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Executive Summary

This assessmentwas triggered by recentincreases in detection of spongy moth (Lymantria dispar dispar), an
invasive species, in uninfested areas of Canada, as well as outbreaks in areas where this pestis considered
established. The objective of this assessment was to characterize the risk posed by spongy moth’s spreadto
currently uninfested forested areas across Canada, including the effect of climate change on therisk of spreadand
establishment of this insect. The assessment also i dentifies information needs that, once addressed, will help
reduce existing uncertainties around s pongy moth risk, and ultimately, will enhance prevention and management
of spongy moth in Canada. This reporthas a primary focus on spongy moth, a subspecies of Europeanoriginthatis
currently presentineasternCanada. Italsooccasionally refers to the flighted s pongy moth complex, which
includes a group of subspecies and other closelyrelated Lymantria species of Asianoriginnot currentlyestablished
in Canada.

This report concludes that without control, spread of spongy moth to currently suitable but uninfested areas of
Canadais highly likely and the negative consequences of theinsect’s establishmentinthese areas could be
substantial, particularly fromtrade and ecological standpoints. Climate change is expected to exacerbate risk
progressively during the next 30 yearsand to play aroleinincreasing the severity of outbreaks in areas where
spongy mothisalreadyestablished. Examples of successful eradication programs across Canada demonstrate the
feasibility and efficacy of managing risk of spongy moth introductions. Existingprevention strategies to |imit
spongy moth spread to uninfested areas of Canada, although imperfect, shouldbe maintained, and, where
possible, reinforced through institutional partnerships to enhance their effectiveness.

This risk assessment was requested by the Forest Pest Working Group under the Canadian Council of Forest
Ministers, a collaborative government forum supporting prevention and preparedness principles in addressing
emergingforest pestissues. Thereport contributes to these principles by providing forestand pest management
agencies across Canada with a resource to inform future response to the risk posed by this invasive pestat the
local, regional, or national level.



Nature of the Threat

Spongy moth (Lymantria dispar) is considered one of
the mostdestructiveinvasive speciesin North
America. Moths from Europe were accidentally
releasedin the eastern United States (U.S.)in 1868,
andtheinsecthassincespreadand become
established throughout the forests of northeastern
North America.InCanada, spongy moth was first
introduced into Québecin1924andwas
subsequently discovered inOntario in the 1940s. By
the 1990s, established populations of this pest could
be found across much of eastern CanadainOntario,
Québec, New Brunswick, Nova Scotia, and Prince
Edward Island. Spongymoth is currently established
from the Atlantic coast westto the Great Lakes Basin
and hasbeen detected from coast to coast (Figure
1). This insect has more than 300 known host species
in North America (Liebhold etal.1995) and causes
widespreadforest defoliation during periodic

outbreaks. Spongy moth caterpillars feed on
developingleavesin the spring. Adult moths emerge
duringthesummerandfemaleslay eggsin masses
thatcan containup to a thousand eggs each. The
insect overwintersin the egg stage. An important
feature of the spongy moth of European origin is
thatfemales areflightless because of more
significant abdominal muscles, smaller wings, and
poorly developed flight muscles (Keena etal. 2014;
Shi etal.2015). Preferred hosts include oak, cherry,
whitebirch, maple, alder, willow, elm, and trembling
aspen (Liebholdetal.1995)but suitable hosts also
include coniferspecies suchas fir and spruce
(Hennigaretal.2007). Outbreaks are knownto occur
in both nativeandinvaded ranges. Mass defoliation
events caused by the spongy moth have
consequences on a region’s urban and natural
forests, its economy (including effects on tourism
and forestry), as well as society and recreation asa
nuisance species in communities.
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Figure 1: Historical distribution of spongy moth recoveries from pheromone traps (blue) and from samplingof
other life stages (yellow) inCanada between 1964 and 2006 (From Régniere etal. 2009).



The taxonomy of spongy moth is somewhat
complex, whichisimportant from both a biological,
and hence, managementand phytosanitary
perspectives. Recent genetic studies demonstrate
strongevidenceforatleastthreeand as many as
five subspecies (Pogue and Schaefer 2007; Picqetal.
2023). Lymantriadispar disparisthe subspecies
whoserange covers most of Europe and North
Africa.Thefemale moth of the latter subspeciesis
flightless. Lymantriadispar asiaticais distributed
throughout most of continental eastern Asia.
Lymantria disparjaponicais limited to the Japanese
Islands. Female moths of both Asiansubspecies can
fly. A fourth unnamed subspecies may exist
geographically in the Caucuses and the Middle East.
Between Lymantria dispar dispar populationsin
Europe and Lymantria dispar asiatica populationsin
eastern Asia, a zone of hybridization occurs
throughout westernSiberia where specimens of
spongy moth shows both genetic and biological traits
(female moth flight ability) intermediate between
the two parent populations. The designation of
subspecies (the fifth) might also be given to the
present population of spongy moth in eastern North
America because of its introductionto a novel
habitatandits genetic distancing from the parent
population (Lymantria dispardispar) sinceits
introductionin1868. Anotheraspectthatadds
complexity is there are other species of the
Lvmantriinae subfamily (Lymantria

albescens, Lymantria postalba and Lymantria
umbrosa)thatare closely related to Lymantria dispar
(Picgetal.2023; Djoumad etal.2020). Thus, a
number of phytosanitaryregulatory agencies

including those of Canadaandthe U.S. have
identified a “flighted s pongy moth complex", which
includes the two Asian subspecies of Lymantria
dispar (Lymantria dispar asiatica, and Lymantria
disparjaponica), along with 3 other species of
Lymantriinae (Lymantria albescens, Lymantria
postalba and Lymantria umbrosa). The new common
name, "flighted spongy moth complex" (FSMC), is
now being used to refer to the complex of flighted
Ivmantrid moths formally knownas Asianspongy
moth. Host suitability studies have also shown that
moths under the FSMC devel op better on coniferous
species thanmoths of Europeanorigin.

