
Alvarez-Blanco	et	al.				 	 The	Argentine	ant	venom	

Conservation	Biology,		 Supporting	Information	
	

1	

Supporting Information - Index 
 

Effects of the Argentine ant venom on terrestrial amphibians 
 

Paloma Alvarez-Blanco, Xim Cerdá, Abraham Hefetz, Raphaël Boulay, Alejandro Bertó-Moran, 
Carmen Díaz-Paniagua, Alain Lenoir, Johan Billen, H. Christoph Liedtke, Kamlesh R. Chauhan, 
Ganga Bhagavathy, Elena Angulo 
 
Appendix S1 (page 2). Extended information on methods:  
A. Study area and experimental individuals.  
B. Methodological details for the temporal and spatial overlap analysis	of L. humile ants with 
amphibians.  
C. Methodological details for the ant-trail-exposure experiment.  
D. Methodological details for the foraging-arena-exposure experiment 
E. Chemical analysis by gas chromatography.  
F. Methodological details of the dose-response experiment 
 
Appendix S2 (page 6). The functional ecology of iridomyrmecin. Literature review on the 
functional ecology of iridomyrmecin. Supporting Information Table 1. Context in which 
iridomyrmecin appears in previous Literature. (a) The functions for iridomyrmecin at the first 
mention in the text. Some studies refer to more than one function, so proportions here are referred 
to the total number of functions (138). (b) Main goal of the article. Data come from 116 articles 
expanding from 1948 to 2018. (c) Other animal taxa having and using iridomyrmecin. 

Appendix S3 (page 13). The temporal and spatial overlap of L. humile ants with amphibians.	
Relative abundances over time of Epidalea calamita toadlets emerging from temporary ponds and 
(a) native ants or (b) L. humile ants. Invaded and uninvaded areas around ponds sampled in April 
May 2013 during amphibian emergence. Values represent the mean number (±SE) of toadlets per 
transect or ants per bait. Note the differences in axis scale between (a) and (b) regarding ants. (c) 
Mean (±SE) number of dead amphibians found along L. humile trails during the juvenile amphibian 
emergence period over three different seasons (May and June 2013, 2014, and 2018). (d, e, f) 
Examples of different phases of ant predation on amphibians: (d) ants attack P. cultripes toadlet; (e) 
freshly killed H. meridionalis covered by L. humile, around two hours after an attack; (f) skeleton of 
an H. meridionalis froglet, fewer than 12 h after an attack. Photo credits: Fernando Amor (d) and 
Elena Angulo (e,f). 

Appendix S4 (page 14). The identification of L. humile venom.	 Longitudinal section of the 
abdomen of a,  Linepithema humile and b, Tapinoma cf. nigerrimum. Partial chromatograms 
showing the iridodial/dolichodial iridomyrmecin complex of the pygidial glands of: c, Linepithema 
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Supporting Information - Appendix S1 

A. Study area and experimental individuals 

A.1. Study area. The Doñana Biological Reserve (RBD, Spain, 36°59.491’N, 6°26.999’W) contains more 
than 1,100 temporary ponds, constituting the breeding grounds of eight amphibian species (Díaz-Paniagua et 
al., 2010). Juveniles of the various species emerge from these temporary ponds over a period of two to three 
weeks—in the spring for natterjack toads (Epidalea calamita) and in late spring or summer for 
Mediterranean treefrogs (Hyla meridionalis) and western spadefoot toads (Pelobates cultripes). In the 1970s, 
Linepithema humile was unintentionally introduced into the study area. Subsequently, it spread to occupy the 
natural habitats that surround temporary ponds, representing a patchy distribution. It has displaced native 
ants and established high-density colonies (Angulo et al., 2011). 

A.2. Ethical issues. The experimental procedures were approved by the CSIC Ethical Committee and the 
regional government of Andalucía (CEBA-EBD 11-36, CEBA-EBD 11-36b, CSD2008-00040, 
1043/MDCG/mect, 014-1073-00000613-FQH/MDCG/mect) and comply with Spanish legislation 
regarding the protection of wildlife used for scientific purposes. Some experiments were carried out at the 
Doñana Biological Station (EBD) in Seville, while others were performed at RBD. A B-M was the 
veterinarian in charge of animal health and welfare for the EBD and RBD experimental facilities.  C D-P, P 
A-B, and E A were authorized to carry out animal experimentation by the Spanish MAGRAMA. 

