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Abstract 

We report the first observation of the invasive longhorn crazy ant (Paratrechina 
longicornis) in the Mount Elgon region of eastern Uganda. About 43 000 ants were 
sampled in 256 locations throughout the Ugandan foot slopes of Mt. Elgon in the 
years 2014, 2015 and 2016. We found P. longicornis in five locations in and 
around the town of Budadiri, Sironko district. The visual species identification was 
confirmed by COI gene-based DNA barcoding. That this species was found in only 
a small area suggests that it has only been recently introduced. The impact that 
P. longicornis will have on the local agricultural system or the biodiversity within 
the Mount Elgon National Park remains unclear. The Mt. Elgon region is a unique 
key biodiversity area where baseline data can be collected now to quantify the 
effects of P. longicornis as it increases its distribution within the region. 

Key words: tramp species, barcoding, East Africa, coffee gardens, tourism, biosphere 
reserve 

 

Introduction 

Invasive alien species are animals or plants that have been introduced 
accidentally or deliberately into a natural environment where they are not 
normally found (EC 2017). Although ants are small and seem innocuous, 
some ant species, called “tramp ants”, can cause serious damage once 
introduced to a new habitat. The damage that such invasive ants cause can 
cost billions of dollars and native species can be pushed to the brink of 
extinction (Gutrich et al. 2007; O’Dowd et al. 2003; Wylie and Janssen-May 
2017). Therefore it’s not surprising that five ant species appear in the 
IUCN’s list of world’s 100 worst invasive alien species (Lowe et al. 2000). 

The longhorn crazy ant, Paratrechina longicornis (Latreille, 1802) 
(Figure 1), might not be the most notorious of all tramp ants, but it is perhaps 
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Figure 1. Frontal, dorsal and lateral photographs of a Paratrechina longicornis specimen collected by Wout Dekoninck in 
December 2016 at a hostel near the Budadiri Uganda Wildlife Authority headquarter, Budadiri-Bumasola road, 1°10′11.80″N; 
34°20′15.75″E. Photos by Camille Locatelli. 

 
Figure 2. Global distribution of Paratrechina longicornis. Data sourced from Antweb (www.antweb.org). 

the most widespread (Figure 2). Longhorn crazy ants can be found in 
urban centers and gardens all over the tropics as well as in greenhouses or 
other manmade structures in cool temperate climates (Kouakou et al. 2018; 
Wetterer 2008). The species can also be a significant agricultural pest, 
promoting the growth of populations of phloem-feeding hemipterans 
(Herrera 2016; Wetterer et al. 1999). Notably, P. longicornis was distributed 
so widely over the globe centuries ago that its native range remains 
unclear. Although Wetterer 2008 found good evidence that P. longicornis is 
native to Southeast Asia and Melanesia, the recent discovery of four other 
Paratrechina species within the Afrotropical and Malagasy regions suggests 
otherwise (Forel 1916; LaPolla and Fisher 2014). 

Polygyny, unicoloniality and reproduction by colony budding are typical 
characteristics of tramp ant species (Calcaterra et al. 2016), and P. longicornis 
possesses all these traits (Debout et al. 2007) aiding its success as an 
invasive species. Although P. longicornis is not as aggressive as other invasive 
ant species such as the red imported fire ant (Solenopsis invicta Buren), it 
has the potential to disrupt local ecosystems and lead to the localized 
extinction of indigenous ant and other invertebrate species (Wetterer et al. 
1999). In addition, because it is omnivorous and displays extremely rapid 
foraging and recruiting behavior, P. longicornis is able to flourish in new 
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areas of colonization (Kenne et al. 2005). It also forms symbiotic 
relationships with honeydew producing hemipterans with the exchange of 
honeydew for protection against predators (Koch et al. 2011) which has 
implications for plant health. Surprisingly though for such a widespread 
and ubiquitous species, although its implications have been documented 
for human infrastructure (Wetterer et al. 1999) little is known about the 
implications of its presence within natural ecosystems (Wetterer et al. 1999). 

