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Abstract

Despite the extraordinary diversity of organisms associated with ants, few species or genera have been inventoried for the
myrmecophilous communities they host. Here, we review the known information on Lepidoptera associated with the ant
genus Ectatomma, based on: (a) extensive colony sampling and observations on six focal species (E. tuberculatum, E. brun-
neum, and four cryptic species of the E. ruidum species complex) over a period of 43 years in Mexico, French Guiana, and
Colombia, (b) a follow-up of the available literature, and (c) an analysis of Ectatomma images from various photographic
databases available online and direct observations in Brazil and Suriname. No lepidopteran species were found inside the
nests, but a wide variety of facultative mutualisms were observed outside on plants bearing extrafloral nectaries and/or
honeydew-producing hemipterans; however, around 15% involved a form of commensalism, with no direct physical butterfly—
ant interaction. Various new associations, previously unnoticed, are reported, and we illustrate a new symbiotic association
between Rekoa palegon and E. ruidum sp. 2 in Mexico. At least 29 lepidopteran species from 19 genera, belonging to four
tribes in three subfamilies and three families, participate in 41 associations involving only 5 of the 18 known Ectatomma
species, all 5 characterized by visiting liquid food sources on foliage. Specialized interactions with Ectatomma ants were
only found in three Riodinidae species, while in Lycaenidae interactions were all facultative. A greater sampling effort is
needed, including nocturnal sampling and studies on little-studied species of this genus, to obtain a comprehensive picture
of the extent of Ectatomma—Lepidoptera interactions.

Keywords Myrmecophiles - Lycaenidae - Riodinidae - Nymphalidae - Mutualism - Commensalism - Biodiversity reservoir -
Rekoa

Introduction

Ants interact in many ways with a multitude of other arthro-
pods, establishing relationships ranging from facultative to
highly specialized (Kistner 1982; Schmid-Hempel 1998;
Lachaud et al. 2012, 2013; Holldobler and Kwapich 2022).
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However, despite the extraordinary diversity of organisms
associated with their societies, few ant species or genera
have been the focus of a detailed inventory of the myrme-
cophilous communities they host. To date, the best-known
and most striking example is certainly that reported by
Rettenmeyer et al. (2011) for the army ant Eciton burchellii,
a keystone species, with its 557 associates, ranging from
birds to insects and mites, recorded over the course of
55 years of field studies. With the exception of red wood
ants of the genus Formica, which are of interest in forest
and heathland ecosystems (Parmentier et al. 2014), or red
ants of the genus Myrmica, which are important model
species for many biological, physiological, chemical, and
ecological studies (Witek et al. 2014), almost no compre-
hensive review has been carried out on the more than 330
other existing ant genera. In many cases, even regarding ant
genera that have been the subject of detailed studies due
to their importance as tramp species, agricultural pests, or
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potential biological control agents (e.g., Anoplolepis, Line-
pithema, Atta, Oecophylla), information is widely scattered
in the literature. For less charismatic or less well-known
genera, or those perceived as less important from an ecologi-
cal or economic point of view, information is even scarcer.
Nevertheless, numerous reports on various associations
are available, even within species-poor ant genera, albeit
widely dispersed as adventitious information or part of the
gray literature. In addition, a growing body of information
has recently emerged from citizen science records available
on the Internet, such as public photo repositories (Flickr,
GBIF, iNaturalist, and similar databases), with photographic
records increasingly becoming recognized resources in the
study of biodiversity (Rousselet et al. 2013; Leighton et al.
2016; Suzuki-Ohno et al. 2017; Hochmair et al. 2020; Rob-
erts et al. 2022; Szentivanyi and Vincze 2022).

Species of the genus Ectatomma are mainly predatory,
hunting a variety of prey, but they also scavenge on dead
arthropods or animals, and some species exploit sugary
resources (fruit pulp, floral and extrafloral nectary, hon-
eydew, or similar excretions) (Lachaud 2021). The genus,
exclusively neotropical but widely distributed, contains few
species: 14 extant and 1 fossil species currently recognized,
and at least 4 cryptic species in the E. ruidum species com-
plex, which, due to the presence of extensive mitochondrial
heteroplasmy and the current impossibility of accurately dis-
tinguishing them on the basis of morphological characters,
are still referred to as E. ruidum sp. 1, 2, 3, 4 (Kugler and
Brown 1982; Feitosa et al. 2008; Nettel-Hernanz et al. 2015;
Aguilar-Velasco et al. 2016; Meza-Lazaro et al. 2018, 2022;
Pefia-Carrillo et al. 2021, 2022). Several of them, such as E.
tuberculatum and E. ruidum sp. 1 and sp. 2, are considered
dominant and important natural control agents in various
agroecosystems (Perfecto 1990; Lachaud 1990, 2021; Majer
et al. 1994; Ibarra-Nuiflez et al. 2001; Schatz and Lachaud
2008). Because Ectatomma ants commonly display aggres-
sive behavior, providing efficient protection to plants against
herbivores and nectar thieves (Leal et al. 2006; Sanz-Veiga
et al. 2017; Melati and Leal 2018; Ibarra-Isassi and Oliveira
2018), species of this genus have long been considered poor
candidates to harbor an abundant community of myrmeco-
philes or to establish stable mutualistic associations. How-
ever, over the last few decades, several cases of invertebrate
associates have occasionally been reported when excavat-
ing nests of various Ectatomma species (e.g., Antonialli
and Giannotti 1997, 2001; Vieira et al. 2007; Lachaud and
Pérez-Lachaud 2012, 2015; Torréns 2013; Pérez-Lachaud
et al. 2019) or by studying interactions between foragers and
other organisms outside the nests (e.g., Wood 1984; DeVries
et al. 1992; Kronauer 2004; Espadaler et al. 2012; Lapeéze
2021). Until now, no systematic and comprehensive review
of any myrmecophile taxa associated with Ectatomma has
been attempted, except for cases that involve ant primary
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parasitoids (Lachaud and Pérez-Lachaud 2015). Here, we
focus on associations between ants of this genus and both
lepidopteran caterpillars and adults. Our aim was to gather
data from different sources and supplement them with our
own observations.

