talian strain) larvae
(Powell et al. 1994)
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beetles die before ovipositing. Oviposition is delayed until October when ideal habitat will offer 3.5
months of suitable weatheiSites which are too cool will inhibit ovipositi@darris and Crozier 2006).

Mating and oviposition continues until staero tempeatures arrive, however, if freezing temperatures

do not occur, the adults may continue to feed for an additional year (Powell et al. 1994). The flea beetle
has historically not been able to control tansy ragwort in Nova Scotia, New Brunswick, Princd Edwar
Island, B.C. interior and higher elevation sites in Oregon since it starts breeding around the first of
October in Canada which allows less than a month compared to the approximate three months on the
B.C. lower mainland and 6 months in some areas ofg@ré€Harris undated d). However, Italian strain
flea-beetles have more recently been found at inland U.S.A. sites at Mt. Hood, Oregon and Lincoln
County, Montana where the mean annual temperatures are 5.6 arftC4a6d mean winter

temperatures are0.76 ar -5.13°C, respectively (Szucs et al. 2011). Each female will lay between 500 to
1000eggswhich are deposited individually at the root crown or base of a leaf petiole or in the soil near
the roots. The incubation period takesl® weeks (Harris and Croz2006). The eggs are vulnerable to
desiccation in dry conditions, so long, moist autumns are necessary. Eggs that are laid early will hatch in
approximately 30 days, yet those that are laid late can remain until spring (Harris undatedvele

take 814 weeks to mature and generally feed on the ctike outer layers of the root crown and lateral
roots. If their numbers are high, they will bore into the root crown and mine the petioles of lower leaves
(Harris and Crozier 2006). Long grooved formatiorisimthe roots are the result of feeding on the

outer layers. Mature larvae typically overwinter in plant roots and will move to the soil to pupate the
following June, doing so up to 5 cm from the plant (Wilkinson 1986).

Effect on Tansy ragwort

Many consieér L. jacobaeado be the most effective biocontrol agent for reducing tansy ragwort stand

densities, including in low deitg infestations and near the coaftalian strainSheley and Petroff

1999. The flea beetl&Population has been shown to rapydincrease and crash in response to their

K2ad LIXIFyGagQa AyONBlFasS F2tt26Ay3 RAAGANBFyOS ' yR N
jacobaeaéhas a strong ability to search out and colonize tansy ragwort infestations. The flea beetle is
alsoablez GGl O1 Ylye 2F (KS LXFydQa LINIaszs adagrasa Iy
shade and soil moisture) and plant densitipcEvoy and Rudd 1993 dult ragged shohole feeding

(5mm diameter holes) typically causes little impact to thenplzowever, in large quantities, heavy adult

feeding can kill rosettes in the fall and winter montk&(ris undated ¢P. Harris, A.T.S Wilkinson and J.

H. Myers, unpublished datandated, CanadaingCounty 2003 Washington State Universi{013)

notes that adultfeeding restricts photosynthesandii KS LJ | yi Q& | 6 Afaivded G2 a2 NE
preferentially £ed on and can kill small rosettes (Harris and Crozier 2006). Density of larvae found at

early B.C. release sites wad B larvae/rosette on 95% of the rosettes sampled which led to significant

reductions in tansy ragwort biomass (CABI 1988). Root feddivig.J- OG a4 G KS LI FydQa &aa2N
reserves necessary to survive the winter. Some reports salatii@efeeding during the winter on

rosette roots can cause the rosettes to die when they begin to bolt the following sphiitg others

claim the ombined eforts ofadult and larvaefeeding can kill plants by the time thevould typically be

producing new vegetative shoots and buds (Khaginty 2004Washington State Universig013. In

general, it has been noted that the effectiveness of biocontrol may tgki® six years before a
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significant change in plant density can be observed, for example, tansy ragwort plants may continue to
survive but remain as a rosette for several years if they are damaged, nutritionally impoverished or
subjected to strong compéton (King County 2004; Thompson and Harris 1986). However, McEvoy and
Rudd (1993) demonstrated that jacobaea®Nd LJA Rf @ NBRdzOSR GFy&aeé NI 3Ig2NIQa
to a sharp decline in plant abundance in a five year field studacobaeaéeeding can indirectly affect
seed production; however, this is more efficient when coupled Bitlseneciellar T. jacobaeagin

particular) feeding. Buried seed is not affected and the plant population may resurge if the number of
flea-beetles decreasess a result of lack of foodl. jacobaeaean survive on few plants (unliHe

jacobaeag and remain in an infestation, their numbers rising again when the flea beetle adeptly finds
new plants as the plant population increases (Harris and Crozier 20061i30Dregon newsletter

1988. However, if the fledoeetle population is no longer present due to lack of food, the agent may
need to be reintroduced into the area.
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Handling Cycle

Although the agent in its various forms can be found outside the sequences described below, the weeks indicated for grandarailecting
have been found to be the most productive.

Biocontrol ‘ Activity

agent of
interest
Life
Longitarsus cycle egg/larva pupa adult inactive adult adult adult/egg/larva
jacobeaea
(IT) monitor other adult
collect adult
Notes | Applicable to L. jacobaeae (ltalian) strain only. Monitor OTHER refers to feeding evidence (Aug/Sep).

