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Abstract

Ants, a keystone species of the order Hymenoptera, play a crucial role in ecosystems,
serving essential functions like pollination, tillage and aeration of the soil, and
suppressing insect populations of various crops. However, some species that harm
crops, contribute to pests, destroy pollen grains, and threaten biodiversity. Invasive ant
species are among the supreme threats to ecosystems. These species disrupt native
species, leading to habitat loss, competition, hybridization, fragmentation, and foraging
behavior. High densities of invasive species can have devastating effects on indigenous
communities and ecosystems, disrupting community structure and disrupting ecosystem
functions by replacing native species. The Sunderbans, the largest mangrove
ecosystem in the world, are under threat from various invasive ant species. This article
described the status of invasive ant species in different study sites of the Indian
Sunderbans. The invasive species of ants were collected from different locations of
Sunderbans during pre-monsoon and post monsoon seasons using honey bait, pitfall
trap methods and hand collection techniques. A total of 7 invasive species, comprising
22.847% of total abundance, were distributed in the Sunderbans. Those were
Paratrechina longicornis, Tapinoma melanocephalum, Monomorium floricola,
Technomyrmex albipes, Solenopsis geminata, Trichomyrmex destructor and
Anoplolepis gracilipes. Paratrechina longicornis had the highest abundance (13.8%).
Invasive species pose a serious threat to the native species of agricultural lands of Sagar
Island. Early detection of invasion and rapid management are significant for controlling
these species.

Keywords: Ants; Invasive; Keystone Species; Sunderbans
Introduction

Invasive species are among the most serious threats to native communities and
biodiversity (Mack et al., 2000; Rodriguez, 2006; Gentili et al., 2021). It has been well
documented that the invasion caused massive and rapid losses of community structure
and biodiversity (Charles & Dukes 2007; Kehoe et al., 2020; Zina et al., 2020; Farahat
et al., 2021). Invasive species have ecological implications such as predation,
hybridization, and competition with native species, which alter ecosystem processes due
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to biodiversity loss and pest infestation (Bruno et al., 2005; Crooks, 2002; Grosholz,
2002; Mack et al., 2000; Peh, 2010). Generalist non-native species may effectively
become the ecologically dominant species, leading to trophic popularization (Kehoe et
al., 2020). Invasive species may out-compete native species, causing disruptions to
ecological processes and communities (Peh, 2010). Certain alien species' direct and
indirect influences can be so widespread and strong that they can reorganize entire
communication networks and trigger abrupt changes in bio networks (Maron et al., 2006;
Linders et al., 2019). Invasive species naturally have an impact on native species
through resource competition, predation, and habitat deterioration (King & Tschinkel,
2008).

Among invasive species, ants are a particularly prominent group. More than 200 exotic
species were recorded (Suarez et al., 2010), 19 are recognized as very invasive by listed
by the IUCN Invasive Species Specialist Group (IUCN SSC Invasive Species Specialist
Group 2012) and five are even on the IUCN *“100 of the world’s worst invasive species”
list (Lowe et al., 2000). Invasive ants are often highly aggressive, dominant competitors
that displace many native species, through either direct or indirect competition, i.e.
interference or exploitation competition (Holway, 2005; Rowles & O’'Dowd, 2007;
Carpintero, Reyes-Lo pez & Arias de Reyna, 2005). Invasive ant species create major
risks to local biodiversity, particularly native ants in some areas (Holway et al., 2002).
Invasive ants can colonize human-modified habitats, such as urban environments. (Gibb
& Hochuli, 2002), ability to nest in human structure (Schultz & McGlynn, 2000) and are
easily spread by humans. Invasive ants can monopolize existing resources in an
ecosystem and can get rid of existing native species (Eyer et al., 2018).

This research aims to determine the invasive ant diversity and function in Indian
Sunderbans.

Methodology
Study Area

The Sunderbans, located between 21°31'00"” N and 22°30'00” N latitude and 88°10'00"
E and 89°51'00" E longitude, are among the world's largest mangrove forests. It was
designated as a Sundarbans Biosphere Reserve (1989), a National Park (1984), and a
World Heritage Site (1985). The Ganges, Brahmaputra, and Meghna Rivers confluence
in the Bay of Bengal and create the delta that contains the mangrove region known as
the Sundarbans. A total of five locations were selected for ant sampling, which is spread
across the districts of North and South 24-Parganas in the state of West Bengal.
Specimens were collected from five different sites of the Sunderbans.

