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Abstract Scale insects are ubiquitous herbivores
that are frequently transported on plants through hor-
ticultural trade and are encountered at ports of entry
worldwide. We provide an update on the non-native
species of scale insects that have been introduced to
the continental United States including: the species
involved, their host associations, pest status, introduc-
tion rates, invasion pathways, and we estimate their
economic impact on U.S. agriculture. There are 1099
species of scale insects recorded in the continental
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U.S., 297 are non-native species (27%). Introduced
species belong to 16 families, the most common of
which are Diaspididae (150), Pseudococcidae (63),
and Coccidae (44). These species are often pests;
216 species (73%) are minor to major horticultural
pests or are recently introduced and have the poten-
tial to become pests. Over half (56%) of introduced
scale insects are polyphagous, able to survive and
reproduce on many host plant families, and the most
impacted commodities include deciduous and tropical
fruiting trees (e.g., apple, banana, citrus, grapevine,
stone fruits), landscape and ornamental plants (e.g.,
exotic trees, shrubs, palms, roses), grasses (e.g., orna-
mentals including bamboos, cereal grain crops, sugar-
cane), houseplants (e.g., cacti, orchids, snake plants,
succulents), trees (e.g., conifers and hardwoods), and
miscellaneous other commodities (e.g., cut flowers,
cotton, coffee). Scale insects are estimated to cost
U.S. agriculture and consumers between $4-8 bil-
lion USD annually in production losses and manage-
ment costs. We discuss the impact of plant quaran-
tine measures and expectations about future species
introductions.
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Introduction

Scale insects (Hemiptera: Coccomorpha) are ubig-
uitous herbivores that can be serious pests of agri-
culture, horticulture, and forestry. Scale insects, like
other hemipterans, adhere to plants by their mouth-
parts and remain attached in this way for most of their
life. Collectively they can feed on most plant parts,
including the roots, stems, bark, leaves, and fruits.
Many species are highly polyphagous and able to sur-
vive on a multitude of hosts. They have evolved an
array of reproductive strategies (Ross et al. 2010),
including thelytoky, which can facilitate establish-
ment when species are introduced to new environ-
ments (Liebhold et al. 2024). And in general, scale
insects tend to be tiny, cryptic, unusual in appear-
ance, and less easily recognizable as insects to non-
experts. As a result, scale insects are frequently and
inadvertently transported by people through horticul-
tural trade, in the mail, and even in passenger cargo
on commercial flights (Lichtenberg and Olson 2018;
Pace et al. 2022; Turbelin et al. 2022). They rank
among the most encountered insects in plant quaran-
tine at ports of entry worldwide (Liebhold et al. 2024;
Suh et al. 2013; Turner et al. 2021) and many non-
native species have become established in the United
States.

Certain invasive scale insects have great historical
significance. For example, the cottony cushion scale,
Icerya purchasi Maskell, is notable for necessitating
the earliest biological control efforts (Van Driesche
and Bellows 1996) and damage caused by the San
José scale, Comstockaspis perniciosa (Comstock),
helped motivate Congress to pass the Plant Quaran-
tine Act of 1912 as a check on new plant pest inva-
sions (Marlatt 1920). Many additional non-native
species have become established over time and their
impact on U.S. agriculture, horticulture, and forestry
ranges from minimal to severe (Gill and Kosztarab
1997; Kosztarab 1990; Miller and Davidson 1990,
2005). On average, one new scale insect species is
introduced to the country each year (Miller et al.
2005).

Miller et al. (2005) published the first full account
of the non-native scale insect species introduced to
the continental United States. They found that 255
species are adventive or invasive in the U.S., which
comprised over 25% of the nation’s scale insect fauna
at the time. Twenty years later, we provide an update
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to Miller et al. (2005), compiling information on all
non-native scale insects now recorded in the continen-
tal U.S. Building on their foundation, this study aims
to report on (1) the species involved, (2) their earli-
est record by state, (3) their host associations, (4) pest
status, (5) world region of origin, and (6) associated
references. We use these data to assess historical rates
of introduction, invasion pathways, and we estimate
the economic impact of invasive scale insects on U.S.
agriculture. We note 14 species that were introduced
prior to 2005 but were excluded from the original list.
Since 2005, 28 more species (1.4 species/year) have
been introduced to the continental U.S. for a total of
297 non-native scale insects out of 1099 species over-
all, comprising 27% of the U.S. scale insect fauna.
These figures likely represent most of the non-native
species introduced to the U.S. However, it should be
noted that two additional putative introductions of
undescribed cryptic species have been discussed in
the literature (Ahmed and Miller 2018b; von Ellen-
rieder et al. 2022); beyond these records, it is unclear
at present to what extent any additional cryptic spe-
cies may be established in the U.S.