The distribution of spongy moth populationsin
eastern Canada has remained relatively stable for
morethan a decade, likely indicating that thisarea
corresponds to whereclimateis mostsuitable for
spongy moth development and where forest
ecosystems contain anadequate proportion of
susceptible tree hosts (Régniereetal.2009).
Regulatory maps of the CanadianFood Inspection
Agency (CFIA) provide rel atively course-level
depictions (atleast from a jurisdictional perspective)
of areas where spongy moth is present. In some
cases, entire provinces areregulated in this manner,
sotheactualrangeis smallerthan depicted by
regulatory maps (Figure 2). Established populations
in Thunder Bay(Ontario) and Minnesota (U.S.)
indicatethatthe western leading edge of therange
in Canada exists somewhere between Thunder Bay
and the Ontario/Manitoba border. Defoliationdata
(Figure3) usedin concert withregulatory maps can
provide additional insight about | ocations where
spongy mothis present.
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Figure 2: Areas regulated for spongy moth by the CFIA (CFIA2020).



Another suitable areafor spongy moth
establishmentincludes western provinces. For
example, detections and spot eradications have
been frequentin British Columbia since 1978 to keep
the province free of spongy moth (Nealis 2009). In

addition, itis possible that climate change could
make currently unsuitable areas become more
hospitableto spongy moth, facilitating the spread
and establishment of thisinsectin previously
uninfested areas where suitable hosts are present.
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Figure 3: Ontariospongy moth defoliationin 2021 (Ontario Ministry of Natural Resources and Forestry 2021).

10



Likelihood of Occurrence

Evidence

Populations of spongy moth do not spread
continuously along the leadingedge of their range.
Spongy moth populations expandthrough a
transition zone, whereisolated colonies become
established between the “generally infested zone”
and the “uninfested zone.” These colonies will grow
and eventually coalesce, advancing theinfested zone
(Tobinetal.2004).

Adultspongy moth females from eastern North
America areflightless, andtherefore local dispersal
is limited to larval crawling and ballooning (i.e.,
larvaedispersing on silk threads in wind currents
shortly afterthey hatch). Larvae have the capacity to
move up to 1 km; however, typical ballooning
distances are under 50m (Hunter and Elkinton
2000). This type of dispersal behaviouris most
commonly associated with firstinstar larvae that
hatch in areas with heavyhost defoliation or poor-
quality hosts (Lance and Barbosa 1981; Diss etal.
1996), wherelarvae may be experiencing nutritional
stressandare seeking adequate hosts for feeding.
Later instar larvaearelargerin sizeand more
difficult to be moved by wind; they disperse by
crawling, which isinconsequential for spread
dynamics. The effects of climate change on forests
may affectthe frequencyoflarval ballooning and
local dispersal of spongy moth larvae as they search
for adequate nutrition.

Thereis alsoevidencethatsevere weather events,
including windstorms and tornadoes, canfacilitate
the natural long-distance dispersal of spongy moth
life stages. Such dispersal events are thoughtto have
moved spongy moth across Lake Michiganinto
Wisconsin (U.S.) inthe 1990s. During the initial
spongy moth invasioninWisconsin, spreadrates
were on average greater than what was typically
seeninother regions (16 km/yearvs. 6 km/year).
Because anthropogenicmovementandregional
variations arenotunique to Wisconsin, itis
speculated that extreme weather events that
coincided with spongy moth establishmentacted as
an additional means of spread, supplementing low-
density populations (Tobinand Blackburn 2008).

Longdistancespreadofthisspeciesis primarily
facilitated by the anthropogenic movement of
various spongy moth lifestages.Inthe U.S., spread
rates absent of anthropogenic movement were

modelled to beabout 2.5 km/year. Observed rates
from 1966-1990reached nearly 21 km/year
(Liebholdetal.1992), indicating that anthropogenic
movementincreases spread rates dramatically.
Frequentintroductions of spongy moth into the
western provinces provide evidence that
anthropogenicdispersal can commonlyoccurat
distances greater than 2000 km. Spongy moth egg
masses are notalways obvious to detect, blending in
with their environment, and are often mistaken for
dirtor debris on outdoorhousehold goods, vehicles,
or other objects thatcould be foundin the outbreak
area.Egg masses arenotonlydifficult to detect, but
they can each contain up to 1000 eggs; thus
movement of a single egg mass can leadto the
establishment of a new population atthereceiving
destination. In Canada, the CFIAimplements
regulatory measures that restrict the movement of
the following commodities to limit anthropogenic
movement of spongy moth (CFIA2021):

e Christmastrees;
o Nurserystock (woody trees andshrubs);

e Non-propagative forest products with bark
attached, including firewood;

e Qutdoor householdarticles;
e Militaryvehicles and equipment;and

e Recreational, personal, and commercial
vehicles and equipment.

The movement of wood products, particularly
firewood used for home heating, is positively
correlated with theintroduction of s pongy moth
(Bigsbyetal.2011). Recreational vehicles arealso
particularlyhighrisk as they are generally associated
with the movement of outdoor household goods
exposed to spongy moth and potentially containing
egg masses. These vehicles alsotend to visit parks,
many of whichare forested. Nursery stock and
Christmas stock sourced from areas infested by
spongy moth arealso atriskof carrying egg masses.
Specific contributions to spread of other pathways,
such asrail containers, constructionand other
development materials, and e-commerceis not well
documented. Areas with susceptible trees and
subject to ongoing human activity, such as shelter
belts, regional parks, river valleys and urban settings,
aregenerally prone to spongy moth introductions
through anthropogenicspread(Régniére etal. 2009).

Changing humantravel patterns arethought to bean
additional factor affecting the anthropogenic
dispersal of spongy moth acrossthe country.In
2021, Ontariosaw the largest movement of people
relocating to western provinces since the oil boomin
the 1980s (Desormeaux 2022). Within the same
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year, Ontario alsosaw record numbers both in
spongy moth trap catches andin area of defoliation
while western provinces saw anincreasein spongy
moth trap catches.

The current state of evidenceindicates that although
natural dispersal does occur, anthropogenic
movementis the main contributing factorto therisk
of futurerange expansionof spongy moth into
previouslyuninfested areas.

Uncertainty

e Low uncertainty aboutanthropogeniclong-
distance dispersal and the effect of human
dispersal patterns on spread of spongy moth.

e Low uncertainty aboutthe contribution of
meteorological events and larval ballooning
to shortdistance spread.

e Moderateuncertainty surrounding the level
of spread riskassociated with other s pecific
anthropogenic pathways.

Information Needs

e Quantification of therisk of spread
associated with s pecificanthropogenic
pathways (e.g., e-commerce, construction
and development, and movement of
commodities by rail).

e Quantification of relationships between
spongy moth invasion pathways, and
establishmentlikelihood to inform spread
prevention and early detection.

