Received: 28 January 2025

'.) Check for updates

Accepted: 6 August 2025

DOI: 10.1111/eea.70008

ORIGINAL ARTICLE

Oviposition behavior and development of the invasive lily leaf
beetle on native host plants from the Pacific Northwest United

States

Maggie Freeman"??

'Oregon State University Mid-Columbia
Research and Extension Center, Hood River,
Oregon, USA

“Washington State Department of
Agriculture, Olympia, WA, USA

3Department of Entomology, Washington
State University, Pullman, WA, USA

Correspondence

David W. Crowder, Washington State
University Department of Entomology, 166
FSHN Bldg, PO Box 646382, Pullman, WA,
99164-6382, USA.

Email: dcrowder@wsu.edu

Funding information

Washington State Department of Agriculture,

Grant/Award Number: SCBG K-1985

INTRODUCTION

| Chris Looney® | Liesl Oeller®

| David W. Crowder®

Abstract

Invasive insects often feed on novel plant species related to hosts in their native range,
including species of conservation concern. The lily leaf beetle, Lilioceris lilii Scopoli
(Coleoptera: Chrysomelidae), a Eurasian pest of cultivated lilies, is one such invader
first detected in Canada in 1943 that has spread throughout the Northeastern United
States and Canada, reaching the Pacific coast by 2011. Although L. lilii is known to feed
on nearly 100 plant species across several genera, it is unknown what hosts it will feed
on in its new range. We addressed this knowledge gap with experiments of L. lilii on
native host plants found in the Pacific Northwest, United States, where it is now well-
established and has the potential for population expansion. We conducted oviposition
and larval feeding trials with Calochortus tolmiei Hook. & Arn. (Liliaceae), Fritillaria
affinis (Schult. & Schult.f.) Sealy (Liliaceae), Lilium columbianum Leichtlin (Liliaceae), and
Prosartes hookeri Torr. (Liliaceae). Trials showed that female L. lilii oviposited on all hosts
tested, and larvae fed on all hosts except P. hookeri. Larvae reared on L. columbianum
performed similarly well to larvae that fed on the control lilies. Individuals were only
able to be reared to the adult stage on L. columbianum and C. tolmiei, although survival
rates were low for C. tolmiei. With numerous susceptible native Liliaceae species of
conservation concern in the Pacific Northwest, the establishment of the lily leaf beetle
may constitute a new threat to these already vulnerable species across broad regions.
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Dunal to cultivated potato Solanum tuberosum L. and has
since become one of the worst US potato pests (Alyokhin

Invasive insect herbivores can widely threaten crops and na-
tive species of conservation concern (Mack et al., 2000; Vila
et al.,, 2011). The hosts threatened by an invasive herbivore
depend on their host breadth and host availability. Host
shifts between native and invasive ranges can also occur
when species invade new regions, such as Leptinotarsa de-
cemlineata Say and Rhinocyllus conicus Frélich (Hare, 1990;
Louda et al., 2011). In North America, L. decemlineata has
expanded its host range from native Solanum rostratum

et al., 2015; Hare, 1990; Hsiao & Pasteels, 1999). Host plant
shifts by invasive species threaten native flora and crops
(Hare, 1990; Louda et al., 2011). However, it is often un-
known when species invade a new area, which host plants
may be most threatened.

One invasive pest that threatens native and ornamental
plantsis the lily leaf beetle, Lilioceris lilii Scopoli (Coleoptera:
Chrysomelidae), a Eurasian pest that feeds on lilies (Lilium
spp.) and fritillaries (Fritillaria spp.). Lilioceris lilii has a broad
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INVASIVE BEETLE HOST PREFERENCE