Some recently introduced species raise concerns
for U.S. agriculture and the economy. Nipponaclerda
biwakoensis (Kuwana) is invasive in the Mississippi
River Delta and has contributed, along with other
stressors (Cronin et al. 2020; Knight et al. 2020), to
extensive die-off in Phragmites-dominated marsh-
lands. Mississippi River Delta ecosystems provide
$12-47 billion in economic benefits each year (Bat-
ker et al. 2010). Negative economic impacts of marsh
die-offs that may be attributable to N. biwakoensis
are difficult to separate from other stressors such as
soil erosion, salinity, and pollution. This species is an
interesting example, as the consequences for its intro-
duction extend beyond agriculture and include risks
to critical infrastructure (i.e., via increased hurricane
damage). The Florida invasive Fiorinia phantasma
Cockerell & Robinson has become a major pest of
key commodities, primarily attacking palms along
with many other valuable ornamentals and tropical
fruit trees in Florida’s multi-billion-dollar horticul-
tural industry (Ahmed et al. 2021). In 2010, palms
alone made up 10% of Florida’s nursery and green-
house sales, totaling $404 million (Khachatryan and
Hodges 2014). Lepidosaphes laterochitinosa Green is
also now invasive in Florida, where it is increasingly
found on common ornamental plants and appears to



Non-native scale insects (Hemiptera: Coccomorpha) of the United States and their impact on...

Page 3 of 49 85

be spreading rapidly through southern Florida (Pow-
ell et al. 2024c). Lepidosaphes laterochitinosa has
been taken in U.S. plant quarantine frequently in
recent years and is known to feed on 29 host plant
families including major commodities in the U.S.,
like citrus and grapevine. Both of these industries
are valuable to U.S. agriculture; citrus production in
the U.S. in 2024 was valued at $2.98 billion (Anony-
mous 2024) and in 2023 California’s grape industry
was valued at $6.52 billion (Anonymous 2023a).
The potential for L. laterochitinosa to spread rapidly
coupled with its broad host range raises concern for
several U.S. commodities. In recent years, Nipaecoc-
cus viridis (Newstead) has also become established
in Florida, and Citrus spp. are among its preferred
hosts (Olabiyi et al. 2023; Stocks 2013). It feeds on
53 host plant families and has been recorded as a pest
on commodities that are important in other regions
of the U.S., like cotton, grapevine, potatoes, soybean,
and tomatoes in addition to many ornamentals (Max-
well-Lefroy 1908; Misra 1920; Sharaf and Meyerdirk
1987; Williams 2004).

This article evaluates information about non-native
scale insect species in the U.S. to address the follow-
ing questions. (1) Where have non-native species in
the United States originated from and have trends in
the region of origin changed over time? (2) Where are
new species entering and establishing in the United
States? (3) Are scale insect introduction rates tied to
the volume of horticultural imports? (4) What are the
major hosts and commodity groups impacted or at
risk? And (5) what is the economic impact of invasive
scale insects on U.S. agriculture?

Methods
Species introduction data

We reviewed publication records compiled in Sca-
leNet (Garcia Morales et al. 2016) and updated the
existing list to include species introduced to the
United States since 2005 (Table 1). Species are
treated as introduced when they are established in
outside environments, excluding species known only
from greenhouses, nurseries, or quarantine inspec-
tions. A full list of U.S. species with justification
for any exclusions is provided in Table S1. Earli-
est records come from the literature and specimens

in the collections of the National Museum of Natu-
ral History, Washington D.C. (USNM); The Florida
State Collection of Arthropods, Gainesville, Florida
(FSCA); and The Bohart Museum, Davis, California
(UCD). Miller et al. (2005) noted that some of the
earliest species records date back to when specimens
were first deposited in museums and the actual date
of introduction to the U.S. may have preceded these
records by decades. For lack of better records, these
are considered close to the actual date of introduction.
Comments on pest status and region of origin are
drawn primarily from the literature and these determi-
nations are often subjective. Some cosmopolitan spe-
cies were already widespread by the 1700-1800s and
their origins may only be determined by relationships
to other species that have limited geographical distri-
bution. The principal hosts are grouped by categories
and the term polyphagous is defined as any species
known from 10 or more families of hosts following
Miller et al. (2005). Some extremely polyphagous
species, such as Coccus hesperidum Linnaeus, feed
on at least 140 host plant families. ScaleNet compiles
detailed information regarding host associations for
further reference. We aim to give enough context here
to convey commodity groups at risk.