For general information regarding redistribution of biological agents, please refer to Module 1.9: BiologitmieTite% Monitoring of the IAP
Reference Guide, located at:
http://www.for.gov.bc.ca/hra/plants/RefGuide.htm

For more detailed information on collecting, shipping, releasing methods andrequip please refer to the document Biological Agent
Handling Techniques, for the collecting, shipping and releasing in BC, which is located at:
http://www.for.gov.bc.cahra/plants/downloads/HandlingTechniguesV2.pdf

Tansy Ragwort biological aget®perational Field Guide. Appendix H: pédge


http://www.for.gov.bc.ca/hra/plants/RefGuide.htm
http://www.for.gov.bc.ca/hra/plants/downloads/HandlingTechniquesV2.pdf

Tansy Ragwort biological agentOperational Field Guide

Agent Behaviour

Theadultsare more easilpbserved when tansy ragwort plants are growing in aregls \ss plant
competition or where the competing vegetation is grazédults arearely found orthe upper half of
bolted plants but instead ardrequently observed on the upper and lower leaf surfaces of large rosette
or basilleaves during the spring and summer montAger initially feeding, the adults aestivate for the
remainderof the summer (Powell et al. 1994). They become most active in the fall when the autumn
rains begin (Sheley and Petroff 1999) and breeding commences. Adults choose oviposition locations
prior to commencing egg laying (Harris undatedi)ringthe breedingand ovipositing periodghe

adults can frequently be found on the soil surface near plamtsnild climatesadultscan hibernate

during winter months. The agent can also spend the winter montlegygs Typicallylarvae overwinter

and they spend thiime in plant roots but will overwinter in the sollarvaecan be found feedingown

leaf petioles into the root crown ancbntinuing tomowe into the root and mine the interior and exterior
root parts (KingCcounty 2004Washington State Universi8013. In crowded or waterlogged conditions,
the larvaewill feed on root crowns and within the petioles of lower leaves (Harris and Crozier 2006).

Dispersal Behaviour

Adult flea-beetles distribute themselves by walking (Powell et al. 199dmales stop dispsing once

they become reproductive in the falk studies from New Zealand have shown that the flight muscles of
L. jacobaeaare absorbed when oviposition begins (Harris undated d)

Collecting

L. jacobaeaare collected for redistribution asdults. As the adult flea beetlesestivate during the

summer months, they appear more abundant and kaiss prone to dispersas they mate and oviposit

in the fall. The optimal handling months occur between late September and late Novertlies been

found that it s more difficult to monitor for and collect adults thick, competing vegetation. Check for
feeding evidence to determine their presence. The shot holes will be visible mainly on the lower leaves.
Collect the flea beetles by aspirating them from filants with handheld aspirators or large units

carried on the back. With this method, collection can take place any time of day. Once an area has been
passed over, wait approximately 30 minutes ane/ist the area again as those flbaetles that fled

the disturbance will readily return to the plants. When aspirating the-fleatles with large backpack
aspirators, plant and other debris also gets sucked up. Place all contents into a large plastic bag to allow
the fleabeetles to emerge from the debriSeparate the fledeetles from the debris, which may

contain a variety of unwanted invasive plant seeds and predators such as spiders, by usinghaltiand
aspirator. Transfer the fleheetles to containers for transport. If large numbers of fiemetles ae

placed into a container, add fluffed up tissue to create surface area upon which the beetles can cling and
disperse themselves from one another to prevent constant contact and disturbance from other jumping
flea-beetles.

Releasing

Releases that resulteid establishment of.. jacobaeadtalian strain in B.C. have ranged in number from
100 to 2000. It is recommended to release a minimum of 150 flea beetles (preferably more) to a new
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site with the same habitat and approximately 162000 to a different haitat. In Montana U.S.A., 100

to 500 are recommended (Rees et al. 1996). In any daseglivays preferable for the agents to be
collected and redistributed within the same type of habitat. If the recipientisitéthin a different
habitat/BEC zone, it advisable to use larger numbers to transfer to compensate for the stress on the
population as much as possibReleasing two or more biocontrol agents that attack tansy ragwort
plants via different modes and during varying times of the yean increae their efficacy tha if

released alone (McLaren et al. 2000). ReleakirjgcobaeaandT. jacobaeadogether is considered the
most effective biocontrol agent combination. Observe the preferred site characteristics described below
for recommendations bwhere to release the fleheetles, however, note that on one hand a study in
Oregon investigating the four environmental conditions of precipitation, elevation, land use and year of
flea beetle releases found that the success of controlling tansy ragmastindependent of the variation

in these conditions (McEvoy and Cox 1991), while on the other, these conditions may or may not have
Y2NBE Ay FtdzZSyOS Ay . ®/ ®Qa KIoAlGlrGaod

