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ABSTRACT
Introduced ants appear to be more and more frequent in many countries, becoming sometimes inva-
sives. Recently, Pheidole megacephala (Fabricius, 1793) was signaled in greenhouses near Mont-Saint-
Michel and Paris. As the International Union for Conservation of Nature (IUCN) has identified it 
as one of the 100 worst invasive alien species worldwide, it was interesting to verify the identity of 
this species. We used morphological measures, cuticular hydrocarbons and genetical analyses (COI) 
compared to the local Pheidole pallidula (Nylander, 1849). All the items confirmed the presence of 
P. megacephala. Now, it does not appear to be invasive, but it needs to be surveilled.
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RÉSUMÉ
La fourmi tropicale Pheidole megacephala (Fabricius, 1793) en France et sa discrimination avec la fourmi 
locale Pheidole pallidula (Nylander, 1849).
Les fourmis introduites apparaissent de plus en plus fréquemment dans de nombreux pays avec tous les 
problèmes que cela peut poser. En France, Pheidole megacephala (Fabricius, 1793), une espèce classée dans 
le top100 des envahissantes par l’IUCN, vient d’être signalée en France dans des serres chauffées à Alligator 
Bay (Beauvoir, près du Mont Saint-Michel) et à Paris (Muséum national d’Histoire naturelle). Nous avons 
voulu confirmer la détermination de cette espèce comparée à l’espèce locale Pheidole pallidula (Nylander, 
1849). Pour cela nous avons utilisé les critères morphologiques, les hydrocarbures cuticulaires et la géné-
tique (gènes COI). Tous confirment bien la présence de P. megacephala dans ces serres en France. Cette 
espèce ne paraît pas envahissante pour le moment mais il faudra la surveiller de près dans les années à venir.

INTRODUCTION

Introduced ants appear to be more and more successful in 
many countries, becoming invasives, and recently Pheidole 
megacephala (Fabricius, 1793) was signaled in greenhouses 
near Mont-Saint-Michel and Paris. As the International 
Union for Conservation of Nature (IUCN) has identified it 
as one of the 100 worst invasive alien species worldwide, it 
was interesting to verify the identity of this species as Pheidole 
is a very large genus with hundreds of different species in the 
world (Wilson 2003 ; Moreau 2008 ; Hoffmann & Parr 2008 ; 
Sarnat et al. 2015).

In Europe Pheidole pallidula (Nylander, 1849) is the main 
local species of this genus (Bernard 1968 ; Blatrix et al. 2013 ; 
Lebas et al. 2016). It is well-known in France as the “Fourmi 
à grosse tête”, one rare species with soldiers in our country. 

Cuticular hydrocarbons (CHCs) cover the cuticles of all 
insects, serving as a waterproofing agent (Gibbs 1998) and 
as a communication signal (Martin & Drijfhout 2009). The 
CHCs profile is also an indicator of the species identity and 
is used in chemotaxonomy. We used cuticular hydrocarbons 
to classify European species of Pheidole in a chemosystematic 
point of view. In Europe, Pheidole pallidula have been inves-
tigated previously only in one place in France (Fournier et al. 
2016). P. megacephala CHCs have been studied in Cameroon 
(Fournier et al. 2012) and other places (Madagascar, South 
Africa, Australia and Mauritius (Fournier et al. 2009, 2016). 
Molecular data obtained by Fournier et al. (2016) revealed 
two cryptic species of P. megacephala, one inhabiting urban 
areas and the other rainforests. We want also to see if P. mega-
cephala invaders have changed their chemical signature along 
their migration from the Africa as they have been introduced 
nearly globally in tropical regions (Wetterer 2012 ; Sarnat et al. 
2015). With a molecular barcode based on the COI genetic 
marker, we also wanted to add additional, robust identifica-
tion of certain samples.