AntWeb records confirm that P. longicornis has recently been observed 
within Uganda, far inland in the west of the country, namely in the Kibale 
and Semuliki National Parks (AntWeb 2018). Here we document the first 
record of P. longicornis in the east of Uganda, near the Mt. Elgon National 
Park. The Mt. Elgon ecosystem can be considered particularly vulnerable 
to biological invasions of species like P. longicornis. Altitudinal differences 
isolate local species populations from the surrounding rift valley creating a 
so called “sky island” ecosystem with a high rate of endemism (CEPF 
2012). This geographic isolation limits the natural immigration of new 
species, allowing both the established species to have evolved with few 
strong competitors or predators and the presence of some unfilled 
ecological niches, which could facilitate the spread of invasive alien species 
(MacArthur and Wilson 1967). 

Materials and methods 

Study area 

Mount Elgon is a 4,320 m high, extinct volcano on the boundary between 
Uganda and Kenya, situated just north of the equator (Figure 3). A series of 
volcanic cliffs and a change in soils and climate separates its foot slopes 
from the lowland at about 1,200 m altitude. The local landscape mosaic 
consists of croplands, tree plantations, pastures and coffee gardens where 
Arabica coffee is intercropped mainly with bananas, yams, maize or beans. 
The smallholder agriculture system reaches up to about 1,900 m altitude, 
where the Mount Elgon National Park starts. This transboundary national 
park, which is also a UNESCO Man and Biosphere Reserve, stretches up to 
the top of Mt. Elgon. The local climate has two distinct rainy seasons 
separated by a pronounced dry period from December to February and by 
a period of dispersed, less intense rains from July to early August. Average 
annual rainfall is ca. 2,100 mm (Thiery et al. 2015). Average annual air 
temperature is 23 °C (NEMA 2001). 

Sampling 

During a recent study of the impacts of private sustainability standards on 
smallholder coffee production by Vanderhaegen et al. 2018,  litter and shrub 
dwelling ants were collected as indicators of environmental health. 
Seventy-six coffee gardens were inventoried from July to September 2014 
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Figure 3. Map of the sampled locations (blue dots) in the Mt. Elgon region and the locations 
where Paratrechina longicornis was collected (red dots). Note that multiple locations where 
P. longicornis was collected are so close to each other that they are not visibly distinct at this 
scale. For details see Supplementary material Table S1. 

 
Figure 4. Survey design at each site. 

 (Figure 3, Supplementary material Table S1.). Three sampling methods 
were applied, based on the Ants of the Leaf Litter standard protocol 
(Agosti and Alonso 2000) (Figure 4). First, sixteen pitfall traps were set in a 
4 × 4 array with 5.5 m spacing and operated for 24 hours. Second, 24 tuna 
baits were placed 1 m above ground in the shrub layer among the area of 
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the pitfall traps and attending ants were hand collected after 30 minutes. 
Third, litter was collected in two haphazardly positioned 1 m² quadrats, 
with visual ant collection for 7 minutes in the field and further extraction 
using Winkler bags over the following 72 hours. 

A second inventory of the ant fauna was conducted from July to 
September 2015 using 173 plots positioned along 10 transects radiating in 
different directions along the Ugandan slopes of Mt. Elgon (Figure 3). 
Plots were placed in all main land use types. During this second study ants 
were collected using a simplified methodology compared to the 2014 
sampling, only the third step was applied: 7 minutes visual collections in 
situ and the Winkler extraction from litter collected in two 1 m² quadrants 
per plot. In December 2016 a final small survey was conducted to 
reconfirm the presence of P. longicornis at 7 locations within the urban 
center of Budadiri and along the Budadiri-Bumasola road. Ants appearing 
to be P. longicornis were collected during 30 minutes of visual collection at 
each site. Notably, no sampling was conducted in the larger urban centers 
near to Mt. Elgon as the research was focused on Mount Elgon National 
Park and its surrounding agricultural landscape. 