Monitoring

Monitor by observingdultsand theirragged shoholefeeding (Figur&6) within the leaf surface
(distinct from the large quantities bitten off from the edges of the leaffbjacobaeadarvae more
commonly found on the upper plant) during early spring, in late summer and into latBé#tL.
jacobaeaeandC atricapitanalarvae create browncoloured root crownsvhich canbe seen when basal
leaves are pulledwayfrom the root crown When plants are@xcavated prior to the spring pupation
period, slender whitecoloured larvae or feeding damagan be observedroorin plant raots. This
feedingevidence and early instar larvae calsoeasily be confusedith C. atricapitanalt is advised to
differentiate between these larvae species later in the season (end of July)@regricapitanacan be
distinguished as Lepidoptera atate-developingL. jacobaeadarvae may be feeding on the outside of
the roots(P.Harrispers comm.June 1994P. Harrigpers.comm Aug. 2002. Flea beetle larvae have
three pairs of true legs on the thoracic segments while moths and butterfly ldrsee pairs of prologs,
typically on most of the abdominal segments. With a hands lens these could be seen as a ring of
crochets or hooks on the short cylinder bo®y Harrigpers.comm.Aug. 2002)L. jacobaeaandC.
atricapitanacan coexist as they tyjgally feed in different locations on the root (Harris 2003b).
jacobaeaecreate bng grooved formationsn the rootsasthe result of feedingand can be easily seen
whenthe outer layeris scraped away (Figur@)3(Cesselli pers. comm. 201Bdok for he larvae at the
root crown and in the petioles of the lower leaves if the soil is very moist.
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Figure 37- Feeding scars exposed on root after scraping off outer root layer
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Preferred Site Characteristics

Site Size

Potentialrelease sites should be no less than 250 @ites should have a corridor of plaritssuitable
habitatto allow the agent to selflisperse as the main infestation declirmsa plan should be in place to
actively redistribute the bioontrol agent

Plant Density

Plant density should be at leagplants/m?. As adult flea beetles walk between plants, dense

infestations are preferrednhowever,L. jacobaeasvill colonize and establish in lower density tansy
ragwort infestations tham.jacobaeag McEvoy and Rudd 1993lso, all release sites should havelwel
established plants where a significant portion of the plants are healthy rosettes that larvae can feed on
throughout the winter and ensure the sustainability of the infestation. MiyEand Cox (1991) found
smaller, younger plants in the infestations carried the highest numbektsjatobaeadarvae. Sites

require sufficient plants and security to endure for the length of time required.f¢gacobaea¢o build

to a wellestablishedoopulation, generally four years (Wilkinson 1986).

Ground Cover
L. jacobaeadave been found on sites with both ground cover and bare soils, therefore, showing no
preference.

Competing Vegetation

Adults and evidence have been found in areas with significampeting vegetation including shrubs,
forbs and grasses, which help to eedmpete weakened tansy ragwort plants, however, the agent has
also been found in stands with no competing vegetation, therefore no preference is shown.

Shade

L. jacobaeagrefers sunny locations, but, adult flea beetles have been found on plants growing in small
isolated infestations within closing canopy. The fbegetle does not tolerate heavy shade, however, it

has been noted to populate plants growing in shade (Rees e986; McEvoy and Rudd 1993).

Slope

L. jacobaeaés found on flat and a variety of slopes in B.C., therefore, showing no preference. However,
in Atlantic Canada, south facing slopes with good drainage are recommended (Stewart and Sampson
2009).

Aspect
L. jambaeaeshows no preference for a particular aspect as they are found on varying aspects and on
flat ground.

Elevation

To date L. jacobaeadas established at elevations in B.C. as low as 5 m and as high as 285 m. King
County (2004) predicted preferred elevations were below 731 m while Harris and Crozier (2006)
indicated the flea beetle would not go over 400 m.
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Temperature

L. jacobaeadreedng/ovipositionis inhibited when siteare too cod (Harris and Crozier 2006). Italian
strain fleabeetles have recently been found at inland U.S.A. sites in Oregon and Montana with mean
annual temperatures of 5.6 and 4G and mean winter temperatures €f.76 and-5.13°C, respectively
(Szucs et al. 2011).

Moisture Regime

L. jacobaeaeggscan desiccate idry conditions, sanild, rainy autumns/winterare necessaryHarris
undated d), however areas that are flooded are not desirabfeVa@ncouver Islanchithe Nanaimo,

Cedar and Duncan areas and on the lower mainland from Hwy 91 near Delta east to Bridddd=ddia
beetle is established in areas wgkgnificantprecipitationthroughout the winter, spring and fall

months. The flea beetle has been reped as suitable for sites in the Pacific Northwest coast (McLaren
et al. 2000)McEvoy and Cox (1991) determined that precipitation in Oregon does not decrease the
combined ability of.. jacobaea@ndT. jacobaea¢o control tansy ragwort infestations.

Soil Moisture

The flea beetles are frequently found on lower slopes, valley bottoms and plaiggric and subhygric

areas on the lower mainland and Vancouver Island, i.e. water receiving areas or where the water table is
high beneath. However, these sitalso have coarse, walrained soils. These features may be more a
reflection of where the plant grow$owever, this may also reflect that tleggsdo not survive in dry

soil (Harris and Crozier 2006) and the agent does not establish in spring flaoé\kieugh pupae of.
jacobaeaéehave been reported to absorb water and perish when the soil is too moist aneivedtied

sites are best foL. jacobaeaestablishment, this species can tolerate moist sites better fhan
jacobaeagWilkinson 1986). Laae can endure spring flooding by feeding on the root crown and leaf
petioles in mild climates (Powell et al. 1994).

