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Abstract

Boxwood (Buxus spp.) is one of the most commonly planted shrubs in urban landscapes across North America, and
in Europe Buxus species comprise a significant portion of the forest understory. Cydalima perspectalis (colloquially
known as the box tree moth) is a defoliator capable of causing mortality-inducing damage on boxwood in both
natural and managed settings. Native to Asia, C. perspectalis is now established in both Europe and Canada and
has been detected multiple times in the U.S. Here we review the life cycle and potential impact of C. perspectalis in
Canada and the U.S.We discuss effective integrated management strategies and provide areas where management
and detection could be improved. Rigorous detection systems will be crucial to preventing the establishment and
future management of C. perspectalis in North America.
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OXFORD

Cydalima perspectalis (Walker, 1859) is native to east Asia, including
Korea, Japan, China, and India (Hampson 1896, Inoue 1982, Park
2008, Walker 1859), where it primarily feeds on native and orna-
mental boxwood/box trees (Buxus L.; Buxales: Buxaceae). This insect
is colloquially known as the box tree moth, though as of August 2022
no official common name has been approved, and the common name
for C. perspectalis may change in the future. The larvae defoliate box-
wood plants, resulting in aesthetic damage but can also lead to plant
death when infestations are severe. Cydalima perspectalis was acciden-
tally introduced into Europe, where it was first detected in Germany
in 2006 and Switzerland and the Netherlands in 2007 (Kapeli 2008,
Muss et al. 2009). The moth has been introduced multiple times into
Europe from Asia and has likely spread throughout the continent via
the nursery trade (Bras et al. 2019), a known pathway for invasive spe-
cies (Liebhold et al. 2012). Boxwood is a key component of European
parks, nurseries, and gardens, as well as the understory in European
broadleaf forests (Wan et al. 2014). The prevalence of Buxus - and pos-
sibly the long time it took to detect C. perspectalis after its introduction
- likely helped accelerate the rate at which this pest spread throughout
Europe. Cydalima perspectalis has also been reported from the Russian
Far East, where there are no native Buxus; likely representing another
accidental introduction (Kirpichnikova 2005, Wan et al. 2014).

Cydalima perspectalis was not known to occur in North
America until August 2018, when the first report from Toronto,
Ontario, Canada was posted to iNaturalist (a social network that
allows members to post, share and map observations on bio-
diversity) (https://www.inaturalist.org/observations/15879362).
A collaborative monitoring program was immediately estab-
lished by the Canadian Food Inspection Agency in 2019 to de-
termine the extent of the population (Wiesner et al. 2021a).
Based on results from the collaborative monitoring project and
community science reports, its range expanded throughout the
Greater Toronto Area between 2019 and 2021. In May 2021, the
U.S. Department of Agriculture (USDA) announced that plants
infested with C. perspectalis had been shipped from a nursery
in St. Catharines, Ontario, Canada to six U.S. states and con-
tirmed the discovery of specimens in Michigan, Connecticut, and
South Carolina (USDA APHIS 2021a). In July and August 2021,
C. perspectalis adults and larvae were also captured in New York
(NYS-DA 2021, USDA APHIS 2022a). However, as of October
2021, none of the populations in the U.S. are known to be estab-
lished or have sustaining populations. This article is intended as
a resource for the management of C. perspectalis populations in
North America.
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Taxonomy and Identification

Cydalima perspectalis was originally described as Phakellura
perspectalis (Walker) within the family Crambidae (grass moths) and
the subfamily Spilomelinae (Mally and Nuss 2010). However, the
species was subsequently placed in a number of spilomeline genera,
including Palpita, Diaphania, and Glyphodes (Mally and Nuss 2010,
Maruyama and Shinkaji 1987, She and Feng 2006). Most recently,
a morphological phylogenetic analysis based on wing pattern and
genital structures placed perspectalis (and four other species) into
the genus Cydalima (Mally and Nuss 2010).