Invasion pathways

Where have non-native species in the United States
originated from and have trends in the region of
origin changed over time? To address these ques-
tions, we plotted the number of species introduced
from each region of origin over time. Observations
were filtered to exclude species for which the origin
is unknown but included observations with a best
estimate. Species with more than one earliest state
record occurring in the same year were treated as
one introduction event, for a total of 247 observa-
tions. To assess differences among regions of origin
we conducted a Kruskal-Wallis test and post-hoc
comparisons of regions using the Dunn test with the
R package ggstatsplot (Patil 2021). Introduction data
available as of August 2025 were used for this and
subsequent analyses.

Where are new species entering and establish-
ing in the United States? We summed species intro-
duction records for the continental U.S. overall and
by regional groups of states, as defined by the U.S.
Bureau of Economic Analysis, but we parsed out
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counts for California and Florida because they are
disproportionate contributors. We plotted the num-
ber of species introduced by state/region and national
total over time. We performed trend analysis on
species introduction records (the number of spe-
cies first detected by state and by decade) using the
peak period of introductions to the U.S. in 1900-09
for comparison. We calculated the percent change in
number of species introduced per decade for major
agricultural centers (i.e., California and Florida)
and for the continental United States overall. We
also performed changepoint analysis on the curve of
total introduced species records by year to determine
which years showed significant changes in the mean
value of introductions and plotted the results, using
the R packages changepoint (Killick et al. 2014)
and ggplot2 (Wickham 2016). Changepoint analysis
detects points in time where the underlying properties
of a data sequence, such as mean or variance, change
significantly.

Horticultural imports

Are scale insect introduction rates tied to the vol-
ume of horticultural imports? To address this ques-
tion, we compiled a time-series dataset for regression
analysis comprising quantity of horticultural imports
and number of introduced species to the U.S. for the
period of 1967-2024. Data on the quantity of horti-
cultural imports was drawn from the USDA, For-
eign Agricultural Service, Global Agricultural Trade
System (FAS GATS) for all years with data reported
(as FAS standardized quantity units per commodity
group). The number of species introduced per year
used the date of earliest published record as a proxy
for date of introduction, acknowledging that time of
publication lags the unknown true date of introduc-
tion. Assumptions for linear regression of time-series
data were evaluated and tested. Data on the quantity
of horticultural products were detrended and then
tested for stationarity (KPSS=0.324, truncation
lag=3, p=0.1). The regression model was tested for
autocorrelation (LM test=9.62, df=10, p=0.474)
and heteroscedastic variance (BP test=0.88, df=2,
p=0.644). Analyses using linear regression and
dynamic regression models were run for comparison,
but results of the models were the same. Dynamic
regression models account for lag in response vari-
ables in relation to predictor variables.

Major hosts/commodities

What are the major hosts and commodity groups
impacted or at risk? We defined polyphagous as spe-
cies reported to feed on 10 or more host plant fami-
lies, typically including a broad range of horticultural
commodities. We looked at host patterns across 296
introduced scale insect species in the U.S. over time
and then focused on the 27 species introduced from
2005 to August 2025. For scale insect species that
were not considered polyphagous, we grouped hosts
in the following ways: grasses (e.g., ornamentals
including bamboos, cereal grain crops, sugarcane,
etc.), tropical and deciduous fruit trees (e.g., apple,
banana, citrus, grapevine, stone fruits), landscape and
ornamental plants (e.g., exotic trees, shrubs, palms,
roses), houseplants (e.g., cacti, orchids, snake plants,
succulents), trees (e.g., conifers and hardwoods), and
miscellaneous ‘other hosts’ (e.g., cut flowers, coffee,
cotton). Results were plotted using the R package
ggplot2 (Wickham 2016).