Soil Texture and Compactness

L. jacobaeaeequire weltdrained soils. They are frequently found on coarse soils along roadsides and on
silt-loam soils common in the Fraser Valley, lower mainland, and agricultural properties. Additionally,
research has found that dense soil with low porosity can affect survival of soil inhdaitiagby

restricting their movement (Potter et al. 2004).

Salinity

Some indication has been found that salinity in the top A horizon of soil may affect success of the closely
related flea beetld.. flavicornigPotter et al. 2004). It is recommended saline soils are avoided when
releasing.. jacobaeae

Snow Cover

L.jacobaeaehas established on Vancouver Island near Nana(eolar and Duncan areas and on the
lower mainland from Hwy 91 near Delta east to Bridal Falls where snondglbe absent owet and
heavy
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Disturbance

Unlike other biocontrol agents of tansy ragwj L. jacobaea@ppears to tolerate some disturbance. It is
found at roadside sites that are mowed and in fields that are grazed by livestock. King County (2004)
noted that regulamowing may prolong the life of the plant as a shlived perennial andncrease the
longevity of a site by keeping the plants in an artificial rosette stage and preventing bélbmgver,

the closely related flea beetle flavicorrishas had difficulty establishing at some sites in Tasmania,
Australia. The working of the weoil by cattle hooves is suspected of causing high larval mortality at
some of these sites (McLaren et 2000).

Biogeoclimatic Ecosystem Classification Zones

L. jacobaeadas been released in and, thereafter, dispersed further into various Biogeoclimatic
Ecosystem Classification (BEC) zones (see the Field Guide for a definition and more information).
Included below are the BEC zones flea beetle has been found fmopulate in the provinceo date.
Note that some of the release sites have not been monitated to lack of access or destroyed sises
percentages of establishmenbuldbe higher.

Figure 38 Established releases

BEC Releasd Dispersal
CDFmm  18/18 (100%) 10/10 (100%)
CWHdm  15/17 (88%) 4/4 (100%)
CWHds1 0/2 (0%)
CWHxm1 20/22 (90%) 12/12 (100%)

IDFdm1  0/2 (0%)
a4# sites with establishment/ # release sites
b # sites withL. jacobaeadsites monitored

General Location in Province

L. jacobaeadas been widely released in the Fraser Valley, in the lower mainland and on Vancouver and
Gulf IslandsThe most easterly releasgasmade near Seabird Island in 19%6established and is self
dispersingvestward towithin 21 km of the Fraser Vallégnsy ragwort infestationslt has disperseds

far east as Agassiz (Bridal Fdils) no evidencehas beerfound at any of the tansy ragwort infestations
established irthe immediate Hope areéthe furthest east of the coastal infestation#f)is established

and dispersing on Vancouver Island and various Gulf Islands in the general areas of the releases
including Nanaimo, Cedar, Cassidy, Duncan, and, Gabriola, Salt Spring, and Mudge Islands.
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Figure 3 - Longitarsus jacobaeaecslease made on November 18, 1988 Vancouver Island

Summer 1990

Fall 1997
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Recommendations

Recent cool wet springs have been favourable for many plant species, including tansy ragwort. With a
resurgence of the plant, there should be a resurgence. gicobaea@umbers in subsequent years as

they move through their predateprey cycle. Cool wet springs in Oregon have not decreased the flea
beetle populations as they are reported to still be active (Oregon Wheat 2011). A resurgence of the
plant in areas where ivas formerly controlled by the flea beetle may result in an increase in thellocal
jacobaeagpopulation, giving rise to a source for collection and redistribution elsewhere. Alternatively,
the agent may require rntroduction into areas in which it wdermerly plentiful if it became locally
extirpated in the past due to lack of its food plant or to areas where the agent has not been able to re
distribute itself due to a lack of corridors with suitable habitdbnitoring release sites should be the

first step to determine if the agent is still present and at what leSeifficient dispersal monitoring

should also take place prior to further releases of the-fheatle to ensure efforts are not wasted. It is
recommendedo collect and releask. jacobaeaéltalian) into gaps found in its distribution, primarily

on Vancouver Island, on any of the Gulf Islands, the Sunshine Coast, and on the lower mainland towards
Squamish. More specifically, collections that arise from CWHds 1 sites may be best suitbzhf® r
eastward towards the Hope area and northwest towards Squamish while collections taken from within
the CWHmMm zones may be better suited to release sites located up the Sunshine Coast and northern
Vancouver Island. As no collections from coastal li&a@ resulted in establishment in the interior to

date, it was not thought they would survive at higher elevation, cold winter sites, however, Italian strain
flea-beetles have recently been found at inland, cooler U.S.A. sites in Oregon and Montanat It is
currently recommended to attempt further releases of the Italian strain into the Okanagan Valley as a
pure Swiss straih. jacobaeaeelease has been made in this location and although these two strains can
hybridize and survive in a natural settingetresulting traits of development time, fecundity, longevity,
egg size and sex ratio are not yet knof@zucs et al. 2011). Further studies are needed to determine if
their hybridization should be promoted or avoided. For this same reason, it is curnently

recommended to distribute this strain to the Haida Gwai tansy ragwort infestations. Greater success
may be found with the Swiss strain if it establishes in B.C.
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APPENDIX I. Cochylis atricapitana

