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ABSTRACT
Anthropogenic disturbances and seasonal changes significantly impact diversity and
community composition of ants, but their effects are often intertwined.We investigated
these drivers on Lang Tengah Island, a location with a pronounced monsoon season
and three resorts that close during this period. We surveyed four sites, two disturbed
and two undisturbed, before and after the monsoon season, using pitfall traps to
sample epigaeic ant communities. Undisturbed habitats had higher species diversity,
but both habitats (undisturbed and disturbed sites) have a high proportion of ants
with characteristics of being encroached by generalist and invasive/tramp ant species.
Post-monsoon sampling yielded an increase in species richness and diversity. Seasonal
changes, such as monsoonal rains, can temporarily alter ant interactions and resource
distribution, potentially maintaining diversity. Future studies should validate these
findings for ant communities under similar pressures, using ant composition and
functional roles for conservation and management purposes.

Subjects Biodiversity, Conservation Biology, Entomology, Natural Resource Management,
Environmental Impacts
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INTRODUCTION
Ants (Hymenoptera: Formicidae) are globally distributed insects that play vital ecological
roles as decomposers, soil aerators, seed dispersers, and key members of food webs
(Hölldobler & Wilson, 1990). Ants are excellent ecological indicators due to their impact on
resource availability through physical and chemical changes in their environment (Jones,
Lawton & Shachak, 1994), ease of consistent sampling from their stationary colonies, and
ecological importance (Hölldobler & Wilson, 1990). Changes in ant diversity, composition,
and functional roles in response to environmental triggers have been extensively studied,
particularly in restoration ecology (Majer & Nichols, 1998; Bisevac & Majer, 1999;Casimiro,
Sansevero & Queiroz, 2019). Previous studies have explored ant responses to restoration
efforts, including the effects of habitat fragmentation, invasive species, and changes in land
use (Majer & Nichols, 1998; Bisevac & Majer, 1999; Casimiro, Sansevero & Queiroz, 2019).
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Ant distributions and their community composition response to seasonality are well
known (Parr & Andersen, 2008; Linksvayer & Janssen, 2009; Gibb et al., 2015; Paolucci et
al., 2017; Andersen, 2019). The species diversity and community structure of epigaeic ants
experience short-term changes due to natural disturbances, such as seasonal flooding
(Mertl, Ryder Wilkie & Traniello, 2009; Vasconcelos et al., 2010). Some epigaeic ant species
have adapted to these circumstances and are now more likely to survive (Purcell et al.,
2014; Kolay & Annagiri, 2015; Hertzog et al., 2016), resulting in altered dynamics of the
local population and species composition due to the coexistence of well-adapted and
poorly adapted species (Vasconcelos et al., 2010).

Numerous studies have been done on how anthropogenic disturbances affect ant
dispersal and community makeup (Andersen, 1995; Andersen, 2019; Philpott et al., 2010).
Some studies have noted a loss in species richness because of human disturbance
(Yamaguchi, 2004; Lessard & Buddle, 2005), while Gibb & Hochuli (2003) found identical
species richness between disturbed and undisturbed areas. It is well recognised that
urbanisation decreases species richness (Lessard & Buddle, 2005), allowing opportunistic or
non-native species to persist, changing community composition (Carpintero, Reyes-Lopez
& De Reyna, 2003; Gibb & Hochuli, 2003; Holway & Suarez, 2006). Exotic, invasive, and
tramp ant species are frequently found in anthropogenically disturbed settings (Brassard et
al., 2021) and these ant species have an adverse effect on native ant communities (Human
& Gordon, 1996; Holway et al., 2002; Holway, 2005), non-ant invertebrate communities
(Gerlach, 2004), and plant communities (Ness & Bronstein, 2004), ultimately compromising
ecosystem services (O’Dowd, Green & Lake, 2003).

Ant community response to disturbance can be studied by classifying them into
functional groups based on their broad behavior at biogeographical scales (Hoffmann &
Andersen, 2003). This classification is sometimes preferred as it allows for easier comparison
between studies and general understanding of disturbance impacts (Andersen, 2019). Seven
functional groups are recommended for ant community comparison studies (Andersen,
2000), and they can be broadly categorized into generalist or specialist functional groups
based on their behavior (Hoffmann & Andersen, 2003). The study of the effect of disturbance
on ant communities commonly uses this functional group classification, as it is simpler
to classify ants at higher taxonomic levels, such as genera and species-groups (Andersen,
2019).

Ant communities vary in functional group composition across different habitats,
with dominant generalist functional groups such as Dominant Dolichoderinae (DD),
Generalized Myrmicinae (GM), and Opportunists (OPP) being more common than
specialist functional groups such as Hot Climate Specialists (HCS), Specialist Predator (SP)
and Cryptic Species (CRY) (Leal et al., 2012; Arnan et al., 2018; Triyogo et al., 2020). The
original functional group classification was based on Australian forest ant communities
(Andersen, 1995), it has been adapted for other landscapes, including tropical forests in
Brazil and Indonesia (Leal et al., 2012; Triyogo et al., 2020). Regardless of the habitat type,
generalist functional groups typically make up more than 80% of the ant community,
with the remainder being specialist functional groups. These findings were from grassland
and agroforest landscapes in Australia and Indonesia (Andersen, 1995; Andersen, 2000;
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Triyogo et al., 2020). In pristine forest fragments in Australia, Brazil, Western United States
and Spain, a higher proportion of specialist functional groups (∼38%) than those in
anthropogenically disturbed environments were recorded (Leal et al., 2012; Carpintero,
Reyes-Lopez & De Reyna, 2003; Gibb & Hochuli, 2003; Holway & Suarez, 2006), indicating
a permanent alteration of ants composition in disturbed landscapes.

With increasing anthropogenic presence globally, it is imperative to understand how
different types of disturbances affect species richness, community composition of ants to
prevent further biodiversity loss (Allen, Ewel & Jack, 2001; Luck, 2007). This study aims
to understand the impact of anthropogenic disturbance and seasonality on the epigaeic
ant fauna of Lang Tengah Island, located off the East Coast of Peninsular Malaysia. The
study focused on comparing species richness, diversity indices and composition of ants in
disturbed and undisturbed habitats, as well as before and after the monsoon season. We
hypothesize that monsoonal rains will lead to short-term changes in species composition
due to shuffling of niches (Mertl, Ryder Wilkie & Traniello, 2009; Vasconcelos et al., 2010).
Furthermore, disturbed habitats will see a decrease in species richness and diversity
(Yamaguchi, 2004; Lessard & Buddle, 2005). This is due to habitat changes favouring more
generalist and non-native ant species at these human-modified landscapes (Brassard et al.,
2021).