Several morphological characteristics distinguish C. perspectalis
from related species (Fig. 1). The uncus attachment to male
tegumen is narrow in Agrioglypta, Diaphania, and Glyphodes,
but broad in C. perspectalis. Diaphania [such as the melonworm
moth, D. hyalinata (L.)] are characterized by anal tufts of spatulate
scales in both sexes which are absent in C. perspectalis. The ductus
bursae in the female genitalia of C. perspectalis is sclerotized just

anterior to the tube connecting to the oviducts (ductus seminalis)
(Mally and Nuss 2010). This feature is unique compared to the
other spilomeline genera mentioned but is a feature shared with C.
(Sisyrophora) pfeifferae (Lederer) and C. lacitostalis (Guenée). These
features of adult genitalia suggest C. perspectalis does not belong
within the other spilomeline genera in which it has previously been
placed (Mally and Nuss 2010).

Cydalima perspectalis’s forewing color pattern forms a tri-
angular white field, which is consistent with Agrioglypta, Cydalima,
Diaphania, Glyphodes, Palpita, and others, supporting the
monophyly of this clade (Mally and Nuss 2010, Mally et al. 2019).
Additionally, the grey margin around the fore and hind wings sup-
ports the close relationship between Cydalima and Diaphania.
However, wing venation in C. perspectalis is closed compared to the
open state in other closely related genera (Mally and Nuss 2010) and
Cydalima is also characterized by a white spot in the discoidal cell
of the forewing that partly dips into the brown costal margin (Mally
and Nuss 2010).

Fig. 1. Adult morphological characteristics to distinguish C. perspectalis from common lookalikes. Cydalima perspectalis light morph image from A. Rimmer,
University of Toronto. Melonworm moth and grape leaffolder images from Mark Dreiling, Bugwood.org. BTM dark morph image from Szabolcs Séfian,

University of West Hungary, Bugwood.org.
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In North America, C. perspectalis is most likely to be confused
with native Diaphania species, especially the melonworm moth
(Fig. 1), which feeds on various cucurbits. Melonworm moths occur
throughout most of Central and South America and the Caribbean.
In North America, they overwinter in parts of Florida and Texas
and migrate north every year, reaching as far as northern Maine,
Minnesota, and Ontario. Other similarly patterned Diaphania
species [e.g., D. indica (Saunders), D. infirmalis (Guenée), and
D. modialis (Dyar)] are also found in Central and South America
but are restricted to Florida, Texas, and other U.S. Gulf Coast
states. Light-colored morphs, which account for the majority of C.
perspectalis specimens (Tuba et al. 2015), can be distinguished from
D. hyalinata and similarly patterned Diaphania (Fig. 1).

Cydalima perspectalis eggs are flat, translucent to pale yellow,
about 0.04 in (1 mm) in diameter, and deposited individually or in
clusters of 5-20 on the underside of leaves (Leuthardt and Baur 2013,
Farahani et al. 2021). Because the chorions are soft, C. perspectalis
eggs are often described as ‘gelatinous’ (Fig. 2). As the eggs mature,
the black head capsule of neonates can be seen through the chorion.
Neonates are about 0.06 in (1.5 mm) long, with a shiny black head
and almost no markings on their yellowish bodies. Larvae reach 1.5
in (about 3.5 cm) in length when mature. They have shiny black
heads and greenish bodies with white-ringed black dots. Brown to
black stripes become more prominent on the bodies as larvae grow.
Larvae spin cocoons and wrap themselves in boxwood leaves still
on the plant (which may be live, dead, or partially consumed) where
they pupate. Pupae are about 0.8 in (2 ¢cm) long, and turn from
bright green to green with stripes, and then to brown as they mature.

Imagoes can be seen through the pupal skin just before adult eclo-
sion (USDA APHIS 2022b).

Biology and Life Cycle

Cydalima perspectalis overwinters as a 3rd—4th instar tucked
within a silken hibernarium constructed over one leaf or between
two to three boxwood leaves (MatoSevi¢ 2013). The larvae resume
normal development in spring and develop through up to 7 instars
before pupation, and adults eclose in late spring to just after the
summer solstice. Female C. perspectalis emit sex pheromones con-
sisting of the components (Z)-11-hexadecenal, (E)-11-hexadecenal,
and (Z)-11-hexadecenol in a ratio of 5:1.25:1, respectively (Kawazu
et al. 2007, Kim and Park 2013). Males use these pheromones to
find females and mate. Adults live for about two weeks (USDA Pest
Alert 2021). Eggs from the first-generation adults typically hatch in
early summer. Cydalima perspectalis develop through five to seven
instars in 17 to 87 d, depending on temperature (Maruyama and
Shinkaji 1991). Pupae typically mature and eclose within six to eight
days (Matosevi¢ 2013). In populations from western Switzerland,
the lower developmental thresholds for eggs, larvae, and pupae are
10.9°C, 8.4°C, and 11.5°C, respectively, and diapause is induced
under the day length of 13.5 hr (Nacambo et al. 2014). In central
Europe, at a base temperature of 9.5°C, an average of 518 degree-d
were required to complete development from overwintering larval
to adult stage, whereas an average of 430 degree-d were required
for the entire egg to adult development in the second generation
(Nacambo et al. 2014).

