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Abstract

BACKGROUND: Early detection of invasive species such as the spotted lanternfly (SLF, Lycorma delicatula) is critical for effective
management including eradication efforts and limiting further spread. SLF excretes honeydew containing detectable DNA, pro-
viding a unique opportunity to leverage environmental DNA (eDNA) for its detection. This study introduces the ant-derived
DNA (antDNA) approach, utilizing ants as ‘honeydew samplers’ to detect SLF DNA. We validated the effectiveness of this
method through three experiments.

RESULTS: Using SLF-specific polymerase chain reaction (PCR), we consistently detected SLF DNA in ants foraging or nesting
near SLF infestations. We then showed that after a single honeydew meal, SLF DNA persisted in ants for at least 5 days, even
when, subsequently, ants were fed plain honey solution. Lastly, ants collected from honey-baited lure stations along transects
radiating from SLF infestations yielded positive detections up to 100 m from the core infestations, demonstrating themethod's
extensive detection range. These findings confirm that ants, through their active foraging and feeding on environmental hon-
eydew and ability to retain the ingested material, are highly reliable SLF DNA samplers.

CONCLUSION: Combined with ants' ecological dominance and the ease and low cost of ant collection, the antDNA method
offers a sensitive, efficient and practical alternative to traditional, labor-intensive approaches for detecting SLF and potentially
other honeydew-producing insects.
© 2025 The Author(s). Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Early detection of invasive pest species is crucial to prevent addi-
tional spread and damage when they enter a new region.1 Identi-
fying invasive pests at the initial stages of invasion enables
effective management including the potential for eradication.2,3

However, detecting newly introduced species can be challenging,
particularly when they are at low-densities, of small in size, or
cryptic nature,4 making them difficult to observe in the field.
Recent advancements have focused on developing methods sen-
sitive for low-density detection, including remote sensing tech-
nologies and environmental DNA (eDNA) analysis.5 These
approaches enhance detection accuracy in difficult-to-monitor
environments, aiding in early intervention and improving invasive
species management.
Recently, eDNA has emerged as a powerful tool for detecting

invasive species primarily due to its sensitivity.6,7 This method
involves collecting and analyzing DNA that organisms shed into

their environment, such as water8 or soil.9 By extracting and
identifying species-specific DNA fragments using molecular tech-
niques such as endpoint polymerase chain reaction (endpoint
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PCR) or quantitative PCR (qPCR), multiple studies have demon-
strated that eDNA can detect invasive species with high sensitivity,
accuracy, and robustness.7,10 The eDNAmethod for detecting inva-
sive species is particularly advantageous in environments that are
elusive or challenging to monitor using traditional methods, such
as visual surveillance for an invasive insect in wooded areas, while
minimizing potential ecosystemdisturbance.11 Despite its potential
for providing valuable data for early detection, the application of
eDNA for monitoring species in terrestrial systems has been rela-
tively underutilized, which can be attributed to several challenges.
Furthermore, eDNA is vulnerable to contamination and abiotic,
environmental factors that facilitate DNA degradation. Indeed,
external factors such as daily weather conditions, such as rainfall,
have been known to affect eDNA concentrations.12,13 Also, eDNA
sampling must be conducted near the target species' location for
accurate detection. These challenges center around obtaining suf-
ficient amounts of eDNA from substrates that are difficult to collect
from and effectively concentrate.14 Given these challenges, devel-
oping innovative and efficient approaches for invasive detections
remains crucial. As a result, novel eDNA sampling methods have
been continually explored, including invertebrate-derived DNA
(iDNA)15,16 and spider webs.17