MATERIALS & METHODS
Study area
This study was conducted at four sites on Lang Tengah Island, which is located in the state of
Terengganu off the east coast of Peninsular Malaysia and has an area of approximately 125
hectares. There are three resorts on the island (Sari Pacifica, Summer Bay, and D’Coconut).
Sari Pacifica and Summer Bay are located adjacent to each other. However, we did not have
permission to conduct sampling activities at Summer Bay resort. To examine the effect of
anthropogenic disturbance, we selected all the sites based on their accessibility by foot. We
designated Sari Pacifica resort (SP, 5◦47′32.64′′N 102◦53′36.09′′E) and D’Coconut resort
(DC, 5◦47′22.56′′N 102◦53′56.21′′E) as anthropogenically disturbed sites due to resort
construction, resulting in landscape changes and human presence. The vegetation at these
disturbed sites consist of ornamental shrubs such as Hibiscus hybrids, Ixora spp. (Gan
et al., 2022). With the land clearing for anthropogenic construction, disturbed sites are
devoid of tall canopy trees. Batu Kuching (BK, 5◦47′21.73′′N 102◦54′8.31′′E) and Turtle
Bay forest (TB, 5◦47′22.34′′N 102◦54′1.66′′E) were designated as undisturbed sites due to
their relatively pristine conditions and limited accessibility to tourists. These sites have
hiking trails leading to lookout points on the island and consist of relatively open forest
habitat (Fig. 1; Google Maps, 2022).

The size of each site is within the range of 53 m2. The distance between the disturbed
sites is 690 m, whereas the distance between the two undisturbed sites is about 200 m.
These sites were chosen due to accessibility as only the western part of the island and a few
southern parts are accessible, while the eastern part of the island consists of rocky outcrops
with no anthropogenic activities present except for occasional hiking trails scattered around
this area (Fig. 1; Google Maps, 2022).
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Figure 1 Map of four sampling sites on Lang Tengah island. Lang Tengah island is located on the east
coast of Peninsular Malaysia. Sari Pacifica (SP) resort and D’Coconut (DC) resort were designated as dis-
turbed sites while Batu Kuching (BK) and Turtle Bay forest (TB) were designated as undisturbed sites.
Map data @ 2022 Imagery @ 2022 CNES/Airbus, Landsat/Copernicus, Maxar Technologies.

Full-size DOI: 10.7717/peerj.16157/fig-1

Field experiments were approved by two Resort Operators, namely Mr. Steve from Sari
Pacifica Resort and Mr. Daniel from D’Coconut Resort. Additionally, field experiments
were also approved by Principal Officer (Dr. Long Seh Ling) from Lang Tengah Turtle
Watch (NGO) on Lang Tengah Island. This island experiences a pronounced monsoon
period, resulting in dry and rainy seasons. There are no indigenous human settlements
on this island. Due to the harsh weather during the monsoon period, the island is closed
to tourists for six months, and all resort staff are evacuated from October to March. To
examine the effect of seasonality, we sampled the four sites twice, once post-monsoon
from 2nd to 7th March 2020, right after the island reopened to tourists, and pre-monsoon
sampling was carried out from 26th September to 1st October 2020, before the island was
closed for the monsoon period. On the first day of sampling, we selected the sites and set
up the pitfall traps. Pitfall traps were kept closed for 24 h before opening to reduce digging
in effects. The traps were left open in the field for five days. On the 6th day of setting out
traps, we dug up traps and packed them for transportation to the mainland. Although the
pre-monsoon sampling was carried out during the early period of the global COVID-19
pandemic, daily cases in Malaysia were low during this period (DG of Health, 2020), and
the government had just relaxed domestic travel restrictions, contributing to a period of
heightened tourist activity during this time (BERNAMA, 2020a; BERNAMA, 2020b).

Sampling of the epigaeic ant fauna
Ant diversity studies typically focus on three different vertical strata: canopy, arboreal
and epigaeic or ground-dwelling (Hashimoto et al., 2006). While canopy and epigaeic
ant communities have been found to show little overlap (Itino & Yamane, 1995; Brühl,
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Gunsalam & Linsenmair, 1998; Yanoviak & Kaspari, 2000), arboreal ants can often be
detected using epigaeic sampling methods as they come down to the ground to forage
(Wilson, 1959; Hahn &Wheeler, 2002). In this study, due to the absence of canopy trees
at the disturbed sites, an epigaeic sampling method was used to study the diversity of
ground-dwelling ants. Adding specific arboreal sampling methods such as baits placed on
trees may increase ant diversity and community composition. However, this can introduce
sampling bias and lead to inconsistencies in the representation of ant communities, as not
all arboreal ants are attracted to the same baits.

For each study site and pre-/post-monsoonal season sampling, we installed traps to
collect the epigaeic ant fauna. We used pitfall traps adapted from Hashimoto (2003) with
200ml of 75% ethanol. A total of 20 traps were installed at each site in a straight row, spaced
about 1 m apart, resulting in 160 sampling points (4 sites × 20 repetitions × 2 pre-/post
monsoonal seasons). Eguchi, Bui & Yamane (2004) found that the majority of epigaiec
ants’ foraging range does not exceed one meter, although some predatory raiding ants such
as Leptogenys spp. might have a larger foraging range (Maschwitz et al., 1989). We chose
the distance between the traps as 1 m because the ground surface at the resort sites was
mostly concrete, limiting suitable trap placement to available ground surfaces consisting
of soil and vegetation. This spacing was also used at the undisturbed sites for consistency,
even though there was more surface area for trap placement. Most ant diversity studies
using pitfall traps typically use a spacing range of five to 10 m (Yek et al., 2009).

The traps were kept in the field for five days and checked daily for any evaporation of the
75% ethanol. After five days, the traps were removed, and securely packed in waterproof
bags for transport to the Monash University Malaysia laboratory for subsequent sorting.
In the laboratory, the sorted ants were identified to the genus level following Hashimoto
(2003) and Bolton (1994) by two of the authors (TSP and SHY). Species identification was
carried out by comparing the specimens with the ant collections at the Institute for Tropical
Biology and Conservation (ITBC), Universiti Malaysia Sabah (UMS).Morphospecies codes
were assigned to unidentified species, which apply only to this study. A full set of specimens
with voucher specimen numbers HYM0003796–HYM0003826 is deposited at ITBC, UMS
(Table S1).

We analyzed the changes in ant composition, including their community identity and
functional groups. To ensure accuracy, we used several databases to categorize the ant
species. We first checked the Global Invasive Species Database (GISD, 2023) and the
IUCN worst 100 list (Lowe et al., 2000) and then cross-referenced each identified species
with AntWiki (Janicki et al., 2016; Guénard et al., 2017) for distributional and ecological
information. The final assignment followed the terminology from AntWiki for native,
tramp, and invasive species. Tramp status was used for species with uncertain biogeographic
origins, but that have established populations in non-native habitats (Brassard et al., 2021).