Fig. 2. Cydalima perspectalis life stages: A. egg cluster; B. early instar; C. late instar; D. prepupa; E. pupa 3 d after pupation; F pupa 9 d after pupation, adult wing

pattern is noticeable. All photos from A. Rimmer, University of Toronto.
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Cydalima perspectalis can have two to five generations per year
in its native range depending on the region (Maruyama and Shinkaji
1987, 1993; Wan et al. 2014). In various parts of Europe, this moth
has been observed to have two to three generations per year (Bakay
and Kollar 2018, Nacambo et al. 2014, Nagy et al. 2017; Santi et al.
2015, Plant et al. 2019). Voltinism, diapause, and developmental
duration are dependent on local environmental conditions in Europe
(Nacambo et al. 2014), a phenomenon that is similar to what is
expected in North America. To date, only two overlapping gener-
ations have been observed in Ontario, Canada, with adults active
between late June and mid-September (Wiesner et al. 2021a). Larvae
in greenhouses are known to emerge from hibernation and initiate
feeding earlier than those in outdoor landscapes (Anonymous 2021).
The exact voltinism and phenology of C. perspectalis in the U.S. are
currently unknown. Based on the observed voltinism in Europe and
Asia (Maruyama and Shinkaji 1987, 1993; Nacambo et al. 2014,
Wan et al. 2014, CABI 2019, Plant et al. 2019), two generations are
expected in northern to central U.S. and three to five in central to
southern U.S.; however, C. perspectalis may also exhibit multiple
overlapping generations throughout the growing season (Plant et al.
2019).

Hosts and Damage

The primary hosts of C. perspectalis are Buxus, including popular
ornamental species such as littleleaf boxwood (Buxus microphylla
Siebold & Zucc.), Japanese boxwood (Buxus microphylla Siebold

& Zucc. var. japonica (Mill. Arg. ex Miq.) Rehder & E. H.
Wilson), common boxwood (Buxus sempervirens L.), and Korean
boxwood [Buxus sinica (Rehder & E. H. Wilson) M. Cheng var.
insularis (Nakai) M. Cheng (=Buxus microphylla Siebold & Zucc.
var. insularis Nakai)]. In Europe, C. perspectalis can decimate local
Buxus populations but does not typically feed on other species
used as hosts in its native range (e.g., Euonymus and Ilex; Ferracini
et al. 2022). Several alternate host species have been reported from
C. perspectalis’ native range, including ash (Fraxinus L.), mock or-
ange (Murraya paniculata [L.] Jack), bramble (Rubus L.), maple
(Acer L.), and smilax (Smilax excelsa L.) (Maruyama 1992, Hizal
2012, Trokhov and Kaurova 2014, Matsiakh et al. 2018). Chinese
privet (Ligustrum sinense Lour.) is reported as a host, but this re-
cord is questionable because only adults were observed on the plant
(Zhang et al. 2008).

Two native Buxus species served as natural hosts and helped fa-
cilitate the spread of C. perspectalis in Europe once the moths col-
onized the native ecosystems (Bras et al. 2019, Mitchell et al. 2018).
In contrast, there are no native, wild Buxus in continental North
America, although some alternate host plants are present (e.g., na-
tive smilax, invasive Chinese privet). The invasion dynamics of C.
perspectalis in North America are likely to be different from that in
Europe due to the lack of hosts in natural areas; however, this may
change if the pest becomes established on alternate hosts. To date,
there is no evidence that C. perspectalis can successfully complete
development on alternate hosts in North America (Wiesner et al.
2021b), although more exploratory work is warranted.

