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Abstract

Crapemyrtle bark scale (CMBS), Acanthococcus lagerstroemiae (Kuwana) (Hemiptera: Eriococcidae), is a non-native scale
insect that has spread throughout many urban areas of the Southeast and Middle Atlantic regions of the United States follow-
ing its initial detection near Dallas, Texas in 2004, severely reducing the aesthetic value and health of the popular ornamental
crapemyrtle tree (Lagerstroemia spp.). We infested crapemyrtles with known numbers of CMBS to determine the minimum
number of individuals required for establishment after initial arrival on plants. We also investigated how netting—imple-
mented to understand differences in establishment when scale dispersal and predation are inhibited—influenced population
growth. We determined that one female CMBS egg sac can successfully establish a new population ~92% of the time and that
netting had negligible effects on establishment. Our results underscore the importance of surveying and managing CMBS
and scale insects with similar biology when attempting to prevent infestation of nursery stock, which is widely implicated

as a vector for long-distance dispersal of scale insects.
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Key message

e Crapemyrtle bark scale is a non-native pest that causes
damage to high-value ornamental trees.

e We determined that a single female crapemyrtle bark
scale can lead to established infestations.

e Our results show the importance of thorough surveying
for crapemyrtle bark scale.
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Introduction

Non-native scale insects, often arriving via imported live
plants (Liebhold and Tobin 2008; Liebhold et al. 2012;
Meineke et al. 2013; Meurisse et al. 2019), have become
some of the most common and damaging pests of trees
in North America. Invaders such as oystershell scale
(Lepidosaphes ulmi L.) (Griswold 1925; Crouch et al.
2021), beech scale (Cryptococcus fagisuga Lind.) (Morin
et al. 2007), Japanese maple scale (Lopholeucaspis japonica
Cockerell) (Addesso et al. 2016), European elm scale
(Gossyparia spuria Modeer) (Herbert 1924), and others
cause damage to urban trees. Damage occurs directly by
insects removing carbohydrates via feeding on phloem or
parenchyma tissue and/or indirectly by facilitating growth
of sooty mold and pathogenic fungi. Scale insects can also
vector and increase susceptibility of trees to disease in urban
and/or rural forests, such as in the insect-fungus complex
beech bark disease (Morin et al. 2007), drippy blight of
red oaks caused by a bacterium associated with kermes
scale (Allokermes galliformis Riley) (Sitz et al. 2018), and
grapevine leafroll virus, which is vectored by mealybugs
and soft scales (Almeida et al. 2013; Hommay et al. 2021).
While the mechanisms governing their invasions vary,
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ranging from number of arriving propagules at a site or
plant to natural enemy pressure at the invasion site, certain
invasive scale insect species, specifically phloem-feeding
scales, exhibit high fecundity (producing hundreds of eggs
per female), develop through a tiny crawler stage that is
difficult to detect, and have multiple generations per year
(Morin et al. 2007; Addesso et al. 2016; Crouch et al. 2021).
These traits increase the number of potential propagules
produced and, potentially, the ability of scale insects to
establish and spread.

Propagule pressure, the number of individuals arriving
per unit of space and time (Hill et al. 2016), is integral to
establishment success (Lockwood et al. 2005; Brockerhoff
et al. 2014); larger numbers of arriving conspecifics or mul-
tiple introduction events over time typically leads to a higher
chance of establishment. Establishment success, especially
for small founding populations, is also modulated by demo-
graphic (i.e., random variation in fecundity and survival)
and environmental (i.e., variation in weather patterns and
natural enemy prevalence) stochasticity (Leung et al. 2004;
Lockwood et al. 2005; Drake and Lodge 2006; Chase et al.
2022). Many scale insect species might be robust to such
stochasticity owing to their high fecundity and development
through several overlapping generations per year, as well as
the ability of many scale insect species to reproduce parthe-
nogenetically (Liebhold et al. 2016). Moreover, scale insects
produce a waxy or sclerotized covering that reduces penetra-
tion of many insecticides (Fondren and Mccullough 2005;
Quesada et al. 2018) and may also reduce attack from natural
enemies and/or buffer against adverse weather conditions,
especially in armored scale species such as Japanese maple
scale (Lopholeucaspis japonica Cockerell) (Addesso et al.
2016). Conversely, the establishment and growth of scale
populations could be altered by females being sessile for
most of their life cycle, which potentially increases mate-
finding failure (especially in non-parthenogenetic species),
intensifies intraspecific competition, and/or exacerbates pre-
dation (e.g., immobile prey may be more susceptible). The
role of these multiple and potentially opposing factors in
governing plant-level establishment of scale insects, which
also influences spread across larger (e.g., between urban
centers) spatial scales, is poorly understood. As scale insects
are often transported on live plant material (Liebhold et al.
2012; Meurisse et al. 2019), understanding how scale insect
populations establish on a plant is essential to informing
phytosanitation practices for these small-bodied insects.