Ant processing and morphological identification 

The samples were sorted at the Royal Belgian Institute for Natural Sciences 
(RBINS), Belgium. We used various keys to identify ant genera and species 
(Fisher and Bolton 2016; LaPolla and Fisher 2014; LaPolla et al. 2013). 
Additionally, voucher specimens were photographed using a Canon-Cognisys 
automated focus stacking setup (Brecko et al. 2014). Images were compared 
with online databases and shared with international experts to confirm 
their species identification (AntWeb 2018). Voucher specimens of this study 
are deposited at RBINS under the accession number RBINS IG 32.905. 

COI gene-based DNA barcoding 

DNA extraction, amplification and sequencing 

To further confirm the morphological identification of P. longicornis we 
conducted COI analyses on two specimens. Individual total genomic DNA 
was extracted using the Nucleospin Mini-kit (Machery-Nagel). DNA was 
digested overnight on a thermoshaker and was eluted in 2 × 50 μl buffer 
(70 °C). PCR was performed in a final volume of 9.06 μl PCR-mix with 1 μl 
template DNA. The PCR-mix contained 1 μl 2 mM dNTP (Qiagen), 1 μl 
PCR buffer 10x (Qiagen), 1 μl 2 μM mtDNA COI Primer LCO1490F (5’-
GGTCAACAAATCATAAAGATATTG-3’) (Folmer et al. 1994), 1 μl 2 μM 
mtDNA COI Primer HCO2198 (5’- TAAACTTCAGGGTGACCAAAAAA 
TCA-3’) (Folmer et al. 1994), 0.3 μl Mg Cl2, 0.8 μl 0.25 mg/ml BSA, 0.06 μl 
5 Units/μl Taq platinum (Qiagen) and 3.9 μl H2O (for 1 μl DNA, 2.9 μl 
H2O for 2 μl DNA). Bands were visualized in a 1.2% Midori green stained 
agarose gel. 
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PCR amplification was performed under the following conditions: Initial 
denaturation at 95 °C for 3 min, denaturation at 95 °C for 30 s, annealing 
at 48 °C for 30 s, extension at 72 °C for 45 s. These steps were repeated for 
40 cycles, followed by a final extension step at 72 °C for 7 min. The PCR 
products were stored at 25 °C. 

Purified PCR products were sequenced in both directions on an ABI 
3130xl capillary DNA sequencer using the BigDye Terminator v3.1 kit (Life 
Technologies). Trace-files were checked for mistakes and the contigs were 
aligned and merged in Codon Code Aligner v6.02 (Codon Code Corporation, 
www.codoncode.com). The obtained COI sequences were aligned with 
GenBank database sequences using the Basic Local Alignment Search Tool 
(nBLAST). 

Phylogenetic analysis 

The sequenced COI fragment (± 657 bp) is the standard barcoding region 
for animals (Hebert et al. 2003). The extracted sequences were aligned 
using ClustalW in MEGA v7.0 (Kumar et al. 2016) and run through a 
maximum likelihood (RAxML-HPC BlackBox v.8) (Stamatakis 2014) 
analysis run in the online CIPRES platform (Miller et al. 2010). Lepisiota 
species samples collected during the same inventory and sequenced using 
the same methodology were used to root the tree. Bootstrap support values 
were based on 500 bootstrap replicates and only bootstrap values of more 
than 70% were considered to be supportive (Hillis and Bull 1993). A Bayesian 
analysis was run using Mr Bayes v.3.2.0 (Ronquist and Huelsenbeck 2003). 
The specific nucleotide substitution models were determined by Partition 
Finder v.1.1.1. (Lanfear et al. 2012). 