natural range spanning from southern Greece to Siberia
and the United Kingdom to China (Bouchard et al., 2008;
Orlova-Bienkowskaja, 2013). It was first detected in North
America near Montreal, Canada, in 1943, likely via intro-
duced Asiatic lilies (Bouchard et al., 2008; Lesage, 1983).
Populations are now known to occur in 10 Canadian prov-
inces (Cappuccino, 2017; Cappuccino et al., 2013; Hicks &
Sellars, 2014; LeSage, 1992; LeSage & Elliott, 2003). In 1992,
L. lilii was detected in Massachusetts (Bouchard et al., 2008)
and now is found in 17 northeastern and central states as
far west as Minnesota; recently, it was detected on the
Pacific coast in Washington state (Cappuccino, 2017; Hicks
& Sellars, 2014; Maier, 2012; Majka & Kirby, 2011; Murray
et al., 2016). Across this range, there is a wide diversity of
potential hosts for L. lilii and various genetic backgrounds
of invasive populations that may vary in host preferences,
but it remains unclear which host species may be threat-
ened in any given region.

Across the lily leaf beetle's invaded range, it typi-
cally feeds and reproduces on cultivated lilies (Lilium
spp.) (Ernst et al., 2007). However, adults have been ob-
served to feed on at least 20 additional genera (Salisbury
et al., 2010). Studies with eastern North American plants
found that L. lilii larvae feed on at least five genera, three
in the Liliaceae and two in the Asparagaceae (Asparagales)
(Ernst et al., 2007). This work also showed there was a
strong positive correlation between the estimated age of
divergence of genera in the Liliaceae family and suitability
for L. lilii 1arval feeding, with genera more closely related
to Lilium being more suitable (Ernst et al., 2007). Larvae
completed development on species such as Medeola vir-
giniana L., Streptopus aplexifolius L., and Lilium philidelphi-
cum L., with adults developing from all species except M.
virginiana (Ernst et al., 2007). Additionally, L. lilii eggs and
larvae have been observed on native plants throughout
Canada. However, in newer regions, the threatened spe-
cies are often unknown.

The first detection of lily leaf beetle in the western
United States was in Bellevue, Washington, in 2011 (Murray
et al., 2016). At least 10 native Liliaceae genera occur in
this region (Calochortus, Clintonia, Erythronium, Fritillaria,
Lilium, Lloydia, Medeola, Prosartes, Scoliopus, Streptopus)
(USDA NRCS, 2019). Several species of Lilium, Fritillaria, and
Calochortus are of conservation concern, including some
federally listed species (USDA NRCS, 2019), and may be es-
pecially vulnerable to impacts from L. lilii as it expands its
range in the western US. To address variation in the ability
of L. lilii to feed and develop on host plants from the west-
ern US, we conducted studies of the lily leaf beetle's ovi-
position preference and development on native Liliaceae.
We conducted oviposition and survival trials on a variety
of host species as well as preference tests. Our results re-
vealed which hosts might be suitable for lily L. ilii across
the Liliaceae. These results can help guide monitoring and
mitigation strategies for this damaging invasive insect.

MATERIALS AND METHODS
Study system

Lilioceris lilii is a univoltine insect that overwinters as
an adult and emerges from March to June (Cappuccino
etal., 2013; Ernst, 2005). Adults feed for a few weeks prior
to mating, and females can lay 200-300 eggs in a sea-
son (Cappuccino et al., 2013; Ernst, 2005). Larvae emerge
after 7-10days and feed communally on leaf undersides.
Larvae cover their dorsal surface with a layer of excre-
ment, termed a “fecal shield,” which protects against
predators and prevents desiccation, although it may also
attract parasitoids (Bouchard et al., 2008; Schaffner &
Mdiller, 2001). Larval development takes 3-4 week, after
which they dislodge their fecal shield and move into soil
to pupate (Cappuccino et al., 2013; Ernst et al., 2007).
Adult beetles emerge after 3—-4 week, feed until fall, and
then move to soil or leaf litter to overwinter (Cappuccino
et al., 2013). However, all of these data are from studies
in the eastern United States and Canada, and the hosts
used by L. lilii in the Pacific Northwest United States (and
effects on development parameters) are unknown.