Crapemyrtle bark scale (CMBS), Acanthococcus
lagerstroemiae (Kuwana) (Hemiptera: Eriococcidae), is a
non-native, sap-feeding insect first detected near Dallas,
TX in 2004 that has since invaded several urban centers in
the eastern United States (US) (Wang et al. 2016). Since its
initial detection, this scale insect has damaged the popular
non-native ornamental tree crapemyrtle (Lagerstroemia
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spp. Linnaeus, Lythraceae) across urban landscapes of
fifteen different states in the Southeast and Middle Atlantic
regions of the US (Wang et al. 2016). Both female and male
CMBS have a cryptic, mobile crawler stage immediately
after hatching from eggs (Wang et al. 2019). While both
males and females exhibit a sessile period in which crawlers
insert their stylets into the tree and feed (hereafter termed
“settled crawlers”), only males have a winged adult stage;
females remain sessile as adults, laying eggs in a white,
waxy coating covering their bodies called ovisacs (Wang
et al. 2019). Parthenogenetic reproduction by CMBS has
not been observed in lab settings (Xie et al. 2022). In North
America, CMBS can produce up to three generations per
year in the warm-summer humid continental climate of the
Middle Atlantic region and up to four generations in the
humid subtropical climate at more southern latitudes (Gu
et al. 2014). There remain several uninvaded regions of the
US that harbor crapemyrtles and other suitable hosts (Wang
et al. 2019; Xie et al. 2021).

Knowledge of the role of founding population size in
population establishment and growth, while being a funda-
mental aspect of an invasion, could also (1) reveal the impor-
tance of phytosanitation practices against CMBS, including
in nurseries growing crapemyrtles that may be the source
of many satellite CMBS infestations, and (2) potentially
elucidate the number of propagules necessary to achieve
between-tree movement. Our study objectives were to (1)
determine the minimum founding population size for tree-
level establishment of CMBS after initial arrival on a plant,
and (2) quantify population growth following establishment.
This work provides useful information for management prac-
titioners, while also revealing key aspects of CMBS ecology
in its non-native range.

Materials and methods

During a pilot study in early June 2021, potted crapemyr-
tles were infested with zero, one, two, three, or four settled
CMBS crawlers to determine the minimum founding popu-
lation size of CMBS. Two weeks following deployment of
CMBS, multiple plants infested with one CMBS had estab-
lishment of new scales. Thus, to further evaluate establish-
ment success of a single ovisac, 25 0.6-m-tall Lagerstro-
emia indica x fauriei 'Natchez’ (crapemyrtle) were infested
with one female settled crawler in early July 2021. It was
not known whether females had been mated at the time of
infestation.

Plants were placed in 26.5-1 pots using a soil mix
containing pine bark fines and sphagnum peat (Pro-Line
44N, Jolly Gardener, Poland Spring, ME). Crapemyrtle
bark scales were collected by clipping infested branches
from crapemyrtles in Charlotte, NC. Infested twig fragments
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were zip-tied to the upper portion of our study trees on the
same day that the twig fragments were prepared. Plants were
then relocated using a truck to a large field with minimal
shade at the Bartlett Tree Research Laboratory in Charlotte,
NC, adjacent to the plants from the pilot study. Half of
the plants had fine fabric mesh netting (0.5 mm X 0.6 mm)
secured around the base of the pot using twine to exclude
predators and inhibit dispersal loss of winged males and/
or departure and arrival of wind-blown crawlers. The mesh
netting occasionally blew open or was dislodged during
thunderstorms and high wind events (e.g., potentially
allowing alate males and natural enemies to enter or exit) but
was always replaced within 48 h. We continued monitoring
plants infested with zero CMBS in the pilot study to confirm
that there was no colonization by CMBS between adjacent
trees. There were mature crapemyrtles approximately 50 m
away from our study trees, but these trees were monitored
periodically throughout the study and CMBS was never
found.

Per plant, we recorded establishment of CMBS (success/
failure) and the number of male white coverings (male
pupae), female settled crawlers, and female ovisacs two
to three times per week from July through October 2021.
Establishment was considered successful (1 =success,
0=failure) if a plant had at least one settled scale at the
conclusion of CMBS population density counts in October.
Because CMBS is active in winter (Wright et al. 2023), we
left all plants in the field until March and then destructively
sampled plants to document persistence of populations or
additional failed or successful establishments through winter.