A.3. Housing of experimental animals. Juvenile amphibians were assigned to four different experiments: the 
ant-trail-exposure experiment was carried out in the field at RBD; the foraging-arena-exposure experiment 
was carried out in experimental facilities at RBD, under temperature and photoperiod conditions similar to 
those in the field; the iridomyrmecin-exposure and the dose-response experiments were carried out in the 
experimental facilities at EBD, under controlled conditions (23ºC, 12:12 photoperiod, 60% humidity). In the 
first two experiments, juveniles were released back near their ponds of origin 48 h after the tests. In the last 
two experiments, juveniles were euthanized using an overdose of anaesthetic (5-min bath in tricaine 
methasulfonate [MS-222], 10 g/L dissolved in Ringer’s lactate solution). In the iridomyrmecin-exposure 
experiment, euthanasia took place 48 h after the test. In the dose-response experiment, it took place 
approximately 10 min after dose application, immediately after the clinical evaluation. 

We collected juvenile amphibians in the field near ponds shortly after emergence. We also collected 
tadpoles that were laboratory-raised until reaching metamorphosis. All specimens were kept in an 
experimental facility, either at RBD (raised in 55-L tanks, fed common aquatic plants, under ambient 
temperature and photoperiod) or EBD (raised in 5-L plastic containers, fed rabbit chow ad libitum, 23ºC, 
12:12 photoperiod). Juveniles were housed in groups (up to 10 individuals from the same pond of origin) in 
20 x 30 x 20 cm terraria (with sandy substrate, pieces of cork as shelter, and a water container [in the case of 
H. meridionalis]), that were cleaned weekly. Every two days, we checked on the juveniles, misted the 
terraria with water, and provided individuals ad libitum with mealworms, Drosophila flies and small crickets 
dusted with a calcium supplement. During the experimental trials, juveniles were maintained individually in 
smaller containers. 

A. 4. Sampling sizes. Each individual was used only once. Sampling/capture order determined the allocation 
of individuals to experimental groups: each new individual was assigned to a treatment on a rotating basis 
(i.e., treatments were alternated). Individuals were identified with a code; researchers were thus blind to 
treatment assignments when conducting analyses (i.e., histological, chemical analysis, clinical evaluation); 
behavioral tests were difficult to do blinded, especially in ant trails and foraging arenas where individuals 
could be at risk, or in the iridomyrmecin test in which the response occurred immediately after the 
administration, at the highest doses. However, it was blind in all the cases during the 48h of observations, 
that followed the behavioral tests. Because these were novel experiments, we had no estimates of variation 
for the dependent variables (i.e., the effect of the Argentine ant on juvenile amphibians), which prevented us 
from using power analysis to calculate a minimum sample size. Consequently, sample size was chosen so as 
to comply with ethical guidelines—we sought to limit the number of individuals used while ensuring that we 
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had adequate statistical power given the numbers and types of variables in each planned analysis. In some 
cases, sample sizes were unbalanced due to variation in availability of amphibian species in the field.  

The total number of individuals used was as follows: 185 P. cultripes (30 for the ant-trail-exposure 
experiment, 94 for the foraging-arena-exposure experiment, 42 for the iridomyrmecin-exposure experiment, 
and 19 for the dose-response experiment); 137 H. meridionalis (27 for the ant-trail-exposure experiment, 75 
for the foraging-arena-exposure experiment, and 35 for the dose-response experiment); and 152 E. calamita 
(125 for the foraging-arena-exposure experiment and 27 for the dose-response experiment).  