The ant species were classified into seven functional groups based on Andersen (2000).
Four generalist functional groups exhibit broad foraging behaviour, while three specialist
functional groups exhibit narrow foraging behaviour (Andersen, 2000; Brandão, Silva &
Delabie, 2012). The generalist functional groups are Dominant Dolichoderinae (DD),
Generalized Myrmicinae (GM), Opportunists (OPP) and Subordinate Camponotini (SC).
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The specialist functional groups are Cryptic Species (CRY), Hot Climate Specialists (HCS)
and Specialist Predators (SP).

Data analyses
To examine sample coverage completeness, rarefaction curves and species richness
estimators (Chao1 and ACE) were computed. The iNext and vegan package (Chao,
Chiu & Jost, 2014; Hsieh, Ma & Chao, 2020) in R (v4.1.1; R Core Team, 2022) were used to
calculate the Hill numbers, species richness estimators, and rarefaction curves. The study
first assessed ant species richness using Hill numbers, which included species richness,
Shannon diversity and Simpson diversity (Colwell et al., 2012). To represent a site/season,
20 traps were combined due to their close spacing (1 meter). Ant species incidence
frequencies were used as input to compute Hill numbers, and species occurrences per
sample were used as proxy for relative ant abundance to avoid bias from sampling near
nests and trails (Longino, 2000; Yek et al., 2009).

To compare species composition between habitat types and seasonality, Jaccard similarity
index was computed using EstimateS (v9; Colwell, 2013).

RESULTS
A total of 2,084 individual ants, identified to 30 morphospecies, were collected at four
sampling sites across pre-and post-monsoon seasons (Table S1). The species diversity
estimators (Chao1 and ACE; Table 1) and rarefaction curves (Fig. S1) indicate that all sites
were generally adequately sampled. Post-monsoon sampling of undisturbed sites yielded
the highest species richness (Observed = 23 species, Estimated = 24–26 species) while the
pre-monsoon sampling of disturbed habitats yielded the lowest species richness (Observed
= 9 species, Estimated = 12–13 species) (Table 1). When assessing the species richness
from each site, Turtle Bay Forest—an undisturbed site, yielded the highest species richness
pre-monsoon (Observed = 17 species, Estimated = 21 species), whereas D’Coconut
Resort—a disturbed site, yielded the lowest species richness post-monsoon (Observed = 5
species, Estimated = 6 species) (Table S2). In general, undisturbed sites (Turtle Bay Forest
and Batu Kuching) presented higher species richness and diversity indices compared to
disturbed sites (Sari Pacifica Resort and D’Coconut Resort). Moreover, post-monsoon
at both disturbed and undisturbed sites also yielded an increase in species richness and
diversity (Table 1).

From the data shown inTable 2, we can see that the species composition, using the Jaccard
similarity index, only shares 10 to 20% similarity between disturbed and undisturbed sites.
The species composition between monsoon shares 50 to 60% similarity from each other
(Table 2).

We assigned epigaeic ants to their community identity status. Most of the identification
was carried out at the morphospecies level, hence we conservatively assigned the
unidentified species to native species (24 native species; Table 3). Six ant species were
either tramp or invasive species (Table 3). At undisturbed sites, 25% of ant species were
categorized as tramp/invasive species. At disturbed sites, 17%of ant species were categorized
as tramp/invasive species (Fig. 2).
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Table 1 The results of species richness, Shannon diversity and Simpson diversity index on habitat
types (undisturbed versus disturbed) and seasonality (pre-/post-monsoon). Two species richness esti-
mators (Chao1 and ACE) were computed to examine the completeness of the sampling effort.

Habitat types Disturbed Undisturbed

Seasonality Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon

Species richness 9 11 13 23
Shannon index 1.12 1.47 2.18 2.00
Simpson index 0.54 0.71 0.87 0.80
Chao1 estimate 12 11 13 24
SE Chao1 4.48 1.28 0.24 1.84
ACE estimator 13 13 13 26
SE ACE 1.46 1.68 1.67 2.44

Table 2 Jaccard similarity index between sites and pre-/post-monsoon.Disturbed and undisturbed
sites shares 10 to 20% similarity in species composition, whereas pre- and post-monsoon shares 50 to 60%
similarity in species composition.

Community Jaccard similarity
index

Sample 1 Sample 2

Habitat types Disturbed-pre monsoon Undisturbed-pre monsoon 0.1
Habitat types Disturbed-post monsoon Undisturbed-post monsoon 0.2
Monsoon Pre monsoon-disturbed Post monsoon-disturbed 0.5
Monsoon Pre monsoon-undisturbed Post monsoon-undisturbed 0.6
Others Post monsoon-disturbed Pre monsoon-undisturbed 0.2
Others Post monsoon-undisturbed Pre monsoon-disturbed 0.2

Ant communities were categorized into four generalist and three specialist functional
groups (Table 3). Both disturbed and undisturbed sites have relatively high proportions
of generalist species, making up to >80% of the ant community (Fig. 3). Generalized
Myrmicinae (GM) and Opportunist (OPP) dominated in the disturbed sites whereas
Subordinate Camponotini (SC) generalist groups were only found in undisturbed sites
(Table 3). The relative proportion of generalist groups increased slightly post-monsoon for
both disturbed and undisturbed sites (Fig. 3).

DISCUSSION
The results of our study indicate that undisturbed habitats have higher ant species richness
(Table 1), which is consistent with most ant bioindicator studies (Uno, Cotton & Philpott,
2010; Buczkowski & Richmond, 2012). This is most probably due to higher niche division
between the ant species, hence allowing higher species richness to be harboured. On the
other hand, disturbed sites have more generalist functional groups, as reported in other
studies (García-Martínez et al., 2015), whereas specialist ant groups were more sensitive to
anthropogenic disturbance (Leal et al., 2012). It is unlikely that the distance between the
disturbed and undisturbed sites plays a crucial role as the distance between these sites are
within the range of dispersal of these ants, which range from a few meters to around 30
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Table 3 Incidence of epigaeic ant morphospecies at each habitat type across pre-/post-monsoon season.

Status Behaviour
functional group

Species Habitat type

Disturbed Undisturbed

Pre
monsoon

Post
monsoon

Pre
monsoon

Post
monsoon

Native Generalist (DD) Dolichoderus sp. 0 1 0 7
Tramp Monomorium floricola 0 2 0 0
Invasive Monomorium pharaonis 6 13 0 0
Native Monomorium sp. I 12 10 0 1
Native Pheidole sp. I 0 1 0 0
Native Pheidole sp. II 2 11 0 0
Native Pheidole sp. III 5 18 0 0
Native

Generalist (GM)