Evidence

Someareas of Canadathatremain uninfested by
spongy moth areassumed to be climatically
unsuitablefor theinsect’s complete devel opment.
The suitableareafor spongy moth, however, is
predicted to expand with climate change during the
next 30 years (Figure 4), particularlyin the prairie
provinces. In the latter region, only a small portion of
the expected climatically suitable areais susceptible
because of therelativelyrestricted range of trees.
(i.e., shelter belts, river valleys and urban settings)
(Régniereetal.2009). Topographical andforest
heterogeneity in British Columbia restricts future
expansions of spongy moth into what would
otherwise be climatically suitable areas (Régniére et
al.2009).

Historically, episodes of rapidglobal warminghave
led toincreased levels of insect herbivory (Currano
et al.2008). Earlier flight periods, enhanced winter
survival, and accelerated development rates are the
main consequences exhibited by insects inresponse
to increasesintemperatures with climate change
(Robinetand Roques 2010). Populations atthe most
southern and northernparts of the spongy moth
rangeareundergoing strong selective pressures on
traits related to thermal tolerance —northern
populations selected for shorter development time
(associated with shorter growing seasons) and
southern populations selected for reduced s ensitivity
to high temperature (Friedlineetal.2019). Optimum
temperatures seemto vary by spongy moth
populationandlocation (Thompsonetal.2017),
further indicatingthatina context of climate
change, strong selectionpressures could promote
local adaptation, and on a relativelyshort time scale
(Pureswaranetal.2018).
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Figure 4: Probability of spongy moth establishment
in Canada based on climate modelling forthe 2021-
2050 period(from Régniereetal.2009).

With other defoliating moths in North America,
climate change-related extreme temperatures and
droughts have made hosts more susceptible to biotic
and abioticdisturbance agents leadingto an increase
intreemortality (Millerand Wallner 1989; Allen et
al.2010; Pureswaran etal.2018). These events are
particularlyimportant when considering future
spongy moth establishmentandimpactsin the
Canadianprairies, where increased summer
temperatures and drought conditions are expected
(Hogg 1994; Hogg andBernier 2005; Hogg et al.
2005).

Hostphenology, a critical element to spongy moth
survival, is subject to variationunder climate change.
However, even if spongy moth eggs hatchout of
synchronicitywith their preferred host, they may
utilize other hosts to survivelongenough to disperse
and find moresuitable ones (Keena and Richards
2020). Morethan 146 primary host plant species for
spongy moth are presentin NorthAmericaand
closerto 300 species canactas potential hosts
(Liebholdetal.1995). Spongymoth is highly
adaptable, and larvae can utilize many different
hosts (Keena andRichards 2020). Increasesin
temperature can also indirectly affect the spatial
extent of defoliator outbreaks throughtheireffects
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on the expansionoftherangeof hosttrees,andin
turn, on therange of the pests thatfeed upon them
(Haynes etal.2022). However, without assisted tree
migration, this expansionwould be gradual and
might only become a notable factorin spongy moth
outbreaksinseveral decades. The presence of
susceptible forests is an important predictor of
where spongy moth spread will occur, even with
alterationsin climate (Sharov etal.1999).In
addition, although elevated CO, concentrationsin
the atmosphere (contributingto climate change)
may significantly reduce leaf quality, no significant
effectis expected on the feeding preference of
spongy moth larvae because defoliators oftenadapt
quicklyto changesin nutritional quality (Wangetal.
2009;Jactel etal.2019).

Spongy moth’s coldtoleranceis adapted to
temperatelatitudes in North America, with the cold
hardiness limit of eggs beingaround —30°C(Sullivan
and Wallace 1972; Madrid and Stewart 1981). Atthe
northern edge of its North American range,
environmental factors become increasingly
importantto enhancetolerance to extremecold
conditions. For example, snow cover canmoderate
temperature exposure of egg masses laid below
snow level —up to 7°C warmer thanambient
temperatures (Andresen etal.2001). Itisimportant
to notethatspongy moth may lay egg masses almost
anywhere, fromtreetrunksand branchesto rocks
and outdoorequipment, and thus, notall egg
masses may benefit from the protecting effect of
snow cover. Nonetheless, northern expansion of
spongy moth has been predicted in areas with
substantial snowfall (Sullivan and Wallace 2012;
Streifel etal.2018)where ovipositionbelow the
snowpack canprotect egg masses from cold
temperatures and increase overwintering
survivability. As climate change projections indicate
thatwinters will become milder, spongy moth may
no longer require large snowpack accumulationto
protect egg masses fromsevere cold temperatures
in previouslyunsuitable areas. Climate change could
alsoresultinincreasedoccurrence of early warm
spring temperatures followed by frost events, which
couldincrease spongy moth egg mass mortality,and
thus alsoreduce population levels (Benoitand
Lachance 1990).

Climate changeimpacts on natural predators,
parasitoids, and pathogens willalso be an important
factor on future outbreaks. The collapse of spongy
moth outbreaks typically results from the activities
of two pathogens:a naturallyoccurring non-specific
nucleopolyhedrosis virus (NPV) and a fungus,
Entomophaga maimaiga, introducedintoNorth

America as a biological control for spongy moth
(BlackburnandHadjek2018). The prevalence of
these pathogens will influence outbreakseverity in
new and changing environments, and both
pathogens are likely affected by environmental
conditions, particularly moisture and temperature.
Elevated temperature, atmosphericCO;
concentration, anddrought stress can cause
entomopathogenicfungito lose their capacity to
sporulate (Borisade and Magan 2015). This can
decreasedispersal ability and reproductive capacity
of pathogens that control spongy moth populations.
Increasing CO, concentrations influence both the
temperaturerange for entomopathogenic growth
and conditions for optimal growth and sporulation.
Decreasedactivity of naturalenemies andincreased
feeding (Jactel etal.2019)canresultinprolonged
outbreaks witha potential increasein severityand
anincreased capacity for spongy moth to establishin
new areas.

Based onresearchinthe U.S., climate change could
causespongy moth outbreaks to beless severein
someregions. Thetypes and intensity of climate
change consequences will vary across the landscape.
Thus, implications of climate change on spongy moth
populations will also varyby region. Forinstance, in
the mostsouthernparts of theinsect’srangein the
U.S., high summer temperatures that cause
increased s pongy moth mortality have been shown
to resultina reduction in range (Tobinetal.2014;
Faskeetal.2019). More southern populations of
spongy moth appear to beless sensitive to high
temperatures than more northern populations.
These populations do, however, see decreased
performance of other fitness traits, indicating that
there may be a tradeoff between heat sensitivity and
reproductive fitness. Mortality resulting from high
temperatures atthe southernlimits of theinsect’s
rangearealso evident (Thompsonetal.2017).
Conversely, the effect of warmer temperaturesis
expected to contribute to range expansionat
northern latitudes. In these areas, increases in
temperatures wouldaccel erate larval development
and timing of oviposition, which are criticalto meet
prediapause requirements and winter survival (Gray
2004). Simulations of a 1.5°Cincreaseinaverage
daily temperatures resulted ina significantincrease
inthe potential northernlimit of spongy moth’s
range(Gray 2004).