Oviposition preference

To assess oviposition preferences of L. lilii, choice and no-
choice experiments were conducted with five Liliaceae
species in the laboratory and field. Field experiments were
conducted near Bellevue, Washington State, USA, where
beetles already occur to reduce the risk of spreading bee-
tles. Experiments were conducted in May of 2017 to 2019,
a period when daily temperatures varied from nighttime
minimums of 5-11°C to daytime highs of 13-21°C, with rela-
tive humidity between 70% and 76% and approximately 15h
of daylength. Four species of Liliaceae were tested: (i) Lilium
columbianum Leichtlin (Liliaceae) (Columbia lily), (i) Prosartes
hookeri Torr. (Liliaceae) (Hooker's fairy bells), (i) Calochortis
tolmiei Hook. & Arn. (Liliaceae) (Tolmie's star tulip), and (iv)
Fritillaria affinis (Schult. & Schult.f) Sealy (Liliaceae) (checker
lily or chocolate lily). These native plants occur across British
Columbia, Washington, Oregon, California, Idaho, and
Montana (Utech, 2003) and are common where L. lilii has
invaded in Washington. Plants were purchased from a nurs-
ery specializing in native species (SevenOaks Native Nursery,
Albany, Oregon). Stock of C. tolmiei and F. affinis plants was
limited and partially determined the number of replicates.
Previous studies show L. lilii does not develop on Clintonia,
Erythornium, and Tulipa (Ernst et al., 2007), so they were ex-
cluded. Lloydia and Scoliopus are potential hosts also present
but were not available for purchase. All lilies used as controls
in experiments were grown from a bag of mixed Asiatic and
Oriental lily bulbs purchased at a local hardware store. As
Asiatic and Oriental lily hybrids are highly suitable host plants
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(Salisbury et al., 2010), they were used interchangeably as the
control.

No-choice field experiments were conducted to as-
sess the suitability of hosts for oviposition of L. lilii. In
May 2017, two 1.2x 1.5m raised beds were established
in Bellevue, WA. In each bed, nine plants were grown in
three rows of three plants each; one L. columbianum, one
P. hookeri, and one C. tolmiei were ordered randomly in
each row. A 61 x 20 cm cage of chicken wire and fine mesh
fabric was placed over each plant. One mated pair of L.
lilii adults, collected from gardens in the area, was placed
into each cage and allowed to feed and oviposit for 72 h,
after which they were removed. All plants were in their
vegetative growth stage when the experiment was con-
ducted. Each plant and cage was then inspected and all
eggs counted and locations recorded. After 1 week, eggs
were evaluated every 24 h until all larvae eclosed. If no
larva emerged after 2 week, the egg was designated un-
viable. Subsequently, the larvae on plants were recorded
every 48 h until all larvae died or pupated, and the num-
ber of days to reach the pupal stage was recorded. Cages
were checked for adult emergence starting 20 days after
larvae began to pupate. As adults emerged, the emer-
gence date was recorded and each adult's length and
weight were measured.

Laboratory no-choice trials (at room temperature and
humidity, 20°C and 15% relative humidity, with an L14:D10
photoperiod) were conducted using C. tolmiei and F. affinis,
as both emerge and flower earlier than the Lilium species
and are challenging to maintain in the field. In 2018, eight
C. tolmiei plants were individually placed into cages with
one mating pair of L. lilii and left for 72 h. After the beetles
were removed, plants were checked for eggs. Any larvae
that eclosed were monitored for development using the
same procedures as the field experiment. This experiment
was repeated in 2019 with eight F. affinis plants; although
larval development could not be monitored in this exper-
iment due to plants rapidly senescing after beetles were
removed.

Finally, choice trials in the field were used to assess
oviposition preference by L. lilii on other Liliaceae species
when their preferred Lilium host was available. Plants
used were L. columbianum, C. tolmiei, F. affinis, and a con-
trol lily. In the spring of 2018 and 2019, two 1.2x1.5m
raised beds in Bellevue, WA, were each planted with four
rows (8 total) of one randomly arranged control lily, one
L. columbianum, one F. affinis, and one C. tolmiei. Each row
of plants was caged using a PVC frame (1.2x0.3x0.9m)
and covered with mesh fabric. Fabric ends were secured
to the soil using fabric staples to prevent insects from
leaving or entering the cage. Adult lily leaf beetles were
collected from residential and public gardens in the
Bellevue area. Four mating pairs of L. lilii were placed in
each cage for 72 h and were then removed. Each plant
was carefully inspected, and the number of eggs laid on
each plant was recorded.