Results 

Among the 33,000 ants collected in the 76 coffee gardens in five districts 
covering the Ugandan slopes of Mt. Elgon, two P. longicornis specimens 
were found. Both specimens were collected in the same coffee garden in 
the year 2014 but by different collection methods. One specimen was 
collected using tuna baits on coffee shrubs and the other one was collected 
with a pitfall trap. The sampled coffee garden was located 3.5 km from the 
regional town of Budadiri at 1305 m altitude and along the road from 
Budadiri to the start of the Sasa trail (Figure 3). Of the 10,000 ants collected 
in an additional 173 sampling sites located in all types of land uses in 2015, 
none were P. longicornis. 

Four of the seven locations surveyed in the third targeted survey in 2016 
contained P. longicornis. Two locations were guesthouses frequented by 
tourists, at the local Ugandan Wildlife Authority compound, where 
tourists have to report before entering the National Park and the other two 
were at the market of Budadiri. 
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Figure 5. Maximum likelihood tree of Paratrechina longicornis specimens from different 
locations worldwide. The two specimens collected at Mt. Elgon are indicated by the red frames. 

COI gene-based barcoding confirmed our morphological identifications 
of P. longicornis. A BLAST query resulted in a very high similarity with five 
of the 11 randomly selected P. longicornis sequences from BOLD and 
GenBank, namely from California (USA) and the Malagasy region, and a high 
similarity with the six other selected P. longicornis specimens from Canada, 
Florida (USA), the Comoros, Palau and the Malagasy region (Figure 5). 

Discussion 

Of the 256 locations sampled in all land uses within and around Mt. Elgon 
National Park, only 5 locations were found to contain P. longicornis. This 
limited distribution shows that P. longicornis has not yet invaded large 
areas of rural land around Mt. Elgon National Park indicating that this 
species has only recently been introduced to the Elgon region. AntWeb 
records confirm however that P. longicornis has already been observed in 
western Uganda and although not documented in scientific literature, it is 
also highly probable that P. longicornis is present in many urban habitats 
and cities in Uganda, e.g. P. longicornis was collected in 2016 in Mukono at 
the NaFORRI center by Naturinda Z (pers. comm. 2016). 

The specific location of our first observations in 2014 might be an 
indication of how P. longicornis could have arrived at Mt. Elgon. Due to 
the recent peace and security in the region, tourism is increasing. A major 
tourist activity is the four-day round-trip to the top of Mt. Elgon, Wagagai 
peak (UWA 2018). The Sasa trail is the original and busiest route leading 
to Wagagai peak (Figure 3). Most tourists spend a night in one of the local 
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hotels located along the Budadiri- Bumasola road between Budadiri and 
the start of the Sasa trail, before ascending Mt. Elgon. Other rural areas on 
the slopes of Mt. Elgon are rarely visited by foreigners. That P. longicornis 
was found only here, close to the hotels at the start of the Sasa trail 
indicates that P. longicornis could have arrived associated with the tourism 
industry. This is further strengthened by visual searches in 2016 around 
tourism facilities close to the area where P. longicornis was observed in 
2014, with P. longicornis being found at two hostels nearby and in the 
Uganda Wildlife Authority (UWA) local headquarter of Budadiri. These 
findings are not so surprising because tourism and outdoor recreation are 
known as major global pathways for the movement of non-native species 
(Anderson et al. 2015). 

If P. longicornis spreads further in the region near Mt. Elgon National 
Park this could impact the local agricultural systems, including the 
important coffee growing industry, as the species is known to be very 
efficient at tending homopteran scales (Wetterer et al. 1999). In return for 
sugary honeydew P. longicornis ants protect scales which in turn can multiply 
rapidly. Large numbers of phloem-feeding scales reduce plant health and 
crop productivity. Globally the economic losses due to scales on coffee have 
been estimated to be US$ 5 billion per year (Rutherford and Phiri 2006). 