A.5. Ant species. Two native ant species, commonly found in RBD, Tapinoma cf. nigerrimum and 
Aphaenogaster senilis, were used for comparisons with L. humile. Tapinoma cf. nigerrimum is a 
dolichoderine ant that is closely related to L. humile, with whom it shares many life-history traits (Arnan et 
al., 2012).  Aphaenogaster senilis is a myrmecine ant, and served as a control for the two dolichoderine ants. 
Five colony fragments of L. humile, T. cf. nigerrimum, and A. senilis were maintained at RBD for the 
foraging-arena-exposure experiment. They were housed in dark, enclosed nesting boxes (10 cm in diameter; 
height of 10 cm for A. senilis and 5 cm for T. cf. nigerrimum and L. humile). Each nesting box was 
connected to an open foraging arena (30 x 10 x 10 cm), equipped with a small Petri dish where food was 
permanently supplied. Another five fragments of L. humile and T. cf. nigerrimum colonies were maintained 
at EBD. They were housed in open containers (30 x 10 x 10 cm) with a dark-colored tube functioning as a 
nest. These fragments were used for the dose-response experiment and to carry out chemical comparisons 
between the ant species. All ants were fed ad libitum fresh fruit, mealworms, and diluted honey.  

B. Methodological details for the temporal and spatial overlap analysis of L. humile ants with 
amphibians 

In April and May of 2013, during the period when newly metamorphosed E. calamita emergence from 
ponds, we established two plots that were separated by 400 m. One encompassed two invaded ponds (~15 
and 25 m long, respectively), and the other comprised one uninvaded pond (53 m long). The transects for ant 
baiting and amphibian survey were carried out at the same locations to assess spatial overlap between ants 
(native or invasive) and amphibians. We recorded the number and species of ants and toadlets during each 
sampling session. Data on ant activity can be collected using a variety of standardized methods, such as the 
use of baits (Savolainen et al.1988; Cerdá et al. 1997; Sanders & Gordon 2003). In this case diluted honey in 
water together with biscuits were used. Ants were identified by eye, and when necessary, a sample in alcohol 
was taking without disturbing the ants at the bait, to confirm the identity in the laboratory.  

We wanted to demonstrate the directionality of interactions between ants and amphibians, i.e., do 
amphibians eat ants or are ants aggressive towards amphibian. Given that ants are relatively sessile 
organisms (relative to their nest), interactions would occur during foraging. This is why we searched for ant 
trails near the ponds where amphibian emerge. The amphibian would likely interact with ants when 
dispersing from the pond. But during preliminary observations we observed that amphibian were dying in the 
Argentine ant trail. Thus, we focused our sampling in counting dead juveniles.  

C. Methodological details for the ant-trail-exposure experiment 

We searched for at least six trails of each ant species in the field; in the case of A. senilis, trails were induced 
and maintained using bait as described in Cerdá et al. (2009). The experiment was carried out during 20 days 
in June, mornings or evenings, when the ants were active. We only used two amphibian species because 
juveniles of B. calamita were not available at this time of the year. We carefully positioned juveniles of P. 
cultripes and H. meridionalis 3 cm away from trails of the three ant species. Each amphibian was kept in 
place using an inverted plastic Petri dish (5.5 cm in diameter, 1.4 cm in height), enabling it to move and turn 
around but not to escape. The sides of the dish were perforated with eight to ten holes large enough to allow 
ants (either L. humile or T. nigerrimum) to enter. For the larger A. senilis tests we used cages (8 x 8.5 x 3 cm, 
with a mesh width of 5 x 5 mm).	The dish or cage was held in place by hand, preventing any disturbance to 
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the ant trail. The ants took time to discover the amphibians. Following initial contact with the ants, the 
amphibians were kept in place for 2 additional minutes and then released (the dish/cage was carefully 
removed). They were observed for up to 10 min thereafter, or until they moved at least 1 m away from the 
trail, whichever came first. Then they were observed for an additional 48 h in the laboratory to evaluate the 
effects. No amphibian died during the 10-min trials. 

D. Methodological details for the foraging-arena-exposure experiment 

Five artificial colony fragments (as described below) were used per ant species. Each colony received an 
average of six different juveniles of each of the three amphibian species, but only one juvenile per day. This 
frequency of exposure to the ants realistically mimic in field situation during juvenile emergence from 
ponds. Behavioral tests were done in the afternoon, when both ants and juvenile amphibian were active.  