Exotic tropical Pheidole species have been sometimes found 
in France like: 

– Pheidole anastasii Emery, 1896 in a tropical greenhouse 
in Paris (Blatrix et al. 2018) ;

– Pheidole bilimeki Mayr, 1870 in heated greenhouse in a 
plant store in Bordeaux (Casevitz-Weulersse & Galkowski 

2009 ; Blatrix et al. 2018), but according to C. Galkowski 
(pers. comm.)  it has never been seen again ;

– Pheidole megacephala (Fabricius, 1793) (African big-
headed ant, Fourmi africaine à grosse tête) found in two heated 
buildings in Bordeaux and Lyon, and in Paris in the large 
tropical greenhouse of the Jardin des plantes (Blatrix et al. 
2018). In Spain it was found in Barcelona in 2016 (Espadaler 
& Pradera 2016) ;

– Pheidole indica (= teneriffana Mayr, 1879) from Canary 
Islands, a tropical invasive species, is now on the Mediterra-
nean coasts and islands, but not in France. 

MATERIAL AND METHODS

Cuticular hydrocarbons

Chemical studies were performed via a GC/MS-TQ Agilent 
with a column compound of 5% Phenyl –95% Dimethyl-
polysiloxane. The temperature program was 2 min at 150°C, 
and then increasing at 5°C/min to 320°C, and 5 min hold at 
320°C (for more details see Lenoir et al. 2023).

Compounds were identified by their fragmentation pattern, 
compared to standard alkanes, library data, and Kovats retention 
indices. All compounds were included in the analyses. When 
it was impossible to estimate the amount of each co-eluted 
compound, they were treated as a single compound. Sterols 
and other contaminants like phthalates were not included.

All the % of CHCs are provided as mean ± SD. The data 
were analyzed using cluster analysis on % with Euclidean dis-
tances and the Ward method (Statistica 8.0 program). We also 
calculated the equivalent chain length ECL, which indicates 
the mean of hydrocarbons length ECL = (Σ(%CnxXn))/100), 
where Cn is the x number of carbons and Xn is the % of this 
category. Martin et al. (2019) called it the Mean chain-length. 
ECL is not frequently used in chemical discrimination as it 
is insufficient to discriminate precisely species but is a good 
indication to classify them into different groups according 
to the length of hydrocarbons. This index allows separating 
easily some different species as it appeared in the Dolichode-
rinae (Lenoir et al. 2023). We did not analyze hydrocarbons 
under C25 to avoid possible volatile compounds from the 
internal glands.
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Genetic studies 
On different samples from Alligator Bay (Beauvoir) and 
Jardin des plantes (Paris) sites genomic DNA was extracted 
from whole individuals with the NucleoMag® Tissue kit 
(Macherey Nagel) following manufacturer instructions. The 
COI gene (787 bp) was then amplified from each individual 
using primers C1-J-2183 (Jerry) (5’ - CAA CAT TTA TTT 
TGA TTT TTT GG - 3’) and TL2-N-3014 (5’ - CCA ATG 
CAC TAA TCT GCC ATA TTA - 3’) adapted from Simon 
et al. (1994). PCR amplifications, sequencing and species 
identification were like the protocol detailed in Tourneur 
et al. (2022). The species status of each sample was identi-
fied from NCBI databases using the BLAST tool (Altschul 
et al. 1990) and confirmed with phylogenetic analyses. The 
BLAST results were ranked by percent identity and the refe-
rence sequences with at least 99% identity to our sequences 
were used to assign the species status. Two phylogenetic trees 
were constructed using Neighbor-Joining (NJ) and Bayesian 
Inference (BI) methods in Geneious® 9.1.8 (Biomatters Ltd.). 
The NJ method was applied using the Tamura-Nei distance 
model with 1000 bootstrap replicates. For BI method, MrAIC 
was used to find the appropriate sequence evolution model 
for the data (GTR+I+G) (Nylander 2004). BI was carried 
out using MrBayes (Huelsenbeck & Ronquist 2001); the 
model was run for 100 000 generations. These phylogenetic 
analyses employed 12 Pheidole reference sequences: those for 
Pheidole allani Bingham, 1903 (GenBank Accession Num-
ber OQ731736), P. taipoana Wheeler, 1928 (NC_080222), 
P. fervens Smith, 1858  (NC_080217), P. sagei Forel, 1902  
(OQ731740), P. antipodum (Smith, 1858)  (BK012122), 
P. sinica (Wu & Wang, 1992) (OQ731741), P. smythiesii Forel, 
1902 (NC_080219 and OQ731742) and P. megacephala 
(Fabricius, 1793)  (NC_080221, KF171410, KF171414 and 
KJ141874). Cardiocondyla elegans Emery, 1869 (DQ023071) 
was used as outgroup. All sequences obtained in this study 
have been submitted to GenBank; their accession numbers are 
PP709021, PP709022, PP709023, PP709024 and PP709025.  