The spotted lanternfly (SLF, Lycorma delicatula) is amajor invasive
pest in the United States, posing serious threats to agriculture, for-
estry and other ecosystems.18,19 Early SLF detection is an essential
component to prevent its spread and provide early warning in
newly invaded regions. Several SLF detection methods have been
developed including an eDNA approach. Taking advantage of eas-
ily detectable SLF DNA in its honeydew, Valentin et al.20 developed
two innovative eDNA aggregation techniques to sample SLF DNA;
they included ‘spray aggregation’ and ‘tree rolling’ techniques,
which overcome limitations mentioned earlier. The ‘spray aggrega-
tion’ technique involves collecting eDNA from the surfaces of
leaves, shrubs, and understory foliage by spraying water on target
vegetation that may retain SLF honeydew, collecting and filtering
the runoff to capture the eDNA. The second technique, tree rolling,
is designed to gather eDNA by using a damp cotton roller applied
against tree bark and main branches that is subsequently rinsed
into a container for filtration. Both methods require large amounts
of water for sampling, and extensive filtration, which limits scalabil-
ity, especially in large or difficult-to-access areas. Furthermore,
while the twomethods are effective in both low- and high-SLF den-
sity areas, the optimal sampling frequency necessary for presence–
absence decision-making remains elusive. These limitations high-
light the need for a more efficient, and scalable eDNAmethod that
reduces labor and sampling time, increases sampling flexibility, and
maintains accuracy and sensitivity.
Invertebrate-derived DNA (iDNA), an innovative extension of

eDNA sampling, use terrestrial invertebrates as ‘samplers’ to
detect vertebrate DNA from the organisms they feed on or inter-
act with. Previous studies have shown that invertebrates such as
leeches, mosquitoes, biting flies, and dung beetles can serve
as effective iDNA samplers to monitor vertebrate populations21

as these invertebrates exbibit flesh-eating, haematophagous
(blood-sucking), coprophagous (feces-eating) or saprophagous
(eating dead/decaying organic matter) behaviors.22 Inspired by
the iDNA concept, we propose the use of ant-derived DNA
(antDNA) as a novel method to effectively detect SLF DNA in
the environment. Given that SLF DNA is detectable in
honeydew,20 we hypothesized that it may remain detectable
after being ingested by ‘honeydew samplers’. Ants were
selected as ideal honeydew samplers due to their abundance,

ease of collection, widespread occurrence across various habitat
types,23 and strong tendency to forage for and feed on honey-
dew produced by hemipterans, including SLF. Additionally, ants
have extensive foraging ranges, increasing the size of the sam-
pling area for detecting SLF DNA and thereby enhancing the
probability of SLF detection.
To demonstrate that ants serve as a reliable sampler for SLF DNA

detection, we conducted the following experiments: (1) detection
of SLF DNA from ants in SLF-infested areas, (2) honeydew DNA
degradation rates post-ingestion by ants, and (3) quantifying the
detection rate and distance range of SLF DNA from ants in SLF-
infested areas. Collectively, these experiments provide the basis
for usage of antDNA as an innovative and promising tool to aid
SLF detection and monitoring efforts.

2 MATERIALS AND METHODS
2.1 Study sites
We generated a density heatmap of SLF in Virginia, USA, to under-
stand the insect's distribution pattern using a total of 1,487 Global
Biodiversity Information Facility (GBIF) occurrence records from July
2019 to August 2024 (https://doi.org/10.15468/dl.vurasf) (Fig. 1).
The heatmap was then used to validate whether our study sites
were located in either an invasion front, core invasion area or
non-invaded region. We selected three sites, including two in the
city of Lynchburg, VA and one in the city of Salem, VA. Each site
contained a single SLF-infested host tree with no other preferred
host trees18 (e.g., Tree of Heaven, Ailanthus altissima or black wal-
nut, Juglans nigra) within a 200-m radius. This configuration mini-
mized the potential effects of surrounding SLF infestations and
allowed us to assess the detection rates and distance ranges of
the antDNA method without introducing additional bias (see
Section 2.2.4). The Salem site, located along the active SLF invasion
front in southwest Virginia, was categorized as a low-density site
with only six SLF adults found on one single tree after a thorough
search. Lynchburg site 1 was a medium-density site, where 25–30
SLF adults were observed on one single, central tree. Lynchburg
site 2 was a high-density site, wheremore than 100 SLF adults were
found on a single, central tree. Both Lynchburg sites were located in
the core invasion area in central Virginia (Fig. 1; Supporting Infor-
mation, Table S1).

