Journal of Economic Entomology, 116(2), 2023, 520 528
https://doi.org/10.1093/jee/toad010

Advance Access Publication Date: 30 January 2023
Research

OXFORD

Household and Structural Insects

Anthropogenic In uence on the Distribution of the
Longlegged Ant (Hymenoptera: Formicidae)

Jun-Yin Lum,* Ming-Chung Chiu,? Shu-Ping Tseng,** Chin-Cheng Scotty Yang,*® and
Chow-Yang Lee®®

Department of Entomology, University of California, Riverside, CA 92521, USA, ZInstitute of Ecology and Evolutionary Biology,
National Taiwan University, Taipei City 106, Taiwan, *Department of Entomology, National Taiwan University, Taipei City 106, Taiwan,
“Department of Entomology, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA, and *Corresponding
author, e-mail: chowyang.lee@ucr.edu

Subject Editor: Claudia Husseneder

Received 20 October 2022; Editorial decision 19 December 2022.

Abstract

The longlegged ant Anoplolepis gracilipes (Smith) is a highly invasive tramp ant species known for its delete-
rious effects on native ecosystems. While tramp ants are associated with human activity, information on how
different intensities of human activity affect their distribution is limited. This study investigated how anthro-
pogenic activities affected the distribution of A. gracilipes in Penang, a tropical island in northern peninsular
Malaysia. Three study sites (Youth Park, Sungai Ara, and Bukit Jambul/Relau) were selected, containing four
sub-locations corresponding to different levels of human activity (low, moderate, high, and very high), deter-
mined by the average number of passersby observed over 30 min. Baited index cards were placed at each
sub-location to evaluate ant abundance and distribution. The results demonstrated that A. gracilipes worker
abundance was highest in areas of moderate human activity, as opposed to areas with low and higher human
activity. The low abundance of A. gracilipes in comparatively undisturbed localities may be attributed to unsuit-
able microclimate, lack of propagule pressure, and diminished honeydew availability. In contrast, its exclusion
from more urbanized localities could be explained by high interspeci c competition with other tramp species

and the absence of preferred nesting sites.
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Within human-altered environments, the most economically and
medically signi cant pest ants are often tramp ants, which have
invaded numerous regions outside their native range due to acci-
dental introductions along international trade routes (Rust and Su
2012, Wetterer 2015). The primary characteristics of tramp ant
species are being strongly anthropophilic, reliant on humans for
long-distance dispersal, and a preference for nesting close to human
habitation (Passera 1994). Other common traits most tramp ants
share include small and sterile workers, polygyny, unicoloniality,
and colony reproduction via budding with reduced or complete
absence of nuptial ights (Passera 1994). Among the tramp ants,
several species are of signi cant global concern due to their detri-
mental effects on native ecosystems, including the longlegged ant,
Anoplolepis gracilipes (Smith). Anoplolepis gracilipes is listed as one
of the worlds 100 worst invasive species by the Invasive Species
Specialist Group (Lowe et al. 2000). Presently, A. gracilipes occupies

various tropical and subtropical areas in Asia and Oceania and has
been introduced to many islands of the Indian and Paci ¢ oceans
(Lee and Yang 2022).

Anoplolepis gracilipes is associated with deleterious impacts in
its invaded habitats, often attributed to its high interspeci c aggres-
sion (Passera 1994). In large numbers, A. gracilipes can outcompete
native ants and monopolize food sources through exploitation and
interference competition (Drescher et al. 2011). Areas with high
populations of A. gracilipes have lower native ant diversity and
abundance (Bos et al. 2008, Hoffmann and Saul 2010). On iso-
lated islands, A. gracilipes can potentially disassemble native ant
communities (Ward and Beggs 2007). Furthermore, A. gracilipes has
been associated with population declines of other arthropods and
may even negatively affect higher organisms like vertebrates through
nesting failures, displacement of prey, or direct extirpation (Holway
et al. 2002, Lee and Yang 2022). In agricultural systems, A. gracilipes
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Fig. 1. (@) Map of Southeast Asia showing the location of Penang Island, Malaysia and (b) study sites (boxes) on Penang Island with sub-locations (circles).