Abbreviations

Collector names
A. L.	 Alain Lenoir;
C. G. 	 Christophe Galkowsky;
C. L.	 Claude Lebas;
D. F.	 Denis Fournier;	
E. M.	 Emmanuella Maurizi;	
J.-L. M.	 Jean-Luc Mercier;	
L. B.	 Laurence Berville;	
M. J.	 Maxime Jacquot;	
P. F.	 Pierre Froidevaux;	
P. P.	 Pierre Picquet;	
P. W.	 Philippe Wegnez;	
Q. R.	 Quentin Rome;	
R. B.	 Rumsaïs Blatrix.

LIST OF PHEIDOLE SPECIES AND SAMPLES

Samples are indicated according to the rule number of the 
Department and name of the country, date of collect, GPS 
(latitude, longitude), altitude, name of collector (for example 

A. L., Alain Lenoir), number of samples. It is not represen-
tative of the distribution of the species, but only indication 
of the samples used in this work.

Famille Formicidae Latreille, 1809 
Genre Pheidole Westwood, 1839

Pheidole pallidula (Nylander, 1849) 
(Figs 1B; 2B; 3B)

Specimen distribution. — 27 specimens in 14 zones, 19 places.

Observed and examined material.  — France • 1 observed 
specimen; Corrèze, Nespouls; 45°3’9”N, 1°30’44”E; 318 m alt.; 
2.IX.2020; A. L. • 1 obs. specimen; Corsica, Foce; 41°37’43”N, 
9°1’9”E; 610 m alt.; 21.V.2016; C. L. • 1  obs. specimen; Corsica, 
Sartène; 41°41’8”N, 9°2’8”E; 151 m alt.; 16.V.2016; C. L. • 1 obs. 
specimen; Corsica, Portigliolo; 41°47’48”N, 8°44’43”E; 49 m alt.; 
15.V.2016; C. L. • 1 obs. specimen; Gard, Villeneuve-lès-Avignon; 
43°57’12”N, 4°47’21”E; 50 m alt.; 16.VII.2017; A. L. • 1 obs. 
specimen; Hérault, Mauguio; 43°34’43”N, 3°57’32”E; 6 m alt.; 
11.VIII.2017; A. L. • 1 obs. specimen; Hérault, Vic-la-Gardiole; 
43°30’2”N, 3°47’6”E; 7 m alt.; 22.V.2018; A. L. • 1 obs. specimen; 
Hérault, Carnon; 43°33’16”N, 4°0’54”E; 2 m alt.; 22.V.2018; 
A. L. • 3 obs. specimens; Isère, Crolles; 44°54’11”N, 5°37’9”E; 
25 m alt.; 22.VIII.2014; A. L. • 1 obs. specimen; Landes, Pimbo; 
43°34’20”N, 0°22’11”W; 158 m alt.; 17.V.2020; A. L. • 3 obs. 
specimens; Pyrénées-Orientales, Canohès; 42°38’53”N, 2°51’14”E; 
15.X.2016; C. L.• 1 obs. specimen; Pyrénées-Orientales, Banyuls; 
45°27’24”N, 3°5’9”E; 72 m alt.; 8.V.2021; A. L. • 1 obs. specimen; 
Tarn et Garonne, Bruniquel; 44°3’0”N, 1°39’22”E, 248 m alt.; 
26.IV.2010; D. F. (Fournier et al. 2016).
Italy • 1 obs. specimen; Bomarzo; 42°35’59”N, 2°9’15”E; 139 m alt.; 
9.VI.2017; A. L. • 1 obs. specimen; Fiazole; 43°3’36”N, 0°30’3”E; 
25 m alt.; 11.VI.2017; A. L. • 1 obs. specimen; Roma; VII.2011; 
E. M. • 2 obs. specimens; Sicilia, San Teodoro; 37°52’46”N, 
14°1’3”E; 1760 m alt.; 24.IV.2018; R. B. 
Spain • 2 obs. specimens; North Spain, Aisa; 42°39’36”N, 
0°37’6”E; 967 m alt.; 11.V.2010; A. L. • 1 obs. specimen; North 
Spain, Aisa; 42°41’17”N, 0°37’16”W; 1048 m alt.; 12.V.2018; A. L. 
• 1 obs. specimen; Andalusia, Sevilla; 37°28’52”N, 5°56’33”W; 
17 m alt.; 26.X.2018; A. L.
Croatia • 1 obs. specimen; Rovinj; 45°5’1”N, 45°5’1”E; 24 m alt.; 
18.VII.2018; P. W.