Fig.1 Average (a)
establishment success (XI2 =
2.78, p=0.10) of crapemyrtle
bark scale (CMBS) on
crapemyrtles infested with
one CMBS and densities on
the last sample day in October
(b) of CMBS, In-transformed
(X?=3.73, p=0.05). Controls
were excluded from average
establishment success (a) and
density (b) analyzes, as we
only analyzed plants that were
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Each individual plant was checked visually for CMBS, the
entirety of each plant being examined. Population density
per plant per sample day was calculated as the sum of male
pupae, female settled crawlers, and female ovisacs.

Logistic regression, analysis of variance (ANOVA), and
analysis of deviance with type III sums of squares were used
to compare establishment success and population density on
the last sample day in October, respectively, as a function of
netting. All statistical analyzes were performed using the R
statistical programming environment v4.2.2 (R Core Team
2022) and the car package (Fox and Sanford 2019) was used
for analysis of variance and deviance. We fit density (num-
ber of individual CMBS per plant) with a Poisson distribu-
tion but found that the model had overdispersion and thus
re-fit the model with a negative binomial distribution with
a log link function. Control plants were excluded from all
analyzes, as none had any documented scale insects until
the final counts were conducted in March 2022, when one
control adjacent to a heavily infested plant was found to have
28 settled crawlers. Lastly, to evaluate population growth, we
graphed the In-transformed densities of scale insect popula-
tions as a function of time.

Results

Of plants infested with a single CMBS female settled
crawler, 92% had CMBS population establishment (Fig. 1).
In the model comparing establishment success among

initially artificially infested
and no controls ever became
infested. When establishment
success =0, no scales were
present. The vertical lines
with horizontal bars in (a) are
error bars, whereas in (b) the
vertical lines represent the range
of values and horizontal bars
represent the median. The dots
in both figures represent scale
densities on individual plants
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Fig.2 Crapemyrtle bark scale (CMBS) density on individual
crapemyrtle saplings infested with one CMBS with each plant
represented by a gray line. Each line displays a moving average over
time with the purple line indicating a moving average for CMBS
populations for all plants over time. Controls were excluded from this
analysis as we only analyzed population growth on plants that were
initially artificially infested and no controls ever became infested

netted and non-netted plants, no statistically clear effect was
detected (X12 =2.78, p=0.10; Fig. 1a). Despite that, CMBS
populations established on 100% of netted plants compared
with 85% on non-netted plants (Fig. 1a).

After being infested with one female settled crawler in
July, CMBS populations grew to high densities by October,
with an overall average density of 32 +4 (Fig. 1b). In the
model comparing CMBS densities on the last sample day in
October between netting treatments, there was no statisti-
cally clear effect of netting (X12 = 3.73, p=0.05; Fig. 1b)
despite densities of CMBS averaging 39 +21 on netted
plants compared with 11+ 5 on non-netted plants (Fig. 1b).

Scale densities on individual plants reached high levels
(mean per plant maximum density = 89 +48) despite being
infested with just one settled crawler initially (Fig. 2). The
highest single plant scale density recorded at one sample
day was 1086 scales (Fig. 2). Densities of CMBS fluctuated
on individual plants over time, for example, as one plant
increased from 21 CMBS on August 16th to a peak of 157
on August 26th before declining to 97 on September 17th
(Fig. 2).

Discussion

The ability of a few propagules to establish can create
management challenges for invading species (Leung et al.
2004; Lockwood et al. 2005; Drake and Lodge 2006;
Chase et al. 2022), and our study demonstrates that CMBS
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can establish a new population on a plant following the
introduction of a single, settled female. This finding
highlights the difficulty of managing this invader, especially
in nursery settings where large numbers of crapemyrtles may
be cultivated directly adjacent to each other, potentially
facilitating movement of scales from one plant to adjacent
plants if branches are touching. Missing a single, mated
female crawler during inspection and/or treatment is likely
to result in population establishment on a plant (Fig. 1) and
populations could reach densities greater than 500 scale
insects in a matter of months (Fig. 2). Because we did not
know the mating status of the settled females that we infested
plants with, the likelihood of establishment and subsequent
population growth could have been highly dependent upon
the presence of male CMBS on the same or nearby trees.
However, it is possible that we infested plants with a large
proportion of mated females with mature ovisacs, leading
to high establishment success. Moreover, detecting low
density populations is inherently challenging (Venette et al.
2002). For example, 11 plants in our study harbored CMBS
populations that our targeted surveys indicated had dropped
to zero before rebounding, underscoring that CMBS first-
instar crawlers are exceedingly difficult to detect. Because of
their minute size, cryptic life history, and ability to establish
from low densities, our findings highlight the importance
of thorough inspections of nursery stock for CMBS before
shipping and planting in the landscape to prevent the
continued spread of this pest. Our results also show the
potential for CMBS populations to rebound after treatment
with insecticides if some scales are left unharmed. Even with
thorough inspections, it is possible that large infestations
could outbreak in both landscape and nursery settings if even
a single mating pair—or one mated female—is not detected
on a single tree.
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