@REABIC

Rapid Communication

Biolnvasions Records (2017) Volume 6

| CORRECTED PROOF

Article in press

© 2017 The Author(s). Journal compilation © 2017 REABIC

First morphological and molecular confirmed report of the invasive
tropical fire ant, Solenopsis geminata (Fabricius, 1804) (Hymenoptera:
Formicidae) from Coéte d’Ivoire (West Africa)

Lombart M.M. Kouakou'*, Kolo Yeo'!, Ann Vanderheyden®®, Mouhamadou Kone?, Thibaut Delsinne*,
Kaly Ouattara', Henri W. Herrera’ and Wouter Dekoninck?

'Station d’écologie de Lamto, Université Nangui Abrogoua, BP 28 N’Douci, Céte d’Ivoire

*Royal Belgian Institute of Natural Sciences, Rue Vautier 29, B-1000 Brussels, Belgium

*Université Pelefero Gon Coulibaly de Korhogo, Céte d'Ivoire

4Société d'Histoire Naturelle Alcide-d'Orbigny, 57 rue de Gergovie, 63170 Aubiere, France
SCharles Darwin Research Station, Puerto Ayora, Santa Cruz — Galapagos, Charles Darwin Foundation, Casilla 17-01-3891.Quito,
Ecuador. Escuela Superior Politécnica de Chimborazo, Facultad de Recursos Naturales, Departamento de Entomologia,

Panamericana Sur km 1 %, Riobamba, Ecuador

*Evolutionary Ecology Group, University of Antwerp, 171 Groenenborgerlaan, B-2020 Antwerp, Belgium

*Corresponding author
E-mail: lom-bart@outlook.fr

Received: 22 November 2016 / Accepted: 24 February 2017 / Published online: 21 March 2017

Handling editor: John Ross Wilson

Abstract

Urban ecosystems house artificial infrastructures such as ports, transport stations and commercial centres which are often
introduction foci for exotic species. The connectivity of these structures to other centres specialised in commodity flows
located in urban cores, enhances the accidental transport and spreading of exotic species which can become invasive. Despite
this fact, targeted investigations to detect establishment of invasive species in tropical urban landscapes are lacking. A survey
conducted on ant communities in 15 cities throughout Céte d’Ivoire (West Africa) allowed us to find the highly invasive
tropical fire ant (TFA) Solenopsis geminata for the first time in the country. DNA analysis of mitochondrial cytochrome ¢
oxidase I (COI) of two specimens of S. geminata found that they had a close genetic relationship with specimens from
Venezuela. From the 15 towns surveyed throughout Céte d’Ivoire, this ant was discovered only in industrial areas of Abidjan

near the port zone suggesting an early stage of invasion.
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Introduction

Expansion of urban ecosystems coupled with the rise
of globalization and worldwide trade drives the
spreading and establishment of many organisms
beyond their native ranges (Van Ham et al. 2013;
Hulme 2009). Nevertheless native and introduced
biota in African urban ecosystems to date has
received little attention, particularly West African
urban habitats where most cities occur in proximity
to biodiversity hotspots (Anderson et al. 2013).
Consequently, many introduced or potentially invasive

organisms remain undetected, limiting knowledge of
the invasive status of these organisms and the
identification of regions that may be prone to, or the
source of, invaders.

Ants are one of the most important and abundant
arthropod groups in most tropical ecosystems
(Holldobler and Wilson 1990), and several ant species
are also among the most notorious invasive orga-
nisms (GISD 2013; Lach et al. 2010). Many ants
have a generalized diet and are able to adapt to
urban habitats (Guénard et al. 2015; Angilletta et al.
2007). Introduced ants have generally a tropical or
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Figure 1. Location of the fifteen sites screened for invasive ant species in Cote d’Ivoire (dark dots). Red triangles are locations in the city of
Abidjan where Solenopsis geminata was collected, which are, from West to East, Yopougon, Treichville, and Koumassi.

subtropical origin, and many of them share similar
ecological traits such as polygyny, unicoloniality,
omnivory, nest type and tramp behaviour. All these
traits facilitate their success in the new colonised
environment (Morrow et al. 2015; Holway et al.
2002). Moreover their small size simplifies accidental
transport by humans via tourism and commercial
exchange to locations outside their geographical ranges
where they often become a serious threat for native
ant species and other organisms (McGlynn 1999).
As such, ants are a useful model group to track the
invasion process (Bertelsmeier et al. 2015a).