During the 2021 spongy moth outbreaksineastern
Canada, therewasanincreasein defoliation severity
butno significant expansionin theinsect’s
geographicrange, exceptforspread inthe Thunder
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Bay area. Itis unclear whether theincreased severity
is related to climatic conditions.! During the same
outbreak year, western Canada alsosaw a significant
increasein trap captures. As discussed inthe
previous section on pathways, thisis likely due to
increased humantravel to westernCanada
coinciding with the outbreakin the east. The
increasein humantravel westwardin2021 was likely
due, atleastin part, to accessrestrictionsatthe U.S.
border and reduced domestic travel restrictionsin
the second year of the COVID-19 pandemic.

Based on the evidencediscussed inthis section, itis
likelythat climate change will alter future spongy
moth outbreak severity both favourably and
unfavourably, depending on locations. Inareas
whereseverity will increase, the number, frequency
and fitness of spongy moth populations will also
increase andfacilitate spread via anthropogenic
pathways.

Uncertainty

e Mediumuncertainty about the extent of
spongy moth range expansion under climate
change

e Highuncertaintyabouttheeffect of climate
changeon outbreakseverity, including
regional differences in severity of climate
change consequences that could make
forests susceptible to outbreaks.

e Highuncertaintyaboutthe effects of climate
change on spongy moth population
dynamics, including local adaptationsin
host-pestsynchrony and interactions with
natural enemies.

e Highuncertaintyaboutthe effects of more
frequent extreme weather events on
dispersal patterns.

e Highuncertaintyaboutthe effects of climate
changeon outbreakfrequency.

Information Needs

e Determinationoftheeffects of climate
change on spongymoth populations and
outbreak dynamics, on its associated hosts,
and ontheinsect’s natural enemies.

1 Personal communication —Dan Rowlinson, Ontario
Ministry of Natural Resources and Forestry /Taylor
Scarr, Natural Resources Canada

e Understanding of how climate change will
affect spongy moth outbreak severity and
frequency.

e Updated delimitation of the currentand
potential distribution of spongy moth andits
hosts, including variations under various
climate change scenarios.

Evidence

Therearea variety of tools used to detect the
presence of spongy moth. Thelatter tools, however,
as well as other measures that are part of prevention
strategies are notapplied consistentlyacross the
country or across North America. Thisis partly due
to disparity in status of the species across the
country. Western Canadian provinces primarily focus
onsurveillanceto detectand then eradicate any new
introductions (i.e., prevent establishment of
reproducing populations). From Ontario and
eastward, provinces with monitoring programs are
focused on quantifying spongy moth damage (i.e.,
levels of defoliation, outbreak severity, tree
mortality)wheretheinsectislong-established. As
with other exotic pests, the CFIAsupports the
monitoringof spongy moth inunregulated areas
(i.e.,areas where spongy moth is not established).
Some provincial and municipal governments provide
additional trapping assistance to further support the
early detection andrapid response to introductions.
Monitoring methodologies and thresholds used
acrossjurisdictions currently vary and are not
necessarily compatible. The application of
standardized regional detectionand monitoring
protocols would provide a more accurate depiction
of the range of spongy moth andits spread from
coastto coastin Canada. Thesharing and
combination of suchmonitoring data would provide
reasonable estimates of population trends through
time.

Pheromonetrapping can be used to accurately
evaluate the success of spongy moth eradication
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programs (Sharov etal.2002a). In both western
CanadaandtheU.S.,small,isolated colonies are
detected with pheromone-baited traps laidoutina
grid alongtheleading edge of the population and/or
in high-risk areas for introduction such as
campgrounds andalongtransportation corridors
(Sharovetal.2002a;Sun etal.2019).

Inareas wherespongy mothis not established,
commercially available monitoring tools are
deployed to detectand delineateintroduced
populations. Early detection andrapid responseare
critical elements of successful eradication efforts.
However, as introductions from easternCanada are
continuous, improving preventive strategies and
tactics to restrict the movement of insects intonew
areaswill serveto reduce the number of detections
and theoverall cost of spongy moth monitoringand
management programs. The ability to continue
implementing direct control, usually throughaerial
application of pesticides, inthe effort to eradicate
introductions maybe challenged by the frequency
and persistence of introductions in western Canada
andtheneed to regain publictrust.

Inareas wherespongy moth is alreadyestablished,
monitoringtools such asaerialsurveys andremote
sensing maybe used to assess levels of tree
defoliation, dieback, and mortality, and to quantify
area disturbed. In these areas, supporting intensive
egg-mass surveys canaccurately forecast potential
spongy moth impactsinthefollowing year. Such
forecasts can aiddecision makersin determining
whether a spray program wouldbe appropriatein a
givenregion.Someregions may also engage the
public forcommunity monitoringandreporting
through hotlines and onlinetools.

New populations detected outside areas currently
regulated by the CFIAandthatcannotbe
successfully eradicated will |ead to an expansion of
the regulated area. Regulationimposes movement
restrictions on certaincommoditiesinan attemptto
limitfurther spread. The majority of Ontario’s
hardwoodforests are now considered infested by
spongy moth and, assuch,areincluded inthe
federally regulated area. Expansion of this regulated
area toinclude currently climatically unsuitable
areas, however, could still promote anthropogenic
movement of infested commodities and could
accelerate westward spread of spongy moth (CFIA
2019). Currently, the most westernregulated areain
Canadais Ontario’s Algoma District (east of Lake
Superiorandincludes Sault Ste. Marie), whichisa
large district with many physical (i.e., highways,
railways)andbiologic/geographic (i.e., lackof host
species) barriers. The latter districtis only partially
regulated (Figure 2), whichcreates challenges for the
enforcement of restrictions on the movements of

regulated commodities to limit the spread of spongy
moth.