Economic impact

What is the economic impact of invasive scale insects
on U.S. agriculture? We reviewed primary literature
and online resources, gathering data about monetary
costs incurred due to damage and control of scale
insects domestically and globally. Examples are
scarce and are limited in scope regarding the geo-
graphical distributions and commodity groups con-
sidered, which significantly limits what can be done
to formulate estimates without more input data. We
took a multi-pronged approach to estimate the eco-
nomic impact of scale insects on U.S. agriculture
and considered a few scenarios to identify a range of
values that likely represent minimal costs attributable
to scale insects. The first scenario relies on prior esti-
mates provided by Kosztarab (1977, 1990) and sim-
ply adjusts for inflation. We similarly adjusted an esti-
mate of costs due to armored scales offered by Miller
and Davidson (2005) and assumed that the percent
contribution of costs from armored scale pests is
equal to their species richness. Thus, for the second
scenario we extrapolated a range of costs attributable
to scale insects overall using high and low-end values
from the original estimate that considered armored
scales alone. Our third scenario used a dataset of
costs to ornamental plant trade in Georgia that were
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attributed to scale insects (Oetting et al. 2007), esti-
mated an expected average cost per severe pest, and
estimated overall costs for the continental U.S. using
distribution data for species drawn from ScaleNet.
Finally, we compiled information from references that
assigned costs to scale insects, including information
from any country. The data are too limited to form
a meaningful estimate, but they help illustrate how
under-reported these figures are and how costly scale
insects are to agriculture worldwide. Several refer-
ences were summarized and evaluated by Bradshaw
et al. (2016) (supplementary data) and by Naranjo
et al. (2019). We had to make broad assumptions
about parameters involved in cost estimation, but we
describe those assumptions so that their influence on
estimates is apparent.

We also attempted to gather cost data from national
and state agricultural resources. We sought data from
the Cooperative Agricultural Pest Survey (CAPS), the
National Agricultural Statistics Service (NASS), the
USDA Economic Research Service (ERS), and multi-
ple state departments of agriculture. We were unable
to locate resources where monetary costs were attrib-
uted to a fine enough resolution to be useful for our
purposes. We also tried using the INVACOST data-
base (Leroy et al. 2022) but found that information on
scale insects was too scarce to make an estimate.

Eriococcidae, 5 Other, 9

Rhizoecidae, 8«

Asterolecaniidae, 13— ¢

Pseudococcidae, 53,
~—~—

Fig. 1 Scale insect introductions by family. Pie charts depict-
ing the number of non-native scale insects introduced to the
continental United States proportionally by family (A) prior
to 2005 and (B) in the ensuing 20 years (2005-2025). Recent
introductions are illustrated separately to visualize changing
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Results
Species introductions

Table 1 summarizes a list of the non-native species
of scale insects in the continental United States and
information about their establishment, earliest record
of detection, origin, pest status, host associations, and
supporting citations. There are 1099 species of scale
insects present in the continental U.S., 297 of which
are non-native species (27%). Non-native scale insects
in the U.S. belong to 16 families, the most common
of which are Diaspididae (150), Pseudococcidae (63),
and Coccidae (44) (Fig. 1). Most introduced species
are pests of agriculture and horticulture; 210 species
are minor to major pests and an additional six species
that were introduced in recent years are considered
likely to become pests considering their location and
host range. Only 78 (27%) non-native scale insects
in the U.S. are considered innocuous. Assuming that
pests are more likely to receive attention for conspic-
uous damage, it is possible the number of innocuous
non-native species in the U.S. is underreported.

Invasion pathways
The distribution of introductions originating from the

Palearctic region over time differs significantly from

b Aclerdidae, 2

Asterolecaniidae, 1

Pseudococcidae, 1

N

Coccidae, 1
—

-
Monophlebidae, 1

N

Eriococcidae, 1 Diaspididae, 13

trends. Armored scales (Diaspididae) consistently represent
about half of introduced species, mealybug (Pseudococcidae)
introductions have been more prevalent by proportion in the
past 20 years compared with earlier periods, and soft scales
(Coccidae) have been less prevalent
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Fig. 2 Scale insect

introductions by region of

origin. The number of intro-

duced non-native species,

broken into world region of

origin (AFR Afrotropical, 15
AUS Australasian, NEA
Nearctic, NEO Neotropical,
ORI Oriental, PAL Palearc-
tic), are plotted over time to
assess how region of origin
has changed. Introductions
from the Palearctic domi-
nated in the early 1900s
and tapered off at the end
of the century. Most recent
introductions are from the
Neotropical and Oriental
regions

10

Number of Species

1800

--- AFR

others (Xz(df:5)=23.01, p<0.001); it skews heavily
toward the early 1900s and tapers off toward 2020.
This pattern is apparent in Fig. 2. Introductions from
other world regions do not differ significantly in dis-
tribution over time despite fluctuations (Fig. S1).
Most scale introductions in recent decades have
originated from the Oriental and Neotropical regions
(Fig. 2).

Records of new scale insect introductions peaked
in the late 1800s to early 1900s but sharply declined
in the 1920s, coinciding with passage of the Plant
Quarantine Act of 1912 and its amended version in
1928 (Fig. 3). Significant changepoints on the curve
of total introduced species reported per year occurred
in 1878, 1880, 1894, and 1925 (Fig. S2); the first
three dates correspond to an increase in slope and
the fourth a decline. The mean number of species
introduced prior to 1925 differs significantly from
the mean value for 1925-2025 (one-tailed t=3.26,
df=68.44, p<0.001, mean of x and y=2.78, 1.35).