Additionally, P. longicornis could have negative impacts on local 
biodiversity. The Elgon region is noted as having high ant diversity (over 
200 species) by Vanderhaegen et al. 2018 with more species likely yet to be 
found as over the border in Kenya an even higher ant diversity is known to 
occur (Garcia et al. 2013). Besides ant communities, other local fauna could 
also be affected such as stingless bee species which have been shown to be 
outcompeted for honeydew by P. longicornis in Madagascar (Koch et al. 2011). 

Importantly, the increase in tourism is likely to result in more exotic 
species being introduced within the Mt. Elgon region. Indeed, within the 
surveys we also found Pheidole megacephala (Fabricius, 1793), Tapinoma 
melanocephalum (Fabricius, 1793) and Cardiocondyla wroughtonii (Forel, 
1890). The Mt. Elgon region is a unique area where baseline data can be 
collected now to quantify the effects of P. longicornis as it increases its 
distribution within the region. 

Acknowledgements 

This research was made possible through VLIR-UOS funding for the TEAM project SureLive, 
a 3 year VLADOC PhD fellowship (2013-04) for the first author and the KLIMOS research 
platform BE2017ACRO04A101. This paper is also the result of several projects with financial 
support from the Belgian Directorate-General for Development Cooperation, part in the Global 
Taxonomy Initiative, within the framework of the CEBioS programme. The second and third 
co-authors were enabled to assist and get further training in the entomology lab at the RBINS 
Belgium thanks to GTI grants in (2015, 2016 and 2017). Special thanks also to Muhereze 
Ronald (GTI grant 2015), Wout Dekoninck and Jakob Hanoulle for their assistance in the lab- 
and fieldwork and to Busitema University for the local support. We thank Camille Locatelli for 
the ant images. The molecular research was funded by the FWO project (G0D2915N) – 
Poneroid Ants of Ecuador. The constructive comments of anonymous reviewers were 
appreciated. 

https://www.invasivesnet.org


 First report of the longhorn crazy ant from Mt. Elgon, Eastern Uganda 

 Vanderhaegen et al. (2019), BioInvasions Records 8(3): 505–514, https://doi.org/10.3391/bir.2019.8.3.05 513 

References 

Agosti D, Alonso LE (2000) The ALL protocol: a standard protocol for the collection of 
ground-dwelling ants. In: Agosti D, Majer JD, Alonso LE, Schultz TR (eds), Ants: standard 
methods for measuring and monitoring biodiversity. Smithsonian Institution Press, 
Washington DC, USA, 204 pp 

Anderson L G, Rocliffe S, Haddaway NR, Dunn AM (2015) The role of tourism and recreation 
in the spread of non-native species: A systematic review and meta-analysis. PLoS ONE 10: 
1–15, https://doi.org/10.1371/journal.pone.0140833 

AntWeb (2018) AntWeb. http://www.antweb.org (accessed 26 April 2018) 
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 solution for mass digitization of type specimens. ZooKeys 23: 1–23, 
https://doi.org/10.3897/zookeys.464.8615 

Calcaterra L, Cabrera S, Briano J (2016) Local co-occurrence of several highly invasive ants in 
their native range: are they all ecologically dominant species? Insectes Sociaux 63: 407–
419, https://doi.org/10.1007/s00040-016-0481-3 

CEPF (2012) Ecosystem Profile Eastern Afromontane Biodiversity Hotspot. Arlington, USA, 
280 pp 

Debout G, Schatz B, Elias M, Mckey D (2007) Polydomy in ants: What we know, what we 
think we know, and what remains to be done. Biological Journal of the Linnean Society 90: 
319–348, https://doi.org/10.1111/j.1095-8312.2007.00728.x 

EC (2017) European Comission (EC) Environment, Invasive Alien Species. http://ec.europa.eu/ 
environment/nature/invasivealien/index_en.htm (accessed 12 December 2017) 