Site 1: Sagar Island (21°43'01"N/88°03'27"E). Sagar Island is the westernmost island of
the Ganges- Brahmaputra delta of West Bengal.
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Site 2: Bakkhali (21°34'59"N/88°16'16"E).Bakkhaliis located in the South 24 Parganas
district of West Bengal, India, which is a coastal region.

Site 3: Patharpratima (21°47'15"N/88°21'46"E). Patharpratima, the most remote block
in South 24 Parganas district, comprises thirteen islands criss-crossed by numerous
tidal rivers.

Site 4. Gosaba (22°7'51"N/88°50'10"E), is situated in the south 24 Parganas district and
central region of the Sundarbans.

Site 5: Hingalganj (22°21'1"N/88°59'8"E), is located in the eastern Sundarbans which is
located in the north 24 Parganas district.

Ant sampling

Ant sampling was conducted in 2019 during the pre and post monsoon seasons using
honey bait, pitfall trap methods and hand collection. A cotton ball moistened with 20%
honey and 80% water solution on transparent plastic plates was placed in each subplot.
After 60 min, visual counts of all ants at the baits were completed and identifications
were recorded to morphospecies. The ants were also collected using pitfall traps made
of plastic cups and filled with water and detergent. After 24 hours, ants were collected
and categorized in a laboratory for counting and analysis. Hand collections of ants using
forceps were also carried out.

Identification

The identification of insects was conducted at the Central Entomological Laboratory,
Zoological Survey of India, Kolkata. Morphological identification was performed using
existing literature such as Bolton (1994) and Bingham (1903) and various keys available
on antwiki.org.

Identification was carried out using Leica EZ4 stereo zoom microscope.
Results

A total of 2880 ants were sampled of which invasive species were 658 or 22.847% of
the overall ant population. Among the 64 ant species encountered, seven are commonly
classified as invasive species (as per Global Invasive Species Database:
https://lwww.iucngisd.org/gisd/). Those were Paratrechina longicornis, Tapinoma
melanocephalum, Monomorium floricola, Technomyrmex albipes, Solenopsis geminata,
Trichomyrmex destructor, and Anoplolepis gracilipes. The Paratrechina longicornis of
subfamily Formicinae had the highest abundance (13.8%), followed by Tapinoma
melanocephalum (3.9%), Monomorium floricola (3%),Technomyrmex albipes
(1.2%),Solenopsis geminate (0.5%), Trichomyrmex destructor (0.2%) and Anoplolepis
gracilepis (0.07%).
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In Sagar Island (Site-1), during the pre-monsoon, the abundance of Paratrechina
longicornis was 4.87%, followed by Trichomyrmex destructor (1.8%), Tapinoma
melanocephalum (0.75%), and Solenopsis geminata(0.37%). In post-monsoon
collections, the abundance of Technomyrmex albipes (20.8%) became the highest,
followed by Tapinoma melanocephalum (2.38%) and Paratrechina longicornis (1.78%).

In Bokkhali (Site-2), the ant species P. longicornis (5.7%), M. floricola (4.4%), T.
melanocephalum (1.333%), and S. geminata (0.444%) were the most abundant during
the premonsoon. In the postmonsoon period, T. melanocephalum (4.4%), M. floricola
(15.66%), and P. longicornis (25.7%).

In  Patharpratima (Site-3) during pre-monsoon, P. longicornis (8.6%), T.
melanocephalum(2.4%), S. geminata (0.4%) were abundant while during post-
monsoon, Paratrechina longicornis(5.7%)and Tapinoma melanocephalum (0.598%).

Gosaba (Site-4) has Paratrechina (16%) and Tapinoma (10%) during pre-monsoon,
Paratrechina (15%), Tapinoma (11.67%) and Solenopsis (4.01%) during post-monsoon,
and Hingalganj (Site-5) has Paratrechina (22.29%), Anoplolepis (0.6%), and Solenopsis
(4%) (Table 1).

While comparing the abundance of native ant species, viz., Camponotus compressus,
Monomorium indicum, and Crematogaster rogenhoferi, it is found that the abundance of
Camponotus compressus (11.86%) was much higher than Paratrechina
longicornis(10%) during pre-monsoon. But after monsoon, abundance of Paratrechina
longicornis was higher (17.7%) than Camponotus compressus (6.9%). In the post-
monsoon season, the abundance of Monomorium floricola (5.4%) was near that of
Monomorium indicum (6.7%), Crematogaster rogenhoferi (4%), and Tapinoma
melanocephalum (4.1%) (Figurel).