One of the world’s most notorious and invasive
pest ants is the tropical fire ant (TFA), Solenopsis
geminata (Fabricius, 1804). This species, native to
tropical Central and South America (Suarez et al.
2010), has spread through commerce to many parts
of the world (Wetterer 2010). In its native range,
TFA is both an important pioneer species (Perfecto
1991) and generalist keystone predator (Risch and
Carroll 1982). Solenopsis geminata occupies both
natural habitats and disturbed ecosystems like urban
areas and agro-ecosystems where it may be a serious

pest (Holway et al. 2002). The damage this ant causes
on other invertebrates and vertebrates is largely
documented (Wauters et al. 2014; Plentovich et al.
2009). Because of its numerical and ecological
dominant behaviour S. geminata is often considered
as an extirpator species and described as an important
biocontrol agent of invertebrate pest species (Yusa
2001). TFA also has direct socio-economic impacts,
in particular due to its painful sting which can
seriously affect humans and domestic animals
(Wauters et al. 2014). With global climate change,
this ant species is recently predicted to have a 6.3%
increase in its suitable habitat on all six continents
by 2080 (Bertelsmeier et al. 2015b).

In Western Africa, although already reported from
Liberia, Cameroon, Nigeria, Senegal and Guinea,
relevant molecular information seems lacking. Addi-
tionally, all reports of TFA in this region are based
on information dating back to 1958 (EPPO 2014;
Wetterer 2010). Due to the lack of scientific
knowledge of TFA in Africa, African populations of
S. geminata were not considered in the recently
published global invasion history reconstruction of
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Table 1. Location of sites in Abidjan where Solenopsis geminata was observed and their distances from the port zone.

Location Coordinates Description of microhabitats Distance from Port zone Record Reference
. 05°17'28.4"N S
Koumassi 003°57'04.9"W Bare soil with short grass 4.3 km 12 /05/2009 Yeo etal. (2016)
- 05°17'08.2"N g
Treichville 004°00'30.0"W Soil with lawn 0 km 16/05/2009 Yeo et al. (2016)
Yopougon 05°22"12.9"N Soil with short grass 10.9 km 25/11/2014 This study

004°05'29.9"W

Figure 2. (A) Lateral and (B) Frontal views of major worker of Solenopsis geminata, (C) S. geminata nesting below a plastic bag (different
worker castes and gynes are visible), (D) Infested microhabitat where S. geminata was discovered in the industrial zone of Yopougon

(photographs by C. Locatelli and L.M.M. Kouakou).

this species (Gotzek et al. 2015). Here we report the
first official record of TFA in Coéte d’Ivoire, West
Africa, identified initially morphologically and
confirmed using mitochondrial cytochrome ¢ oxidase
subunit I (COI) DNA analysis.

Material and methods

Sampling and identification

From September 2014 to December 2015, fifteen
cities in Cote d’Ivoire were screened for invasive ant
species (Figure 1). Ants were collected using tuna

fish lures (Yeo et al. 2016; Bestelmeyer et al. 2000)
on 200m long linear transects, geo-referenced with a
Garmin GPSMAP 64S. A brief description of the
microhabitats present along each transect was noted.
Lures (n = 20 per transect) were operational for one
hour and ants were collected at 15; 30; 45 and 60
minutes. In total, 45 transects were sampled giving
900 lures. Samples were stored in individual Eppendorf
minitube of 2 ml filled with ethanol (96%) and labelled.
After identification of Solenopsis geminata in the
laboratory, we came back a few months later to the
place where this species was collected to look for and
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Figure 3. Maximum likelihood (ML) trees of Solenopsis geminata and Solenopsis invicta Buren, 1972 (HKY+I+G model estimated by
JmodelTest) in MEGA v7. Solenopsis globularia (Smith, 1858) (KT200424) was used as an outgroup (GB=GenBank).

to attempt the excavation of its whole nest(s), with
the objective to estimate reproductive traits (e.g.
polygyny/monogyny, worker number and nesting
behaviour). We again used tuna lures along a 200 m
long linear transect to estimate limits of foraging
activities in the infested area.