California and Florida comprise most of the first
records for non-native scale insects introduced to
the United States. During the period of 2000-2019,
relative to the peak period of introductions recorded
in the United States (1900-09), the average number
of new species introduced to California has seen a
decline of 83%. During this same period, the United

=== AUS

1900 1950 2000

=== NEA NEO = PAL

States overall has experienced an average 66% decline
in new species introductions. Contrast these figures
with Florida, which averaged a 17% decline during
this 20-year period relative to peak and accounted for
most new non-native species detected in the country
(Fig. 3).

Volume of horticultural imports

Relative to 1967, the earliest year in which data on
import quantities are reported, horticultural imports
to the United States in 2024 increased by 1,005%
(Table S2) but there was no significant relationship
between the volume of imports and the number of
new species introduced to the United States over this
period (F=0.04, df =2 and 55, p=0.96). Despite this
dramatic increase in import trade, the U.S. has not
experienced a proportionate increase in new species
establishments.

Major hosts/commodities

Of 296 non-native species in the U.S., 166 (56%) are
considered polyphagous (Fig. 4a). In total, 39 of the
296 (13%) introduced scale insect species in the U.S.
are grass specialists. Trees, including coniferous and
hardwood trees, were the next most common host
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40.

30:

20

Number of Species

1912: US Plant Quarantine Act
’'4

1928: Amendment to Plant Quarantine Act
v (allows search & seizure of imports)

1850 1900

= US total

Fig. 3 Scale insect introductions by earliest U.S. record. Earli-
est records by state, from Table 1, were categorized regionally
to assess where non-native species are most often introduced
into the United States and how this has changed over time.
California and Florida were by far the greatest contributors
of earliest records for new non-native species. Thus, earliest
records were plotted for California, Florida, and the U.S. over-

type (11%) followed by houseplants (7%), landscape
and ornamentals (6%), fruit-producing plants (5%),
and ‘other’ hosts (1%). Forty-four of the 296 (15%)
species are extreme specialists, only reported on one
family of host plants. Of the 27 species introduced
since 2005, 11 (41%) are polyphagous, eight (30%)
specialize on grasses and six of those are bamboo
specialists. The remainder represent fruits (11%),
houseplants (7%), ‘other’ miscellaneous plants (7%),
and trees (4%) (Fig. 4b).

Economic impact

Kosztarab (1977, 1990) compiled cost information
from a set of state and national government reports
and primary literature sources. He estimated that
scale insects cost U.S. agriculture a minimum of
$500 million annually (in 1977 USD) and estimated
that scale insects are responsible for global costs of
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=== California
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Time

=== Florida

all to assess patterns of introductions over time. Introductions
declined sharply between 1910-1930, corresponding with pas-
sage of the U.S. Plant Quarantine Acts of 1912 and 1928 and
the enforcement of phytosanitary practices (i.e., search, sei-
zure, and treatment) at ports of entry to the country. Rates of
introduction have remained relatively steady since the 1930s.
Most modern introductions are first reported from Florida

about $5 billion annually (in 1990 USD). Adjusting
for inflation (2025 USD), his estimates translate to
$2.6 billion in minimal annual losses to U.S. agricul-
ture and $12.3 billion in agricultural losses that can
be attributed to scale insects globally. This estimate
assumes that all factors beyond inflation of USD are
fixed values, such as the costs of agricultural produc-
tion, pest detection, and pest control. Realistically,
technological advancements, changes in efficiencies,
regulations, and behaviors of global markets have
changed over time. Such impacts have not been con-
sidered in this and subsequent estimates.

Miller and Davidson (2005) suggested that
armored scale insects cost U.S. agriculture at least
$1-2 billion annually (in 2005 USD) for all commod-
ity groups—crops, ornamentals, etc. This translates
to $1.64-3.27 billion in 2025 USD. Armored scales
comprise 39% of scale species that are considered
domestic pests. If we assume they also account for
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Fig. 4 Host plants of a
non-native scale insects

in the U.S. (a) overall and

(b) those introduced since 150
2005. Hosts are categorized

as grasses (e.g., bamboos,

cereal grain crops, sug-

arcane, etc.), tropical and

deciduous fruit trees (e.g., 100
apple, banana, citrus, grape-
vine, stone fruits), land-
scape and ornamental plants
(e.g., exotic trees, shrubs,
palms, roses), houseplants 50
(e.g., cacti, orchids, snake

plants, succulents), trees

(e.g., conifers and hard-

woods), and miscellaneous

Count

‘other hosts’ (e.g., cut flow- 3
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39% of pest damage, then the minimum estimated
cost of scale insects to U.S. agriculture would fall
between $4.2-8.4 billion annually.