Laboratory larval feeding and
development trials

We next assessed larval development on native plants. In
2017, we tested L. columbianum, P. hookeri, C. tolmiei, and a
control lily. Lily leaf beetle eggs were collected from resi-
dential areas by removing lily leaves with eggs. Leaf mate-
rial to feed captive larvae was collected from plants at the
Bellevue field. Four leaves were collected from control lil-
ies, four from L. columbianum, two from C. tolmiei, and eight
from P. hookeri. In the laboratory, each leaf was placed in
a plastic petri dish with a moist paper towel. Two mature
eggs were placed on opposite ends of each leaf using a soft
paint brush. Petri dishes were kept in an incubator (L16:D8
photoperiod at 22°C:15°C). Eggs and hatched larvae were
checked every 24h, and leaves were replaced ad libitum.
This was repeated daily until each larva had died or devel-
oped to pre-pupa. Larvae that became pre-pupae were
moved to a 118-mL plastic container with moist soil. The
number of days it took to develop into adults was recorded,
and each adult was measured for length and weighed.
This experiment was repeated in 2019, substituting
F. affinis for P. hookeri. Plant material used was collected
from (i) eight C. tolmiei plants in 11-cm-round plastic pots,
(i) eight F. affinis plants with one to two leaves in 9-cm
plastic pots, (iii) eight leaves from potted L. columbianum,
and (iv) eight control lily leaves collected from a single
plant for the control. For the individual leaf treatments,
each leaf was placed into a plastic petri dish with a moist-
ened paper towel. For all treatments, one mature egg was
placed onto each leaf using the tip of a soft paint brush.
All treatments were placed in an incubator (L16:D8
photoperiod at 22°C:15°C). Eggs were checked every 24 h
for hatching, and larvae were removed every 48h to be
weighed. Each larva's fecal shield was removed with a soft
paint brush before it was weighed. This was repeated until
each larva died or pupated, and the time to reach the pre-
pupal stage was noted. Leaves were replaced ad libitum
for controls and L. columbianum; no plants were available
to replace C. tolmiei or F. affinis. Larvae that reached the
pre-pupal stage were transferred to 118 mL plastic con-
tainers with moistened soil. The time it took larvae to
develop into adults was recorded. After emergence, each
adult beetle was measured for length and was weighed.

Data analysis

A generalized linear model (GLM) with a negative binomial
distribution was used to assess the effects of various host
plant treatments on the number of eggs laid in the no-choice
and choice oviposition trials, and the number of eggs laid on
the cage in the no-choice trial. This statistical distribution was
used based on the variation in the count data. Post hoc Tukey
tests were used to perform multiple comparisons between
each treatment. Logistic regression was used to evaluate the
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FIGURE 1

Total number of eggs (mean +standard error) laid on host plants or cages in the no-choice oviposition trial. Different letters indicate

significant differences in the number of eggs laid among plant treatments and among cage treatments according to the generalized linear model

results (p=0.05).

proportion of eggs laid on the plant versus on the cage in the
no-choice oviposition trial. A Tukey post hoc test was used
to perform multiple comparisons between each treatment.

To assess whether hosts affected the number of days
larvae survived in the feeding and development trial, a Cox
proportional hazards model was used. For the 2017 and 2019
feeding and development trials, as controls were directly
compared to specific hosts, we used two-sample t-tests to
assess whether the weight and length of adult beetles that
completed their lifecycles, the number of days it took larvae
to reach the pre-pupal stage, and the number of days it took
pupated larvae to emerge as adults differed between con-
trols and each host plant. For these multiple t-tests, we used
a Bonferroni correction to control for multiple comparisons.
As each experiment involved four hosts, we adjusted the a
required for significance to 0.05/4=0.0125.