E. Chemical analysis by gas chromatography  

For qualitative analyses of pygidial glands secretion, the glands were carefully dissected out and immersed in 
hexane for content extraction for at least 24h. For compound quantifications, whole ants were used rather 
than dissected gland to avoid possible spillage during dissection. Decyl-alcohol (99%) was used as an 
internal standard. The samples were run by GC/MS  (Agilent) using an HP-5MS capillary column, 
temperature programmed from 60ºC (1 min hold) to 320ºC at a rate of 10ºC min-1.  Compound identification 
was done from the fragmentation pattern as compared to synthetic compounds. 

Iridomyrmecin quantification was performed by gas chromatography (GC-FID - Shimadzu 2010 equipped 
with a 30 m x 0.25 mm i.d.-BPX5, 0.25 mm capillary column). Helium was used as the carrier gas (flow rate 
of 35.1 ml.min-1). The injection port and detector temperatures were set to 280ºC and 310ºC, respectively. 
The GC oven was temperature programmed from 60ºC with a 1-min initial hold to 300ºC at a rate of 
10ºC.min-1, and a final hold of 20-min. Decyl-alcohol (99%) was used as an internal standard, and the 
calibration curve for quantifying iridomyrmecin concentrations in the samples was constructed using 
synthetic iridomyrmecin (Chauhan & Schmidt 2014). The quantity of iridomyrmecin was determined by 
calculating the area under the peak relative to the internal standard for the different samples and corrected by 
the calibration curve. 

To assess the percentage of iridomyrmecin of a worker ‘s fresh body weight, we sampled 10 ants from five 
laboratory colonies (used in the foraging-arena experiment) of each ant species and weighed them (in groups 
of 10) to obtain species-specific mean fresh weight. 

F. Methodology of the dose-response experiments 

Each amphibian received a single dose of mashed-ant solution (obtained from a known number of either L. 
humile or T. cf. nigerrimum workers) and was clinically evaluated 10 min later. The dose assigned for each 
test depended on the effects observed in previously tested individuals, to be higher or lower respectively. 
Doses were also adjusted according to the weight of the amphibian tested (number of ants/g of juvenile) and 
calculated in order to fill in the gaps in the dose-response curve. For ethical reasons, a minimal number of 
amphibians was used, and ant dosage levels were limited to what was necessary to obtain adequate dose-
response curves (11 and 16 E. calamita, 14 and 5 P. cultripes, and 21 and 14 H. meridionales for the L. 
humile and the T. cf. nigerrimum curve respectively). 

 After the 10 min exposure to the ant doses, we performed a clinical evaluation of each individual and 
classified them as affected or unaffected, based on the presence (or absence) of neurological damage (Kahn 
2005), including: 1) Motor response (we extended and released a leg and noted whether retraction occurred) 
and nociception response (presence/absence of reaction to pain inflicted by pressing a toe with tweezers), 
which reflected effects on the spinal cord; 2) Photopupillary reflexes (presence/absence of response to light 
changes) and ocular motility (ability to follow a light with the eyes), which reflected the midbrain response 
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(i.e., in the ocular [II] and oculomotor [III] cranial nerves); and 3) The palpebral reflexes (whether the eyelid 
closed when we touched the medial and lateral canthus of the eye), which reflected the response of the 
medulla oblongata and the pontine nucleus (i.e., in the trigeminal [V] and facial [VII] cranial nerves) . 

 Sample preparation of amphibian tissues for lesion examination through histological analysis was 
carried out in the Unit of Histology of the Andalusian Molecular Biology and Regenerative Medicine Centre 
(https://www.cabimer.es/web3/unidades-apoyo/histologia/), following the methods described in Rojas et al. 
(2005).  
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Supporting Information - Appendix S2 
 