Fabricius JC (1793) Entomologia systematica emendata et aucta. Secundum classes, ordines, 
genera, species, adjectis synonimis, locis observationibus, descriptionibus. Hafniae, 
impensis Christ. Gottl. Proft, 349 pp, https://doi.org/10.5962/bhl.title.125869 

Fisher BL, Bolton B (2016) Ants of Africa and Madagascar. A Guide to the Genera. University 
of California Press. Oakland, USA, 503 pp 

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

Forel A (1890) Aenictus-Typhlatta découverte de M. Wroughton. Nouveaux genres de 
Formicides. Annales de la Société entomologique de Belgique c(34): 102–114 

Forel A (1916) Fourmis du Congo et d’autres provenances récoltées par M.M. Hermann Kohl, 
Luja, Mayné, etc. Revue Suisse de Zoologie 24: 397–460, https://doi.org/10.5962/bhl.part.4645 

Garcia FH, Wiesel E, Fischer G (2013) The Ants of Kenya (Hymenoptera: Formicidae)—
Faunal Overview, First Species Checklist, Bibliography, Accounts for All Genera, and 
Discussion on Taxonomy and Zoogeography. Journal of East African Natural History 101: 
127–222, https://doi.org/10.2982/028.101.0201 

Gutrich JJ, VanGelder E, Loope L (2007) Potential economic impact of introduction and spread 
of the red imported fire ant, Solenopsis invicta, in Hawaii. Environmental Science and 
Policy 10: 685–696, https://doi.org/10.1016/j.envsci.2007.03.007 

Hebert PDN, Ratnasingham S, de Waard JR (2003) Barcoding animal life: cytochrome c 
oxidase subunit 1 divergences among closely related species. Proceedings of the National 
Academy Biological Sciences 270: 96–99, https://doi.org/10.1098/rsbl.2003.0025 

Herrera HW (2016) Faunistic, taxonomic and ecological research of ants from Galápagos 
Islands, with emphasis on invasive species. PhD Thesis, Ghent University, Ghent, Belgium, 
285 pp 

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

Kenne M, Mony R, Tindo M, Kamaha Njaleu LC, Orivel J, Dejean A (2005) The predatory 
behaviour of a tramp ant species in its native range. Comptes Rendus - Biologies 328: 1025–
1030, https://doi.org/10.1016/j.crvi.2005.09.001 

Koch H, Corcoran C, Jonker M (2011) Honeydew collecting in Malagasy stingless bees 
(Hymenoptera: Apidae: Meliponini) and observations on competition with invasive ants. 
African Entomology 19: 36–41, https://doi.org/10.4001/003.019.0111 

Kouakou LMM, Yeo K, Ouattara K, Dekoninck W, Delsinne T, Konate S (2018) Investigating 
urban ant community (Hymenoptera: Formicidae) in port cities and in major towns along 
the border in Côte d’Ivoire: a rapid assessment to detect potential introduced invasive ant 
species. Journal of Animal and Plant Sciences 36(1): 5793–5811 

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 

http://ec.europa.eu/environment/nature/invasivealien/index_en.htm
https://doi.org/10.1093/sysbio/42.2.182
https://www.invasivesnet.org


 First report of the longhorn crazy ant from Mt. Elgon, Eastern Uganda 

 Vanderhaegen et al. (2019), BioInvasions Records 8(3): 505–514, https://doi.org/10.3391/bir.2019.8.3.05 514 

Lanfear R, Calcott B, Ho SYW, Guindon S (2012) PARTITIONFINDER: combined selection 
of partitioning schemes and substitution models for phylogenetic analyses. Molecular 
Biology and Evolution 29: 1695–701, https://doi.org/10.1093/molbev/mss020 

LaPolla J, Hawkes P, Fisher JN (2013) Taxonomic review of the ant genus Paratrechina, with a 
description of a new species from Africa. Journal of Hymenoptera Research 35: 71–82, 
https://doi.org/10.3897/jhr.35.5628 