Remarks

Pheidole pallidula is very frequent in the South of France 
(Bernard 1968 ; Blatrix et al. 2013). It has been found in 
36 departments (Antarea, 24 June 2024). 

Pheidole megacephala (Fabricius, 1793) 
(Figs 1A; 2A; 3A)

Specimen distribution. — 29  specimens in 12 sites.

Observed and examined material. — France • 8 observed 
specimens; Manche, Beauvoir, Alligator Bay (near Saint-Malo); 
48°36’3”N, 1°30’41”W; 7 m alt.; 29.II.2016 and XII.2023; P. P. 
(veterinarian) and J.-L. M. It was already found in 2009 by Elena 
Angulo and Xim Cerdá (pers. comm.) • 2 obs. specimens; Paris, 
Jardin des plantes, Muséum national d’Histoire naturelle, Tropical 
greenhouse; 48°50’35”N, 2°21’27”E; 36 m alt.; 11.XII.2023; P. F. 

https://www.ncbi.nlm.nih.gov/nuccore/OQ731736
https://www.ncbi.nlm.nih.gov/nuccore/NC_080222
https://www.ncbi.nlm.nih.gov/nuccore/NC_080217
https://www.ncbi.nlm.nih.gov/nuccore/OQ731740
https://www.ncbi.nlm.nih.gov/nuccore/BK012122
https://www.ncbi.nlm.nih.gov/nuccore/OQ731741
https://www.ncbi.nlm.nih.gov/nuccore/NC_080219
https://www.ncbi.nlm.nih.gov/nuccore/OQ731742
https://www.ncbi.nlm.nih.gov/nuccore/NC_080221
https://www.ncbi.nlm.nih.gov/nuccore/KF171410
https://www.ncbi.nlm.nih.gov/nuccore/KF171414
https://www.ncbi.nlm.nih.gov/nuccore/KJ141874
https://www.ncbi.nlm.nih.gov/nuccore/DQ023071
https://www.ncbi.nlm.nih.gov/nuccore/PP709021
https://www.ncbi.nlm.nih.gov/nuccore/PP709022
https://www.ncbi.nlm.nih.gov/nuccore/PP709023
https://www.ncbi.nlm.nih.gov/nuccore/PP709024
https://www.ncbi.nlm.nih.gov/nuccore/PP709025
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and Q. R. • 2 obs. specimens; La Réunion, Ravine des Cabris; 
21°17’7”S, 55°28’45”E; 280 m alt.; 15.III.2017; M. J. • 3 obs. 
specimens; La Réunion, L’étang salé; 21°17’7”S, 55°28’45”E; 
30 m alt.; 15.III.2017; M. J. • 3 obs. specimens; La Réunion, 
Saint-Pierre; 21°19’14”S, 55°29’8”E; 152  m alt.; 23.III.2017; M. J.
Spain • 2 obs. specimens; Canary Islands, Las Galletas; 28°0’25”N, 
16°39’25”W; 2 m alt.; 2.XI.2023; C. G. • 2 obs. specimens; Ca-
nary Islands, Las Galletas; 28°0’27”N, 16°39’29”W; 2 m alt.; 
2.XI.2023; C. G.
Australia • 2 obs. specimens; Darwin, Coconut Grave; 5.IV.2015; 
L. B. • 2 obs. specimens; Brisbane; 8.III.2017; L. B.
Indonesia • 1 obs. specimen; Ubud; 8°31’27”S, 115°15’30”E; 
175 m alt.; 6.X.2018; A. L.
Vietnam • 1 obs. specimen; Vinh Long; 10°16’45”N, 106°0’8”E; 
2 m alt.; 29.XI.2019; A. L.
Cambodge • 1 obs. specimen; Angkor; 13°21’34”N, 108°53’7”E; 
15 m alt.; 3.XII.2019; A. L.