The goal of the Ministry of Forests, Laraigl Natural Resource Operations (FONR to reduce target
invasive plant populations to ecologically and economically acceptable levels and to prevent their
encroachment into new areas. Implicit in the use of biocontrol methods is the acknowledgment tha
invasive plant eradication is not achievable. Rather, biocontrol agent species and host invasive plant
species exist in predateprey relationships where the invasive plants are intended to be held at
acceptable population levels with selfistainingagent populations{ A y OS G KS wmpcn Qax
agents have been releasagainst tansy ragworfyria jacobaeaéfoliar-feeding moth)g 1962;
Botanophila seneciell@seedfeeding fly)q 1968;Longitarsus jacobaedéalian strain (rootfeeding flea
beetle) ¢ 1971;Longitarsus flavicornigoot-feeding flea beetle) 1971;Cochylis atricapitané&oot
crownfeeding moth)g 1990; and_ongitarsus jacobaea8wiss strain (roeteeding flea beetle) 2011.

Q)¢
u»
Q

Agent Description

Cochylis atricapitanadultsare fragile, 3 mm long moths with a wingspan of 7 mm (Powell et al. 1994)
(Figure40). Harris (200B) records the wingspan to be 46 mm.Their forewings argvhitish to tan

with a light pink hue ithe white which is more
pronounced in the females (Harris 2003bhe

forewings also haviregular brown, black and gray
markswhich Ireson (1999) describes as a band of 1mm
wide brownish blotch that runs diagonally across the
middle and end of the forewigs The hind wings of the
YFEES Y20K&a NB gKAGS GAGK
are dark grayA dark tuft of scalef0.3 mm long)

projects upward from behind the headhe oval, flat
eggsmeasure 0.5 x 0.3 mm, are translucent white and
gradually changéo yellow. Newlarvaeare creamy

white with a black head and the body darkens with age
(Figure4l). Pupaeare light brown, measure 7 x 150 5
mm and are enclosed in a creamy white silken cocoon Figure 40 Cochylis atricapitanadult (Powell et al. 1994)
that changes to pink
(Ireson 1999; Harris
2003b).

Figue 41- Cochylis atricapitana larvae
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Life Cycle

Theadult moths emerge from pupation in spring (Mdwne) or summer (July to August) as they are
capable of multiple generations each y€&8chroeder et al. 1989). The sex ratio of males to females is
1:1 (Ireson 1999). Females will oviposit an average okgig8each but will oviposit as many as 355
(McLaren 1992singularly or sometimes in pairs typically along the secondary and tevearg on the
underside of leaves. Developifagvaecan be observed through the egg surface (Ireson 1999).
Incubation at 24C will cause the larvae to hatch after five days. Larvae develop through five instars
which take approximately 33 days dependingtba temperatures. First generation larvae (summer)

mine under the epidermis of the leaves then into leains, petioles and the stems where they may

move upwards into the flowers (Schroeder et al. 1p&¥®velopment and pupation may take place in

the stem(lreson 1999). Alternatively, these older larvae may leave the stem and climb externally up the
plant to mine the developing shoots or flower buds. Here the spring larvae complete development and
pupate (Schroeder et al. 198%eeding in the stem causigo swell and an obvious hole and yellowish
brown cocoon is left behind when the moth exits (Kimber 2013). Second generation (autumn) eggs are
laid on rosette leaves and the hatching larvae mine the rosette leaves downward to the root crown,
feeding anddeveloping until hibernation. If the autumn generation overwinters as the fourth instar,
feeding resumes the following spring when they feed on the root crowns or when they make their way
upward into the lower central shoot area to pupate. If they overwirds the fifth instar, they move into

the soil and pupate the following spring (Schroeder et al. 1989 the nevadults exit, they discard

their pupal case at the exit point, which may be from the root crown, stem,dosdil (Ireson 1999).

This proces takes 40 days for completion (Ireson etusldated).