Because ants are often highly polymorphic, all
collected workers and species were identified,
though note the identification of Solenopsis geminata
could only be achieved with certainty using the major
workers as minor workers are highly simplified
(Trager 1991). We first used Bolton (1994) to identify
workers to genus, and then we compared our speci-
mens with the reference collection of Yeo et al.
(2016) located at Lamto Ecological Research Station
for identification to morphospecies. Our specimens
were then photographed using the digitization
equipment at the Royal Belgian Institute of Natural
Sciences (RBINS) (Brecko et al. 2014), and the
images were then compared with image banks (Taylor
2007; AntWeb 2002) and finally with specimens
from the RBINS entomological collection for
definitive species identifications. Voucher specimens
of our study were deposited at RBINS, Belgium
under the accession number RBINS 1G 32.422 and
in Lamto Ecological Research Station, Cote d’Ivoire.

DNA extraction, amplification and sequencing

Two worker specimens of Solenopsis geminata
(from two lures placed 80 m apart at Yopougon)

were selected for DNA molecular analysis. Genomic
DNA extraction was conducted at RBINS. DNA of
the specimens was extracted with the Standard
commercial mini-kit (Nucleospin Mini-kit) following
the manufacturer’s protocol. PCR was performed
with a volume of 9.06 pl and mixed with 1 pl
template DNA. PCR mixed product was amplified
with Primer LCO1490F [5’-GGTCAACAAATCAT
AAAGATATTG-3’ (Folmer et al. 1994)] and Primer
HCO2183 [5’-CCAAAAAATCAAAATARATGY-3’
(Folmer et al. 1994)]. PCR reactions were performed
in a final volume of 10.06 pl with 1pul 2uM Primer,
Ipl 2mM dNTP (Qiagen), Ipl 10x PCR-buffer
(Invitrogen), 0.3 pl 50mM MgCl, (Invitrogen); 0.8 ul
0.25mg/ml BSA (Biolabs); 3.9 pul sterile H,O and
0.06 pl 0.5U/pul Taq platinum (Invitrogen). The cycling
parameters were set under the following conditions:
initial denaturing at 95 °C for 3 minutes followed by
40 cycles at 95 °C by 30 s; 48 °C by 30 s and 72 °C
by 45 s.

The final extension step was done at 72 °C for 7
minutes and the program was paused at 25 °C. The
results of the PCR reaction were checked in 1.2%
Midori green-stained agarose gel electrophoresis. The
purified PCR products are sequenced in both directions
on an ABI 3130x1 capillary DNA sequencer using the
BigDye Terminator v3.1 chemistry (both Life
Technologies). The obtained trace-files (Forward and
Reverse) were processed using CodonCode Aligner
(CodonCode Corporation, http://www.codoncode.com).
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The sequenced fragment of the COI-gene (£657 bp)
is considered to be the standard barcoding region for
animals (Hebert et al. 2003).

Phylogenetic analysis

Sequences data were subjected to blastn searches in
Genbank (http://www.ncbi.nlm.nih.gov/genbank). Related
species of the genus Solenopsis were retrieved and
aligned with the obtained sequences using the
Clustal-W algorithm (Thompson et al. 1994) in
MEGA v7.0 (Kumar et al. 2016). A Maximum
Likelihood analysis in MEGA v7.0 was used to
reconstruct the phylogenetic relationships among the
sequences with a HKY+I+G substitution model,
selected by JmodelTest (Darriba et al. 2012).
Solenopsis globularia (Genbank accession number
KT200424), was selected as outgroup. Bootstrap
support values were based on 500 bootstrap repli-
cates and only bootstrap values of more than 70%
were considered to be supportive (Hillis and Bull
1993). Our nucleic acid sequences were then submitted
to the GenBank database under the accession codes
KY120270 and KY120271.

Results and discussion

The morphological identification of Solenopsis
geminata (TFA) was based on: (1) its polymorphic
caste; (2) the major worker head (Figure 2B), which
is almost square and endowed with a median groove
down the middle of cephalic dorsum in full-face view;
(3) 10-segmented antennae with a 2-segmented club;
and (4) the surface of the body which is smooth and
shiny with numerous standing hairs.

We found TFA in the industrial zone of Yopougon
at 109 km from the port zone of Treichville.
Solenopsis geminata was not recorded from any of
the other 14 Ivorian cities prospected for invasive
ant species, suggesting that the species is still in an
early stage of invasion. However, a morphological
similar ant species was previously collected in 2009
(but identified to the morpho-species level only as
Solenopsis sp. 3 by Yeo et al. 2016) in the port zone
of Treichville and in the industrial zone of Koumassi
at 4.3 km from Treichville in the city of Abidjan
(Table 1). It seems most probable that S. geminata
had been introduced to the port zone of Treichville
by sea freight, and that it spread from the port zone
to the freight yard of the industrial zone during the
transport of materials and goods or through natural
spread (winged queens can fly kilometres from their
natal nests (Holway et al. 2002)). However, despite
careful search carried out in 2015, we did not
recollect TFA from Treichville and Koumassi. As

such the only area known to be currently invaded by
TFA in Cote d'Tvoire is the site of Yopougon in the
city of Abidjan.