Although regulatory measures to restrict movement
of spongy moth are animportant component of
prevention strategies, they have limited impacton
national-scale movement of spongy moth from
eastern to western Canada. Studies havealsoshown
thatregulations targeted atindustry and the
movement of its goods are generally effective (but
sometimes fail) and, regulations targeted at the
public and their movement of commodities are
ineffective (Bigsby etal. 2011). The latter regulations
aredifficult to enforce but couldbe combined with
other measures to enhance their efficacy. For
example, publicoutreach and community awareness
canreduceinadvertent movement of insect life
stages through anthropogenic pathways (Solanoet
al.2022).Regulatory measures areless likely to be
effective if community members do not understand
the potential negative consequences of their actions.
Thereis a strong correlation between increasesin
new detections inwestern Canada and outbreaksin
eastern Canada, despitethere being regulatory
measuresinplace, furtherindicating the need for
combined measures such as publicawareness of
spread pathways andimpacts. Campaigns targeted
atreducing firewood movement have shown to be
successful examples of multijurisdictional
collaborationand public awareness. Continued
public motivation requires persistentand consistent
messaging, however, because complianceis typically
stronginitially beforeleveling offand even declining
with time (Diss-Torrance etal.2018). Additionally,
messaging around “Don’t Move Firewood” programs
tend to be aboutinvasive speciesin general, with
some mention of high-profile species suchas the
emerald ashborer, but not necessarilyspongymoth.
Institutional partnerships, suchas memoranda of
understanding, collaborative researchagreements,
or information-sharing agreements, are critical to
coordinated efforts to prevent range expansion of
spongy moth in Canada. Significant regional
cooperation already exists but, in general,
cooperation amongst all jurisdictions only occurs
duringa plant health emergency or anoutbreak.
Outreachalso typically peaks during outbreaks.

The success of the U.S.” Slow the Spread Program for
spongy moth illustrates theimportance of
interjurisdictional collaboration and institutional
partnershipsinpreventing spongy moth spread. This
Programintegrates multi-jurisdictional quarantine
regulations, monitoring, insect population
suppression, and public outreach. These combined
efforts havereducedspongymoth’s rate of spread
by morethan 50% (Sharovetal.2002b). Acritical
element of this programis sharedstewardship. The
Slowthe Spread Foundation, Inc., a non-profit
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organization, was established to aid in the delivery of
the program. Technical committees, composed of
representatives from allcooperating states,
counties, agencies, and universities, meet regularly
to advisefederal and state agencies on strategies to
enhanceimplementation and scientificissues
regarding day-to-dayandlong-term management of
spongy moth. Although rates of spongy moth spread
were projected to decrease under the Slow the
Spread Program (Sharov et al., 2002b), the
assessment of efficacydid not take into account the
effect of annual weather conditions, which also
influencespreadrates.

Uncertainty

e Low uncertainty thatinstitutional
partnerships and knowledge sharing are
necessary for spongy moth spread
prevention.

e Low uncertainty thatexistingstrategies to
preventspongy moth introductions couldbe
improved throughbetter andmore
coordination and harmonization of risk

managementapproaches across
jurisdictions.

e low uncertainty thatcurrently available
monitoringtools are effective at detecting
spongy moth introductions.

e Low uncertainty aboutthe need for recurring
eradication programsinareas where spongy
moths are not currently establishedandfor
more effective prevention strategies.

Information Needs

e Quantification of risks associated with
specific anthropogenicspread pathways to
inform public outreachandtactics for
preventative actions.

e Behaviouralstudies to characterize public
travellingandtransportation behaviours that
facilitate spongymoth spread.

e Approachestoregain publictrust.
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Magnitude of Consequences

Evidence
Ecological impacts

Through defoliation, spongy moth directly causes
reduced tree growth, poor treevigour, crown
dieback, and, in some cases, mortality. Mortality can
occur, especiallyduring periods of severe defoliation
across multipleyears. Also, a significant factoris the
cumulativeimpact caused by additional stressors
(e.g., drought). Mortality appears to be directly
related to the proportion of susceptible hostsinthe
area (Davidson etal.1999). Studies have shown that
spongy moth outbreaks can alter stand composition
through time, mainly throughgrowthlossand tree
mortality. Changes in stand composition create
challenges for regeneration. Changesin stand
composition are expected to be exacerbated by
interactions between spongy moth andtheeffects of
climate change (FajvanandWood 1996; Davidson et
al.1999; Kretchun etal.2014; Morinand Liebhold
2015).

Studies havealsoshown a short-termincreasein
abundance of some birdspecies (i.e., Yellow-billed
Cuckoos [Coccyzus americanus], Black-billed Cuckoos
[C. erythropthalmus], and Indigo Buntings [Passerina
cyaneal)in defoliated areas (Galeetal.2001) but
bird nest predation is alsoaugmented in these areas,
by morethan 40% based on one study using artificial
nests (Thurberetal.1994).

Temporary impacts to soil characteristics (i.e.,
temperature, moisture level) are associated with
gaps andopeningsin the canopy caused by
defoliation inforested or urban areas (Twery 1991).
Severeloss of canopycovercan haveanindirectand
relatively short-term effect on water drainage
(Corbettand Lynch1987) and nutrient leaching, such
as nitrogen (Lovettatal.2002).

Other insect species are known to be indirectly
affected by spongy moth and its management (USDA
Forest Service 1995). Although non-targetimpacts of
treatments used to manage spongy moth
populations are notdiscussedin this document,
many studies have been published on this topic
(Miller 1990; Sampleetal 1996; Wagner etal. 1996;
Butler etal.1997;Rastall etal.2003; Scriber 2004;
Boulton etal.2007; Manderino etal.2014).

Thereis particular concern in British Columbia
regarding spongy moth impacts to hydrology that
may affect salmon-bearingstreams. Red alder (Alnus

rubra)is animportantriparianspecies butisalso an
adequate host for spongy moth (Miller etal. 1991).
Red alderisa primarysuccessional species that
occupies floodplains and streambanks, anda
particularlyimportant species following disturbances
likefire. Red alder alsofixes nitrogen, andits
presence will resultinincreased nitrogen content
and availability in the soil, which isimportant for the
establishment of other tree species, especially in
nutrient poorsoils. Defoliation reduces tree leaf area
and its associated evapotranspiration capacity and
canresultinincreased growing-season runoff, with
moresevere defoliationresulting in higher
instantaneous streamflow compared to historical
conditions (Smith-Trippetal.2021). Sustained
defoliation by spongy moth resultingin tree
mortality in riparianareas couldresultina seasonal
increasein water temperature of small streams,
which could last formorethana decadeand may
resultindecline of some fish populations (USDA
ForestService 1995).