Effect on Tansy Ragwort

Adultsdo not feed on the plantd.arvaeattack fullgrown plants and rosettes during separate
generations. High density attack ©f atricapitanacan have significant impacnhadts host plant

(Schroeder et al. 1989). The first generatiarvaefeed on leaves, stems and flowers. The second
generation larvae feed on the lower stems and root crown, but rarely on the roots (Harris 2003b).
Larvae feeding on the various plant pahntss different effects on tansy ragwort: feeding down thaf

vein can cause the leaf to die which interferes with floral developmiemiding and development in

young stems causes them to thicken and suppresses flowering while feeding on older steritis can k
them; feeding on flower buds can prevent flowering and decrease seed produced; feeding on rosette
root crowns causes them to stop growing or die and creates blackening or browning at the rosette
center; and, feeding on bolted root crowns and in stemgse stems to brown and die and plants may
produce stunted boltsHarris and Schroeder 1989; P. Harris, pers. comm. June 1994; Ireson 1999; Harris
2003b; S. Cesselli, pers. comm..Q6tL2). However, if the plants have enough reserves, they can
produce rod buds in response to attackl@rrisundateda). Plants that regenerate produce less foliage
and no flowers while big rosettes that have sustained repeated attack in the autumn frequently perish
the following spring when under attack again (Schroeder.€1289). Measurements in Australia
showedC. atricapitanastunted growth, reduced ragwort heights, killed rosettes and reduced the
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diameter of live rosette tissues (McLaren et al. 2000). Tansy ragwort plants may continue to survive but
remain as a rosettéor several years if they are damaged, nutritionally impoverished or subjected to
strong competition, but secondary attack by fungi, bacteria and some insects accessing the plant
following attack byC. atricapitanacan also lead to plant death (Thompsordafiarris 1986; Ireson

1999).

Figure 42- Cochylis atricapitana larvae and feeding damag
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Handling Cycle

Although the agent in its various forms can be found outside the sequences described below, the weeks indicated for grandarailecting
have been found to be the most productive.

Biocontrol ‘ Activity

agent of
interest
Life
Cochylis cycle larva pupa adult larva Larva/pupa | adult adult/larva larva larva
atricapitana | monitor larva larva larva
collect larva larva larva
Notes | multiple larva/pupa found/plant root/crown. Excavate infested plants prior to larva vacating to pupate in the soil

For general information regarding redistribution of biological agents, please refer to Module 1.9: Bidlogatatent & Monitoring of the IAP
Reference Guide, located at:
http://www.for.gov.bc.ca/hra/plants/RefGuide.htm

For more detailed information on collecting, shipping, releasing methods anigpmgnt, please refer to the document Biological Agent
Handling Techniques, for the collecting, shipping and releasing in BC, which is located at:
http://www.for.gov.bc.ca/hra/plants/downloads/HandlingTechniquesV2.pdf
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Agent Behaviour

During the dayadultsare inactive, remaining close to the ground near or on the plants, taking flight
near dusk and becoming active during the night (Schroeder et 82)1®n rare occasions they have
been found on rosettes in Augudiocturnal adults may bdrawn to a acklight. Larvaewill exit a
dying/drying up root and transfer to a new plant root (P. Harris pers. comm. August 2001).

Dispersal Behaviour

In Australa, dispersal was found to vary in different locations. In Victoria, Australia, the maximum
dispersal at a site was 100 m in three years while populations took 11 years to develop before more
significant dispersal began, for example, one release made in h88 dispersed over 10 Krny 1999.
Conversely, in Tasmania, Australia, the maximum dispersal at a site was 200 m in three years (McLaren
et al. 2000)Harris (2003) notes the moth spread 15 km in five years in Nova SodaC., the agents

have beendund to disperse between 7 and 7.5 km in both Abbotsford and Chilliwack.

Collecting

C. atricapitanaare collected for redistribution darvaeinside infested plants. When transplanting tansy
ragwort plants in June through July, ensure the stems are not broken or clipped as the larvae/pupae
may be in the length of the stems, from near the flowers or close to the root crown. When transplanting
tansy ragwort plants in September through early March, accomplish this before the fifth instar larvae
exit the plants to pupate in the sdqiBchroeder et al. 1989\ ccording to historic B.C. records, late
autumn collections appear to be less successfubltect and transplant larvae infested plants than
spring.Ensure soil is retained around the roatisd kept moist but not saturatetb decrease the stress

on the plants. If plants are plentiful, it is useful to dissect a few to ensure the plants arethfesd to
determine the average quantity of larvae being collected to transfer to a new location. However, root
crown feeding larvae in their early instars may easily be confusedlwihobaeaaoot feeding larvae
(Harris perscomm.June 1993 Later instarC. atricapitandarvae are more readily identifiable as their
Lepidoptera shape is more apparent, they are larger and are found in the root crown. If the collection
site also has. jacobaeagoresent, collecting plants with first generati@h atricitanalarvae in the

spring and early summer may be best so as to not disturlk.thj@cobaeaevhich do not begin

ovipositing until early fallCollection ofadult C. atricapitanavould be best (P. Harris pers. comm.
August 2001), but has not been perforcho date in B.C. due to the difficulty of locating significant
guantities of the moth in the dark, although they can be attracted with a black I@jtdtricapitands

also easily bred in a greenhouse (Harris undated b).