In the 2018 laboratory feeding and development trial, as
all hosts were compared with the control at the same time,
a one-way ANOVA was used to assess if host plant affected
the weight and length of adult beetles, the time it took larvae
to reach the pre-pupal stage, and the time it took pupated
larvae to emerge as adults. This test was also used to assess
whether the host treatments affected larval weight gain in
the 2019 laboratory feeding and development trial. When a
significant effect was found in the one-way ANOVA, a Tukey
HSD post hoc test was used to perform multiple comparisons
between each host plant treatment. All statistical analyses
were conducted in R Studio version 3.4.1 (R Core Team, 2017).

RESULTS
No-choice oviposition trials

The number of eggs laid by L. lilii differed across hosts (GLM:
X2= 12.0, df=3, p=0.007) (Figure 1). Fewer eggs were laid on

C. tolmiei (0.33+0.21) than L. columbianum (6.5+3.51) and
control lilies (8.33+4.39), with P. hookeri intermediate be-
tween these groups (1.5+0.72). The number of eggs laid on
cages did not vary strongly across treatments (GLM: x*=3.19,
df=3, p=0.36) (Figure 1). However, the ratio of eggs laid on
plants versus cages varied significantly between hosts (logis-
tic regression: y*=75.5, df=3, p<0.001). The ratio of eggs on
plants was significantly higher for control lilies (95% Cl: 0.79-
0.96) than for the other hosts, followed by L. columbianum
(95% Cl: 0.55-0.79), which was higher than P. hookeri (95% Cl:
0.16-0.47), and C. tolmiei (95% Cl: 0.02-0.26).

Host plants had a strong effect on larval survival time
(Cox proportional hazards, Z=4.09,df=3,p <0.001). Larvae
on control lilies (12.3+£0.83days) and L. columbianum
(12.7+£0.44 days) lived longest. For all hosts, survivorship
dropped from day 0 to 4 (Figure 2). All larvae that hatched
on P. hookeri (N=9) and C. tolmiei (N=1) died within 48 h.
Survival to pre-pupae was 32% for controls, 33% for L. co-
lumbianum, and 0% for C. tolmiei and P. hookeri (Figure 2).
Time to reach the prepupal stage was similar on control lil-
ies (13.4+0.35days) and L. columbianum (12.7 + 0.44) (two-
samplet-test:t,,=1.03,p=0.31). The number of daysit took
larvae to become adults was marginally longer on control
lilies (24.3 +0.3) than on L. columbianum (23.0 +£0.71) (two-
sample t-test: t,,=1.03, p=0.065). There was no significant
difference in the length (mm) of adults reared on control
lilies (74+0.16) and L. columbianum (6.8+0.25) (two-
sample t-test: t,,=1.03, p=0.081). However, adults reared
on control lilies weighed notably more (mg) (28.5+0.91)
than those on L. columbianum (23.75 £ 1.38) (two-sample
t-test: t,,=2.82, p=0.015).

For the 2018 C. tolmiei oviposition trial, a total of 15 eggs
were laid on the eight C. tolmiei plants (1.88 +1.23). Of the
15 eggs, 11 hatched, five larvae pupated, and three adults
emerged. For the 2019 F. affinis trial, a total of 55 eggs were
laid on eight F. affinis plants (6.88 +0.88).
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results (p=0.05).

Oviposition choice trial

In 2018, the number of eggs laid differed across hosts (GLM:
4*=74.7, df=3, p<0.001). More eggs were laid on control
lilies (26.9+8.27) than on other hosts. Lilium columbianum
(4.5+1.55) had more eggs than C. tolmiei (0.25+0.19),
with F. affinis intermediate between them (1.12+0.51)
(Figure 3A). The number of eggs laid by L. /ilii in 2019 also
differed significantly across hosts (GLM: ;(2=76.4, df=3,
p <0.001). Significantly more eggs were laid on control lilies
(40+5.5) and L. columbianum (4.5 +1.55) than on C. tolmiei
(0£0) and F. affinis (0 0) (Figure 3B).