Table 1: Relative Abundance of Invasive Ants during Pre-Monsoon and Post Monsoon Seasons
in Different Locations of Indian Sunderbans

Location Sagar Bokkhali Patharpratima Gosaba Hingalganj
IAnt species Post Pre Post Pre Pre

Pre  |monsoo|monsoo {monsoo Pre Post |monsoo| Post [monsoo Post

monsoon n n n monsoon|monsoon n monsoon n monsoon

Paratrechina
longicornis 9.3 1.785 5.77 25.7 8.6 5.98 16 14.598 22.29
Trichomyrmex
destructor 1.865 0.888
Tapinoma
melanocephalum 0.75 2.38 1.333 4.4 2.459 0.598 10.5 | 11.678 0.3
Monomorium.
floricola 4.4 15.66
Solenopsis geminata | 0.373 0.444 0.4 4.01 0.3
Technomyrmex
albipes 20.8
IAnoplolepis gracilipes 0.6
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Relative Abundance of native ant species and invasive ant species in
Sunderbans
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Figure 1: Relative Abundance of Native Ants and Invasive Ant Species During Pre-Monsoon
and Post Monsoon Seasons in Sunderbans

Discussion

The abundance of ant species in a particular area is greatly affected by environmental
changes, and ants respond to environmental disturbances or soil disruptions as they
serve as their habitats (Andersen, 2019). In the present study, total seven invasive ant
species were recorded during pre-monsoon and post monsoon seasons i.e. Anoplolepis
gracilipes, Paratrechina longicornis, and Solenopsis geminata, Tapinoma
melanocephalum, Trichomyrmex destructor, Technomyrmex albipes and Monomorium
floricola. The ant species Paratrechina longicornis, Tapinoma melanocephalum and
Solenopsis geminate were found in all study sites, whereas Trichomyrmex destructor
found from Site-1 and Site-2, Technomyrmex albipes only in Site-1, Monomorium
floricola only in Site-2 and A. gracilipes was only found in the Site-5. Abundance of
invasive ant species, including Paratrechina longicornis, Trichomyrmex destructor,
Tapinoma melanocephalum, and Solenopsis geminata, in Sagar Island, Bokkhali,
Patharpratima, Gosaba, and Hingalganj, varies during the pre-monsoon and post-
monsoon periods. Figure 1 showing that invasive antscompetewith native ant species
and become dominant during post monsoon season. Another finding, Site-1 (Sagar
Island) consists of a higher population of invasive ant species than other sites. Whereas
Site-3, Site-4 and Site-5 are located near Reserve Forest and with low human
disturbances have very few invasive ants.
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While comparing the ant functional groups in Indian Sunderbans, it is found that
Paratrechina longicornis, popularly known as crazy ants, are opportunistic omnivores
that can adapt to various environments by feeding on insects, seeds, honeydew, fruits,
and plant exudates. Trichomyrmex destructor is a tropical climate specialist and known
to consume seeds and was viewed as a potential competitor for seed resources. Another
most significant household ant species in the tropics is the ghost ant, Tapinoma
melanocephalum (Lee & Robinson, 2001). Tapinoma melanocephalum is an opportunist
and typical pest in residential areas in Malaysia (Lee 2002). The tropical fire ant,
Solenopsis geminata is hot climate specialist, this species can well adapt in habitat such
as settlement area, forest edge, and agriculture area (Ness & Bronstein 2004) and also
regarded as an environmental and commercial pest that significantly affects the
ecological balances of ecosystems (Risch & Carroll 1982; Plentovich, Hebshi & Conant
2009), and it is one of the most harmful and widespread introduced species (Holway et
al., 2002).

Conclusion

Invasive ants are easily dispersed by humans. They have a rapid adaptation mechanism
and great competitive capacity, which has a negative impact on the survival of local ants.
Studies of invasive ant diversity of Sunderbans will provide valuable insights into the
health and functioning of mangrove forest ecosystems. Since early management actions
are more practical and successful, early detection of invasive species, pests, and
pathogens is essential for preventing damage. Therefore, their role in novel habitats
should be addressed, and the factors that encourage their occurrence that have a
severe impact on native species should be explored. These factors and processes are
essential to control the expansion of invasive ant species, enhance their management,
and conserve native species in the future.
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