Pheidole sp. IV 0 1 0 0
Invasive Generalist (OPP) Anoplolepis gracilipes 9 4 0 0
Native Aphaenogaster sp. 0 1 0 0
Native Cardiocondyla kagutsuchi 0 1 0 0
Native Cardiocondyla sp. 4 0 0 0
Native Cardiocondyla tjibodana 2 1 0 0
Native Paraparatrechina sp. 5 13 0 0
Invasive Paratrechina longicornis 3 2 20 34
Native Paratrechina sp. 0 1 0 0
Tramp Tapinoma indicum 16 28 0 0
Invasive Tetramorium insolens 0 2 6 9
Native Tetramorium sp. I 3 2 10 8
Native Tetramorium sp. II 0 0 0 5
Native Tetramorium sp. III 0 0 12 17
Native Generalist (SC) Camponotus sp. 0 0 1 1
Native Specialist (HCS) Meranoplus bicolor 15 8 0 0
Native Amblyopone sp. 0 0 1 1
Native

Specialist (SP)
Leptogenys sp. 0 0 4 0

Native Specialist (CRY) Carebara sp. I 0 0 1 3
Native Carebara sp. II 0 1 0 0
Native Hypoponera sp. I 1 3 0 0
Native Hypoponera sp. II 0 1 0 0
Native Plagiolepis sp. 0 3 3 0

Notes.
The ants are grouped to their status (column 1) following Global Invasive Species Database (2023), IUCN worst 100 list (Lowe et al., 2000) and finally checked against the map
distribution in AntWiki (Janicki et al., 2016; Guénard et al., 2017).
Functional groups assignment is further classified into generalist and specialist functional groups with the code as follows: DD, Dominant Dolichoderinae; GM, Generalized
Myrmicinae; OPP, Opportunist; SC, Subordinate Camponotini; CRY, Cryptic Species; HCS, Hot Climate Species; SP, Specialist Predator.
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Figure 2 The relative proportion of native versus tramp/invasive ant species across undisturbed and
disturbed habitat types. There are 24 ant species in the undisturbed habitat sites and 12 ant species in the
disturbed habitat sites. At undisturbed sites, 25% of ant species found here are categorized as tramp/inva-
sive species. At disturbed sites, 17% of ant species found here are categorized as tramp/invasive species.

Full-size DOI: 10.7717/peerj.16157/fig-2

Figure 3 The relative incidence of epigaeic ant morphospecies classified into functional groups for
habitat type and pre-/post-monsoon season. The top three red-scale shaded bars represent specialist
functional groups—Cryptic Species (CS), Hot Climate Specialists (HCS) and Specialist Predators (SP),
and the bottom grey-scale shaded bars represents the generalist functional groups—Opportunists (OPP),
Generalized Myrmicinae (GM), Dominant Dolichoderinae (DD) and Subordinate Camponotini (SC).

Full-size DOI: 10.7717/peerj.16157/fig-3

km from their natal nest, depending on the queen’s body size (Helms IV, 2018). We believe
that the findings of tramp/invasive and generalist ant species in both habitats reflect the
altered landscape that favours these species. Abundant anthropogenic resources, such as
food waste and relaxed resource competition may support an increased number of tramp
and generalist ant species, but decrease the number of native and specialist ant species
(Rocha & Fellowes, 2020).
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Anthropogenic activities can lead to an increase in invasive and tramp ant species due
to the creation of new ecological niches that these ants can exploit (Shimoji et al., 2022).
In small islands, as in many urban environments, the constant influx of merchandise
and human traffic through the jetty can make them an ideal gateway for exotic species
introduction (Russell et al., 2017). Another possible transmission route for exotic species is
through marine debris, which accumulates on the beaches, particularly after the monsoon
season (Fauziah et al., 2021; Tan et al., 2022; Fig. 1). Although regular beach clean-up
activities are carried out during the tourist seasons by workers of the resorts or volunteers
from NGOs (Yi & Kannan, 2016), many tramp/invasive ant species could still occupy
undisturbed sites. Because there are no distinct dispersal barriers for ants to spread
(rivers, lakes or mountains) on the island, it is likely that natural agents such as winds
or anthropogenic agents can transport ants between disturbed and undisturbed areas.
Regardless of the means of transport, the short sampling period, small sample size,
dominance and presence on the undisturbed sites could explain the overall low species
richness of epigaeic ants sampled at Lang Tengah Island.

The annual monsoonal rains, in short-terms, may introduce heterogeneity to the
environment through microclimate characteristics (Bátori et al., 2019), habitat structure
(Lassau & Hochuli, 2004), resource availability (Souza et al., 2015; Silveira et al., 2016) and
competitive interactions (Rowles & O’Dowd, 2007), which may have caused the 50–60%
changes in Jaccard similarity index between the season. The impact of seasonality, such as the
monsoonal rains, can significantly affect epigaeic ant abundance by causing nest flooding
and increasing mortality rates (Mertl, Ryder Wilkie & Traniello, 2009; LeBrun, Moffett &
Holway, 2011). Indirectly, it can reset ant-ant interactions for resource utilization, leading
to short-term changes in species composition (Gray et al., 2018), which is consistent with
the observed changes in functional group composition.

In both disturbed and undisturbed habitats, generalist species dominate over specialist
species due to their ability to flexibly exploit different resources and expand their colonies
rapidly, leading to their ecological dominance (Brandão, Silva & Delabie, 2012). Generalist
species can also coexist with other generalist species by exploiting different unoccupied
niches (Parr & Gibb, 2012). Although the composition and identity of these groups of ants
remained largely unchanged, large-scale monsoonal rains caused a slight increase in their
abundance in both habitats (Tchoudjin et al., 2020).

CONCLUSIONS
In conclusion, our study revealed two ant composition patterns on Lang Tengah: (1)
prevalent tramp/invasive at both habitat types, higher at undisturbed sites due to the
constant flux of new propagules through marine debris and anthropogenic activity
encroaching into these sites, and (2) seasonality such as monsoonal rains resets ant-ant
interactions and resources distribution in the short-term, potentially maintaining diversity.
Future studies should validate the findings of this study across different ant communities
under similar pressure. We propose the use of ant composition status and functional roles
in future studies as these categorizations are more relevant for biodiversity conservation
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and management plans than the species richness/diversity indices. For validation of these
results, we propose longer time-based sampling periods pre- and post-monsoon to better
reveal the community and functional dynamics on ants on islands.

ACKNOWLEDGEMENTS
We are grateful to the members of the Terrestrial Ecology Laboratory, Monash University
Malaysia for assistance in data collection during the sampling seasons. We thank many
reviewers for their suggestions to improve the data interpretation of this manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The funding was provided by Monash University Malaysia Honours fellowships to
Taneswarry Sethu Pathy (2020) and Seed Grant to Sze Huei Yek (2018–2020). The funders
had no role in study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Monash University Malaysia Honours fellowships to Taneswarry Sethu Pathy (2020).
Sze Huei Yek (2018–2020).

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Sze Huei Yek conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.
• Taneswarry Sethu Pathy conceived and designed the experiments, performed the
experiments, analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.
• Deniece Yin Chia Yeo performed the experiments, authored or reviewed drafts of the
article, and approved the final draft.
• JasonYew SengGan performed the experiments, prepared figures and/or tables, authored
or reviewed drafts of the article, and approved the final draft.