Lepidoptera is one of the most widespread and recogniz-
able insect orders in the world, with about 180,000 described
species, present on Earth for at least 190 million years.
Adults play an important role as pollinators (Willmer 2011;
Walton et al. 2020) and are at the base of the food chain
for many predatory species (Hooks et al. 2003; Nyffeler
et al. 2018; Siddiqui et al. 2023); conversely, their larvae
are essentially phytophagous and often considered prob-
lematic in agriculture (Zhang 1994; Hill 2008). The larvae
of a minority of species are predators, social parasites or
parasitoids of other insects, especially ant-associated species
(Cottrell 1984; Pierce 1995). Some lepidopteran species are
toxic to predators by sequestering chemicals from the plants
they eat or by making their own toxins (Nishida 2002); some
other species use multimodal strategies as camouflage or
mimicry to protect themselves from predators (Quicke 2017;
Casacci et al. 2019).

The caterpillars of many species belonging predominantly
to the sister butterfly families Riodinidae and Lycaenidae
can form symbiosis with ants, with relationships ranging
from parasitic to mutualistic, and from facultative to obligate
(Fiedler 1991, 2021; Pierce et al. 2002; Pierce and Danko-
wicz 2022). Caterpillar traits such as a protective thick cuti-
cle, the production of appeasing substances or rewards in
the form of semiochemicals rich in amino acids and sugary
secretions, as well as the production of ant-mimicking vibra-
tory calls or the exhibition of several strategies of chemical
imitation of their host ants contribute to minimize predation
risk by ants (Schonrogge et al. 2017; Cassacci et al. 2019);
in return, they can obtain a degree of protection from their
natural enemies. Several very specialized species are even
able to overcome the host colony defenses and succeed in
entering the ant nests and integrate the host colony social life
(Malicky 1970; DeVries 1988, 1990, 1991a; Fiedler 1991,
2012, 2021; Pierce et al. 2002; Kaminski et al. 2021; Pierce
and Dankovicz 2022). Social parasitism has emerged in
Lycaenidae several times through different eco-evolutionary
routes (Fiedler 1998). In the most emblematic case, species
of Phengaris (= Maculinea) have phyto-predacious caterpil-
lars, that is, they have an initial herbivorous phase followed
by the adoption by ants and invasion of the ant nest, where
they can be predators or kleptoparasites (Henning 1983; Als
et al. 2004; Schonrogge et al. 2017; Casacci et al. 2019).

Many ant species have developed mutualistic interac-
tions with plants that provide nectar from floral and extra-
floral nectaries (EFNs) that are also attractive to many
other insect taxa, including both caterpillars and adult but-
terflies (DeVries 1991a). In both facultative and obligate
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myrmecophilous butterflies, the oviposition pattern of
females is ant mediated, as they tend to lay eggs in plants
visited by ant species that engage in stable associations with
their larvae (Atsatt 1981a; Pierce and Elgar 1985; Kaminski
et al. 2010). For example, the occurrence of facultative myr-
mecophilous caterpillars of Synargis calyce (Riodinidae) in
the EFN-bearing shrub Banisteriopsis malifolia (Malpighi-
aceae) is based on the abundance of the ant species Cam-
ponotus blandus, as the females of this butterfly oviposit
predominantly in plants where C. blandus are more abundant
(Alves-Silva et al. 2018). In many cases, the myrmecophil-
ous butterflies exploit a pre-existing ant—plant mutualism
to their advantage, monopolizing aggressive ants by offer-
ing more attractive resources than the plant’s EFNs through
secretions from specialized ant organs (e.g., perforated
cupola organs (PCOs), tentacle organs (TOs) and dorsal nec-
tary organ (DNO) in Lycaenidae; anterior tentacle organs
(ATOs), tentacle nectary organs (TNOs) and vibratory papil-
lae (VP) in Riodinidae) (DeVries and Baker 1989; Bliithgen
and Fiedler 2004; Katayama et al. 2013; Alves-Silva et al.
2018). For other myrmecophilous lepidopteran species,
interaction with ants is weaker, with no direct protection of
eggs and larvae, or without any food reward for ants, which,
by their mere presence, reduce the action of potential para-
sitoids and predators that might disrupt egg laying, and thus
act as oviposition cues of enemy-free space (Atsatt 1981b).

Materials and methods
Compilation of known associations

We evaluated the Lepidoptera present in nests or attended
by foragers through extensive colony sampling span-
ning 43 years and observations on six focal species of
Ectatomma (E. brunneum, E. tuberculatum, and four species
(Ectatomma sp. 1, sp. 2, sp. 3, and sp. 4) of the E. ruidum
species complex) in Mexico, French Guiana, and Colom-
bia, and unpublished natural history records from Brazil and
Suriname by LAK also available in a citizen science project
in iNaturalist (Kaminski 2021a). The first four species are
the most common and most studied Ectatomma species and
those with the widest distribution within the genus (Nettel-
Hernanz et al. 2015). In addition, we reviewed all available
literature on all Ectatomma species since the description
of the genus by F. Smith in 1858. A literature search was
performed on several platforms, including Web of Science,
Google Scholar, antcat.org, and antwiki.org using the key-
words “Ectatomma’”, “butterfly”, “Lepidoptera”, “associate”,
“interaction”, and “caterpillar”. We also reviewed all the
information available on the web, especially images involv-
ing any Ectatomma ant found on public photo repositories
such as Flickr, Facebook, GBIF, iNaturalist (Kaminski

2021a), and similar databases, and we directly contacted the
authors of the photographs when supplementary information
was needed. In this review, only images where the associated
lepidopteran species could be reliably identified, at least at
genus level, were considered.

New association record

As part of a project on ant parasitoids, where colonies of
E. tuberculatum and E. ruidum sp. 2 were collected in a
coffee plantation at the INIFAP experimental station of
Rosario Izapa, Tuxtla Chico Municipality, Chiapas, Mex-
ico (14°57'42"N-92°09"21"W, 403 m asl), casual observa-
tions were made on Melanthera nivea (Asteraceae) flowers
located at the edge of a dirt road where E. ruidum workers
were foraging. A caterpillar was incidentally recorded inter-
acting with ants (see “Results”), around 10:00-11:00 am,
on two successive cloudy days, on February 28 and March
1,2010.