Fig. 3. Cydalima perspectalis early instar ‘window-pane’ feeding damage (A) results from larvae striping off only a portion of the leaf epidermis. Late instar
C. perspectalis consume most of a boxwood leaf but leave the leaf margins and midrib unconsumed (B and C). The leaf margins and midribs eventually curl,
creating the distinctive ‘leaf curl’ symptom. Extensive C. perspectalis feeding can severely damage boxwood hedges (D). Photos A and D by Alex Rimmer,

University of Toronto; B and C by Jen Llewellyn, OMAFRA.
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The only C. perspectalis life stage that causes damage is the larva
(Fig. 3). Damage first appears as ‘window-pane’ feeding on foliage
as young larvae remove tissues from the leaf surface. As larvae grow,
more foliage tissues are consumed, leaving behind leaf veins and
edges that curl naturally and create a distinctive symptom of feeding.
Extensive defoliation can remove the majority of foliage, making the
infested shrubs appear rugged and unthrifty. Larvae may also feed on
the bark after all leaf tissues have been consumed; extensive girdling
of the stems can lead to the death of the plant. Cydalima perspectalis
larvae also spin silk to tie leaves into shelters, within which larvae
and pupae seek shelter (MatoSevi¢ 2013). The web envelops foliage
and captures desiccated foliage, frass, and exuviae, further reducing
aesthetics of ornamental boxwood shrubs. When infestations are se-
vere, larvae are known to make cocoons on nearby plants (Trokhov
and Kaurova 2014, Matosevi¢ et al. 2017), thus impacting not only
boxwood but the aesthetics of other landscape species.

Several other pests and pathogens can also cause foliar maladies
on Buxus, including the boxwood leafminer (Monarthropalpus flavus;
Diptera: Cedidomyiidae), boxwood psyllid (Psylla buxi, Hemiptera:
Psyllidae), the mite Eurytetranychus buxi, Acari: Tetranychidae and
several blights (Dhakal et al. 2022). These pests may cause only minor
damage or, when pest populations are high, potential dieback and
plant mortality.

Management

Regulatory Control

The introduction of C. perspectalis throughout Europe and North
America has resulted from the trade of live plant materials, particu-
larly of ornamental Buxus spp. (Bras et al. 2019, Plant et al. 2019).
To prevent the introduction of C. perspectalis and other pests, some
countries (e.g., the U.S.) have imposed strict regulations or certifica-
tion requirements for the importation of host plants for C. perspectalis
(USDA APHIS 2021b). As demonstrated by the detection of C.
perspectalis on imported boxwood plants in the U.S., interceptions
and introductions occur despite the regulators’ best efforts. Surveys
to detect C. perspectalis continue in many states and provinces, and if
this pest is found, coordinated delimitation surveys are conducted to
determine the extent of the infestation (USDA APHIS 2022b).

Prevention

Preventing the introduction of C. perspectalis or C. perspectalis-
infested plant materials is the first step in a successful management
program. Nurseries and landscape installation operations should
purchase plants from a propagator or producer who has been cer-
tified by federal, provincial, or state certification programs as C.
perspectalis-free. A nursery and greenhouse that does not propagate
its own plants should establish quarantine and holding for liners,
cuttings, or finished plants of C. perspectalis host species from an
outside source. Quarantines could also be implemented at the state
or federal level (USDA APHIS 2022a). All incoming plant material
should be inspected for infestation or damage by C. perspectalis, and
then moved into a holding area that is located away from the pro-
duction area and where monitoring for C. perspectalis infestation
and damage can continue for several days before the plant mater-
ials are allowed into the production area. To simplify the tracking
process, plant materials from different sources should be placed
in different parts of the holding area. For growers, landscape care
professionals, and homeowners, infestations should be reported to
federal, provincial, or state regulators immediately. Order, shipping,
and scouting records should be maintained so the information can

be shared with regulators. After reporting to the appropriate regu-
latory officials, any infested plant should be destroyed immediately
according to an established disposal protocol.