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

Field experiments were approved by two Resorts Operators, namely Mr. Steve from Sari
Pacifica Resort and Mr. Daniel from D’Coconut Resort. Additionally, field experiments
was also approved by Principal Officer (Dr. Long Seh Ling) from Lang Tengah Turtle
Watch (NGO) on Lang Tengah Islands.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 11/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.16157


Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.16157#supplemental-information.

REFERENCES
Allen JA, Ewel KC, Jack J. 2001. Patterns of natural and anthropogenic disturbance of

the mangroves on the Pacific Island of Kosrae.Wetlands Ecology and Management
9:291–301 DOI 10.1023/A:1011125310794.

Andersen AN. 1995. A classification of Australian ant communities, based on functional
groups which parallel plant life-forms in relation to stress and disturbance. Journal of
Biogeography 22:15–29 DOI 10.2307/2846070.

Andersen AN. 2000. A global ecology of rain forest ants: functional groups in relation to
stress and disturbance. In: Agosti D, Majer J, Alonso E, Schultz TR, eds. Ants: stan-
dard methods for measuring and monitoring biodiversity. Washington: Smithsonian
Institution Press, 25–34.

Andersen AN. 2019. Responses of ant communities to disturbance: five principles for
understanding the disturbance dynamics of a globally dominant faunal group.
Journal of Animal Ecology 88:350–362 DOI 10.1111/1365-2656.12907.

Arnan X, Arcoverde GB, Pie MR, Ribeiro-Neto JD, Leal IR. 2018. Increased anthro-
pogenic disturbance and aridity reduce phylogenetic and functional diversity of ant
communities in Caatinga dry forest. Science of the Total Environment 631:429–438
DOI 10.1016/j.scitotenv.2018.03.037.

Bátori Z, Vojtkó A, Maák IE, Lőrinczi G, Farkas T, Kántor N, Tanács E, Kiss PJ, Juhász
O, Módra G, Tölgyesi C, Erdős L, Aguilon DJ, Keppel G. 2019. Karst dolines
provide diverse microhabitats for different functional groups in multiple phyla.
Scientific Reports 9:1–13 DOI 10.1038/s41598-019-43603-x.

BERNAMA. 2020a. Essence of RMCO. Available at https://www.bernama.com/en/general/
news_covid-19.php?id=1848911 (accessed on 10 April 2022).

BERNAMA. 2020b. RMCO extended until Dec 31—Muhyiddin. Available at https:
//www.bernama.com/en/general/news_covid-19.php?id=1874669 (accessed on 10 April
2022).

Bisevac L, Majer JD. 1999. Comparative study of ant communities of rehabilitated min-
eral sand mines and heathland, Western Australia. Restoration Ecology 7:117–126
DOI 10.1046/j.1526-100X.1999.72002.x.

Bolton B. 1994. Identification guide to the ant genera of the world. Cambridge: Harvard
University Press.

Brandão C, Silva RR, Delabie J. 2012. Neotropical ants (Hymenoptera) functional
groups: nutritional and applied implications. In: Panizzi AR, Parra JRP, eds. Insect

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 12/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.16157#supplemental-information
http://dx.doi.org/10.7717/peerj.16157#supplemental-information
http://dx.doi.org/10.7717/peerj.16157#supplemental-information
http://dx.doi.org/10.1023/A:1011125310794
http://dx.doi.org/10.2307/2846070
http://dx.doi.org/10.1111/1365-2656.12907
http://dx.doi.org/10.1016/j.scitotenv.2018.03.037
http://dx.doi.org/10.1038/s41598-019-43603-x
https://www.bernama.com/en/general/news_covid-19.php?id=1848911
https://www.bernama.com/en/general/news_covid-19.php?id=1848911
https://www.bernama.com/en/general/news_covid-19.php?id=1874669
https://www.bernama.com/en/general/news_covid-19.php?id=1874669
http://dx.doi.org/10.1046/j.1526-100X.1999.72002.x
http://dx.doi.org/10.7717/peerj.16157


bioecology and nutrition for integrated pest management. New York: CRC Press,
213–236.

Brassard F, Leong C-M, Chan H-H, Guénard B. 2021.High diversity in urban areas: how
comprehensive sampling reveals high ant species richness within one of the most
urbanized regions of the world. Diversity 13:358 DOI 10.3390/d13080358.

Brühl CA, Gunsalam G, Linsenmair KE. 1998. Stratification of ants (Hymenoptera,
Formicidae) in a primary rain forest in Sabah, Borneo. Journal of Tropical Ecology
14:285–297 DOI 10.1017/S0266467498000224.

Buczkowski G, Richmond DS. 2012. The effect of urbanization on ant abundance
and diversity: a temporal examination of factors affecting biodiversity. PLOS ONE
7:e41729 DOI 10.1371/journal.pone.0041729.

Carpintero S, Reyes-Lopez J, De Reyna LA. 2003. Impact of human dwellings on the
distribution of the exotic Argentine ant: a case study in the Donana National Park,
Spain. Biological Conservation 115:279–289 DOI 10.1016/S0006-3207(03)00147-2.

CasimiroMS, Sansevero JB, Queiroz JM. 2019.What can ants tell us about eco-
logical restoration? A global meta-analysis. Ecological Indicators 102:593–598
DOI 10.1016/j.ecolind.2019.03.018.

Chao A, Chiu C-H, Jost L. 2014. Unifying species diversity, phylogenetic diversity,
functional diversity, and related similarity and differentiation measures through
Hill numbers. Annual Review of Ecology, Evolution, and Systematics 45:297–324
DOI 10.1146/annurev-ecolsys-120213-091540.

Colwell RK. 2013. EstimateS: statistical estimation of species richness and shared species
from samples. Version 9. Available at http://viceroy.eeb.uconn.edu/estimates/ (accessed
on 04 January 2021).

Colwell RK, Chao A, Gotelli NJ, Lin S-Y, Mao CX, Chazdon RL, Longino JT. 2012.
Models and estimators linking individual-based and sample-based rarefaction,
extrapolation and comparison of assemblages. Journal of Plant Ecology 5:3–21
DOI 10.1093/jpe/rtr044.

DG of Health. 2020. Kenyataan akhbar KPK 25 2020—situasi semasa jangkitan penyakit
coronavirus 2019 (COVID-19) di Malaysia. Available at https://kpkesihatan.com/
2020/09/25/kenyataan-akhbar-kpk-25-september-2020-situasi-semasa-jangkitan-
penyakit-coronavirus-2019-covid-19-di-malaysia/ (accessed on 10 April 2022).

Eguchi K, Bui TV, Yamane S. 2004. A preliminary study on foraging distance and nesting
sites of ants in Indo-Chinese lowland vegetation. Sociobiology 43:445–457.

Fauziah SH, Rizman-IdidM, CheahW, Loh KH, Sharma S, Maiza RN, Bordt M,
Praphotjanaporn T, Samah AA, Sabaruddin JSB, George M. 2021.Marine debris
in Malaysia: a review on the pollution intensity and mitigating measures.Marine
Pollution Bulletin 167:112258 DOI 10.1016/j.marpolbul.2021.112258.