Melanthera nivea, commonly known as “snow squar-
estem”, “pineland squarestem”, or “’yerba de cabra”, is native
to North America and the Caribbean region, and ranges from
Illinois and southeastern USA to northern South America
(Colombia, Ecuador, Peru, and Venezuela), and the Greater
and Lesser Antilles (Wagner and Robinson 2001). In Mex-
ico, it is present in Campeche, Chiapas, Colima, Guerrero,
Jalisco, Michoacan, Nayarit, Oaxaca, Queretaro, Quintana
Roo, San Luis Potosi, Tabasco, Tamaulipas, Veracruz, and
Yucatan (Villasefior Rios and Espinosa Garcia 1998). Very
variable ecologically and morphologically, it is a perennial,
herbaceous wildflower or shrub forming dense clusters along
roadsides and reproducing by seeds and by stolons which
allow vegetative propagation. Both floral and EFNs (at the
junction of the veins on the abaxial side of the leaf) attract a
wide range of arthropods. A study conducted in Costa Rica
(Mexz6n and Chinchilla 2000) ranked it as one of the plant
species that attracts the largest number of insect families.
Apart from various species of ants, the main groups of visi-
tors are flies of the families Otitidae, Richardiidae, Sepsidae,
Syrphidae, wasps of the families Braconidae, Chalcididae,
Evaniidae, Ichneumonidae, and Pteromalidae (Mexz6n and
Chinchilla 2000), and both adults and caterpillars of numer-
ous lepidopterans.

Results

Since 1981, we collected and revised at least 2422
Ectatomma nests (56 of E. brunneum, 227 of E. tubercula-
tum, 609 of E. ruidum sp. 1, 1454 of E. ruidum sp. 2, 49 of E.
ruidum sp. 3, and 27 of E. ruidum sp. 4). Several invertebrate
associates have been recorded, but no lepidopteran speci-
men has ever been found inside the nests, and no mention
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of such presence in Ectatomma nests has been reported in
the literature. However, our literature review provided a
wide variety of facultative comensalisms and mutualisms
observed outside the nests. On numerous occasions, workers
of several Ectatomma species have been observed tending
caterpillars for excretions produced by specialized organs. In
most cases, the ants can solicit droplets of honeydew through
rapid antennation. In other cases, Ectatomma workers were
observed resting near lepidopteran adults without direct
physical interaction. The most conservative assessment of
the number of associations recorded between butterflies and
Ectatomma species is 41, involving 29 lepidopteran species
of 19 genera from four tribes in three subfamilies and three
families (all true butterflies, Papilionoidea), but only 5 of the
18 extant Ectatomma species (Table 1). These associations
are listed below in alphabetical order for species within each
tribe, and taxonomic arrangements follow Seraphim et al.
(2018), Robbins et al. (2022), and Warren et al. (2024).

Lycaenidae (Theclinae, Eumaeini)

Allosmaitia strophius (Jantheclina): The Strophius Hair-
streak is widely distributed from southern USA (Texas) to
southern Brazil and the province of Misiones in Argentina
(GBIF.org 2023). While adults are usually observed feeding
on the nectar of small flowers of various families, larvae
are specialized in feeding exclusively on reproductive tis-
sues (buds and flowers) of Malpighiaceae (Fiedler 1991,
Kaminski and Freitas 2010; Silva et al. 2014) and occasional
cannibalism by larvae on individuals in prepupal and pupal
phases has been observed (Silva et al. 2014). Females lay
several eggs per inflorescence, but only two eggs per bud
(Kaminski and Freitas 2010). The oviposition is mediated
by the ant presence (Béchtold et al. 2014, 2017). Various
associations with E. tuberculatum have been observed on
two EFN-bearing shrubs (Malpighiaceae) that occur in the
Brazilian savanna: Banisteriopsis malifolia (Béachtold et al.
2016) and Peixotoa tomentosa (Bichtold et al. 2016, 2017).
Two associations with E. edentatum have also been found on
P. tomentosa (Bichtold et al. 2017). Although A. strophius
larvae exhibit several behavioral and morphological adap-
tations related to myrmecophily (absence of a “beat reflex”
(rearing up the body, curling and wriggling vigorously), den-
dritic setae, thick cuticle, perforated cupola organs, dorsal
nectar organ (but apparently non-functional)), assumed to
prevent ant attacks (Kaminski and Freitas 2010), no direct
symbiotic interactions were observed in the field between
individuals of both Ectatomma species (or any other ant)
and A. strophius eggs or larvae that co-occurred with them
on the same host plant (Béchtold et al. 2017). This species
appears to be a commensal which does not offer rewards
to ants, although the caterpillars are occasionally touched
by ants close to the PCOs; moreover, the caterpillars are
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chemically camouflaged (Lima et al. 2021). However, ant
presence seems to facilitate oviposition as more eggs were
found in branches patrolled by Camponotus blandus or E.
tuberculatum foragers and all direct observations of female
oviposition occurred only on plants with E. tuberculatum
present (Bichtold et al. 2017).

Arawacus lincoides (Strymonina): The Lincoides Hair-
streak or Side-striped Hairstreak or Stripe-streak is distrib-
uted from Honduras to western Ecuador, Colombia, and
French Guiana and has been reported in Trinidad (Robbins
1991a; GBIF.org 2023). In Panama, larvae commonly feed
on several species of Solanum (Solanaceae), and females
oviposit on the leaves and twigs of Solanum lancaeifolium
and S. ochraceo-ferrugineum (Robbins and Aiello 1982).
Ants ignore the first two instars, but larvae of the two last
instars secrete fluid through their dorsal nectar organ that is
actively removed by several Pheidole sp. foragers simultane-
ously or by one worker at a time for both E. ruidum and E.
tuberculatum (Robbins and Aiello 1982; Robbins 1991a).