We found TFA in an open area characterised by
the presence of short grass or lawn. When discovered
at Treichville and Koumassi, TFA was found in
microhabitats dominated by pavements (Yeo et al.
2016; Table 1). It is possible that neighbouring areas
also harboured the species and dedicated search
should be carried out to estimate the area invaded by
TFA in the port zone of Abidjan with more precision.
Although this ant is polymorphic (Wetterer 2010),
only minor and intermediate workers were attracted
to our lures in 2014, probably because the detected
population was still in the early stage of establish-
ment and the size of colony was too low to produce
major workers (Tschinkel 1988) or because our
experiment did not last long enough to attract major
workers. The major workers were collected by nest
excavations (Figure 2A, 2B).

Solenopsis geminata co-occurred with high abun-
dance of woodlice below garbage of rotting grass
(Figure 2D) whereas on lures TFA was the single
species exploiting the lure, generally in very high
numbers (in total 1358 workers captured). The
numerical and behavioural dominances are characte-
ristic of invasive ant species, and the fact that no
other ant species co-occurred with TFA confirmed
that it may seriously disturb native ant communities.
Another exploration conducted in July 2016 in
industrial zone of Yopougon allowed us to collect
one nest in which we counted 35 major workers, 106
gynes (winged queens) and 93 dealate queens in
addition to numerous minors workers (Figure 2D).
This last investigation confirmed the establishment
of S. geminata and the existence of polygynous
colonies, at least on the site of Yopougon where
large number of flying sexual highlights the potential
for dispersal to other areas, and subsequent invasion.

In addition, our study is the first molecular
confirmed report of the highly invasive Solenopsis
geminata in Cote d’Ivoire. Comparing Ivorian
Solenopsis geminata sequences with online sequences
from GenBank, COI barcoding results (Figure 3)
confirmed that both our specimens of Solenopsis
match with sequences available on GenBank for the
species Solenopsis geminata. The BLAST results for
both Ivorian Solenopsis sequences also indicate a
match with Solenopsis geminata. The highest
similarity (Query Coverage 100%, Identity 98%)
was found with a Solenopsis geminata sequence
from Venezula (KT200398, GB3 in tree).

The detection of S. geminata at Yopougon, which
is only at 1.5 km from the Banco National Park, is
giving serious cause of concern, especially because



this natural park is already under pressure due to
increasing urban development around its boundary,
and the spread of other invasive ants along its access
roads (Yeo et al. 2016). Otherwise, considering the
challenge of conducting eradication and its low
success rate for invasive ants (Hoffmann et al. 2016),
we recommend a rapid eradication of Ivorian popu-
lations of Solenopsis geminata while we still are in
the early phase of invasion. Also, an extensive
monitoring of industrial zones in Ivorian port cities
should be established as they appear to be one of the
main potential entrance zones for invasive ants.

Acknowledgements

This paper is a result of the project with financial support from
the Belgian Directorate-General for Development Cooperation
(DGD), part in Global Taxonomy Initiative, within the framework
of the CEBioS programme (CBD/GTI-02/MLS/2015.53). This
research was partly supported by International foundation for
Science, Stockholm, Sweden, through a grant D/5837-1 to
Lombart Mesmer Maurice KOUAKOU. We are grateful to Ben
Hoffmann and two other reviewers which the positive suggestions
greatly improved the quality of this paper. We are also grateful to
Jonathan Brecko (RBINS) for his helpful advice for the
digitalization of our specimens and to Gontran Sonet (RBINS) for
his help preparing and calibrating the sequencer. The molecular
research was funded by the FWO project (GOD2915N) — Poneroid
Ants of Ecuador (Formicidae: Agroecomyrmicinae, Amblyo-
poninae, Ponerinae, Proceratiinae, Paraponerinae).