Pheidole sp. from Cuba. 

Observed and examined material. — Cuba • 1 observed specimen; 
Viñales; 21°48’7”N, 82°18’19”W; 143 m alt.; 22.III.2017; A. L. • 
1 obs. specimen; Topes de Collantes; 22°37’45”N, 83°41’40”W; 
735 m alt.; 25.IV.2017; A. L.

Remarks 
It was impossible to determine this species according to 
Jacques Delabie.

RESULTS

Morphological difference between the two species

Pheidole megacephala is a species of sub-Saharan origin, a 
member of a species complex, the megacephala group defined 
by Fischer et al. (2012). This group contains a high number 
of described species and infraspecific taxa that would require 
taxonomic revision. The first step was achieved by Fischer 
& Fisher (2013) by fixing a neotype for the species Pheidole 
megacephala. 

Pheidole megacephala can be easily distinguished from the 
only species of the genus Pheidole existing in France (P. palli-
dula) by several morphological characteristics (Figs 1-3). The 
most apparent is the presence of a lobe under the postpetiole 
in P. megacephala (see the yellow arrow in Figure 2), which 
is absent in P. pallidula. 

Genetics 
The five COI sequences obtained are similar to the following 
GenBank sequences: 100% identity with the Pheidole 
megacephala sequence (GenBank Accession NC_080221) 
for the three samples from the Alligator Bay (Beauvoir) 
site, 100% identity with the Pheidole megacephala sequence 
(GenBank Accession KJ141874) for the two samples from 
the Jardin des plantes (Paris) site. The phylogenetic trees 
reconstructed using the two methods (NJ and BI) had 
congruent topologies and always revealed the presence of 
one well-supported monophyletic group for Pheidole mega-
cephala (Fig. 4). The sequences of the five samples fit well 
into this monophyletic group. The COI analyses revealed 

that all samples (3/3) from the Alligator Bay (Beauvoir) 
site and from Jardin des plantes (Paris) (2/2) belonged to 
the species Pheidole megacephala.

Pheidole megacephala at Alligator Bay (Beauvoir) 
and in the Jardin des plantes of Paris

Four figures show the green house where P. megacephala is 
present in Alligator Bay (Fig. 5).

At the Zoological Institution Alligator Bay, ants were found 
in all year-round heated buildings and green houses. They are 
spread in all the buildings. Colonies are sometime in reptile cages, 
for example in earth or under food plates, or sometime in the 
concrete of buildings. Main problem is that they quickly feed on 
insects and vegetables which are offered every day to the reptiles. 
Most of time, there is quickly a big number of ants on food. 
Consequently, that food is not consumed by reptiles. We had 
few cases of very young, small, and weak lizards attacked by ants. 

In the greenhouse of the Jardin des plantes in Paris, the ants 
are not a problem as they simply remove small particles of 
earth according to the responsible Pierre Froidevaux (Quentin 
Rome, pers. comm.). 