Arawacus separata (Strymonina): The Separated Strip-
estreak or Zebra Teaser is distributed from Ecuador to the
provinces of Misiones and Santa Fe in Argentina and the
province of Rivera northern Uruguay; it has been captured as
far north as Panama and Guatemala (only one report in each
case, but the identification needs to be confirmed) (GBIF.
org 2023). In Ecuador, larvae feed on species of Solanaceae
such as Solanum stramoniifolium (referred to as S. coconilla)
(Robbins and Aiello 1982). It is commonly found along for-
est edge habitats. In a study carried out in Brazil, eggs were
laid isolated or in small clusters (2-5) near the tip of the
twig and immatures were found on young leaves of Solan-
aceae often accompanied by aggregations of mealybugs and
membracids tended by ants. Larvae are solitary and have
a functional DNO, at least from the second instar onward,
attracting Crematogaster sp., Solenopsis invicta, and vari-
ous species of Camponotus and Pheidole (Dresch 2021). In
addition, all larval stages can be found in association with
ants, which feed on the liquids exuding from the damaged
tissues of leaves cut by caterpillars. A pair of photographs
taken on April 9, 2022 (Fig. 1), in Bolivia (Sara province,
Santa Cruz state) (Kawakami 2022) illustrate a fourth-instar
larva of A. separata observed on Solanum sp. and attended
by two E. tuberculatum workers.

Calycopis sp. (Calycopidina): The genus is widely
distributed from northern USA (Michigan) to Argentina
(Buenos Aires province), but most species are found in
the Neotropics. Larvae of some species are detritivo-
rous (Duarte et al. 2005; Duarte and Robbins 2009),
whereas in other species such as C. mimas (Silva et al.
2011, 2014) they feed on inflorescences of Lythraceae
and Melastomataceae. Larvae of Calycopis have not been
reported being tended by ants; however, larvae present
PCOs and specialized dendritic setae, but mature larvae
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Table 1 List of associations between Lepidoptera and Ectatomma species with type of interaction (when known), and caterpillar morphological

adaptations related to myrmecophily

Lepidoptera species  Associated

Specialized organs or

Sound or vibrations

Relationship New

References

Ectatomma species  structures record/
information
Lycaenidae (Theclinae, Eumaeini)
Allosmaitia E. edentatum DNO*, PCOs, den-  Yes Silva et al. NDSI No Bichtold et al. (2017)
strophius dritic (2014)
E. tuberculatum setae, thick cuticle NDSI, MO No Bichtold et al. (2016)
Arawacus lincoides  E. ruidum species DNO, PCOs Yes DeVries (1991b) FSO No Robbins and Aiello
complex (1982)
E. tuberculatum FSO No Robbins and Aiello
(1982)
Arawacus separata  E. tuberculatum DNO, PCOs Yes? NDI, LDL? Yes Kawakami (2022)
Calycopis sp. E. tuberculatum PCOs, dendritic setae — NDI No Sanz-Veiga et al.
(2017)
Parrhasius polibetes  E. brunneum DNO, PCOs Yes Silva et al. FSO Yes Kaminski (2024a)
(2014)
E. edentatum FSO No Oliveira and Del-Claro
(2005)
E. tuberculatum NDSI No Bichtold et al. (2016)
Rekoa marius E. tuberculatum DNO, PCOs Yes? NDSI No Bichtold et al. (2016)
Rekoa cf. marius E. tuberculatum - - NDI Yes Kaminski (2023a)
(@)
Rekoa palegon E. ruidum sp. 2 DNO, PCOs Yes De Vries FSO Yes This study
(1991b)
Terenthina terentia  E. tuberculatum DNO, PCOs - FSO No Pomerantz (2015)
Thereus lausus E. ruidum species - - NDI Yes Tran (2023)
complex
Tmolus echion Unidentified DNO, PCOs Yes De Vries NDSI, MO? No Robbins and Aiello
Ectatomma sp. (1991b) (1982)
Unidentified E. tuberculatum DNO*, PCOs - NDSI Yes Fierro-Minda (2022)
sp. (sub-tribe
Atlidina)
Riodinidae (Riodininae, Eurybiini)
Eurybia elvina E. ruidum species TNOs Yes De Vries FSO No De Vries et al. (1992)
complex (1991b)
E. tuberculatum FSO No De Vries et al. (1992)
Eurybia lycisca E. ruidum species TNOs Yes De Vries NDI No De Vries et al. (1992)
complex (1991b)
E. tuberculatum NDI No De Vries et al. (1992)
Eurybia sp. nr. E. tuberculatum TNOs? Yes? NDI No De Vries et al. (1992)
molochina hya-
cinthina
Riodinidae (Riodininae, Nymphidiini)
Annulata annulifera E. tuberculatum VP, TNOs - NDI No Torres and Pomerantz
(2016)
Aricoris domina Unidentified - Yes? Kaminski and  MO? No Robbins and Aiello
Ectatomma sp. Carvalho-Filho (1982)
(2012)
E. tuberculatum MO No Robbins and Aiello
(1982)
Nymphidium E. ruidum species VP, TNOs No De Vries (1991b) NDI Yes Kaminski (2023b)
caricae complex
E. tuberculatum NDI No Brévignon and Gallard

(1999)
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Table 1 (continued)

Lepidoptera species ~ Associated Specialized organs or Sound or vibrations  Relationship New References
Ectatomma species  structures record/
information
Nymphidium sp. (b) Unidentified - - NDI No Kursar et al. (2006)
Ectatomma sp.

Parvospila cilissa  E. ruidum species - Yes De Vries NDI No DeVries et al. (1992)

complex (1991b)

Parvospila emylius  E. tuberculatum - Yes De Vries NDI No DeVries et al. (1992)

(1991b)
Parvospila lucianus  E. tuberculatum - Yes? NDI Yes Ramdeen (2021)
Stalachtis phlegia  E. brunneum - No? Seraphim et al. ~ NDI Yes Martins LP in this
() (2018) study
Unidentified - No? Seraphim et al. ~ NDI No Guerra (2017),
Ectatomma sp. (2018) Kaminski LA in

Pérez-Lachaud et al.
(2021)

Synargis abaris E. tuberculatum VP, TNOs Yes? NDI No DeVries et al. (1992),
Smiley (2013), Smi-
ley unpubl.