Garry oak(Quercusgarryana)growsinecologically
sensitive ecosystems incoastal British Columbia. Itis
the only native oak species foundin this province.
Less than 1% of low-elevation Garry oak habitatand
about5% of uplandhabitat remainin Canada today
(Nature Conservancyof Canada, 2023). Furthermore,
Garry oakfoliageis suitable foodfor spongy moth
larvaeand as such the Garry oak ecosystem could
serveas habitat for spongy moth during
establishment (Milleretal.1991). These ecosystems
contain a variety of other rareandthreatened
speciesthatcouldalso be negatively affected if
spongy moth were to become established.

Specific concerns for the prairie provinces include
impacts on forest ecosystems dynamics and their
carbonbudget, particularly from interactions
between potential spongy moth infestations and
repeated severe abioticstress. Widespread dieback
of trembling aspen (Populus tremuloides) has been
observed incentral and western Canada following
severedroughtevents in the 1990s and early 2000s,
and suchdiebackis known to be amplified by factors
such as defoliation by insects. (Hogg etal. 2002;
Hogg et al. 2005; Michaelianetal.2011). Trembling
aspenisthe mostwidespreadtreespeciesin North
America (Perala1990)andthe predominanttreein
the aspen parklandecoregion (Bird 1961) of the
prairie provinces. Additional concerns inthis region
relateto Burr oak(Quercus macrocarpa) declinein
Manitoba (Catton etal. 2007), and susceptibility of
river valley forests that have more substantial
hardwoodcontentand arealsounder pressure from
other abioticand bioticdamage agentssuchas
regional droughtaswell as Dutchelm disease
(Ophiostoma novo-ulmi), another non-native,
invasive species. Another concern comes from
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potential long-term ecological impacts stemming
fromtheloss of the few deciduous tree species
growinginthePrairies grassland ecoregion. The
potential introduction of spongy mothisa threat
thatadds to the cumulative effect of existing abiotic
(drought, salinity, flooding) and biotic (forest tent
caterpillar [Malacosoma disstria], Dutch elm disease,
western ash bark beetle [Hylesinus californicus])
stressors already affecting trees in this regionas well
as loominginvasion of new species, such as the
emerald ashborer(Agrilus planipennis).

Social impacts

Social reactions are heavily dependent on spongy
moth outbreak severity. Severity of impactsinurban
municipalities will be related to the prevalence and
distribution of host species inthese communities.
Many impacts are mostly considered a nuisance,
including appearance of extremely large numbers of
larvaecrawling aboutandthe excrementthey drop
frominfested trees, but other impacts, suchas shade
loss or tree mortality, canbe much morecriticalin
urban environments, es pecially inthe context of
climate change.

Spongy moth outbreaks can also affecthuman
health directly. The hairs on thelarvae can causean
allergicreactioninsusceptible people, particularly
duringlarge outbreaks (Haq etal.2021). Cases of
dermatitis caused by exposure to the hairs of early
instar larvae have been documented since 1900 and
typically occurduring severe outbreaks (Allen etal.
1991).

Economiclmpacts

Impacts on tradeandmarketaccess area major
concerninregions where spongy mothisnot
established. Quarantine measures can beimposed
on products exported to areas or jurisdictions that
areconsidered free of spongy moth (Leuschner etal.
1996). Establishment of aninvasive pest can
therefore affect movement of key commodities
beingimported and exported, including wood
products, grain, nurserystock, Christmas trees.

Outbreaks canoccuracross extensive forested
landscapes, affecting revenues fromwood
harvesting and generating costs associated with
hazardtreeremoval (Humble andStewart 1994).
Attempts to control these large outbreaks are costly
and will ultimately resultin economiclosses. Based
on a study from 2019, Ontario municipalities and
conservation authorities spendan estimated $4.5
million per year on spongy moth control initiatives
during outbreaks (Vyn 2019).

Thereis little published empirical workon
the aesthetic impact of spongy moth damage. Some
impactontourismandrecreationis expected from

the presence of highnumbers of insects, frass, tree
defoliation, dieback, and mortality in infested areas
(Leuschner etal.1996).

Impacts on real estate have alsobeen shown, where
the costof treatment/suppression is muchless than
the potential lossinthereal estate market. In the
U.S., spongy moth defoliationcaused alossof more
than USDS120millionannuallyto residential
property value (Aukema etal.2011).

The impacts of spongy moth on agriculture have not
been quantified for Canada buttheinsectis known
to affectfood crops, such as fruittrees (Humbleand
Stewart 1994). Negative effects on agricultural
species wouldaddan additionaleconomic loss to
local communities and beyond.

Uncertainty

e Low uncertainty thatspongy moth outbreaks
will have negative impacts on sensitive
ecosystems, suchas Garry oak ecosystems,
but moderate to high uncertainty about the
specific effects.

e Low overall uncertaintythat new spongy
moth establishments pose an economic
threat, but moderate uncertainty about the
magnitude of impacts.

e Low overalluncertaintythatspongymoth
infestations have social effects, but
uncertaintyis high regarding the magnitude
of impacts.

e Moderateuncertainty regarding the
successional and species compositional
changesto forestthatarelikely to occur
fromrepeated defoliation, es pecially in novel
environments.

e Moderate uncertainty surrounding the
effects of spongymoth defoliationon avian
communities, especiallyin novel
environments.

e Moderate uncertainty abouthumanhealth
impacts.

e Moderate uncertainty about effects on
agricultural species of economicinterest
(e.g., fruittrees, blueberries).

Information Needs

e Delineation of therange of suitable hosts of
spongy moth in areas wheretheinsectis not
yet established butatrisk,and howthese
hosts integrateintoecosystems and
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communities to accurately predict ecological,
social,and economic impacts.

e Understanding of how tree species
susceptibilityrankinrelationto each other.

e Potential spongy moth ecological impacts on,
and potential treatment optionsin, novel
sensitive ecosystems.

e |dentification of the minimumamount of
hostspecies needed to support an outbreak
in novel ecosystems.

e Analyses of spongy moth economicimpacts
ontrade,and onurban, forestand
agricultural values, including valuation of
short-termimpacts on ecosystem services
and biodiversity.