2.2 Sample collection
2.2.1 Honeydew solution sample
Instead of freshly excreted honeydew, leaves partially or fully cov-
ered with SLF honeydew were collected from beneath the
infested tree at each of the three study sites (Fig. 2(a)). Our field
observation indicates that ants commonly feed on honeydew
found on the leaves of infested trees, where honeydew is
most likely a mixture of freshly excreted and older honeydew
(Fig. 2(b)). Since freshly excreted SLF honeydew contains
detectable DNA,20 we aimed to determine if dried, ‘older’ hon-
eydew also serves as a viable source for SLF DNA. Collected
leaves were placed in sterilized zip lock bags and returned
to the laboratory. Honeydew was rinsed by placing the leaves
in a 50 mL Falcon tube with 2 mL of molecular biology grade
double-distilled water, followed by vortexing for 5 s. The
resulting ‘honeydew solution’ was then transferred to another
sterile 50 mL Falcon tube and either stored at −20 °C for SLF
honeydew DNA extraction or at 4 °C for ant feeding experi-
ments (see Section 2.2.3.).
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Figure 2. (a) Fresh spotted lanternfly honeydew on a leaf surface indicated by white arrows; (b) dried and older spotted lanternfly honeydew on a leaf
surface; (c) Crematogaster ashmeadiworkers feeding on spotted lanternfly honeydew on a leaf surface; (d) honey-baited lure stations, indicated by yellow
arrows, along a transect established in Lynchburg site 1. Each station was spaced 10 m from each other; (e) lure station setup included a 50 mL Falcon
tube containing a cotton ball soaked in 10% honey solution; (f) worker ants attracted to the honey solution-soaked cotton ball in a honey-baited lure
station. All photos by Wei-Jiun Lin.

Figure 1. Density heatmap of spotted lanternfly across the state of Virginia. QGIS 3.26.3 was used to plot the density distribution map utilizing
the styled heatmap function (kernel density estimation) in the density analysis tool, with the kernel distance set to 20 km for the density
estimation.
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2.2.2 Field worker ant samples
To determine whether SLF DNA could be detected in foraging ants
or ants collected fromnearby nests, ants actively foraging on (Fig. 2
(c)) or around the infested tree in Lynchburg site 1 and site
2 (Table S1), as well as those nesting within 5–10-m radius of the
infested tree, were collected using aspirators and immediately pre-
served in absolute ethanol. As control, we also collected foraging
ants from an additional site in Blacksburg, VA, where SLF has not
been reported (Fig. 1 and Table S1), ensuring these ants had no
prior SLF exposure.

2.2.3 Worker ants fed with SLF honeydew and tissue
To confirm that SLF honeydew is a primary source of DNA, we col-
lected colonies of a common ant species, Lasius americanus, from
Blacksburg, VA. Three colony fragments, consisting of at least
30 workers each, were prepared and starved for 72 h (as starvation
generally induces constant foraging of worker ants), after which
three workers were collected from each fragment as pre-feeding
controls. The remaining workers were then fed 1.5 mL of SLF honey-
dew solution, prepared from leaves, through a 1.7 mL microcentri-
fuge tube for 24 h. A 10% plain honey solution was then provided
after removing the SLF honeydew solution. Another three worker
ants were sampled immediately after the plain honey solution was
provided (day 1) and every 24 h up to 120 h (day 5). To compare
DNA detectability from alternative sources, additional Lasius ameri-
canus colony fragments were prepared and fed SLF tissue (six legs
from freshly killed SLF adults) instead of honeydew solution. Sam-
pling procedures were identical to those used for SLF honeydew
solution-fed ants. All sampled ants were preserved in absolute etha-
nol and stored at −20 °C until molecular analysis.