Literature review on the functional ecology of iridomyrmecin 

We searched the ISI Web of Science for the word “iridomyrmec*” to obtain published articles about 
iridomyrmecin (accessed 15 November 2018). The search returned 61 articles. We increased this total by 
finding additional articles cited therein. In each publication, at the first mention of iridomyrmecin, we noted 
the function of iridomyrmecin as assessed by the authors. We established the following categories for these 
functions:	 defense, insecticide, antibiotic, alarm, antibacterial, trail pheromone, cat-attracting chemical, 
necrophoresis, or no function specified. Publications could fall into more than one category. We also 
categorized each article with respect to its main subject: synthesis of iridomyrmecin, iridomyrmecin in other 
species, chemical composition of exocrine secretions, chemical structure, insecticide, trail pheromone, 
defensive compound, pharmacological research, antibiotic, necrophoresis, or alarm pheromones (Supporting 
Information Table S1). Finally, we analyzed (i) the relative importance of each described function of 
iridomyrmecin in the literature and (ii) which other species have and use iridomyrmecin and for what 
purpose. 

The review unearthed 116 articles published between 1948 and 2018. When iridomyrmecin was assigned a 
function at its first mention in the text (N = 93), the two most frequently cited functions were “defense” and 
“insecticide” (See Table 1a, below). Most of the ant species with iridomyrmecin belong to the Dolichoderine 
family and notably the genera Iridomyrmex, Tapinoma, and Dolichoderus (See Table 1c, below). However, 
not all species in these genera have iridomyrmecin (e.g. T. melanocephalum, Tomalski et al 1987). 
Iridomyrmecin has also been found in non-Dolichoderinae ants (i.e. Pheidole biconstricta, Davidson et al. 
2005), in non-ant insects, (i.e. parasitic wasps and anthicide beetles, See Table S1c, below) and in plants 
(Riddick et al. 2008). In all cases, iridomyrmecin has been reported to be an effective repellent. However, 
while Pavan and Ronchetti (1955) found that iridomyrmecin has insecticidal and antibiotic properties, they 
did not show that this compound was toxic for vertebrates (i.e., tests performed with dogs, rodents, and 
humans).
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Supporting Information Table 1. Context in which iridomyrmecin appears in previous Literature. (a) 
The functions for iridomyrmecin at the first mention in the text. Some studies refer to more than one 
function, so proportions here are referred to the total number of functions (138). (b) Main goal of the article. 
Data come from 116 articles expanding from 1948 to 2018. (c) Other animal taxa having and using 
iridomyrmecin. 
 

a. Function of iridomyrmecin abbreviation (a) % 
No function specified  NS 33 
Defense DEF 22 
Insecticide INS 22 
Antibiotic ANT 7 
Antibacterial AntB 6 
Alarm AL 4 
Trail TR 3 
Cat attracting chemical CA 3 
Necrophoresis NE 1 

 
b. Main goal of the article abbreviation (b) %  
Synthesis of iridomyrmecin SYN 28 
Iridomyrmecin in other species OtSp 15 
Chemical composition of exocrine secretions ExS 14 
Chemical structure CH 13 
Defensive compound DEF 9 
Trail pheromone TR 6 
Pharmacologic research PH 5 
Insecticide INS 5 
Antibiotic ANT 4 
Necrophoresis NE 1 
Alarm pheromones AL 1 

 
c. Iridomyrmecin in other animal taxa abbr. (c) 
Ant Subfamily Dolichoderinae Conomyrma sp.  Cono 
  Dolichoderus scabridus  Dsca 
  Iridomyrmex nitidiceps  Inip 
  Iridomyrmex pruinosus  Ipru 
  Iridomyrmex purpureus  Ipur 
  Tapinoma erraticum  Terr 
  Tapinoma cf. nigerrimum Tnig 
  Tapinoma sessile  Tsess 
  Tapinoma simrothi  Tsim 
 Subfamily Myrmicinae Pheidole biconstricta  Pbic 
Non-ant Athicid beetle Formicomus pedestris  Fped 
  Formicomus rubricollis  Frub 
  Microhoria terminate  Mter 
 Parasitic wasp Alloxysta brevis Abre 
  Alloxysta victrix Avic 
  Aphidius uzbekistanicus Auzb 
  Leptopilina heterotoma (Lhet) 
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Year Reference a b c 
2018 Pfeiffer, L; Ruther, J; Hofferberth, J;Stökl, J. Interference of chemical defence and sexual communication can shape the evolution of chemical 

signals. Scientific Reports 8 (321) DEF OtSp Lhet 

2018 Welzel, KF; Lee, SH; Dossey, AT; Chauhan, KR; Choe, D-H. Verification of Argentine ant defensive compounds and their behavioral effects 
on heterospecific competitors and conspecific nestmates. Scientific Reports 8 (1477) DEF DEF  