Evidence

Governance frameworks for respondingto new
introductions of forestinvasive species existin
western Canada, althoughnotall of themare
specific to spongy moth nor were they recently
tested. The British Columbia Plant Protection
Advisory Council is aforumadvancing anactive
framework thatincludes both federal and provincial
government agencies, municipalgovernments,
universities, andindustry. The council addresses
planthealthandquarantineissues for British
Columbiaandisan example of a multi-jurisdictional
partnership. Technical advisorycommittees arealso
in placeto provide updates on priority pests to
decision-makers, including spongy moth (Nealis
2009). Other examplesinclude the Alberta Invasive
Alien Species Management Framework andthe
Framework for the Prevention and Management of
Invasive Species in Saskatchewan, which provide
guidance for managing risks and coordinating
responses to invasive species of concerninthese
provinces (Government of Alberta 2010;
Government of Saskatchewan2022).

There are many examples of successful eradication
of recently introduced spongy moth populations
outsideits currentrangeinCanada. Forexample,
eradication programs were delivered in Manitoba
and British Columbia, and eliminated persistent
populations of introduced s pongy moths (Manitoba
Natural Resources and Northern Development 2022;
British Columbia Ministry of Forests 2023). The next

paragraphs will provide a more detailed description
of how the British Columbia response frameworkis
applied, asan example, because the application of
other frameworks to spongy moth has not been
documented extensively. Spongy moth prevention in
British Columbiais primarilyfocused on monitoring
and eradicationof any introduced populations.
Positive spongy moth detections trigger delimitation
surveys. Spongy moth populationincreases in
subsequentyears trigger eradication programs
(Figure5). Themostcommon treatment usedin the
provinceis spraying of Btk (Sun etal.2019;
Government of British Columbia 2023).

Spongy moth
introduction

v
Moths detected in High pop
standard trapping l
v High pop

Eradication

Delimitation —_— treatment and
trapping  — delimitation
Low pop

No moths for 2 years

|

Population eradicated.

| High pop

Resume standard trapping

Figure 5: Conceptual model of the spongy moth
management strategy in British Columbia usedto
preventthe establishment of spongy moth
populations (pop)in the province (adapted from Sun
etal.2019).

Under most circumstances, eradication is currently
deemed feasible and cost-effectivein British
Columbia relative to the potential costs anticipated
with no action (Sunetal. 2019). Similar cost-benefit
analyses from other Canadian provincial jurisdictions
arelacking. Estimated costs of futureimpactsif
spongy moth wereto establishin British Columbia
exceed those of the provincial preventionprogram
by a 3:1 ratio, based on assumptions of low tree
damageand limited traderestrictions (Sun etal.
2019). Furtherevidencefromthe U.S.” spongy moth
Slowthe Spread Program alsoindicates that costs
associated with spongy moth impacts through
spread into new areas exceed those of monitoring
and eradicationby a 4:1 ratio (Sharovetal. 2002b).

Historically, the highest number of spongy moth
detections in British Columbia occurred in1999. This
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was theonly yearwherea federal quarantine was
imposed in the province, and the quarantine
prompted the mostexpensive provincial eradication
programup to thatyear. Itisthoughtthatthehigh
number of detections in1999 was caused by the
combination of a delayed response to a building
populationestablished in previous years and the
increased intensity in detectionsurveys thatyear
(Nealis 2009). Currently, two years of increasing trap
capturesinBritish Columbia prompts an eradication
program (Figure5). Thedelayinresponsein 1999
was partially dueto publicresistance to aerial
applicationof insecticides (Sunetal.2019). This
1999 incident provides further evidence of the
importance of sharing science-based evidenceand
interpretation of this evidence acrossall levels to
better inform decision-makers and citizensin
affected communities (Nealis 2009).

Some challenges in spongy moth management may
be addressed by improving socialllicense. The
identificationand communication of local ecological
impacts canaid in publicsupport for spray programs
and other measures related to invasive s pecies
management. However, recurring treatment
programs may lead to a declinein publicsupport.
Another barrierto improved social licenceis access
to information, which could be constrained by
capacity of smaller organizations (municipalities,
conservation authorities, regional landowners) as
well as thelevel of expertise required to absorb it.
Governancestructures establishedto address
spongy moth, andassociated roles and
responsibilities, shouldaccount for this reality.
Examples from other pest management programsin
Canadademonstrate theimportance of multi-level
communicationandoutreach forthe success of
these programs. This has been the case for the Early
Intervention Strategy for Spruce Budworm initiative
in AtlanticCanada, wheresignificant effort has been
invested since 2014 ininteractions with provincial
government agencies, regional forestindustry,
private woodlot owners, researchers, and the public
(MaclLean etal.2019). However, this initiative is
largely focused on pest managementin naturaland
ruralforest areas, whichmay bea factorinfluencing
public acceptance compared to a programs delivered
inurbanforestareas.

In areas where spongy moth eradicationis not
feasible, strategic rel eases of Entomophaga
maimaiga and NPV couldserveasa long-term
management tool to suppress anoutbreakand
reduce associated negativeimpacts (Hajek et al.
2021). Entomophaga maimaiga cankill spongy moth
larvae even when populations arelow if spring
weather conditions are favourable to the pathogen.

In contrast, NPVis not affected by weather and will
only cause mortality when s pongy moth populations
arehigh. Entomophaga maimaiga plays an
importantroleinthe dynamics of spongy moth at
the leading edge of an outbreak (Villedieu and
Frankenhuyzen 2004). Although contributing to the
eventual collapse of outbreaks, these pathogens
alonecannotreliablypreventimpacts on
communities asthey arealso dependent on other
environmental conditions not under pest managers’
control. In addition, areas where spongy moth is not
yet established will lack these natural enemies. As
such, thereis uncertainty aroundspongy moth
populationdynamicsinnovel environments.

Uncertainty

e Low uncertainty thatinformation exchange
and communicationwill improve social
license for spongy moth treatment
programs.

e Low uncertainty around the efficacy and
cost-effectiveness of existing frameworks to
respond to spongymoth in British Columbia.

e Moderate uncertainty regarding frameworks
in other jurisdictions because their
applicationto spongy moth or other invasive
species has been both limited and not well
documented.

Information Needs

e  Evaluationand cost-benefit analyses for
res ponse frameworks outside of British
Columbia. This couldinclude nationalHevel
analyses.

e Identificationand understanding of spongy
moth impacts in novel environments to inform
risk managementand publicoutreach.