2.2.4 Collection of ant samples from honey-baited lure
transects
To validate the detection rates and distance ranges of the antDNA
method, we established one to three transects of honey-baited
lure stations radiating outward from the infested tree at each site
(three at Salem site, two at Lynchburg site 1, and one at Lynch-
burg site 2). Each lure station consisted of a 50 mL tube (Fig. 2
(d)) containing a cotton ball soaked in 10% honey solution. Lure
stations were spaced at 5-m intervals at the low- (Salem site)
and medium-density site (Lynchburg site 1) and 10-m intervals
at the high-density site (Lynchburg site 2) along each transect
(Fig. 2(d)). After 30 min, the lure stations were retrieved, and ants
were collected, preserved in absolute ethanol, and stored at
−20 °C for molecular analysis (Fig. 2(e),(f)). The entire process, from
honey-baited lure station deployment to ant specimen preserva-
tion, took approximately 40 min to complete per site.

2.3 DNA extraction
For SLF DNA detection in honeydew solutions, we followed the
protocol described in Laube et al.24 Briefly, the collected honey-
dew solution was heated at 65 °C for 30 min and then centrifuged
at 2400 × g for 30 min. The supernatant was discarded, and
the remaining pellet was processed for DNA extraction using
the E.Z.N.A. Tissue DNA Kit (Omega Bio-tek, Norcross, GA, USA).
For worker ant samples from the various collections outlined ear-
lier, three to ten individual ants of the same species were pooled
for DNA extraction, with the number of ants adjusted based on
body size. For larger species, such as Camponotus, three individ-
uals were used, while for smaller species, such as Monomorium,
ten individuals were pooled. To prevent contamination from exter-
nal DNA, all ant specimens underwent surface decontamination

using a bleachingmethoddescribed inHuszarik et al.25 DNA extrac-
tion from these pooled ant samples was carried out using the
E.Z.N.A. Tissue DNA Kit following the manufacturer's instructions.

2.4 SLF DNA amplification and sequencing
Kim et al.26 developed two primer sets specific to SLF, with one
targeting the NADH dehydrogenase subunit 2 (ND2) and the other
targeting the NADH dehydrogenase subunit 6 (ND6).26 Our prelim-
inary tests showed that the ND6 primer set (393 bp) consistently
outperformed the ND2 primer set (552 bp) in amplifying SLF
DNA from ant samples, although both primer sets successfully
amplified their respective target genes from SLF tissues. Based on
these results, all subsequent endpoint PCRs were performed using
the ND6 primer. PCR cycling conditions followed the protocol
described in Kim et al.26 except with the annealing temperature
adjusted to 56 °C to ensure amplification specificity. Endpoint PCR
products generated using the ND6 primer set were Sanger
sequenced and subjected to BLAST analysis. All resulting sequences
matched SLF sequences recovered from GenBank with greater than
99% identity, confirming the specificity and reliability of the ND6
primers for SLF detection. To validate DNA extraction and account
for false-negative results, all honeydew solutions and ant samples
were also subjected to mitochondrial DNA barcoding PCR using
either LCO1490F/HCO2198R27 or LepF1/LepR1.28

3 RESULTS
3.1 Detection of SLF DNA in field ant samples
Worker ants of nine different species were collected from the SLF-
infested tree at Lynchburg site 1 and site 2. Endpoint PCR analysis
with the ND6 primer successfully detected SLF DNA in nearly all
samples, regardless of whether the ants were collected directly
on the tree, foraging near the tree, or from nearby nests. The sole
exception was a Formica pallidefulva worker foraging near the
SLF-infested tree (Table 1). Detection rates were consistently high
across species. Foraging ants collected directly on the infested
tree exhibited a 100% detection rate, whereas ants foraging on
the ground showed detection rates ranging from 75% to 100%
(Table 1). In contrast, none of the ant specimens collected at the
Blacksburg, VA control site harbored SLF DNA (Table S2).