Synargis calyce E. tuberculatum VP, TNOs Yes? FSO No Alves-Silva et al.
(2018)

Synargis galena E. brunneum VP, TNOs Yes? NDI, MO Yes Kaminski (2024b),
Kaminski LA in
Pérez-Lachaud et al.
(2021)

E. tuberculatum FSO, MO Yes Carreira (2024),
Kaminski (2017)

Synargis gela E. tuberculatum VP, TNOs Yes DeVries (1991b) FSO No DeVries et al. (1992),
Park (2023)

Synargis mycone E. ruidum species VP, TNOs Yes DeVries (1991b) NDI No DeVries et al. (1992)

complex
E. tuberculatum NDI No DeVries et al. (1992)
Thisbe irenea E. ruidum species PCOs, VP, TNOs, Yes DeVries (1991b) FSO No De Vries (1988)
complex ATOs
E. tuberculatum FSO No De Vries (1991b)
Thisbe sp. (d) E. tuberculatum FSO? Yes Greene (2024)
Nymphalidae (Danainae, Ithomiini)
Forbestra olivencia Unidentified No - MO? No Hill (2006)
Ectatomma sp.
Mechanitis polym-  E. ruidum species No No De Vries (1991b) LDL No Young (1978)

nia isthmia

complex

ATOs pair of anterior tentacle organs (in riodinids), DNO dorsal nectary organ or Newcomer’s gland (in lycaenids); FSO ants gathering secre-
tions from lepidopteran specialized organs, LDL ants gathering liquids exuding from damaged leaf tissues, MO mediated oviposition, NDI no
detailed information, NDSI no direct symbiotic interaction observed, PCOs perforated cupola organs, TNOs tentacle nectary organs (in riodi-
nids), VP vibratory papillae (in riodinids)

(a): may correspond to the previous association (Rekoa marius—E. tuberculatum); (b): ant identification questionable or may correspond to
one of the two previous associations (Nymphidium caricae—E. ruidum species complex or E. tuberculatum); (c): the unidentified species of
Ectatomma is probably different from E. brunneum (well known to the observer); (d): may correspond to one of the two previous associations
(Thisbe irenea—E. ruidum or E. tuberculatum). Note that (a), (b), (d) are not included in the total number of associations

*Trait highly probable as it has been reported in other species of the genus
“No functional organ
"No data

apparently lack a DNO (Duarte et al. 2005; Duarte and
Robbins 2009). A non-agonistic interaction between an E.

tuberculatum worker and an adult of Calycopis sp. visiting
simultaneously a pericarpial nectary of Tocoyena formosa
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Fig. 1 A last instar of Arawacus separata attended by two workers of
Ectatomma tuberculatum on Solanum sp. (Sara province, Santa Cruz
state, Bolivia, April 9, 2022). Photo Kozue Kawakami

(Rubiaceae) has been reported in southeastern Brazil
(Palmeira da Serra farm, Pratania, Sao Paulo) (Sanz-Veiga
etal. 2017).

Parrhasius polibetes (Parrhasiina): The Blackspot Haist-
reak is widespread from Nuevo Ledn in Mexico to the prov-
ince of Misiones in Argentina and the central part of Rio
Grande do Sul in southern Brazil (Nicolay 1979; GBIF.org
2023). Eggs are laid on a wide range of plant hosts from at
least 19 families, mainly Euphorbiaceae and Fabaceae (Fie-
dler 1991), and larvae can be found close to the flower buds,
underneath the leaves during molting (Kaminski et al. 2012).
Several ant species are facultatively associated with the lar-
vae in the “cerrado” savanna of Brazil, namely E. edentatum
attending aggregations of the treehopper Guayaquila xiphias
on shrubs of the Araliaceae Didymopanax vinosum (Oliveira
and Del-Claro 2005); infestations by P. polibetes appear to
be higher when tending ants are associated with ant-tended
treehoppers (Kaminski et al. 2010; Mota and Oliveira 2016).
Larvae of P. polibetes have also been recorded in association
with E. tuberculatum on Banisteriopsis malifolia in Brazil-
ian savanna open area (Béchtold et al. 2016), and a series of
11 photographs (Kaminski 2024a) taken on April 14, 2008,
in Brazil (Bosque das Palmeiras, Campinas, Sdo Paulo)
shows two workers of E. brunneum tending a P. polibetes
last-instar larva (Fig. 2) on Eugenia bimarginata (Myrta-
ceae). Although caterpillars have a functional DNO since
the third-larval instar (Kaminski et al. 2012), individuals
of E. tuberculatum were not observed tending any larvae
that co-occurred with them on the host plant (Bichtold et al.

Fig.2 Workers of Ectatomma brunneum tending a late instar of
Parrhasius polibetes on Eugenia bimarginata (Myrtaceae) (Bosque
das Palmeiras, Campinas, Sdo Paulo, Brazil, April 14, 2008). Photo
Lucas Kaminski

2016); conversely, E. brunneum workers feed on the DNO
of last-instar larvae (Kaminski 2024a).

Rekoa marius (Strymonina): The Marius Hairstreak
is found in wet and dry disturbed areas from lowlands to
mountains up to 3000 m. It is distributed from northwestern
Sonora in Mexico and southern Texas in USA, south to La
Paz province in Bolivia and the northeastern region of Bue-
nos Aires province in Argentina (Robbins 1991b; GBIF.org
2023). Adults take nectar from a variety of flowers (Euphor-
biaceae, Trigoniaceae, and Sapindaceae, among others),
while larvae feed on plants from several families, mainly
Fabaceae, Bignoniaceae, Malpighiaceae, and Ochnaceae
(Fiedler 1991; Monteiro 1991; Robbins 1991b), consum-
ing buds and flowers or, occasionally, petals and young
fruits (Silva et al. 2014) and even leaves (Santos-Murgas
et al. 2020); food deprivation triggers larval cannibalism
(Monteiro 1991). Myrmecophilous interactions between
third- and fourth-instar larvae of R. marius and several ant
species have been reported from Brazil (Camponotus cras-
sus, C. rufipes, C. cingulatus, Solenopsis sp., Dorymyrmex
sp., Monteiro 1991) and from Panama (Camponotus lindigi
on Acalypha wilkesiana (Euphorbiaceae) that does not have
EFNs, Santos-Murgas et al. 2020). Antennation by the ants
on the DNO and PCOs was observed, but excretions were
only provided by the DNO (Monteiro 1991). Association
with E. tuberculatum has been reported on Banisteriopsis
malifolia (Béachtold et al. 2016) in Brazilian savanna open
area; however, individuals of E. tuberculatum were not
observed tending any larvae that co-occurred with them on
the host plant. A series of five photographs taken on July 20,
2008, in Brazil (Sdo Joao Batista do Gléria, Minas Gerais)
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illustrate an association between a larva of Rekoa cf. marius
and two workers of E. tuberculatum on Camptosema sp.
(Fabaceae) (Fig. 3), but, in this case also, without any con-
tact (Kaminski 2023a).