Hydrocarbons analysis

Three species appeared clearly on the dendrogram: Pheidole sp. 
from Cuba, Pheidole megacephala and Pheidole pallidula (Fig. 6). It 
confirms that several species can be recognized with hydrocarbons.

P. megacephala appears to be very homogenous in all the 
countries studied in the tropical world. It confirms that the 
ants from Beauvoir and Paris are indeed of the species P. mega-
cephala but now it is not possible to know their origin. The 
snakes of Beauvoir coming from the entire world and the 
plants coming also from many places we need genetic data 
to have more information. Two cryptic megacephala species 
have been described (Fournier et al. 2012), but they do not 
appear here; we need more samples.

Concerning P. pallidula, the group is also very homogeneous 
in South France, Italy, Spain, and Croatia.

It appeared respectively (P. megacephala and P. pallidula ± SD ; 
Fig. 6) that:

– the species are comparable for alkanes (14.84±9.93, 
15.24±6.12, p = 0.749), mono-methyl (43.31±11.21, 
42.02±8.90, p = 0.60) and tri-methyl alkanes (1.77±2.23, 
1.53±2.09, p = 0.44);

– they differed for dimethyl-alkanes (8.59±5.71, 23.61±10.88, 
p<0.000) and for alkenes (41.18±12.24, 17.60±10.34, 
p = 0.0002);

– the two species differed a little for the hydrocarbon length ECL, 
but it was not significant (29.83±1.15, 30.41±0.97, p = 0.55).

DISCUSSION

P. pallidula have also a very homogeneous hydrocarbons profiles 
in all their repartition. According Seifert (2016), four cryptic 
species can be found in Europe: P. pallidula, P. balcanica nov. sp. 
(Bosnia, Bulgaria, Croatia, Greece, Montenegro and Turkey), 
P. koshewnikovi Ruzsky, 1905 (Azerbaijdshan, Cyprus, Greece, 

https://www.ncbi.nlm.nih.gov/nuccore/NC_080221
https://www.ncbi.nlm.nih.gov/nuccore/KJ141874
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Fig. 1. — Morphological comparison of Pheidole megacephala (Fabricius, 1793) (A, worker in profile view, scale bar = 0.5 mm) and Pheidole pallidula (Nylander, 
1849) (B, worker in profile view, scale bar = 0.5 mm) major workers. Credit: C. Galkowsky.

Fig. 2. — Morphological comparison of Pheidole megacephala (Fabricius, 1793) (A, worker in profile view, scale bar = 0.5 mm) and Pheidole pallidula (Nylander, 
1849) (B, worker in profile view, scale bar = 0.5 mm) minor workers. Credit: C. Galkowsky. 

Fig. 3. — Morphological comparison of Pheidole megacephala (Fabricius, 1793) (A, worker head in full-face view, scale bar = 0.5 mm) and Pheidole pallidula 
(Nylander, 1849) (B, worker head in full-face view, scale bar = 0.5 mm) major workers. Credit: C. Galkowsky.
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Kazakhstan, Kyrghystan, Montenegro, Turkey and Uzbekistan) 
and P. cicatricosa Stitz, 1917 from Algeria. So, in our collects 
there was a very small probability to find them, except in Croa-
tia, but we had there only one sample. It would be interesting 
to search more in these countries to find these new species and 
to verify that hydrocarbons can identify cryptic species.

Pheidole megacephala have also a very homogeneous hydro-
carbons profile in all their world repartition (Fournier et al. 
2009). We cannot confirm the existence of cryptic species 
as indicated in Fournier et al. (2016). This invasive species 

is originating from Africa and will probably extend its 
repartition In the future, as indicated by Bertelsmeier & 
Courchamp (2014). For example, recently it has invaded 
savannas in Kenya by killing Crematogaster associated with 
acacias and it modified completely the ecosystem (Kamaru 
et al. 2024). 