A survey in Georgia (Oetting et al. 2007) found
that the annual cost incurred from damage and con-
trol of scale insects on ornamental plants amounted
to $106,960,830 (adjusted to 2025 USD) annually for
the state’s businesses and consumers. Of the 212 spe-
cies known to occur in Georgia (Garcia Morales et al.
2016), 47 are considered severe or serious pests, from

Table 1 and according to Klingeman et al. (2020). To
estimate an average expected cost for a severe pest,
we assumed these 47 species were responsible for
all damage to ornamentals reported, with an average
cost of $2,275,762 per severe pest. If we treat this
figure as an average expected cost applied to every
scale insect in the U.S. that is considered a severe
pest, multiply each species by the number of states
in which they occur (excluding Alaska and Hawaii),
and sum across all species (Table S3.1) we estimate
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that scale insects generate about $2.6 billion dollars
in damage and control costs annually for growers,
sellers, and consumers of ornamentals in the conti-
nental U.S. The assumptions underlying this hypoth-
esis are that costs are reported only for severe pests,
that these pests will generate about the same costs on
average, and that the value of ornamentals per state
will be the same on average even if the ornamental
plants in question vary by state. Realistically, some
pests will cause much more, and others far less, than
the average monetary costs. For example, according
to Ranjan (2006) the management of Maconellicoc-
cus hirsutus was estimated to cost the U.S. economy
$700 million annually at the time, which translates to
over $1.1 billion in 2025 USD. Furthermore, damage
caused by pests will vary by locality and commod-
ity, and the value of ornamental industries will vary
by state. Many states contribute data on the value of
ornamental commodities to USDA NASS (see Anon-
ymous 2019), but incomplete reporting prevented us
from determining proportional value of ornamental
commodities by state to further refine estimates. The
Oetting et al. (2007) survey was unique in that it con-
sidered costs to consumers of ornamental goods (i.e.,
for treating or replacing ornamentals due to scale
insect damage), when most reports mainly consider
costs to production.

A non-exhaustive search for references in which
monetary costs were attributed to scale insects
resulted in a list of 40 entries (Table S3.2). Geo-
graphic representation included Africa (broadly),
Australia, Benin, Brazil, Grenada, India, Kenya,
Kiribati, the Marshall Islands, Micronesia, Palau,
Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vin-
cent and the Grenadines, Sdo Tomé and Principe,
Tanzania, Togo, Trinidad and Tobago and the United
States (8 states) (Anonymous 1978, 1996, 1999,
2023b; Bokonon-Ganta et al. 2002; Bradshaw et al.
2016; Dean et al. 1979; Dutt 2007; Ellis and Howell
1982; Francis 1999; Francois 1996; Gill and Kosz-
tarab 1997; Gutierrez et al. 1999; Hawthorne 1975;
Hill and Greathead 2000; Huffaker et al. 1976; Kosz-
tarab 1990; Lopes et al. 2009; Luck and Hoddle
2025; Mead 1975; Moffitt 1999; Myrick et al. 2014;
Nagrare et al. 2009; Naranjo et al. 2019; Norgaard
1988; Oetting et al. 2007; Oliveira et al. 2013; Peters
1999; Ranjan 2006; Wang et al. 2010; Zeddies et al.
2001). Twenty-two species were mentioned specifi-
cally and five reports referred to unspecified groups of
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species. The commodities discussed included apple,
breadfruit, cassava, citrus, coconut, coffee, cotton,
eggplant, grapevine, grasses, mango, mulberry, olive,
palm, papaya, peach, ornamentals, sugarcane, and
tomato. Considering that hundreds of scale insects are
considered pests throughout the world on many com-
modities, and that few localities are captured in these
reports, the sum total is certainly only a fraction of
the actual agricultural losses and control costs that
scale insects are responsible for annually. Still, this
global figure amounts to $4.2 billion USD.