Laboratory larval feeding and
development trial

Larvae feeding on P. hookeri all died between Day 0 and Day
2 (Figure 4A). Half of the larvae feeding on C. tolmiei died

between Day 0 and Day 2, with one more dying on Day 5
when it drowned in condensation that formed on the petri
dish. A single larva on L. columbianum died on Day 16. The
overall larval survivorship to the pre-pupal stage between
plant species was 100% for the control lily, 87.5% for L. colum-
bianum, 25% for C. tolmiei, and 0% for P. hookeri (Figure 4A).

The number of days it took larvae to reach the pre-
pupal stage varied significantly between the control
lily (14.5+£0.19), L. columbianum (15.4+0.57) and C. tol-
miei (19.0£0) treatments (one-way ANOVA: F2,13=7'75'
p=0.006); larvae on both control lilies and L. columbianum
had significantly shorter development times than larvae
fed on C. tolmiei (Tukey HSD). The number of days it took
pupated larvae to emerge as adults did not significantly
vary between the control lily (27.5+0.19), L. columbia-
num (28.3+0.33) or C. tolmiei (28.0+0) (one-way ANOVA:
F,13=2.64,p=0.11).

The length (mm) of emerged adults from control lilies
(7.25+0.16), L. columbianum (6.75+0.31), and C. tolmiei
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of Liliaceae in the (A) 2017 and (B) laboratory larval feeding and
development trial. Survival is the proportion of the initial cohort of
larvae for each host plant species alive at the start of each 2-day interval
during the larval period, the pupal stage, or adult life stage.

(5.5%0) varied significantly across hosts (one-way ANOVA:
F2,12=1'53' p=0.04), with individuals on control lilies sig-
nificantly larger than those on the C. tolmiei treatment
(Tukey HSD). No other significant difference was detected
for other pairwise comparisons between any hosts (Tukey
HSD). The weight (mg) of the emerged adults reared on the
control lilies (18.8+0.98), L. columbianum (17.3 +0.84), and
C. tolmiei (14.0+0) did not vary significantly across hosts
(one-way ANOVA: F2’,2= 1.836, p=0.20).

For the second feeding trial in 2019, seven larvae in the
C. tolmiei treatment, two larvae in the F. affinis treatment,
and three larvae in the L. columbianum treatment died
within 2days. Larval attrition continued for F. affinis until
Day 10; after which, a single larva survived (Figure 4B). All
available host plant material was consumed by the remain-
ing larva on C. tolmiei on Day 12 and the larva on F. affinis
on Day 14. Thus, larval survivorship was only compared
between the plant hosts until Day 12. On Day 12, overall
larval survivorship between plant species was 100% for the
control lily, 63% for L. columbianum, and 13% for both C.
tolmiei and F. affinis.

Both the control lily and L. columbianum hosts sup-
ported larval development to the pre-pupal stage, and
all pupated larvae successfully emerged as adults. Larval
weight gain remained fairly similar across host plant treat-
ments, with a significant difference in mass only detected
on Day 2 (one-way ANOVA: F3’,5= 10.3, p=0.0006) and Day

12 (one-way ANOVA: F3,,5= 13.8, p=0.0005) (Figure 5). On

—A—Control lily
61 ——Lilium columbianum
5 A1 —&- Calochortus tolmiei
£ 4 O Fritillaria affinis
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©
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FIGURE 5 Weight (mean+standard error; in mg) of Lilioceris lilii
larvae reared on four species of Liliaceae for the 2019 laboratory larval
development trial, at 2-day intervals.

Day 2, the larvae feeding on the control lilies were signifi-
cantly heavier than the larvae feeding on F. affinis and on
L. columbianum (Tukey HSD). On Day 12, the larvae feed-
ing on the control lilies were significantly heavier than the
larva on C. tolmiei, L. columbianum, or on F. affinis (Tukey
HSD).