3.2 Honeydew-fed ants retained SLF DNA
The SLF honeydew solution prepared from honeydew-covered
leaves showed apparent SLF DNA signals, consistent with the
findings of Valentin et al.20 This also confirmed that the honeydew
solution used to feed ants in this experiment contained detect-
able SLF DNA. Colony fragments of Lasius americanus fed either
SLF honeydew solution or SLF tissue retained detectable SLF
DNA signals throughout the 5-day observation period. Ants fed
SLF tissue exhibited apparent SLF DNA signals on day 1, which
began to decline by day 2 but remained detectable through day
5, as inferred from the electrophoresis gel results (Supporting
Information, Fig. S1(b)). In contrast, ants fed SLF honeydew solu-
tion demonstrated relatively stable and persistent DNA signals
throughout the 5-day period, with slightly stronger bands on
the gel observed on day 5 compared with SLF tissue-fed ants
(Fig. S1(c)). Furthermore, the provision of plain honey solution fol-
lowing SLF honeydew or tissue feeding did not interfere with the
detection of SLF DNA, particularly for honeydew solution-fed ants.
These findings indicate that SLF honeydew serves as a more reli-
able and stable source of SLF DNA for longer-term detection
(at least up to 5 days) in ants compared with SLF tissue.
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3.3 Detection of SLF DNA in ant samples from lure
stations along transects
To evaluate detection rates and range, transects with honey-
baited lure stations were established at varying distances from
SLF-infested trees. Most honey-baited lure stations contained ants
of a single species (Fig. 2(f)), and when multiple species were pre-
sent, there was always a dominant species (Table S3), which was
selected for subsequent endpoint PCR analysis. Across all sites,
ant detection rates at lure stations were exceptionally high, rang-
ing from 88.9% to 100%, with each station attracting between
several dozen to several hundred ants. This highlights the effec-
tiveness of honey-baited lure stations in sampling ants in the field.
SLF DNA detection rates varied across sites. At the low-density site
(Salem site), 46.7% of ant samples tested positive for SLF DNA,
compared with detection rates of 62.1% and 62.5% at the
medium- and high-density sites, respectively (Fig. 3). Positive
SLF DNA detection was observed in ant samples collected from
lure stations located up to 100 m from the infested trees at the
medium- and high-density sites (Fig. 3).

4 DISCUSSION
We developed and validated a novel method to detect SLF by
using ants as ‘honeydew samplers’ to capture SLF DNA from hon-
eydew. In our transect experiment, 93% of lure stations (75/80
across three sites) attracted ants after 30 min, reinforcing that
ants can easily and quickly be sampled. More than 50% of col-
lected ant samples (42/75) tested positive for SLF DNA, demon-
strating the method's sensitivity for SLF detection. Additionally,
SLF DNAwas detectable up to 100 m from a single SLF-infested tree,
highlighting the capability of this method to extend the SLF detec-
tion perimeter to considerable distances from the core infestation.
Note our approach used endpoint PCR rather than qPCR for SLF
DNA detection. While qPCR enables DNA quantification, endpoint
PCR offers a more cost-effective alternative for simple presence–
absence detection,making itmore accessible in resource-limited set-
tings.29 Despite its lack of quantification power, endpoint PCR
proved highly effective in detecting SLF DNA in our study.
The observed high SLF detection rates using antDNA are likely

attributable to the feeding biology of ants. Ants can store substan-
tial amounts of liquid in their crops30,31 due to the presence of

proventriculus that segregates a communal food supply in the
crop from the worker's personal supply. SLF honeydew thus can
be retained rather than rapidly digested, making it possible to
detect DNA from honeydew for extended periods post-ingestion.
Furthermore, honeydew stored in an ant's crop can be shared
with nestmates via trophallaxis,32,33 potentially spreading SLF
DNA among other workers which further increases the likelihood
of detection. This is further supported by our laboratory results,
where worker ants in colony fragments that did not directly feed
on SLF honeydew still tested positive for SLF DNA. Although our
data showed that both SLF honeydew and tissue can serve as
sources of SLF DNA for ants, SLF DNA detection rates may vary
by source after ingestion. Our data also showed that SLF DNA in
honeydew appears to persist longer in ants, which aligns well with
the fact that adult worker ants are incapable of processing or stor-
ing solid food particles,34 while liquid food, such as honeydew,
could be stored and retained in their crops for up to 14 days after
single meal.35

Ant foraging strategies likely play a significant role in the extended
distance detection range of the antDNAmethod. When foraging, dis-
persing colony members form multi-branched networks, allowing
them to searchmultiple locations simultaneously.36 This foraging pat-
tern increases the likelihood of food encounter and provides broad
spatial coverage, especially when resources are scattered (for instance,
SLF distribution is often not evenly distributed across the landscape,
but aggregated on acceptable hosts particularly for the adult stage).37