Evidence

Des pite mechanisms for preventing exotic Lymantria
introductions at ports, they still occur. The ability to
detect exotic Lymantria will become more difficultif
spongy moth establishes in western Canada. Upon
establishment, monitoringand control efforts could
be reduced andin turn, could affect thelevel of
monitoringeffort for other exotic Lymantria species
and subspecies as the sametraps are often usedto
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detect moths of other subspecies. Distinguishing
between spongy moth and other exotic Lymantria
currently requires genetic testing. Increasing
numbers of spongy mothsin these traps would
significantlyincrease the delayand cost of detecting
other exotic species. Maintaining s pongy-moth free
areasin western Canada will decrease the amount of
genetic screening and facilitate detection of other
exotic Lymantria (Régniereetal.2009).

Onekey difference between the FSMCand spongy
moth subspecies of Europeanorigin,asthename
suggests, is the ability of flight. As hybridizationcan
occur between subspecies and flightis a polygenic
trait, itis possible thatflightability can get diluted
where spongy moth of Europeanoriginalready exists
(Srivastavaetal.2021). Unintendedalterations to
spongy moth biology, including retention of traits
such as ability of females to fly long distances would
resultinincreased risk of spread. Suitable conditions
do existfor the establishment of FSMCin British
Columbia, New Brunswick, Nova Scotia, Ontario, and
Québec (Srivastavaetal.2020).

Uncertainty

e Low uncertainty thatreducing spongy moth
monitoringandcontrol effortsinwestern

Canadawouldincreasetherisk of
establishment of other exotic Lymantria.

e Moderate uncertainty around the ability to
sustain monitoring for other exotic
Lymantria in regions where spongy moth has
established.

e Moderate uncertainty around our ability to
effectively intercept new introductions of
FSMC priorto their establishmentand
spread acrossCanada.

Information Needs

e Evaluations of efficacy and specificity of
pheromonelures currently usedto detect
insects of the Lymantriinae subfamily. This
may include devel opment of trapping
systems, such aslight traps, thatare more
specific for FSMC.

e Assessmentsof risk response forspongy
moth versus FSMC.
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Overall Risk Characterization

In eastern Canada, the maximum extent of suitable
range for spongy moth has likely been reached. This
assessment concludesthattheinsect’srangein
eastern Canadais unlikely to expand geographically
inthenear future. Alarge portion of western
Canada, where spongy moth is not considered
established, has a suitable climate and available
hosts for theinsect’s development. Western Canada,
especiallyBritish Columbia, is subject to recuring
spongy moth introductions and eradication
programs. Because much of the climatically suitable
rangein the prairie provinces has relatively few
hosts for spongy moth and has limited areas of
contiguous forest containing these hosts (i.e., mostly
grasslands and agriculturalland), these factors
impededirect westward spread via natural
ecosystems. Itis the movement of peopleand
commodities that pose the greatestrisk, and this
movement will continue to facilitate future
introductions.

Climate changeis expected to increase the potential
susceptible areas for spongy moth establishmentin
the next30 years, including atthe leading edge of
the currentrange of theinsectineastern Canada
and across uninfested areas of western Canada. As
climatically suitable areas fortheinsectincrease,
existing resources dedicated to current monitoring
and eradication efforts might not be enough to
absorb additional susceptible area and associated
expenses. This assessmentalso points to additional
risks associated withthe potential introduction of
FSMC should spongy moth of European origin
became established inwestern Canada. Although
spongy moth long distance dispersaland
introductions are expected to continue and
potentiallyincreasein westernCanada, itis deemed
cost-effective to maintain prevention and
eradications efforts in the | atter region.

Establishment of thisinsectin currently uninfested
and unregulated areas can lead to significant

ecological, economic, and social impacts, and could
be better prevented or mitigated through
improvements to existing spread prevention
strategies. Acombination of elements, suchas
continued research, regulatory and control
measures, collaborative partnerships, and effective
public outreach, couldimprove both the probability
of success andsustainability of spread prevention
and risk mitigationin areas currently free of spongy
moth populations.

Several gapsincurrentknowledge wereidentified in
this assessmentand should be targeted for future
research to assist spongy moth risk management
decisions. Key informationneeds that will aid in
reducingimportant uncertaintiesinclude, butare
notlimited to:

e The currentandprojected distribution of
primary host species and their vulnerability
ina changing climate;

e Theriskof long-distance dispersal of the
various spongy moth life stages on lesser-
researched pathways, such asrail;

e Theindirect, interactingeffects of climate
changeon ecosystems andhow they could
affect spongy moth population dynamics;

e A morecomplete understanding of the
short-andlong-term ecological and
economicimpacts of spongy moth outbreaks
in established areasandin novel habitats.;

e The enhancement of communicationtools to
better informandeducate the publicabout
spongy moth impacts and control; and,

e Enhancedinformation on trapping systems
efficacy andopportunities for
enhancements, especially where both
spongy moth of Europeanoriginandflighted
spongy moth are present together.
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Annex

New Common Name

In March 2022, Entomological Societies of Canada and America adopted the name spongy moth as the new
common name for the moth species Lymantria dispar, formally ‘gypsy moth’.

Risk Assessment Process

This report provides anevidence-based assessment of the threat posed by spongy moth by applying the risk
analysis framework (Figure 6) developed insupport of the concept of a National Forest Pest Strategy (Nealis, 2015;
Canadian Council of Forest Ministers Forest Pest Working Group, 2015). Two virtual knowledge synthesis
workshops were held on November 15t and 2", 2022 with experts from governments and academia invited to
participate. Affirmative statements, proposed by the taskteam providing guidance to the risk assessment project
(see Acknowledgement), were presented for discussion of current knowledge about spongy moth. Uncertainty
around theevidenceineach statement was characterized as either low, moderate, or high, as per thetable below.
The information from the workshops, including additional evidence from the literature, has been summarizedin
this report. Alist of workshop participants canbe found inthe Annex of this report.

Low Uncertainty Indicated thatthe supporting evidence andscientific data arelocally applicable,
consistent, and comprehensive, and expected variability will not change the validity of
the statementor assertion.

Moderate Uncertainty | Indicated thateither(a)thestatementissupported by preliminary evidencethat
could significantly lower the uncertainty, or (b) thereis inherent variability that could
significantly change the magnitude of the statement/assertion but notits truth.

High Uncertainty Indicated that supporting evidence andscientificdata are missing, are notlocally
applicable, and/or areinconsistent, and the expected variability could change the
validity of the statement.
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Figure 6: Conceptual diagram of the riskanalysis process (Canadian Council of Forest Ministers Forest Pest

Working Group 2015).
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