2017 
Bol, S; Caspers, J; Buckingham, L; Anderson-Shelton, GD; Ridgway, C; Buffington, CAT; Schulz, S; Bunnik, EM. Responsiveness of cats 
(Felidae) to silver vine (Actinidia polygama), Tatarian honeysuckle (Lonicera tatarica), valerian (Valeriana officinalis) and catnip (Nepeta 
cataria). BMC Vet Res 13:1–15 

CA OtSp  

2016 Adachi, M; Miyazawa, Y; Nishikawa, T. Improved Syntheses of (+)-Iridomyrmecin and (-)-Isoiridomyrmecin, Major Components of 
Matatabilactone. Nat Product Commun 11:883–886 CA SYN  

2016 
Lin, L; Cheng, XL; Li, MZ; Wang, T; Dong, MH; Wang, ZY; Liao, M. Antitumor effects of iridomyrmecin in HeLa cervical cancer cells are 
mediated via apoptosis induction, loss of mitochondrial membrane potential, cell cycle arrest and down-regulation of PI3K/Akt and up-
regulation of lncRNA CCAT2 expression. Bangladesh J Pharmacol 11:856–862 

NS PH  

2016 Rehova, L; Dracinsky, M; Jahn, U. A general approach to iridoids by applying a new Julia olefination and a tandem anion-radical-carbocation 
crossover reaction. Org Biomol Chem 14:9612–9621 CA OtSp  

2016 Scaffidi, A; Algar, D; Bohman, B; Ghisalberti, EL; Flematti, G. Identification of the Cat Attractants Isodihydronepetalactone and 
Isoiridomyrmecin from Acalypha indica. Aust J Chem 69:169–173 CA OtSp  

2016 Stökl, J; Herzner, G. Morphology and ultrastructure of the allomone and sex-pheromone producing mandibular gland of the parasitoid wasp 
Leptopilina heterotoma (Hymenoptera: Figitidae). Arthropod Struct Dev 45:333–340 DEF OtSp Lhet 

2015 Ebrahim, SAM; Dweck, HKM; Stokl, J; Hofferberth, JE; Trona, F; Weniger, K; Rybak, J; Seki, Y; Stensmyr, MC; Sachse, S; Hansson, BS; 
Knaden, M. Drosophila Avoids Parasitoids by Sensing Their Semiochemicals via a Dedicated Olfactory Circuit. PLoS Biol 13: e1002318 DEF OtSp Lhet 

2015 Neff, RR. Identification and characterization of trail pheromones and queen pheromones in the Argentine ant, Linepithema humile.  
PhD thesis - University of California - Riverside, 164 pp NS TR  

2015 Stökl, J; Machacek, Z; Ruther, J. Behavioural flexibility of the chemical defence in the parasitoid wasp Leptopilina heterotoma. Sci Nat- 
Heidelberg 102:1–4 DEF OtSp Lhet 

2014 Cerdá, X; van Oudenhove, L; Bernstein, C; Boulay, RR. A list and some comments about the trail pheromones of ants. Nat Product Commun 
9:1115–1125 TR TR Tnig 

2014 Chauhan, KR; Schmidt, W. Biorational synthesis of iridomyrmecin diastereomers from catnip oil. Tetrahedron Lett 55:2534–2536 DEF SYN  

2013 Fischman, CJ; Adler, S; Hofferberth, JE. Divergent Diastereoselective Synthesis of Iridomyrmecin, Isoiridomyrmecin, Teucrimulactone, and 
Dolicholactone from Citronellol. J Org Chem 78:7318–7323 NS SYN  

2013 Weiss, I; Rossler, T; Hofferberth, J; Brummer, M; Ruther, J; Stokl, J. A nonspecific defensive compound evolves into a competition avoidance 
cue and a female sex pheromone. . Nat Commun 4: 2767 DEF OtSp Lhet 