Rekoa palegon (Strymonina): New association. The Gold-
bordered Hairstreak is found in wet and dry areas from sea
level to above 2000 m. It is distributed from southern Texas
and northern Mexico (Tamaulipas) to Santiago del Estero
and Santa Fe Provinces in Argentina and southern Rio
Grande do Sul province in Brazil, and has been reported
in the Lesser Antilles (St. Vincent) and in Trinidad and
Tobago (Robbins 1991b; GBIF.org 2023). Adults feed on the
nectar from flowers of different species of Asteraceae and
Boraginaceae and larvae feed on floral buds or flowers of a
wide range of plants, including Verbenaceae, Solanaceae,
Asteraceae, and Polygonaceae (Robbins 1991b; Monteiro
1991, 2000; Silva et al. 2014; Santos-Murgas et al. 2020).
Although larvae of R. palegon possess myrmecophilous
organs (PCOs which are spread throughout the body of the
larva and DNO located in the seventh abdominal segment)
and exhibit facultative associations with various ant spe-
cies (Malicky 1969, 1970; DeVries 1990; Monteiro 1991,
Robbins 1991a), in 1991 Robbins noted that no R. palegon
larvae had yet been recorded being tended by ants in the field
(Robbins 1991b). Since this publication, a few ant species
have been reported interacting with R. palegon, mainly on
Asteraceae, such as Camponotus crassus, Crematogaster sp.
and Azteca sp. (Monteiro 1991, 2000; DeVries pers. comm.
in Fiedler 2021), antennating the larvae on the DNO and
PCOs but obtaining rewards only from the DNO (Monteiro
1991). However, to date, no species of Ectatomma has been
reported to interact with this butterfly.

Fig.3 A third instar of Rekoa cf. marius with workers of Ectatomma
tuberculatum on Camptosema sp. (Fabaceae) (Sdo Jodo Batista do
Gloria, Minas Gerais, Brazil, July 20, 2008). Photo Lucas Kaminski
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At the Rosario Izapa experimental station study site, sev-
eral insects were associated with M. nivea flowers and EFNs
(ants, bees, hemipterans, butterflies, Fig. 4a), including E.
ruidum sp. 2 workers and R. palegon adults (Fig. 4b). On
the morning of February 28, 2010, we observed a green,
spiny caterpillar of R. palegon feeding on a Melanthera
inflorescence (Fig. 5a). A few minutes later, a worker of E.
ruidum sp. 2 was observed foraging on the same inflores-
cence (Fig. 5b), but without attacking the caterpillar. After
approaching and contacting the caterpillar with rapid strokes
of its antennae all over the larva's body (Fig. 5c), the ant
licked different parts of the body and the spines covering the
larva's body (Figs. 5c, 6a, b), but with no apparent prefer-
ence for the seventh abdominal segment where the opening
of the DNO is located. No liquid secretion by the caterpil-
lar could be observed directly, but on prolonged contact,
some liquid (probably originating from the PCOs) clearly
accumulated at the base of the ant's mandibles (Fig. 6a). No
more than two E. ruidum sp. 2 individuals were seen simul-
taneously tending a single R. palegon larva, walking on the
caterpillar's body and palpating it (Fig. 6¢).

Terenthina terentia (Strephonotina): The Terentia Hair-
streak or Orange-Patched Hairstreak is found in rainforests
and cloud forests, at altitudes between 200 and 1800 m. It is
distributed from Puntarenas province in Costa Rica to south-
western Peru, northern Bolivia, and northern Mato Grosso
in Brazil (GBIF.org 2023). Adults feed on nectar from vari-
ous flowering plants including Asteraceae and Verbenaceae.
Observations made in Tambopata, Madre de Dios province
in Peru (Pomerantz 2015), show that larvae feed on the
flower buds of Apodanthes caesariae (Apodanthaceae), a
parasitic plant on Casearia trees. Caterpillars exhibit myr-
mecophilous organs and form symbiotic associations with E.
tuberculatum workers which antennate the caterpillar until it
excretes a droplet of nectar through the DNO that is readily
collected (Pomerantz 2015).

Thereus lausus (Strymonina): The Lausus Hairstreak or
Café-au-lait Haistreak occurs widely in lowland forests from
southern Mexico (Chiapas) and Central America to Ecuador,
Suriname, and Brazil (Amazon and Atlantic Forest region).
The larvae feed on mistletoe (Loranthaceae) and exhibit
facultative myrmecophily (Glassberg and Robbins 2005;
Robbins et al. 2022; K. Nishida in Warren et al. 2024). A
pair of photographs taken on March 23, 2023, in Trinidad
and Tobago (Cocoa Palace, Brasso Seco Village, Tunapuna-
Piarco), show a worker of one of the cryptic species (sp. 1
or sp. 2) of the E. ruidum complex exploring a last-instar
caterpillar of T. lausus (Tran 2023).