protects mutualistic sap-feeding hemipterans on crops and facilitates
outbreaks of these pests (Holway et al. 2002, Lee and Yang 2022).
Probably the most infamous case of severe A. gracilipes invasion was
documented on Christmas Island, where the ants were responsible
for an ecological meltdown by killing large numbers of endemic red
crabs and causing the death of mature trees, leading to large-scale
changes in forest structure (O Dowd et al. 2003).

As tramp ants, the anthropophilic tendencies of A. gracilipes
are well-documented. Anoplolepis gracilipes is highly abundant in
plantations and agroforests in Southeast Asia while absent from nat-
ural forests (Bos et al. 2008, Br hl and Eltz 2010, Konopik et al.
2014) and less abundant in rainforest remnants (As ya et al. 2015).
Within the plantations and agroforests, A. gracilipes is notably the
most abundant ant species (Bos et al. 2008, Br hl and Eltz 2010,
As ya et al. 2015). Additionally, A. gracilipes tend to be restricted
to other disturbed areas close to roads and buildings (Drescher et al.
2007, Gan et al. 2022). However, studies on how different intensities
of human activity impact the distribution of tramp ants are very
limited. A recent study conducted in Taiwan found that the highest
abundance of A. gracilipes was detected in areas with intermediate
human disturbance (Lee et al. 2021). Similar distribution patterns
have been observed in the San Francisco Bay Area for the Argentine
ant, Linepithema humile (Mayr), another important invasive ant
species. A higher abundance of Argentine ants was recorded in semi-
natural areas than in urban, natural, and agricultural sites (Vonshak
and Gordon 2015).

Our study investigated the in uence of human activity on the
abundance of A. gracilipes on Penang Island, Malaysia. We hypoth-
esize that the highest abundance of A. gracilipes will be observed
in moderate or high human activity areas. To evaluate this hypoth-
esis, several eld surveys were conducted to ascertain the relation-
ship between the intensity of human activity and ant abundance.
The ndings from these studies would enable us to identify poten-
tial mechanisms responsible for A. gracilipes abundance and directly

target efforts to locate population reservoirs of ants that serve as a
source of future invasions.

Materials and Methods

The study area for A. gracilipes was designated as Penang Island (05
25 N, 100 16 E), located off the northwestern coast of Peninsular
Malaysia in the Strait of Malacca, encompassing an area of 293 km?
(Fig. 1a). Penang Island has a tropical climate with abundant sun-
shine, uniformly high temperatures (~26.7 C) and humidity (~80%b).
Rainfall occurs nearly year-round (~2,000 mm precipitation), with
a distinct dry season observed from early November to late March
(Chan 1991). While much of the island has undergone urban, sub-
urban, and agricultural development, a substantial portion remains
naturally forested.

Three study sites with each containing a wide range of
perceived human activity (i.e., very high-activity to low-activity
areas) were selected: Youth Park, Sungai Ara, and Bukit Jambul/
Relau (Fig. 1b, Supp. Figs. S1 3 [online only]). These three study
sites were then surveyed to locate areas with A. gracilipes activity
and other areas with similar habitat characteristics (e.g. suitable
nesting sites) that could be infested by A. gracilipes. Selection
of sub-locations for A. gracilipes activity sampling was further
narrowed down by excluding areas with the presence of dis-
ruptive wildlife such as monkeys or other animals such as stray
dogs, which would be attracted to and compromise the baited
index cards used in the sampling. Except for the YP-A and YP-C
sublocations at the Youth Park site, all the nal sub-locations used
in our surveys were at least 500 m apart from one another. Four
suitable sub-locations were chosen for each study site, each cor-
responding to levels 1 4 of likely, or perceived, human activity:
low, moderate, high, and very high. Human activity within the
sub-locations was recorded by counting the number of passersby
observed over thirty minutes during the sampling period, with
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the average number of passersby being used to re-classify each
sub-location into one of the four categories as mentioned above:
low = 0.0 5.9 passersby; moderate = 6.0 24.9 passersby; high =
25.0 59.9 passersby; very high = 60.0 passersby. When this study
was carried out during the COVID-19 pandemic in Malaysia, the
Full Movement Control Order (FMCO), or total lockdown, along
with subsequent restrictions on outdoor recreational activities was
implemented from June 2021 to October 2021. This has resulted
in reduced numbers of passersby, and as such a sub-location with
very high human activity within the Youth Park site could not
be found. Hence, an additional sub-location with high human ac-
tivity was surveyed.