Operations may consider propagating their own liners or cut-
tings to avoid introducing C. perspectalis from outside sources.
For these operations, stock plants should be maintained free of
C. perspectalis inspected regularly to detect any insect or damage
during periods with active C. perspectalis (see Monitoring section
below) and treated as soon as an infestation is detected (see
Cultural control, Biological control, and Chemical control sections
below). It is a grower’s responsibility to ensure plants produced
by the greenhouse or nursery are C. perspectalis-free. Therefore,
plants should be inspected regularly during production and treated
immediately as needed. It is recommended to avoid shipping during
periods of adult activity (Anonymous 2021). Inspection of finished
plants should also be conducted within two days of the expected
shipping date. Any infested plants should be immediately des-
troyed and the remaining plants should be thoroughly inspected
and treated. Plants confirmed to be C. perspectalis-free and ready
for shipment should be placed in a staging area that is clean of all
debris and other plants, and isolated from the production area or
uninspected plants to prevent infestation. All production and ship-
ping records should be maintained and made available to plant
inspectors and regulators.

Monitoring

Cydalima perspectalis infestation and damage can be visually de-
tected during regular inspection or scouting of highly susceptible
plants (USDA APHIS 2022a). Scouting should be conducted weekly
during C. perspectalis activity periods. In Ontario, weekly scouting
is reccommended between 1 May and 30 September for field produc-
tion or landscape environments, 1 April-31 October for greenhouse
or polyhouse production, and biweekly for the remainder of the year
(Anonymous 2021). Scouts should have access to extension agents
or specialists who may assist in confirming the identification of C.
perspectalis. We do not yet know enough about C. perspectalis phen-
ology to have monitoring recommendations in the southern part of
North America.

Adult flight activity can be monitored throughout the year
or during known adult activity periods with pheromone-baited
traps (e.g., Ferracini et al. 2022) of which several types (including
milk carton trap, general moth trap, or Unitrap) are available
commercially. Traps should be placed around the perimeter of a
production area or a landscape at the density and placement re-
commended by the manufacturers. In a nursery, four traps may be
placed per hectare of production area at a distance of 100 m be-
tween traps. The traps should be examined and captures recorded
weekly; the lures and traps should be serviced and replaced at the
manufacturers’ specified interval. Scouts or staff should be trained
to inspect and service the pheromone traps, and on C. perspectalis
biology, detection, and management to identify adult male C.
perspectalis (which is the only life stage and sex to be attracted
by the pheromone-baited traps). They should also learn to iden-
tify other major pests, and to deploy and interpret catches of the
C. perspectalis pheromone traps. A clear channel of communica-
tion should also be established between the scouts and pest man-
agers so management decisions can be made without confusion
and delay. Cydalima perspectalis is a good candidate for citizen
science monitoring programs and has been successfully used to
monitor populations in Europe and Canada (Kazilas et al. 2021),
thus, outreach and education initiatives should be considered to
help track range expansion of this species.
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Cultural Control

There are few options for cultural control in greenhouse and nursery
production areas (Cook et al. 2021). Infested plants in production
environments should be destroyed immediately. Small infestations
in the landscape can be removed by carefully pruning out and
destroying infested material. Continuous monitoring for additional
infestations should be conducted after plant removal to ensure com-
plete eradication of the local population. Insecticide treatment may
be necessary to prevent severe infestation and the death of the box-
wood shrubs or hedges.

After the infested or dead boxwood has been removed, home-
owners and landscape care professionals should consider alternative
ornamental plants as a replacement. Some popular replacements for
boxwood include inkberry holly (Ilex glabra (L.) Gray), Japanese
holly (Ilex crenata Thunb.), yaupon holly (Ilex vomitoria Sol. Ex
Aiton), yew (Taxus spp.) and globe- or hedge-type arborvitae (Thuja
spp.) (Pennisi et al. 2017). Selection of the replacement plant spe-
cies and cultivar should consider the function and aesthetic of the
replacement.