LaPolla JS, Fisher BL (2014) Then there were five: A reexamination of the ant genus Paratrechina 
(Hymenoptera, Formicidae). ZooKeys 48: 35–48, https://doi.org/10.3897/zookeys.422.7779 

Latreille P (1802) Histoire naturelle des fourmis, et recueil de mémoires et d’observations sur 
les abeilles, les araignées, les faucherus, et autres insectes. Imprimerie de Crapelet, Paris, 
France, 445 pp, https://doi.org/10.5962/bhl.title.11138 

Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the World’s Worst Invasive 
Alien Species. A selection from the global invasive species database. The Invasive Species 
Specialist Group a specialist group of the Species Survival Commission of the World 
Conservation Union, Auckland, New Zealand, 12 pp, https://doi.org/10.1614/WT-04-126.1 

MacArthur RW, Wilson EO (1967) The Theory of Island Biogeography. Princeton University 
Press, Princeton, USA, 203 pp 

Miller MA, Pfeiffer W, Schwartz T (2010) Creating the CIPRES Science Gateway for inference 
of large phylogenetic trees. Gateway Computing Environments Workshop (GCE), 8 pp, 
https://doi.org/10.1109/GCE.2010.5676129 

NEMA (2001) State of the environment report for Uganda 2000/2001. National Environment 
Management Authority, Kampala, Uganda, 192 pp 

O’Dowd DJ, Green PT, Lake PS (2003) Invasional “meltdown” on an oceanic island. Ecology 
Letters 6: 812–817, https://doi.org/10.1046/j.1461-0248.2003.00512.x 

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phylogenetic inference under mixed 
models. Bioinformatics 19: 1572–1574, https://doi.org/10.1093/bioinformatics/btg180 

Rutherford M, Phiri N (2006) Pests and Diseases of Coffee in Eastern Africa : A Technical and 
Advisory Manual. CABI, Wallingford, UK, 69 pp 

Stamatakis A (2014) RAxML Version 8: A Tool for Phylogenetic Analysis and Post-Analysis 
of Large Phylogenies. Bioinformatics 30: 1312–1313, https://doi.org/10.1093/bioinformatics/btu033 

Thiery W, Panitz HJ, Davin E, Van Lipzig N (2015) The impact of the African Great Lakes on the 
regional climate. Journal of Climate 28: 4061–4085, https://doi.org/10.1175/JCLI-D-14-00565.1 

UWA (2018) Uganda Wildlife Authority (UWA). http://www.ugandawildlife.org/other-parks/mount-
elgon-national-park (accessed 20 May 2018) 

Vanderhaegen K, Akoyi KT, Dekoninck W, Jocqué R, Muys B, Verbist B, Maertens M (2018) 
Do Private Coffee Standards ‘Walk the Talk’ in Improving Socio-economic and 
Environmental Sustainability? Global Environmental Change 51: 1–9, https://doi.org/10.1016/ 
j.gloenvcha.2018.04.014 

Wetterer JK (2008) Worldwide spread of the crazy ant Paratrechina longicornis (Hymenoptera: 
Formicidae). Myrmecological News August: 137–149 

Wetterer JK, Miller SE, Wheeler DE, Olson C, Polhemus D, Pitts M, Burgess TL (1999) 
Ecological dominance by Paratrechina longicornis (Hymenoptera: Formicidae), an 
invasive tramp ant, in Biosphere 2. Florida Entomologist 82: 381–388, https://doi.org/10. 
2307/3496865 

Wylie FR, Janssen-May S (2017) Red Imported Fire Ant in Australia: What if we lose the war? 
Ecological Management and Restoration 18: 32–44, https://doi.org/10.1111/emr.12238 

 
 
 

Supplementary material 

The following supplementary material is available for this article: 
Table S1. Sampling sites, methods and records of Paratrechina longicornis. 

This material is available as part of online article from: 
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