Gan JYS, Pathy TS, Yeo DYC, Lee JM, Yek SH. 2022. The population dynamics of the
yellow crazy ant Anoplolepis gracilipes (Hymenoptera: Formicidae) on a tropical
island in Malaysia. Ecological Entomology 47:339–346 DOI 10.1111/een.13119.

García-Martínez MÁ, Martínez-Tlapa DL, Pérez-Toledo GR, Quiroz-Robledo LN,
CastañoMeneses G, Laborde J, Valenzuela-González JE. 2015. Taxonomic, species

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 13/18

https://peerj.com
http://dx.doi.org/10.3390/d13080358
http://dx.doi.org/10.1017/S0266467498000224
http://dx.doi.org/10.1371/journal.pone.0041729
http://dx.doi.org/10.1016/S0006-3207(03)00147-2
http://dx.doi.org/10.1016/j.ecolind.2019.03.018
http://dx.doi.org/10.1146/annurev-ecolsys-120213-091540
http://viceroy.eeb.uconn.edu/estimates/
http://dx.doi.org/10.1093/jpe/rtr044
https://kpkesihatan.com/2020/09/25/kenyataan-akhbar-kpk-25-september-2020-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19-di-malaysia/
https://kpkesihatan.com/2020/09/25/kenyataan-akhbar-kpk-25-september-2020-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19-di-malaysia/
https://kpkesihatan.com/2020/09/25/kenyataan-akhbar-kpk-25-september-2020-situasi-semasa-jangkitan-penyakit-coronavirus-2019-covid-19-di-malaysia/
http://dx.doi.org/10.1016/j.marpolbul.2021.112258
http://dx.doi.org/10.1111/een.13119
http://dx.doi.org/10.7717/peerj.16157


and functional group diversity of ants in a tropical anthropogenic landscape. Tropical
Conservation Science 8(4):1017–1032 DOI 10.1177/194008291500800412.

Gerlach J. 2004. Impact of the invasive crazy ant Anoplolepis gracilipes on Bird Island,
Seychelles. Journal of Insect Conservation 8:15–25
DOI 10.1023/B:JICO.0000027454.78591.97.

Gibb H, Hochuli DF. 2003. Colonisation by a dominant ant facilitated by anthropogenic
disturbance: effects on ant assemblage composition, biomass and resource use. Oikos
103:469–478 DOI 10.1034/j.1600-0706.2003.12652.x.

Gibb H, Sanders NJ, Dunn RR,Watson S, Photakis M, Abril S, Andersen AN, Angulo
E, Armbrecht I, Arnan X, Baccaro FB, Bishop TR, Boulay R, Castracani C, Toro
IDel, Delsinne T, Diaz M, Donoso DA, Enriquez ML, Fayle TM, Feener Jr DH,
Fitzpatrick MC, Gomez C, Grasso DA, Groc S, Heterick B, Hoffmann BD, Lach L,
Lattke J, LeponceM, Lessard J-P, Longino J, Lucky A, Majer J, Menke SB, Mezger
D, Mori A, Munyai TC, Paknia O, Pearce-Duvet J, Pfeiffer M, Philpott SM, De
Souza JLP, Tista M, Vasconcelos HL, VonshakM, Parr CL. 2015. Climate mediates
the effects of disturbance on ant assemblage structure. Proceedings of the Royal Society
B 282:20150418 DOI 10.1098/rspb.2015.0418.

Global Invasive Species Database (GISD). Available at http://www.iucngisd.org/gisd/
(accessed on 10 March 2023).

Google Maps. 2022.Maps of Lang Tengah Island embedded in Southeast Asia. In:
WGS 1984 coordinate system. Available at https://www.google.com/maps/place/Lang+
Tengah+Island (accessed on 28 July 2022).

Gray RE, Ewers RM, Boyle MJ, Chung AY, Gill RJ. 2018. Effect of tropical forest dis-
turbance on the competitive interactions within a diverse ant community. Scientific
Reports 8:1–12 DOI 10.1038/s41598-018-23272-y.

Guénard B,Weiser MD, Gomez K, Narula N, Economo EP. 2017. The Global Ant
Biodiversity Informatics (GABI) database: synthesizing data on the geographic
distribution of ant species (Hymenoptera: Formicidae).Myrmecological News
24:83–89 DOI 10.25849/myrmecol.news_024:083.

Hahn DA,Wheeler DE. 2002. Seasonal foraging activity and bait preferences of ants on
Barro Colorado Island, Panama. Biotropica 34:348–356
DOI 10.1111/j.1744-7429.2002.tb00548.x.

Hashimoto Y. 2003. Identification guide to the ant genera of Borneo. In: Hashimoto Y,
Rahman H, eds. Inventory & collection: total protocol for understanding of biodiversity.
Kota Kinabalu: UMS-BBEC Press, 95–160.

Hashimoto Y, Morimoto Y,Widodo ES, MohamedM. 2006. Vertical distribution
pattern of ants in a Bornean tropical rainforest (Hymenoptera: Formicidae).
Sociobiology 47:697–710.

Helms IV JA. 2018. The flight ecology of ants (Hymenoptera: Formicidae).Myrmecologi-
cal News 26:19–30 DOI 10.25849/myrmecol.news_026:019.

Hertzog LR, Ebeling A, Meyer ST, Eisenhauer N, Fischer C, Hildebrandt A,Wagg C,
WeisserWW. 2016.High survival of Lasius Niger during summer flooding in a
European grassland. PLOS ONE 11:e0152777 DOI 10.1371/journal.pone.0152777.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 14/18

https://peerj.com
http://dx.doi.org/10.1177/194008291500800412
http://dx.doi.org/10.1023/B:JICO.0000027454.78591.97
http://dx.doi.org/10.1034/j.1600-0706.2003.12652.x
http://dx.doi.org/10.1098/rspb.2015.0418
http://www.iucngisd.org/gisd/
https://www.google.com/maps/place/Lang+Tengah+Island
https://www.google.com/maps/place/Lang+Tengah+Island
http://dx.doi.org/10.1038/s41598-018-23272-y
http://dx.doi.org/10.25849/myrmecol.news_024:083
http://dx.doi.org/10.1111/j.1744-7429.2002.tb00548.x
http://dx.doi.org/10.25849/myrmecol.news_026:019
http://dx.doi.org/10.1371/journal.pone.0152777
http://dx.doi.org/10.7717/peerj.16157


Hoffmann BD, Andersen AN. 2003. Responses of ants to disturbance in Australia,
with particular reference to functional groups. Austral Ecology 28:444–464
DOI 10.1046/j.1442-9993.2003.01301.x.

Hölldobler B,Wilson EO. 1990. The ants. Cambridge: Belknap Press of Harvard
University Press.