Larvae that fed on control lilies (13.4 +0.18) reached pre-
pupae in marginally fewer days than larvae on L. colum-
bianum (16.8+1.2) (two-sample t-test: t,,=2.82, p=0.05).
The number of days it took pupae to emerge as adults did
not vary between control lilies (31.9+0.85) and L. columbi-
anum (29.6+0.81) (two-sample t-test: t,,=1.93, p=0.080).
There was no difference in the length (mm) of adult bee-
tles reared on the control lilies (7.63+0.16) and L. colum-
bianum (7.2+0.12) (two-sample t-test: t,,=2.14, p=0.060).
There was also no significant difference in weight (mg) of
the adult beetles reared on control lilies (23.9+0.14) and
L. columbianum (21.0£0.63) (two-sample t-test: t,,=1.84,
p=0.09).

DISCUSSION

Female L. lilii oviposited on all hosts tested, and larvae sur-
vived for over aweek on all hosts except P. hookeri. However,
the only hosts on which larvae developed to adulthood
were L. columbianum and C. tolmiei. This suggests L. lilii
could impact native hosts across the Pacific Northwest US,
although there may be large variability in risk to various
hosts. Records for native species of Calochortus, Fritillaria,
and Lilium show species from all three genera occur within
20km of the current infestation site of L. /ilii in Washington
State. Lily leaf beetle adults are strong fliers (Ernst, 2005),
such that these native plants could easily be reached as the
beetle disperses. With nearly 70 Pacific Northwest species
of Calochortus, Fritillaria, and Lilium that are endangered,
threatened, or sensitive, the spread of L. lilii may present a
threat to natural areas (California Department of Fish and
Wildlife, 2018; Idaho Bureau of Land Management, 2016;
Oregon Biodiversity Information Center, 2016; Washington
Natural Heritage Program, Washington Department of
Natural Resources, 2017).
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Our assays show there was widespread variation in ovi-
position behavior and development across hosts tested.
When given a choice between a control lily and native spe-
cies of Pacific Northwest Liliaceae, mated female L. lilii pre-
ferred the control. Moreover, larvae that fed on the control
lilies had the quickest development time, the highest sur-
vival, and the largest adults. The native Lilium columbianum
was also readily used as an oviposition site even when con-
trol lilies were available. Larval survival was high on L. co-
lumbianum, with many larvae completing their lifecycles.
Larvae that fed on L. columbianum displayed similar de-
velopment time to the larvae that fed on control lilies. The
adults that emerged from the L. columbianum treatments,
though sometimes having a lower weight, were very sim-
ilar in size to the adults that fed on the control lilies. These
results, along with observations from Ernst et al. (2007)
and Blackman et al. (2016) indicate that native Lilium across
North America are suitable hosts for L. /ilii.

We also observed that female L. lilii will oviposit on C. tol-
miei (divergence time 38 mya from Lilium). Although larval
attrition was high for C. tolmiei, surviving larvae readily fed
on the host plant and pupated. Larvae that successfully fed
on C. tolmiei had similar development time, although adult
and larval weight gain were lower than that of larvae fed
Lilium species. This indicates C. tolmiei can be a viable host
plant for L. lilii, particularly when species of Lilium are not
available. Although L. lilii oviposit on P. hookeri (divergence
time 36 mya from Lilium) when no lily is available, the death
of each larva within 48 h indicates that this species is not a
suitable L. lilii host plant. Even though none of the larvae
in our experiments were able to fully complete their devel-
opment on F. affinis (divergence time 4 mya from Lilium),
many eggs were laid on F. affinis, and larvae steadily gained
weight feeding on this species for up to 14 days.