Tmolus echion (Strephonotina): The Red-spotted Hair-
streak or Lantana Hairstreak is found from southern Texas
in USA and northern Mexico (Sinaloa and Tamaulipas) to
southern Rio Grande do Sul province in Brazil (GBIF.org
2023). Larvae feed on leaves of Stigmaphyllon lindenianum
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Fig.4 Several insects associ-
ated with flowers and EFNs

of Melanthera nivea (Aster-
aceae). a Bees and butterflies of
various species. b Worker of the
ectatommine ant, Ectatomma
ruidum sp. 2, near a leathopper,
and adult of the butterfly, Rekoa
palegon. Photos Jean-Paul
Lachaud

Fig.5 Interactions between a
caterpillar of Rekoa palegon
and Ectatomma ruidum sp. 2.
a The caterpillar feeding on a
Melanthera inflorescence. b

A worker of E. ruidum sp. 2
foraging on the same inflores-
cence. ¢ The ant standing upon
the caterpillar exploring it with
its antennae. Photos Jean-Paul
Lachaud
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Fig.6 Details of the interaction.
a After a prolonged contact

of the ant with the caterpillar,
some liquid clearly accumu-
lated at the base of the ant's
mandibles. b Worker licking the
caterpillar body. ¢ Two workers
attending a Rekoa palegon
caterpillar. Photos Jean-Paul
Lachaud

(Malpighiaceae) and flowers of Mangifera indica (Anac-
ardiaceae) in Brazil, Lantana camara (Verbenaceae) in
Brazil, Costa Rica, and Hawaii, and Cordia sebestena
(Boraginaceae), Datura arborea, Solanum nodiflorum,
and S. sanitwongsei (Solanaceae) in Hawaii (Robbins and
Aiello 1982). They have been reported only from dicots.
In Panama, a female of T. echion was observed ovipositing
on a flower of Aphelandra deppeana (Acanthaceae) among
numerous workers of an unidentified Ectatomma sp. that
were feeding on secretions from EFNs on the flower bracts
(Robbins and Aiello 1982).

Unidentified caterpillar (Atlidina): Observations of a last
instar of an unidentified species, found near an Ectatomma
tuberculatum worker collecting nectar on an EFN of Inga
sp. (Fabaceae) and apparently showing no aggressive behav-
ior toward the caterpillar, were made in Ecuador (Cube,
Quinindé, Esmeralda Province) on May 28, 2022 (Fierro-
Minda 2022). The sub-tribe Atlidina includes non-myrme-
cophilous species with non-functional DNO (Ballmer and
Pratt 1991; Kaminski, unpubl.). Larvae of some genera of
Atlidina are specialists on mistletoes (Loranthaceae and
Viscaceae) and others are generalists (Robbins et al. 2022).

Riodinidae (Riodininae, Eurybiini)
Eurybia elvina (Eurybiina): The Blind Eurybia or Blind
Sheenmark is distributed from the states of Nayarit, Jalisco,

and Veracruz in Mexico to Peru (Cusco province) and Bra-
zil (Sdo Paolo state) (GBIF.org 2023). In Mexico, adults
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are commonly found on the undersurface of leaves of vari-
ous Calathea (Marantaceae), Piper (Piperaceae), and ferns,
while larvae feed on buds and flowers or even on devel-
oping fruits and their seeds (for the late instars) of vari-
ous plants, and cannibalism is frequent under laboratory
conditions (Horvitz et al. 1987). Eggs are laid singly or in
small, spaced clusters (2-5). All larval instars have tropho-
biotic associations with several ant species attracted by the
secretion produced by the TNOs on the eighth abdominal
segment and some of them, such as Solenopsis geminata
and Paratrechina sp., even provide protection in the form
of soil shelters constructed over late instars of E. elvina on
the inflorescences (Horvitz et al. 1987). Caterpillars posi-
tion themselves in the inflorescence such that the TNOs are
presented to the ants at roughly the same level as the plant
EFNs. The pupal stages were also attended by ants even
though they produce no exudates. Larvae have been found in
association with E. ruidum and E. tuberculatum on flowers
of Calathea spp. in Panama (DeVries et al. 1992).

Eurybia lycisca (Eurybiina): The Blue-winged Eury-
bia or Blue-winged Sheenmark is found from Mexico
(Sinaloa) to Ecuador (Santo Domingo de los Tsachilas and
Pichincha provinces) and Peru (Madre de Dios) (GBIF.org
2023). Adults collect nectar on Calathea flowers and lar-
vae feed on the same host plants. Larvae have been found
associated with E. ruidum on flowers of Calathea spp. in
Costa Rica and Ecuador and flowers of Calathea latifolia in
Panama, and with E. tuberculatum on flowers of Calathea
spp. in Costa Rica and Ecuador and flowers of Ischnosiphon
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pruinosus (Marantaceae) in Costa Rica (De Vries et al.
1992).

Eurybia sp. nt. molochina hyacinthina (Eurybiina): Com-
monly known as the Hyacinth Sheenmark, it is distributed
from Peru (Arequipa) to Brazil (Sdo Paulo) (GBIF.org
2023). Larvae were found associated with E. tuberculatum
on flowers of Renealmia sp. (Zingiberaceae) in Ecuador
(DeVries et al. 1992).

Riodinidae (Riodininae, Nymphidiini)

Annulata annulifera (Lemoniadina): The Annulifera Metal-
mark, found in primary rainforests between 400 and 700 m,
is distributed from Venezuela (Bolivar state) to Peru (Madre
de Dios) and Brazil (Rondonia state) (Hall 2018; GBIF.org
2023). In the Tambopata National Reserve, in Peru, adults
and caterpillars of A. annulifera feed on the EFN sugary
secretions of the tip of shoots of two bamboo species of the
genus Guadua (Poaceae), in association with several spe-
cies of ants (E. tuberculatum, Paraponera clavata, Mega-
lomyrmex balzani, and Pheidole sp.), with only one species
of ant being present on each bamboo plant. The ants chase
away other insects, including other ant species, but appar-
ently ignore the butterflies, and E. tuberculatum foragers
have been observed feeding at the same EFNs as both lar-
val and adult A. annulifera (Torres and Pomerantz 2016).
Eggs of A. annulifera are laid in small clusters (4-5) at the
tips of the new shoots of bamboo and larvae feed at the
EFNs of the bamboo. Ant organs (TNOs and one pair of VP)
are present from the third instar onward and the larvae are
actively tended by the ant species present on the plant. Adult
A. annulifera also display an unusual kleptoparasitic behav-
ior, stealing liquids collected by E. tuberculatum from EFNs
of the bamboos and held between their mandibles, without
reciprocal reward to the ants (Torres and Pomerantz 2016).