Holway DA. 2005. Edge effects of an invasive species across a natural ecological bound-
ary. Biological Conservation 121:561–567 DOI 10.1016/j.biocon.2004.06.005.

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ. 2002. The causes and conse-
quences of ant invasions. Annual Review of Ecology and Systematics 33:181–233
DOI 10.1146/annurev.ecolsys.33.010802.150444.

Holway DA, Suarez AV. 2006.Homogenization of ant communities in mediterranean
California: the effects of urbanization and invasion. Biological Conservation
127:319–326 DOI 10.1016/j.biocon.2005.05.016.

Hsieh TC, Ma KH, Chao A. 2020. iNEXT: Interpolation and Extrapolation for Species
Diversity. R package Version 2.0.20. Available at http://chao.stat.nthu.edu.tw/
wordpress/software_download/.

Human KG, Gordon DM. 1996. Exploitation and interference competition between
the invasive Argentine ant, Linepithema humile, and native ant species. Oecologia
105:405–412 DOI 10.1007/BF00328744.

Itino T, Yamane S. 1995. The vertical distribution of ants on canopy trees in a Bornean
lowland rainforest. Tropics 4:277–281 DOI 10.3759/TROPICS.4.277.

Janicki J, Narula N, Ziegler M, Guénard B, Economo EP. 2016. Visualizing and
interacting with large-volume biodiversity data using client–server web-mapping
applications: the design and implementation of antmaps.org. Ecological informatics
32:185–193 DOI 10.1016/j.ecoinf.2016.02.006.

Jones CG, Lawton JH, ShachakM. 1994. Organisms as ecosystem engineers. Oikos
1:373–386 DOI 10.2307/3545850.

Kolay S, Annagiri S. 2015. Dual response to nest flooding during monsoon in an Indian
ant. Scientific Reports 5:13716 DOI 10.1038/srep13716.

Lassau SA, Hochuli DF. 2004. Effects of habitat complexity on ant assemblages. Ecogra-
phy 27:157–164 DOI 10.1111/j.0906-7590.2004.03675.x.

Leal IR, Filgueiras BK, Gomes JP, Iannuzzi L, Andersen AN. 2012. Effects of habitat
fragmentation on ant richness and functional composition in Brazilian Atlantic
forest. Biodiversity and Conservation 21:1687–1701 DOI 10.1007/s10531-012-0271-9.

LeBrun E, Moffett M, Holway D. 2011. Convergent evolution of levee building behavior
among distantly related ant species in a floodplain ant assemblage. Insectes Sociaux
58:263–269 DOI 10.1007/s00040-011-0151-4.

Lessard JP, Buddle CM. 2005. The effects of urbanization on ant assemblages (Hy-
menoptera: Formicidae) associated with the Molson Nature Reserve, Quebec. The
Canadian Entomologist 137:215–225 DOI 10.4039/n04-055.

Linksvayer TA, JanssenMA. 2009. Traits underlying the capacity of ant colonies to
adapt to disturbance and stress regimes. Systems Research and Behavioral Science
26:315–329 DOI 10.1002/sres.928.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 15/18

https://peerj.com
http://dx.doi.org/10.1046/j.1442-9993.2003.01301.x
http://dx.doi.org/10.1016/j.biocon.2004.06.005
http://dx.doi.org/10.1146/annurev.ecolsys.33.010802.150444
http://dx.doi.org/10.1016/j.biocon.2005.05.016
http://chao.stat.nthu.edu.tw/wordpress/software_download/
http://chao.stat.nthu.edu.tw/wordpress/software_download/
http://dx.doi.org/10.1007/BF00328744
http://dx.doi.org/10.3759/TROPICS.4.277
http://dx.doi.org/10.1016/j.ecoinf.2016.02.006
http://dx.doi.org/10.2307/3545850
http://dx.doi.org/10.1038/srep13716
http://dx.doi.org/10.1111/j.0906-7590.2004.03675.x
http://dx.doi.org/10.1007/s10531-012-0271-9
http://dx.doi.org/10.1007/s00040-011-0151-4
http://dx.doi.org/10.4039/n04-055
http://dx.doi.org/10.1002/sres.928
http://dx.doi.org/10.7717/peerj.16157


Longino JT. 2000. What to do with the data. In: Agosti D, Majer J, Alonso E, Schultz TR,
eds. Ants: standard methods for measuring and monitoring biodiversity. Washington:
Smithsonian Institution Press, 186–203.

Lowe SM, BrowneM, Boudjelas S, De Poorter M. 2000. 100 of the world’s worst invasive
alien species: a selection from the global invasive species database. In: The Invasive
Species Specialist Group (ISSG) a specialist groupt of the Species Survival Commission
(SSC) of the World Conservation Union (IUCN).

Luck GW. 2007. A review of the relationships between human population density and
biodiversity. Biological Reviews 82:607–645 DOI 10.1111/j.1469-185X.2007.00028.x.

Majer JD, Nichols OG. 1998. Long-term recolonization patterns of ants in West-
ern Australian rehabitlitated bauxite mines with reference to their use as
indicators of restoration success. Journal of Applied Ecology 35:161–182
DOI 10.1046/j.1365-2664.1998.00286.x.

Maschwitz U, Steghaus-Kovac S, Gaube R, Hänel H. 1989. A South East Asian ponerine
ant of the genus Leptogenys (Hym. Form.) with army ant life habits. Behavioral
Ecology and Sociobiology 24:305–316 DOI 10.1007/BF00290907.

Mertl AL, RyderWilkie KT, Traniello JF. 2009. Impact of flooding on the species
richness, density and composition of Amazonian litter-nesting ants. Biotropica
41:633–641 DOI 10.1111/j.1744-7429.2009.00520.x.

Ness JH, Bronstein JL. 2004. The effects of invasive ants on prospective ant mutualists.
Biological Invasions 6:445–461 DOI 10.1023/B:BINV.0000041556.88920.dd.

O’DowdDJ, Green PT, Lake PS. 2003. Invasional ‘meltdown’ on an oceanic island.
Ecology Letters 6:812–817 DOI 10.1046/j.1461-0248.2003.00512.x.

Paolucci LN, Schoereder JH, Brando PM, Andersen AN. 2017. Fire-induced forest
transition to derived savannas: cascading effects on ant communities. Biological
Conservation 214:295–302 DOI 10.1016/j.biocon.2017.08.020.

Parr CL, Andersen AN. 2008. Fire resilience of ant assemblages in long-unburnt savanna
of northern Australia. Austral Ecology 33:830–838
DOI 10.1111/j.1442-9993.2008.01848.x.

Parr CL, Gibb H. 2012. The discovery–dominance trade-off is the exception, rather than
the rule. Journal of Animal Ecology 81:233–241
DOI 10.1111/j.1365-2656.2011.01899.x.

Philpott SM, Perfecto I, Armbrecht I, Parr CL. 2010. Ant diversity and function in
disturbed and changing habitats. In: Lach L, Parr C, Abbott K, eds. Ant ecology.
Oxford: Oxford University Press, 137–157.