Discussion

Over the past 20 years, non-native species of scale
insects have been introduced to the United States at a
similar rate to what Miller et al. found in 2005, about
one new species per year. While we have not elimi-
nated new introductions through plant quarantine
measures, evidence and logic suggest that they are an
effective preventative barrier and useful mechanism
for delaying the introduction of new species (Aukema
et al. 2010; Liebhold and Griffin 2016; Canelles et al.
2025). New introductions sharply declined following
the Plant Quarantine Act of 1912 and have held sta-
ble since about the 1930s (Fig. 3, Fig. S2). Relative to
1967, the volume of horticultural imports to the U.S.,
on which scale insects are transmitted, dramatically
increased by 1005% in 2024. And propagule pressure
of scale insects remains high (Liebhold et al. 2024);
for example, they accounted for 12% of all insects
intercepted at U.S. ports of entry from 2021-2023,
including many species likely capable of establish-
ing in the United States (data from USDA APHIS,
Plant Protection and Quarantine, Table S4). Yet
despite increasing trade and high propagule pressure,
the annual rate of establishment of non-native scales
has remained steady over the past century, likely a
success story for quarantine practices. Leung et al.
(2014) found that even delaying new arrivals of inva-
sive species through phytosanitary practices trans-
lates into billions of dollars in cumulative net benefit
to the national economy, and that was just consider-
ing the benefit from treating wood packing materi-
als to prevent beetle invasions. Prevention and delay
of new invasions both benefit the U.S. economy and
agriculture.
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Historically, California and Florida are the states
where most non-native scale insects have been first
detected, and the number of earliest records were
comparable for the two states in the early 1900s. They
are both large populous states with booming agricul-
tural industries, favorable environmental conditions,
and many ports of entry, leading to high propagule
pressure (Lockwood et al. 2005; Colunga-Garcia
et al. 2013; Skelley et al. 2025). Both states lead the
country, along with Hawaii, in having the most non-
native insect species overall (Simpson et al. 2022).
California and Florida are rich in native plant diver-
sity (Brusati et al. 2014; Wunderlin et al. 2025), a fac-
tor posited to drive insect invasions (Liebhold et al.
2018). Moreover, both states also have high numbers
of non-native plants (Gordon 1998; Brusati et al.
2014; Wunderlin et al. 2025), promoting invasional
meltdown where non-native species facilitate one
another’s invasion (Simberloff and von Holle 1999;
Bertelsmeier et al. 2024).

In recent decades, however, most new scale insect
introductions have been detected in Florida alone
(Fig. 3). Considering that the number of non-native
species first detected in California and Florida dur-
ing 1900-09 was 12 species each, it seems California
has employed relatively successful strategies for pre-
venting new introductions that originate from outside
of the U.S., an 83% average decline compared to the
U.S. overall (66% decline) and Florida (17% decline).
So why are most non-native scale insect species cur-
rently entering the U.S. through Florida? Florida
and California employ similar strategies for proac-
tive detection and interception of non-native species
with highway interdiction stations utilizing natural
and artificial bottlenecks (Stirling 2012; Nance et al.
2024). But California has been operating such sta-
tions since 1921, whereas Florida’s program began
in 2009 (Stirling 2012; Nance et al. 2024). Thus,
the current trend may change given more time. The
rate of first detections in Florida may be artificially
inflated if scale insects are less rapidly detected or
reported in other states without the same infrastruc-
ture in place to inspect and identify plant pests. Inter-
ception data often provide early insights into distribu-
tions and introductions. There may be substantial lags
in detection and reporting. For instance, the aphid,
Myzus cymbalariae (Stroyan), has been intercepted
repeatedly in Florida on plant material originating
from California but it has not yet been reported from

California (Skvarla et al. 2017; Nance et al. 2024).
The brown anole, Anolis sagrei Duméril and Bibron,
was first suspected to be present in Arizona because
it was intercepted in Florida on Arizona cantaloupes
(Leimroth et al. 2022). The armored scale L. latero-
chitinosa was intercepted from Costa Rica by APHIS
for many years before it was formally reported from
the country (Normark et al. 2019; Powell et al.
2024c). Similarly, Lepidosaphes serrifrons (Leon-
ardi) is only formally reported from Italy in the litera-
ture but has been repeatedly intercepted on Codiaeum
nursery stock from Costa Rica since the 1980’s by
both APHIS and Florida Department of Agriculture
and Consumer Services (Powell et al. 2024c¢).

Most non-native scale insects in the United States
(56%) are polyphagous (Fig. 4). When polyphagous
species are introduced, the opportunity for estab-
lishment and spread is likely greater because these
insects can colonize many different hosts. As such,
scale insects not only have high propagule pressure,
but the species introduced also tend to have a broad
host range and the potential to impact many impor-
tant commodities. For instance, 115 non-native scale
insect species in the United States are reported to feed
on citrus; 111 of those species are considered poly-
phagous. Host specialists include notable and impact-
ful invaders too (e.g., roseau cane scale on Phrag-
mites australis). The ornamental bamboo trade may
warrant greater focus during inspections considering
that a disproportionate number of recently introduced
scale insects are grass specialists, particularly on
bamboo.