Are HCs profiles changing with geographical dispersion? 
There is not a general rule. Some species like Lasius niger 
(Linnaeus, 1758)  do not change their cuticular hydrocarbons 
profile according to all their large European distribution 

DQ023071 Cardiocondyla elegans

OQ731740 Pheidole sagei

OQ731741 Pheidole sinica

NC_080219 Pheidole smythiesii

NC_080221 Pheidole megacephala

KF171410 Pheidole megacephala

KF171414 Pheidole megacephala

KJ141874 Pheidole megacephala
0.2

67/51

100/95

100/99

100/99

100/86

100/100

71/100

Beauvoir_1

Beauvoir_2

Beauvoir_3

Parris_1

Parris_2

BK012122 Pheidole antipodum

OQ731736 Pheidole allani

NC_080222 Pheidole taipoana

NC_080217 Pheidole fervens

OQ731742 Pheidole smythiesii

Fig. 4. — Consensus phylogenetic tree for the COI gene obtained using Bayesian Inference and Neighbor-Joining methods. Branch support values (> 50%) 
are Bayesian posterior probabilities followed by NJ consensus support percentage. Reference sequences show the GenBank accession number followed 
by the species name.
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(Lenoir et al. 2009). Concerning invasive ants, they gene-
rally change their profile. For example, the Argentine ant 
CHCs changes rapidly according to the food they find (“You 
are what you eat”) (Liang & Silverman 2000 ; Abril et al. 
2018). In Tapinoma magnum Mayr, 1861 it is intermediary, 
no dramatic changes appeared with migration, but the ants 
progressively modify their profile (Lenoir et al. 2023). 

Comparison of hydrocarbon classes 
The two species are comparable for alkanes, mono-methyl 
and tri-methyl alkanes. They differed for dimethyl-alkanes 
and for alkenes. This point is very difficult to analyze and we 
do not have clear information. Menzel et al. (2017) found 
that species from wet climates had more alkenes and fewer 
dimethyl alkanes than those from drier habitats, which can 
be explained by different waterproofing capacities of these 
compounds, and it is clear also for Pheidole as P. pallidula 
lives in drier regions than P. megacephala. 

Comparison of hydrocarbon length (ECL) 
They are generally thought to enhance desiccation resis-
tance when they are higher and support very dry climates 
(reviewed, for example, by Gibbs 1998) and it is confirmed 
for the two species P. pallidula and P. megacephala with an 
ECL of 30. 

Is P. megacephala an invasive species in France? For the 
moment, it does not appear to be the case as it has been 
found only in two greenhouses, but it needs to be moni-
tored. Temperature seems to be the primary factor affecting 
the distribution of this species (Ke et al. 2024). Western 
Europe including all the occidental cost in France is one of 
the potential suitable areas for the future global distribution 
of P. megacephala according to climate changes. As some 
other ant species confined in greenhouses now, P. megace-
phala may disperse outside in the future. For example, in 
the Jardin des plantes of Paris, P. megacephala were observed 
in large quantities outside the greenhouse in March 2024 

Fig. 5. — Pictures of the different stuctures colonized by the big-headed ant Pheidole megacephala (Fabricius, 1793) at Alligator Bay. A, Non planted terrarium 
housing an australian water dragon (Intellagama (Physignathus) lesueurii) (Gray, 1831) and a central african rock python (Python sebae) (Gmelin, 1789) ; B, planted 
terrarium housing a panther chameleon (Furcifer pardalis) (Cuvier, 1829) ; C, heated building not attached to the main building and housing different species of 
tortoises like the Burmese star tortoise (Geochelone platynota) (Blyth, 1863) and the red-footed tortoise (Chelonoidis carbonarius) (Spix, 1824) ; D, tropical heated 
greenhouse housing different species of Crocodilians. Credits: P. Picquet.
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(Quentin Rome, pers. comm.). It needs to be followed. 
Peng et al. (2023) showed that urban forest populations of 
P. megacephala in Taiwan exhibit a lower number of queens, 
a higher worker relatedness and larger workers than in peri 
urban forest habitats, suggesting that this species can adapt 
easily to the habitats they can invade.
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