References

Anderson PML, Okereke C, Rudd A, Parnell S (2013) Regional
Assessment of Africa. In: Elmqvist T, Fragkias M, Goodness J,
Giineralp B, Marcotullio PJ, Mcdonald RI, Pamell S,
Schewenius M, Sendstad M, Seto KC, Wilkinson C (eds),
Urbanization, Biodiversity and Ecosystem Services: Challenges
and Opportunities. New York, Springer, pp 453-459,
https://doi.org/10.1007/978-94-007-7088-1_23

Angilletta Jr, Wilson MJ, Niehaus AC, Sears MW, Navas CA, et al
(2007) Urban physiology: city ants possess high heat tolerance.
PLoS ONE 2: €258, https://doi.org/10.1371/journal.pone.0000258

AntWeb (2002) Biodiversity database — California Academy of
Sciences — Antweb. http://www.antweb.org (accessed 15
September 2015)

Bertelsmeier C, Blight O, Courchamp F (2015a) Invasions of ants
(Hymenoptera: Formicidae) in light of global climate change.
Myrmecological News 22: 2542

Bertelsmeier C, Luque GM, Hoffmann BD, Courchamp F (2015b)
Worldwide ant invasions under climate change. Biodiversity and
Conservation 24: 117-128, https://doi.org/10.1007/s10531-014-0794-3

Bestelmeyer BT, Agosti D, Alonso LE, Branddao CRF, Brown WL,
Delabie JHC, Silvestre R (2000) Field techniques for the study
of ground-dwelling ants: An overview, description, and
evaluation. In: Agosti D, Majer JD, Alonso LE, Schultz TR
(eds), Ants: Standard methods for measuring and monitoring
biodiversity. Washington and London, Smithsonian Institution
Press, pp 122-144

Bolton B (1994) Identification Guide to the Ant Genera of the World.
Harvard University Press. Cambridge, Massachusetts, 226 pp

Brecko J, Mathys A, Dekoninck W, Leponce M, VandenSpiegel D,
Semal P (2014) Focus stacking: Comparing commercial top-end
set-ups with a semi-automatic low budget approach. A possible

L.M.M. Kouakou et al.

solution for mass digitization of type specimens. ZooKeys 464:
1, https://doi.org/10.3897/zookeys.464.8615

Darriba D, Taboada GL, Doallo R, Posada D (2012) jmodelTest 2:
more models, new heuristics and parallel computing. Nature
Methods 9: 772, htps:/doi.org/10.1038/nmeth.2109

EPPO (2014) PQR database. Paris, France: European and
Mediterranean Plant Protection Organization — EPPO. http://www.
eppo.int/DATABASES/pqr/pqr.htm (accessed 20 September 2016)

Fabricius JC (1804) Systema Piezatorum. Carolum Reichard
Brunsviga, 439 pp

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA
primers for amplification of mitochondrial cytochrome ¢ oxidase
subunit I from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299

GISD (Global Invasive Species Database) (2013) 100 of the World’s
Worst Invasive Alien Species — GISD. http:/www.issg.org/
database/species (accessed 15 August 2016)

Gotzek D, Axen HJ, Suarez AV, Cahan SH, Shoemaker D (2015)
Global invasion history of the tropical fire ant: a stowaway on
the first global trade routes. Molecular Ecology 24: 374-388,
https://doi.org/10.1111/mec.13040

Guénard B, Cardinal-De Casas A, Dunn RR (2015) High diversity in
an urban habitat: are some animal assemblages resilient to long-
term anthropogenic change? Urban Ecosystems 18: 449-463,
https://doi.org/10.1007/s11252-014-0406-8

Hebert PD, Ratnasingham S, De Waard JR (2003) Barcoding animal
life: cytochrome ¢ oxidase subunit 1 divergences among closely
related species. Proceedings of the Royal Society of London B.
Biological Sciences 270: S96—S99, https://doi.org/10.1098/rsbl.2003.
0025

Hillis DM, Bull JJ (1993) An empirical test of Bootstrapping as a
method for assessing confidence in phylogenetic analysis. Syste-
matic Biology 42: 182—192, https://doi.org/10.1093/sysbio/42.2.182

Hoffmann BD, Luque GM, Bellard C, Holmes ND, Donlan CJ
(2016) Improving invasive ant eradication as a conservation
tool: A review. Biological Conservation 198: 37-49, https:/doi.
org/10.1016/j.biocon.2016.03.036

Holldobler B, Wilson EO (1990) The ants. Harvard University Press,
Cambridge MA, 732 pp, https:/doi.org/10.1007/978-3-662-10306-7