Ernst et al. (2007) found lily leaf beetle larvae could feed
and reach the pre-pupal stage on multiple native eastern
North American Liliaceae, and that genera with a closer di-
vergence time to Lilium were more likely to be acceptable
hosts (Lilium philidelphicum L., Medeola virginiana L. [diver-
gence time 30 mya from Lilium], and Streptopus amplexifo-
lius (L.) DC.[divergence time 37 mya from Lilium]). However,
we show the genus Prosartes (divergence time 36 mya
from Lilium) is an unsuitable host, whereas Calochortus
(divergence time 38 mya from Lilium) is suitable, such that
divergence time is not the only predictive factor of host
suitability. More broadly, our study adds to the literature
showing invasive insects particularly threaten hosts similar
to hosts in their native region (Uden et al., 2023). Assessing
phylogenic relationships among host species can generate
risk profiles, as was done with 47 conifer species in North
America and 62 potentially invasive Eurasian insects (Uden
etal, 2023). Deployment of sentinel plants, along with field
and laboratory experiments like those conducted here, can
be a useful tool to assess the potential risk of invasive spe-
cies to native hosts, as has been done with invasive aphids
(Redlich et al., 2019).

The risk posed by L. lilii to native host plants occurring
in the Pacific Northwest United States will depend not only
on host suitability but also on the spatial and temporal
overlap between the hosts and the insect (Dang et al., 2021;
Koch, 2021; Rand & Louda, 2006). Habitat suitability mod-
els indicate considerable areas of western Oregon and
Washington States, northern Idaho, and Montana are sus-
ceptible to the future spread of L. lilii (Freeman et al., 2020).
Such models could predict risk to native species by consid-
ering how L. lilii spread may overlap with native host distri-
butions (Dang et al., 2021; Koch, 2021). Host plants that have
suitable tissue during periods when L. lilii are active will
likely be at greater risk than host plants that occur during
periods of low beetle activity. Future management and risk
assessment activities should consider both the spatial and
temporal overlap between L. lilii and native host plants as
the invasion spreads.

Our larval performance trials on F. affinis and C. tolm-
iei should be interpreted cautiously given that Fritillaria
are known hosts for L. lilii in other regions (Bouchard
et al., 2008; Ernst et al., 2007) and because some plants se-
nesced while trials were conducted. Moreover, we ran out
of leaves in laboratory trials; that may have contributed
to low survival. In western Washington, C. tolmiei and F.
affinis develop earlier than most Lilium species (Turner &
Gustafson, 2006). Our experiments were conducted in late
May, when most Fritillaria and Calochortus were senescing,
and both genera may be more attractive when their leaves
are younger. Our results may indicate a phenological mis-
match between L. lilii and some native species, making
them less suitable for oviposition and development even if
they are otherwise viable host plants. Even so, the beetle is
active as early as March in western Washington, suggesting
that in some climates early season plants could be at risk as
the only available food source.

Findings from these experiments help provide im-
portant data to assess the lily leaf beetle's potential to
invade and impact native Liliaceae species in the Pacific
Northwest, United States. However, there are several ave-
nues of future research that require exploration. First, an
in-depth analysis of the various Liliaceae species' chemical
composition, leaf structures, and secondary metabolites
would help explain why L. ilii oviposit and feed on some
but not all genera in the Liliaceae family. Second, an anal-
ysis of chemical and defensive traits of various lilies could
be compared to historical divergence times. Finally, fu-
ture studies should examine how climate change impacts
the lily leaf beetle's emergence time in the spring to see
whether the beetle's phenology overlaps with Liliaceae
genera such as Calochortus. Despite these caveats, to help
mitigate the impacts of this invasive beetle, the Washington
State Department of Agriculture initiated a classical biolog-
ical control program with releases of two parasitoid wasp
species, Tetrastichus setifer Thomson and Diaparsis jucunda
Holmgren. These specialist wasps have previously been
released in Connecticut and Rhode Island, where reduced
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beetle populations and parasitism rates of over 90% were
observed (Tewksbury et al., 2017). Although this may be
promising, these tiny wasps only spread up to 5km a year
(Tewksbury et al., 2017) and will take considerable time to
spread throughout the Pacific Northwest. In the interim,
threatened native species should be closely monitored as
the beetle expands its range. Further host plant testing
should also be conducted in field sites with overlap to bee-
tles to help define management priorities.
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