SLF honeydew often falls directly to the ground,20 potentially provid-
ing accessible cues that attract ants.38 This process increases the likeli-
hood of non-arboreal ant species, typically less adapted at climbing
trees, encountering and consuming SLF honeydew.23 Such interac-
tions further expand the utility of ants as effective samplers for SLF
DNA detection. Our results show that SLF DNA was detected in ant
samples collected up to 50 m away from a single infested tree with
a low density of SLF adults (Salem site, Fig. 3), suggesting that ant for-
aging behavior effectively aggregates SLF DNA from across the land-
scape into ant nests and significantly enhances the detection range
of the antDNA approach. Furthermore, half of the ant samples along
the transects in the same site were positive for SLF DNA, underscoring
the method's detectivity for low-density SLF infestations. These two
features are particularly advantageous when detecting low density
SLF populations in recently invaded areas or at sites with limited
access due to rough terrain or land ownership issues. However, we
suspect that detection range may vary with SLF life stage: Adult
SLFs, with their greater dispersal capacity due to flight, likely
extend the DNA detection radius to longer distances compared
with nymphs, which are wingless and typically do not disperse
over long distances.39 Further research is warranted to explore
the maximum detection range of the antDNAmethod across dif-
ferent SLF life stages (i.e., adults versus nymphs).
Several advantagesmake antDNA an effective and practical alter-

native to other SLF detection methods, including existing eDNA
sampling techniques.20 Key benefits of the antDNA approach
include, but not limited to: (1) establishing ant lure transects is sim-
ple and requiresminimal technical skill, which is accessible even for
non-professionals and easy to implement in various field settings;
(2) the honey-baited lure station for ant collection involves only a
few simple steps, including station deployment, a brief ant collec-
tion period, and then station retrieval, making itmore time-efficient
than other detection techniques; (3) materials for honey-baited lure
stations, such as tubes, cotton balls, and 10% honey solution, are
inexpensive, widely available, and scalable, making this method
economically viable for large-scale sampling; (4) unlike other

Table 1. Ant species collected at all spotted lanternfly (SLF) infesta-
tion sites and their SLF DNA detection rates

Species name
Number of ants tested positive for
SLF DNA/number of ants collected†

Aphaenogaster fulva A: 3/4 (75%)
Tapinoma sessile A: 3/4 (75%), O: 2/2 (100%), N: 2/2

(100%)
Monomorium minimum A: 3/5 (60%)
Camponotus pennsylvanicus A: 2/2 (100%), O: 3/3 (100%)
Camponotus castaneus A: 1/2 (50%), O: 2/2 (100%)
Camponotus subbarbatus A: 2/2 (100%), O: 2/2 (100%)
Formica pallidefulva A: 0/1 (0%), O: 1/1 (100%)
Formica fusca A: 2/3 (66.7%)
Crematogaster ashemeadi O: 3/4 (75%)

† Worker ants collected on (O) or around (A) the infested trees. Worker
ants collected from nests (N) nearby the infested trees.
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terrestrial eDNA methods for molecular analysis,40 antDNA sam-
pling does not require large or concentrated samples since ants
gather SLF DNA while foraging (our results show that bulk DNA
extraction from as few as 6–10 ants consistently yielded detect-
able SLF DNA); (5) while most eDNA sampling methods require a
cold chain for sample preservation,41 antDNA sampling is less
reliant on specialized cooling equipment (ant specimens can
be preserved in absolute ethanol without the need of cold stor-
age, thus reducing logistical demands); (6) unlike other terres-
trial eDNA sampling methods that require water for sampling
followed by filtration,42 ant samples can be directly processed
for molecular assays, eliminating additional filtration and prepa-
ration steps; (7) antDNA is less vulnerable to abiotic conditions
such as rainfall and ultraviolet (UV) exposure. These advantages
underscore the substantial potential of antDNA method to be an
efficient, cost-effective, scalable tool for SLF detection, especially
for surveillance programs delineating the invasive range of SLF
into a new area.
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