Biological Control

Cydalima perspectalis is attacked by several natural enemies (Wan
et al. 2014) including parasitic wasps and flies that attack eggs
le.g., Chelonus tabonus Sonan (Hymenoptera: Braconidae) and
Trichogramma spp. (Hymenoptera: Trichogrammatidae)], larvae
(e.g., Compsilura concinnata (Meigen) (Diptera: Tachinidae) and
Casinaria spp. (Hymenoptera: Ichneumonidae), and pupae (e.g.,
Brachymeria lasus (Walker) (Hymenoptera: Chalcididae). These
natural enemies are not currently commercially available, and
the efficacy of commercially available species of Trichogramma
against C. perspectalis is unknown. The most widely used bio-
logical control agent for C. perspectalis is Bacillus thuringiensis
(subsp. aizawai and kurstaki) that is available in several commer-
cial biopesticide formulations. Bacillus thuringiensis is reported
to be highly effective against young C. perspectalis caterpillars
in Europe (Guérin 2018) and is recommended as part of a man-
agement plan in Canada (Wiesner et al. 2021a). Commercially
available formulations of neem and entomopathogenic nema-
todes have also been effective in controlling C. perspectalis larvae
(Choo et al. 1991; Géttig and Herz 2018), as was the Anagrapha
falcifera nucleopolyhedrovirus (AnfaNPV; Rose et al. 2013) -
though AnfaNPV is not yet commercially available. The use of bio-
logical control agents for C. perspectalis is an emerging field that
shows great promise, as several new species are being discovered
and evaluated for use as management tools (e.g., Ghavamabad et al.
2021, Hulujan et al. 2021, Zemek et al. 2020).

Chemical Control

In Canada, a deltamethrin formulation (DeltaGard) was granted
emergency, short term registration for use against C. perspectalis
(https://www.environmentalscience.bayer.ca/-/media/prfcanada/
product-labels/deltagard_sc_boxwood_label_2021july_en.ashx)
and a biological insecticide containing Bacillus thuringiensis var.
kustaki (Btk) is now labeled for use against C. perspectalis (https://
horttrades.com/dipel-fully-registered-for-box-tree-moth). Multiple
insecticides are registered for management of caterpillars on orna-
mental plants grown in nurseries, greenhouses, and landscapes in
the U.S. (Cook et al. 2021, Dhakal et al. 2022). While none of these
products are registered for the management of C. perspectalis at this
time, three active ingredients (Btk, chlorantraniliprole, and spinosad)
are now proposed by federal entities as viable chemical treatment
options (USDA APHIS 2022a). Unfortunately, their efficacy against

C. perspectalis is unknown because comprehensive testing is not pos-
sible without an established population in the U.S.

Insecticides such as pyrethroids, spinosyns, and organophos-
phates have been used in Europe and Asia to control C. perspectalis
larvae (Fora et al. 2016). Insecticide efficacy against eggs and pupae
may be low because eggs are laid on the underside of leaves and
pupae are protected within cocoons and webs that limit their con-
tact with insecticides. Several essential oils derived from plants in
the families Asteraceae, Apiacaea, and Lamiaceae have also shown
promise as potential chemical controls of larval C. perspectalis
(Gokturk et al. 2021).

Conclusions

Given that C. perspectalis is a relatively new invasive species to
North America, knowledge in several key areas is still needed for
effective monitoring, management, and impact assessment (Dhakal
et al. 2022). A poor understanding of the phenology and life cycle
of C. perspectalis in North America limits the effectiveness of chem-
ical management and monitoring programs at this time. Additional
research on the life cycle of C. perspectalis, particularly with the aid
of pheromone monitoring, will help establish the appropriate timing
for specific management tactics (Santi et al. 20135). Further, few pesti-
cides are registered for C. perspectalis in North America and we lack
data on the efficacy of additional management strategies (Dhakal
et al. 2022). Ultimately, a combination of quarantine, surveys, host
removals, and pesticide applications will likely be necessary for ef-
fective C. perspectalis control (USDA APHIS 2022a).

While C. perspectalis will use native Buxus as a host in Europe,
it has not shown any evidence of host plant switching to native flora
(Ferracini et al. 2022). We lack information regarding the poten-
tial of C. perspectalis’ to alternate hosts in North America. Without
such data, we cannot predict the potential damage caused by C.
perspectalis in natural areas, nor can we conduct an analysis of its
potential impact on the North American horticultural or landscape
industries.

In summary, comprehensive outreach and communication
programs are integral to C. perspectalis management. Resources to
support timely and accurate citizen reports, engagement via social
media, and products designed for interest groups and stakeholders
are critical for early detection and response to C. perspectalis, as
was shown in Poland where officials engaged gardening groups to
help monitor and track C. perspectalis (Bere§ et al. 2022) in Greece
where citizen reports were used to monitor C. perspectalis move-
ment (Kazilas et al. 2021).
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