Releasing

A minimum of 50100larvae (Harris undated b) or 50 infested plants should be transplanted for a
release ofC. atricapitanglreson et al. undated])t is always preferable for the agents to be collected
and redistributed within the same type of habitat. If the recipient steithin a different habitat/BEC
zone, it would be advisable to use larger numbers to transfer to compensate for the stress on the
population as much as possibEnsure the soil around the infested plants is kept moist but not
saturated during transplantimand the plants revisited to determine if they require more water to
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survive. This is especially important for sites that are in dry habitats where the plants may die quickly.
However, larvae will leave dying roots to find healthy plants should the tfantpnot survive. If solid

pots are used for transporting the plants, dig these into the ground such that the top of the pot (where
the soil within the pot should reach) is flush with the surrounding soil, or remove the plants and dig
them into the groundas the larvae may have difficulty exiting the pot. If nursery containers are used
that break down over time, ensure there is sufficient soil within the containers so the larvae may exit
from the top and keep them moist so they do break down or removepthats as well and place them
into the ground. If the plants survive in the pots, the larvae may remain in the potted plants, pupate and
exit as adults. At sites whefle jacobaeaeare present in large numbers, their aggressive feeding of the
flower buds leaves and upper stems may negatively impaet fiower and stem generatioof C.
atricapitanalarvee. Sites should be investigated fbrjacobaeadefore C. atricapitands released to
ensure large numbers of the cinnabar moth are not present. Howeghkrasing two or more biocontrol
agents that attack tansy ragwort plants via different modes and during varying times of the year, can
increase their efficacy than if released alone (McLaren et al. 2000).

Monitoring

Adultsmay be monitored in early May and August but they can be difficult to find due to their size and
markings and their behavigsee Agent Behavior sectioook for them on the ground near the plant

or on their host, both rosettes and bolted plantsarvaeshould be monitored fom midsummerfrom

late June to late Jul. atricapitandarvae that feed on leaves and stems do so by mining these plant
parts in contrast to the readily distinguishalllgacobaeadarvae with unique feeding from large cuts in
leaves, often leaving the migkein, to defoliating whole plants in large numbers. The entrance oCthe
atricapitanalarvae into the plant can be distinguished by small tunnel entrances at the leaf bud in the
axils of side shoots where fine fecal matteioiten left behind. If pupation has occurred within the stem
and the moth has exited, a pupal case may protrude from the tunnel opening. Attacked plants may have
blackened and wilted flower buds or the flower crown may have multiple stems as a restifiaif an

the stem (Ireson 1999F. atricapitandarvae can be easifpund in dissected root crowns tunneling

can be seen iout open stensor root crowns.Both C atricapitanaandL jacobaeadarvaecreate
brown-coloured root crownsvhich canbe seenvhen basal leaves are pullesvayfrom the root crown
Tunnels filled with frass will be evident, indicating the former or current presence of larvae. The wilted
appearance of side shoots can also indicate larval damage to the root crown (Ireson elaa¢d)n

When plants arexcavatedn the springslender whitecoloured larvae or feeding damagan be
observedn or on plant rootsThis feedingvidence and early instar larvae can easily be confustd

L. jacobaeaelt is advised to monitor fdarvaelater in the seasoifend of JulyiwhenC atricapitana

larvae can be distinguished as Lepidoptdta-arrispers comm.June 1994 Flea beetle larvae have

three pairs of true legs on the thoracic segments while the moths and butterfly larvae have pairs of
prologs, typically on most of the abdominal segments. With a hands lens these could be seen as a ring of
crochets or hooks on thehsrt cylinder body. As well, any latievelopingL. jacobaeadarvae should be
feeding on the outside of the roots and root crow. Harrigpers.comm.Aug. 2002)C. atricapitana

andL. jacobaeaean coexist as they typically feed in different locatioms the root (Harris 2003b).
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Preferred Site Characteristics

Site Size

Ideally,C. atricapitanaelease sites should be 250 m500 nf with plants occurring either in a
continuous stand and uniform distribution or in a continuous clumping pattern to dpvatollection
site. With larger sites, it can be more difficult to find the agent when their numbers are i@s.sBould
have a corridor of plants to allow the agent to sdi¥perse as the main infestation declines.

Plant Density

Plant density shoulbe at leas® plants/m?. All release sites should have a mix of first year rosettes,
mature rosettes and bolting plants to allow for multiple generations to oviposit and to prevent the moth
from taking flight to find suitable plants. Wheeveralbiocontrd agentspeciesare released on the

same site, the site size and the plant density should be increased.

Ground Cover
In B.C., eidence of larvae feeding has been found most commonly on rosettes growing in areas with
little ground cover

Competing Vegetation

In B.C., aither adults nor evidence of larvae have been found on tansy ragwort plants growing within
thick, competing vegetation.dvever, at these sitedarvae have beefound on rosettes established on
the margins othe thick competing vedation, therefore, heavy plant competition does not appear
favourable

Shade
In B.C., neitheadults norevidenceof larvae have been founoh rosettes growing in open or closed
canopy therefore, shade does not appear favourable

Slope
In B.C., aduland brvaehave beerfound on artificial slopes, natural slopes and flat ardreesefore,
slope does not appear to affect establishment.

Aspect
Adults and larvae do not appear to have a preference for a particular aspect.

Elevation
In B.C.the moth has ken able to establish at elevations as low as 11 m and as high as Psveil et
al. (1994) note£. atricapitanao be more effective in controlling tansy ragwort at higher elevations.