2012 Choe, DH; Villafuerte, DB; Tsutsui, ND. Trail Pheromone of the Argentine Ant, Linepithema humile (Mayr) (Hymenoptera: Formicidae). PLoS 
One 7: e45016 TR TR  

2012 
Hilgraf, R; Zimmermann, N; Lehmann, L; Troger, A; Francke, W. Stereoselective synthesis of trans-fused iridoid lactones and their 
identification in the parasitoid wasp Alloxysta victrix, Part II: Iridomyrmecins in the parasitoid wasp Alloxysta victrix. Beilstein J Org Chem 
8:1256–1264 

ANT OtSp Avic 

2012 Stökl, J; Hofferberth, J; Pritschet, M; Brummer, M; Ruther, J. Stereoselective chemical defense in the Drosophila parasitoid Leptopilina 
heterotoma is mediated by (-)-Iridomyrmecin and (+)-Isoiridomyrmecin. J Chem Ecol 38:331–339 DEF OtSp Lhet 

2012 Van Oudenhove, L; Boulay R; Lenoir A; Bernstein C; Cerdá X. Substrate temperature constrains recruitment and trail following behavior in 
ants. J Chem Ecol 38:802–809 NS TR Tnig 

2012 Zimmermann, N; Hilgraf, R; Lehmann, L; Ibarra, D; Francke, W. Stereoselective synthesis of trans-fused iridoid lactones and their 
identification in the parasitoid wasp Alloxysta victrix, Part I: Dihydronepetalactones. Beilstein J Org Chem 8:1246–1255 NS SYN Avic 

2011 Martinez, MJ; Weis, EM. Field observations of two species of invasive ants, Linepithema humile Mayr, 1868 and Tetramorium bicarinatum 
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Supporting Information S3. Linepithema humile ants overlap temporally and spatially
with amphibians Relative abundances over time of Epidalea calamita toadlets emerging

from temporary ponds and (a) native ants or (b) L. humile ants. Invaded and uninvaded

areas around ponds sampled in April May 2013 during amphibian emergence. Values

represent the mean number (±SE) of toadlets per transect or ants per bait. Note the

differences in axis scale between (a) and (b) regarding ants. (c) Mean (±SE) number of

dead amphibians found along L. humile trails during the juvenile amphibian emergence

period over three different seasons (May and June 2013, 2014, and 2018). (d, e, f)
Examples of different phases of ant predation on amphibians: (d) ants attack P. cultripes
toadlet; (e) freshly killed H. meridionalis covered by L. humile, around two hours after an

attack; (f) skeleton of an H. meridionalis froglet, fewer than 12 h after an attack. Photo

credits: Fernando Amor (d) and Elena Angulo (e,f).
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Peak 
number 
in:

(c) (d) Compound

1 1 1-Decanol (IS)

2 Iridodial 1

3 Dolichodial

4 Tridecane

5 Iridodial 2

6 iridodial3

7 Iridodial 4

8 8 Tetradecane

9 9 Iridomyrmecin 1

10 Iridomyrmecin 2

11 Dihydronepenta lactone

12 Pentadecane

13 2-tridecanone

14 3-methyl pentadecane

15 15 Hexadecane

(e)                            

Supporting Information S4. Identification of Lineptihema humile ant venom. Longitudinal
section of the abdomen of a, Linepithema humile and b, Tapinoma cf. nigerrimum. Partial
chromatograms showing the iridodial/dolichodial iridomyrmecin complex of the pygidial glands of: c,
Linepithema humile workers and d, Tapinoma cf. nigerrimum workers. e, List of compounds
associated with the peaks in c and d. Iridomyrmecin and iridodials with different numbers are
isomers. Note that the hydrocarbons may have originated from the cuticular intima lining the gland.

Glands:
PyG, PyG-d: Pygidial gland and duct
PG,PG-r: Pavan gland and reservoir
VG, VGd: Venom gland and duct
DG: Dufour gland

Other structures:
GG: ganglion
HG: hindgut
OV: ovariole
VS: vestigial sting
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