Which species are most likely to be introduced to
the United States in the coming years? Deng et al.
(2023) took a novel approach to answering this ques-
tion by deriving predictions from a neural network
analysis of ScaleNet data via self-organizing map
(SOM). Their prediction of the top ten species likely
to establish in the United States considered climatic
factors and species assemblages. It is almost prophetic
that two of the species ranked most likely to become
established in the U.S. by artificial intelligence anal-
ysis, Nipaecoccus viridis and Planococcus minor
(Table 2), were in fact already established in Florida
at the time of publication. The dataset they analyzed
apparently pre-dated the capture of these records in
ScaleNet. Further predictions could be made by con-
sulting interception records for frequently encoun-
tered species that are not in the country at present. In
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Table 2 List of likely future invaders

Rank Species

No. countries No. host Potential hosts

families
1 Nipaecoccus viridis * 68 53 Major pest of many commodities (e.g., citrus, coffee)
2 Icerya seychellarum 73 63 Major pest of orchard trees and ornamentals (e.g., apple, citrus, grape-
3 Planococcus minor * 70 86 Major pest of many commodities (e.g., cacao, cotton)
4 Pseudococcus cryptus 45 52 Major pest of many commodities (e.g., citrus, palms)
5 Pulvinaria polygonata 17 8 Citrus
6 Pseudaulacaspis eugeniae 10 13 Myrtles, palm, Prunus
7 Discochiton expansum 13 13 Ornamentals (e.g., laurels, Ficus)
8 Fiorinia turpiniae 8 3 Citrus
9 Icerya aegyptiaca 49 65 Pest on many commodities (e.g., breadfruit, citrus, ornamental flowers)
10 Aulacaspis madiunensis 22 5 Sugarcane, cycads

This table is based on predictions presented by Deng et al. (2023), derived from a neural network analysis of ScaleNet data by self-
organizing map. Their prediction of top ten species likely to establish in the United States was based on relative establishment risk
scores. Species marked with * were already established in Florida at the time of publication. Deng J, Li J, Zhang X, et al. (2023)
Potential global invasion risk of scale insect pests based on a self-organizing map. Insects 14:1-11. https://doi.org/10.3390/insec

ts14070572

this case, potential species may include Phenacoc-
cus franseriae Ferris (on ornamentals), Phenacoccus
stelli (Brain) (on ornamentals), and Davidsonaspis
aguacatae (Evans, Watson, & Miller) (on avocado).
Recent and historical trends indicate mealybugs
(Pseudococcidae) and armored scales (Diaspididae)
are the greatest invasion risks (Fig. 1). Some unde-
scribed cryptic species may already be established in
the U.S. as well; Table 1 excludes two records, Pulvi-
naria nr. bambusicola (Ahmed and Miller 2018b)
and Palmicultor cf. palmarum (von Ellenrieder
et al. 2022). Both have been detected in Florida and
are likely non-native in origin. However, additional
work is needed to determine whether specimens of
the Palmicultor palmarum species-complex present
in Florida include both P. palmarum and P. cf. pal-
marum or only the latter, as suggested by von Ellen-
rieder et al. (2022).

Despite the enormous economic impact of
insects, especially those that are non-native (Pimen-
tel et al. 2005), appraisals of their cost to agricul-
ture remain grossly underestimated (Bradshaw et al.
2016) and information on monetary costs is exceed-
ingly difficult to find. Kosztarab (1977) advocated
for improved reporting on the costs to agriculture
that are incurred due to scale insects. Methods for
compiling and reporting this information are still
sorely needed today. The Crop Protection Network
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offers a model that is currently limited to a few
field crops (Mueller et al. 2024) but perhaps could
be expanded or adapted to include other agricul-
tural and horticultural commodities and drastically
improve economic reporting. Based on the infor-
mation available, scale insects may be responsible
for $2.6 billion dollars in damage and control costs
annually for ornamentals in the U.S. alone and con-
sidering all agricultural production they may cost
the U.S. economy between $4-8 billion USD annu-
ally. If the limited records for global costs reported
here account for just 25% of all costs attributable to
scale insects, a conservative guess, then their global
impact would be over $16 billion USD annually.
Better data-driven estimates are needed for this eco-
nomically important insect group to determine their
true cost to agriculture.
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