Purcell J, Avril A, Jaffuel G, Bates S, Chapuisat M. 2014. Ant brood function as life
preservers during floods. PLOS ONE 9:e89211 DOI 10.1371/journal.pone.0089211.

R Core Team. 2022. R: A language and environment for statistical computing. v4.1.1.
Available at https://www.r-project.org/ (accessed on 11 July 2022).

Rocha EA, Fellowes MDE. 2020. Urbanisation alters ecological interactions: ant mutual-
ists increase and specialist insect predators decrease on an urban gradient. Scientific
Reports 10:6406 DOI 10.1038/s41598-020-62422-z.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 16/18

https://peerj.com
http://dx.doi.org/10.1111/j.1469-185X.2007.00028.x
http://dx.doi.org/10.1046/j.1365-2664.1998.00286.x
http://dx.doi.org/10.1007/BF00290907
http://dx.doi.org/10.1111/j.1744-7429.2009.00520.x
http://dx.doi.org/10.1023/B:BINV.0000041556.88920.dd
http://dx.doi.org/10.1046/j.1461-0248.2003.00512.x
http://dx.doi.org/10.1016/j.biocon.2017.08.020
http://dx.doi.org/10.1111/j.1442-9993.2008.01848.x
http://dx.doi.org/10.1111/j.1365-2656.2011.01899.x
http://dx.doi.org/10.1371/journal.pone.0089211
https://www.r-project.org/
http://dx.doi.org/10.1038/s41598-020-62422-z
http://dx.doi.org/10.7717/peerj.16157


Rowles AD, O’Dowd DJ. 2007. Interference competition by Argentine ants displaces
native ants: implications for biotic resistance to invasion. Biological Invasions
9:73–85 DOI 10.1007/s10530-006-9009-5.

Russell JC, Meyer JY, Holmes ND, Pagad S. 2017. Invasive alien species on islands:
impacts, distribution, interactions and management. Environmental Conservation
44(4):359–370 DOI 10.1017/S0376892917000297.

Shimoji H, SuwabeM, Kikuchi T, Ohnishi H, Tanaka H, Kawara K, Hidaka Y, Enoki
T, Tsuji K. 2022. Resilience of native ant community against invasion of exotic ants
after anthropogenic disturbances of forest habitats. Ecology and Evolution 12:e9073
DOI 10.1002/ece3.9073.

Silveira JM, Louzada J, Barlow J, Andrade R, Mestre L, Solar R, Lacau S, CochraneMA.
2016. A multi-taxa assessment of biodiversity change after single and recurrent wild-
fires in a Brazilian Amazon forest. Biotropica 48:170–180 DOI 10.1111/btp.12267.

Souza RF, Anjos DV, Carvalho R, Del-Claro K. 2015. Availability of food and nesting-
sites as regulatory mechanisms for the recovery of ant diversity after fire disturbance.
Sociobiology 62:1–9 DOI 10.13102/sociobiology.v62i1.1-9.

Tan E, Jaafar N, Tan SA, Zanuri NM. 2022. A review of plastic and microplastic pollu-
tion towards the Malaysian marine environment. IOP Conference Series: Earth and
Environmental Science 1013:012012 DOI 10.1088/1755-1315/1013/1/012012.

Tchoudjin GL, Zephirin T, Fomekong-Lontchi J, Kakam S, Aymélé-Choungmo SR,
Kenfack-Fogang P, Massussi JA, Niba AS, Djiéto-Lordon C. 2020. Influence
of season on leaf litter ant (Hymenoptera: Formicidae) diversity in the local-
ity of Minko’o (Southern, Cameroon). African Journal of Ecology 58:796–814
DOI 10.1111/aje.12775.

Triyogo A, Budiadi B,Widyastuti SM, Subrata SA, Budi SS. 2020. Abundance of ants
(Hymenoptera: Formicidae) and the functional groups in two different habitats. Bio-
diversitas Journal of Biological Diversity 21:d210535 DOI 10.13057/biodiv/d210535.

Uno S, Cotton J, Philpott SM. 2010. Diversity, abundance, and species composition of
ants in urban green spaces. Urban Ecosystems 13:425–441
DOI 10.1007/s11252-010-0136-5.

Vasconcelos HL, Vilhena JM, Facure KG, Albernaz AL. 2010. Patterns of ant species
diversity and turnover across 2,000 km of Amazonian floodplain forest. Journal of
Biogeography 37:432–440 DOI 10.1111/j.1365-2699.2009.02230.x.

Wilson EO. 1959. Some ecological characteristics of ants in New Guinea rain forests.
Ecology 40:437–447 DOI 10.2307/1929761.

Yamaguchi T. 2004. Influence of urbanization on ant distribution in parks of Tokyo and
Chiba City, Japan I. Analysis of ant species richness. Ecological Research 19:209–216
DOI 10.1111/j.1440-1703.2003.00625.x.

Yanoviak SP, Kaspari M. 2000. Community structure and the habitat templet: ants in the
tropical forest canopy and litter. Oikos 89:259–266
DOI 10.1034/j.1600-0706.2000.890206.x.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 17/18

https://peerj.com
http://dx.doi.org/10.1007/s10530-006-9009-5
http://dx.doi.org/10.1017/S0376892917000297
http://dx.doi.org/10.1002/ece3.9073
http://dx.doi.org/10.1111/btp.12267
http://dx.doi.org/10.13102/sociobiology.v62i1.1-9
http://dx.doi.org/10.1088/1755-1315/1013/1/012012
http://dx.doi.org/10.1111/aje.12775
http://dx.doi.org/10.13057/biodiv/d210535
http://dx.doi.org/10.1007/s11252-010-0136-5
http://dx.doi.org/10.1111/j.1365-2699.2009.02230.x
http://dx.doi.org/10.2307/1929761
http://dx.doi.org/10.1111/j.1440-1703.2003.00625.x
http://dx.doi.org/10.1034/j.1600-0706.2000.890206.x
http://dx.doi.org/10.7717/peerj.16157


Yek SH,Willliams SE, Burwell CJ, Robson SKA, Crozier RH. 2009. Ground dwelling
ants as surrogates for establishing conservation priorities in the Australian wet
tropics. Journal of Insect Science 9:12 DOI 10.1673/031.009.1201.

Yi CJ, Kannan N. 2016. Solid waste transportation through ocean currents: marine
debris sightings and their waste quantification at Port Dickson Beaches, Peninsular
Malaysia. EnvironmentAsia 9(2):39–47 DOI 10.14456/ea.2016.6.

Yek et al. (2023), PeerJ, DOI 10.7717/peerj.16157 18/18

https://peerj.com
http://dx.doi.org/10.1673/031.009.1201
http://dx.doi.org/10.14456/ea.2016.6
http://dx.doi.org/10.7717/peerj.16157