Temperature

No temperature preferences have been identified to dettd3.C. Although Harris (2003) mentions the
moth as useful for areas with early winteitshas not yet survived attempts to establish it in the
southern interior where temperatures are more extreme than the moderate habitats of the lower
mainland and islads.
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Moisture Regime

No moisture regimepreferences have been identified to dateB.C, however, the moth has not yet
survived attempts to establish it in the southern interior whéris drier throughout the summer and
much of the moisture comes as smpunlikethe lower mainland and islandghere precipitation is
significant throughout the winter, spring and falichroeder et al. (1989) describes the moth as most
effective in warmer and drier parts of the tansy ragwort range while Kimber (2013 listscapitana
as being commonly distributed around the coast in the British Isles.

Soil Moisture Regime

Established releases and positive dispersal locations are restricted to hygric and subhygric areas situated
on lower slopes, valley bottoms and plamsthe lower mainland and Vancouver Island. water

receiving areaor where thewater table is high beneathHowever, thesesites alsdave coarsgwelt
drainedsoils These features may be more a reflection of where the plant grbvesn observations, the

moths gpear to prefer habitats with bare ground and well drained s@llsatricapitandarvaethat

pupate in waterlogged soil may be negatively affected from absorption of too much moisture as are
jacobaeae Schroeder et al1089) says the moth avoids moist sites.

Soil Texture and Compactness

C. atricapitanaappears to prefer coarse weldrained soils. However, plants growing in the-lsiim soils

in the Fraser Valley were not inspected as they were within private land atiypigithin crops.

Additionally, research has found that dense soil with low porosity can affect survival of soil inhabiting
larvaein general by restricting their movement (Potter et al. 2004). Kimber (2013) describes the moth as
being common on chalky gund in the British Isles.

Snow Cover

C. atricapitanghas established on Vancouver Island ndanaimoand in the Fraser Valley around
Abbotsford and Chilliwack where tlsmowfall is not consistenhut is wet and heavy when it does
occur.

Disturbance

Although the larvae have been found on plants that have been previously mowed, the moth would be
less successful at sites that are mowed when flowers are present as the flowers and upper stem and
leaves are required for the first larval generation. Excavadien would not only disturb the plants and
agents feeding on them in the summer, but winter excavation would disturb pupae development.
Additionally, wind, natural or that caused by heavy traffic, may negatively affect the fragile moth. It has
establishedat a windy site in B.C. but the majority of sites have windbreaks of someiadiricapitana

may be affected by parasites and predators. In Australia, parasitic tachinid fly larvae were seen attacking
the moth larvae and spiders and birds have been deeding on the adult moths (McLaren et al. 2000).

Biogeoclimatic Ecosystem Classification Zones

C. atricapitanahas been released in and, thereafter, dispersed further into various Biogeoclimatic
Ecosystem Classification (BEC) zones (see the Fieldf@uidgefinition and more information).
Included below are the BEC zones the mudls been found t@opulate in the provinceto date,
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however the moth is reported as able to adapt to all habitats supporting tansy ragwort (Powell et al.
1994) Note that sone of the release sites have not been monitohge to lack of access or destroyed
sitesso percentages of establishmezauldbe higher.

Figure43- Established releases

BEC Releas@ Dispersdl
CDFmm  2/3 (66%)

CWHdm  4/6 (67%) 4/5 (80%)

CWHds1 0/1 (0%)

CWHxm1 5/7 (71%) 5/5 (100%)

IDFdm1  0/2 (0%)

a# sites with establishment/ # release sites
b # sites withC. atricapitanésites monitored

General Location in Province

C. atricapitanéhas been released and found established in three general areas of the province including

in the Fraser Valley, on Vancouver Island, and on several coastal islands. Dispersal sampling in the Fraser
Valley has shown it to disperse up to seven and a halflkiters from the nearest release. General

established release and dispersal areas include Abbotsford, Chilliwack, Nanaimo, Cedar, and Mudge and
Salt Spring Islands.

Figure44 - Establishment locations
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Cox Road, Abbotsford Junction of Adshead artdaslam Cear Roads

Recommendations

Recent cool wet springs have been favourable for many plant species, including tansy ragwort. With a
resurgence of the plant, there should be a resurgenc€.dtricapitanaaumbers in subsequent years as
they move throgh their predatofprey cycle and potentially give rise to collectable numbers.
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Alternatively, the agent may require-iatroduction into areas in which it was formerly plentiful if it

became locally extirpated in the past due to lack of its food planb @réas where the agent has not

been able to redistribute itself due to a lack of corridors with suitable habitdbnitoring release sites
should be the first step to determine if the agent is still present and at what IBuéficient dispersal
monitoring should also take place prior to further releases of the moth to ensure efforts are not wasted.
Reintroduction may be required if the tansy ragwort infestation resurges from buried sgeed.
atricapitanamay be the best option to address sites whéergacobaeagltalian) may not be effective

when freezing temperatures come before breeding, ovipositing, and larvae hatching and feeding can be
completed. This biocontrol agent can be released in fogliected infested plants, successfully reared in

a labaatory situation or left to selflisperse.
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