Holway DA, Lach L, Suarez AV, Tsutsui ND, Case TJ (2002) The
causes and consequences of ant invasions. Annual review of
Ecology and Systematics 33: 181-233, hittps://doi.org/10.1146/
annurev.ecolsys.33.010802.150444

Hulme PE (2009) Trade, transport and trouble: managing invasive
species pathways in an era of globalization. Journal of Applied
Ecology 46: 1018, https:/doi.org/10.1111/.1365-2664.2008.01600.x

Kumar S, Stecher G, Tamura K (2016) MEGA7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger datasets.
Molecular biology and evolution 33: 1870—1874, https://doi.org/
10.1093/molbev/msw054

Lach L, Parr C, Abbott K (2010) Ant ecology. Oxford University
Press, 429 pp

McGlynn TP (1999) The worldwide transfer of ants: geographical
distribution and ecological invasions. Journal of Biogeograghy
26: 535-548, https:/doi.org/10.1046/j.1365-2699.1999.00310.x

Morrow ME, Chester RE, Lehnen SE, Drees BM, Toepfer JE (2015)
Indirect effects of red imported fire ants on Attwater’s prairie-
chicken brood survival. The Journal of wildlife management 79:
898-906, https://doi.org/10.1002/jwmg.915

Perfecto 1 (1991) Dynamics of Solenopsis geminata in a tropical
fallow field after ploughing. Oikos 62: 139—144, https:/doi.org/
10.2307/3545258

Plentovich S, Hebshi A, Conant S (2009) Detrimental effects of two
widespread invasive ant species on weight and survival of
colonial nesting seabirds in the Hawaiian Islands. Biological
Invasions 11: 289298, https://doi.org/10.1007/s10530-008-9233-2

Risch JS, Carroll CR (1982) Effect of a keystone predaceous ant,
Solenopsis geminata, on arthropods in a tropical agroecosystem.
Ecology 63: 1979-1983, https:/doi.org/10.2307/1940138



First report of Solenopsis geminata from Cote d’Ivoire

Suarez AV, McGlynn T, Tsutsui ND (2010) Biogeographic patterns
of the origins and spread of introduced ants. In: Lach L, K Parr,
K Abbot (eds), Ant Ecology. Oxford University Press, pp 233—
244

Taylor B (2007) Ants of Africa. Available at — Ants of Africa.
http:/antbase.org/ants/africa (accessed 15 September 2015)

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, positions-specific gap
penalties and weight matrix choice. Nucleic Acids Research 22:
46734680, https:/doi.org/10.1093/nar/22.22.4673

Trager JC (1991) A revision of the fire ants, Solenopsis geminata
group (Hymenoptera: Formicidae: Myrmicinae). Journal of the
New York Entomological Society 99: 141-198

Tschinkel WR (1988) Colony growth and the ontogeny of worker
polymorphism in the fire ant, Solenopsis invicta. Behavioral
Ecology and Sociobiology 22, 103—115, https://doi.org/10.1007/
BF00303545

Van Ham C, Genovesi P, Scalera R (2013) Invasive alien species:
the urban dimension, Case studies on strengthening local action
in Europe. Brussels, Belgium: IUCN European Union
Representative Office, 103 pp

Wauters N, Dekoninck W, Herrera HW, Fournier D (2014)
Distribution, behavioral dominance and potential impacts on
endemic fauna of tropical fire ant Solenopsis geminata
(Fabricius, 1804) (Hymenoptera: Formicidae: Myrmicinae) in
the Galapagos archipelago. Pan-Pacific Entomologist 90: 205—
220, https://doi.org/10.3956/2014-90.4.205

Wetterer JK (2010) Worldwide spread of the tropical fire ant,
Solenopsis geminata (Hymenoptera: Formicidae). Myrmecological
News 14: 21-35

Yeo K, Kouakou LM, Dekoninck W, Ouattara k, Konate S (2016)
Detecting intruders: assessment of the anthropophilic ant fauna
(Hymenoptera: Formicidae) in the city of Abidjan and along
access roads in Banco National Park (Cote d'Tvoire). Journal of
Entomology and Zoology Studies 4: 351-359

Yusa Y (2001) Predation on eggs of the apple snail Pomacea
canaliculata (Gastropoda: Ampullariidae) by the fire ant
Solenopsis geminata. Journal of Molluscan Studies 67: 275—
279, https://doi.org/10.1093/mollus/67.3.275