Ten sampling points were set up in each sub-location to investi-
gate the abundance and distribution of A. gracilipes and other ant
species. The sampling points were spread apart by a distance of at
least 5 m and randomly distributed throughout the sub-location.
A baited 3 5 index card was placed at each sampling point,
provisioned with half a teaspoon of honey and peanut butter serving
as carbohydrate and protein/lipid sources, respectively (Fig. 2). Thirty
minutes after deployment, photos of the index cards were taken with
a digital camera (Samsung WB850F, Samsung, South Korea), and
temperature and relative humidity readings were taken with a simple
analog thermometer and hygrometer (HT32, OEM, China). These
surveys were conducted between 08:00 and 10:00 when the activity
of A. gracilipes was known to be high (Chong and Lee 2009). The
surveys were repeated for seven days per sub-location from April
2021 to August 2021, on days with no inclement weather (i.e., rain),
resulting in seven replicates for each of the 10 sampling points in
each sub-location. Anoplolepis gracilipes abundance and distribu-
tion were counted using the digital images to obtain an abundance
score according to the following categories of Lee et al. (2021): 0 =
noants;1=1 5ants;2=6 20ants; 3=21 50ants; 4=51 100 ants;
5 =>100 ants. The A. gracilipes abundance scores were then pooled
and averaged according to the sampling date for each sub-location.

Fig. 2. Baited index cards provisioned with honey and peanut butter.

Up to ve individual specimens of every ant species encountered at
each sub-location were collected and preserved in 70 75% ethanol.
Subsequently, these specimens were identi ed to species wherever
possible, or at least to genus level using identi cation keys by Na
and Lee (2001) and Fayle et al. (2014). Additional keys were used
to identify Nylanderia bourbonica (Forel) (Wachkoo and Bharti
2015), Pheidole parva Mayr (Sarnat et al. 2015), and Tetramorium
bicarinatum (Nylander) (Bharti and Kumar 2012). In particular, the
number of major tramp ant species present at each sub-location was
noted. Only species listed as major pests by Wetterer (2015) were
considered major tramp species in this study.

Statistical Analyses

Generalized linear models (GLMs) assuming a Poisson distribu-
tion for average ant abundance score were tted using a log link
function to analyze the factors that potentially in uenced A.
gracilipes distribution. The independent variables assessed were log
(x + 1)-transformed number of passersby and its quadratic term,
number of species of major tramp ants and its quadratic term,
temperature, and relative humidity. Initially, all of the independent
variables were included to construct the whole model, then dif-
ferent combinations of independent variables were used to deter-
mine the best model. The nal model, or optimum approximating
model, was the model with the lowest Akaike s information crite-
rion (AIC) value. Models with an AIC difference of <2 from the

nal model were regarded as competitive models. Moreover, non-
parametric Kruskal Wallis test followed by pairwise Wilcoxon
rank-sum tests were performed to determine if the average ant
abundance scores signi cantly differed across the four human ac-
tivity levels investigated. In addition, standard least squares regres-
sion was used to assess the relationship between the number of
species of major tramp ants and log (x + 1)-transformed number of
passershy. All analyses were performed using JMP 15 (SAS Institute
Inc. 2019).
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