Aricoris domina (Lemoniadina): Commonly known as
Domina Metalmark, it is distributed from Costa Rica to Pan-
ama. A female A. domina (referred to as Audre domina) has
been observed in Costa Rica laying eggs on a twig of Vismia
baccifera (Guttiferae) near several workers of an uniden-
tified Ectatomma species (different from E. tuberculatum)
that were tending membracids; however, the lepidopteran
flew away when approached by one of the ants (Robbins and
Aiello 1982). In Panama, another female of A. domina was
observed by the same authors hovering over Turnera pana-
mensis (Turneraceae) plants before landing when encoun-
tering and being approached by a group of E. tuberculatum
workers. The female butterfly then turned, presented them
with her opened wings that were repeatedly attacked by the
ants with their mandibles, and laid several eggs before fly-
ing off to another group of ants (Robbins and Aiello 1982).
According to these authors, eggs collected in the field
hatched, but all caterpillars died in the first or second instar

without feeding, suggesting that the caterpillars have an obli-
gate interaction with Ectatomma and possibly diapause in
ant nests. Based on the presence of greasy wings in Arico-
ris adults, it has been suggested that the caterpillars of this
genus may be aphytophagous (Hall and Harvey 2002).
Nymphidium caricae (Nymphydiina): The Linnean Hem-
mark or Common Nymphidium found in gallery forest and
forest edges is distributed from Colombia (Meta) and Suri-
name to the states of Madre de Dios in Peru and Goiés in
Brazil (Callaghan 2001; GBIF.org 2023). Adults commonly
collect nectar from plants of various families, while cater-
pillars have been recorded on Inga vera (Fabaceae) (Sepp
1848). Larvae lack setae, but exhibit myrmecophilous organs
and are found in association with several ant species. An
association with E. tuberculatum has been reported in Inga
sp. in French Guyana (Brévignon and Gallard 1999), a sec-
ond one was observed by one of us in Brazil (L.A. Kaminski
pers. obs. in Pérez-Lachaud et al. 2021 Suppl. Mat.), and two
series of photographs taken on October 1 (9 photographs)
and October 6 (20 photographs), 2023, in Suriname (Mar-
garetha, Commewijne district) (Kaminski 2023b) show an
association between a third instar (Fig. 7a) and a fourth

Fig.7 A caterpillar of Nymphidium caricae associated with a worker
of the Ectatomma ruidum species complex (Margaretha, Commewi-
jne district, Suriname). a Penultimate instar in the field on October 1,
2023; b The same captive caterpillar in the last instar on October 6,
2023. Photos Lucas Kaminski
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instar (Fig. 7b), respectively, of N. caricae with a worker of
one of the species of the E. ruidum complex.

Nymphidium sp. (Nymphydiina): Observations made on
Barro Colorado Island in Panama (Kursar et al. 2006) point
to another unidentified species of Nymphidium, in associa-
tion with an unidentified species of Ectatomma, two lepi-
dopteran larvae being attended by three ant workers on Inga
umbellifera. However, the poor quality of the photograph
(plate 1, p. 3065, in Kursar et al. 2006) does not allow con-
firming the identity of the ant, even at the genus level.

Parvospila cilissa (Pandemina): The Cilissa Metalmark
or Silver-streaked Mimic-skipper is distributed from the
province of Atlintida in Honduras to the province of Cor-
doba in Colombia (Hall 2018; GBIF.org 2023). Larvae feed
on Malpighiaceae. Larvae have been found associated with
E. ruidum on leaves of Stygmaphyllon spp. in Costa Rica
(DeVries et al. 1992).

Parvospila emylius (Pandemina): The Orange-speckled
Grayler or Emylius Metalmark is distributed from Ven-
ezuela (Bolivar), Trinidad and Tobago, and Suriname to
Peru (Cusco, Madre de Dios), Bolivia (Cochabamba), and
Brazil (Mato Grosso) (Hall 2018; GBIF.org 2023). Larvae
feed on Malpighiaceae and have been found associated with
E. tuberculatum on leaves of Stygmaphyllon sp. (Malpighi-
aceae) in Ecuador (De Vries et al. 1992).

Parvospila lucianus (Pandemina): The Lucianus Metal-
mark, is distributed from Costa Rica (La Cusinga) to Peru
(Madre de Dios) and Brazil (Pard) and in Trinidad and
Tobago and Guadalupe (Hall 2018). Larvae feed on Mal-
pighiaceae, and caterpillars are facultatively tended by sev-
eral ant species. A female butterfly was photographed on
August 28, 2021, at Diego Martin, Trinidad, close to an E.
tuberculatum worker carrying nectar between its mandibles
and apparently showing no aggressive behavior toward the
butterfly (Ramdeen 2021).

Stalachtis phlegia (Stalachtina): The White-dotted
Mimic-mark or Dotted Prince is distributed from Venezuela
(Merida) to the state of Mato Grosso (central zone) in Bra-
zil (Magaldi et al. 2021). It has been found in association
with various ant species of Camponotus, Crematogaster,
and Cephalotes, and has been photographed with an uni-
dentified species of Ectatomma (different from E. tubercu-
latum and E. brunneum) in Brazil on a leaf of Simaba sp.
(Simaroubaceae) on November 29, 2017 (Guerra 2017) (see
also L.A. Kaminski pers. obs. in Pérez-Lachaud et al. 2021
Suppl. Mat.). A photograph taken in Brazil in 2013 (Parque
Ecolégico Buritirana, Peri Mirim, Maranhio) by Lucas P.
Martins (Fig. 8) shows several last-instar caterpillars of S.
phlegia attended by workers of E. brunneum.

Synargis abaris (Lemoniadina): The Cinnamon-rimmed
Lemmark, is known from Colombia (Meta, Cundimarca),
Venezuela (Bolivar), Trinidad and Tobago, Guyana, and
Suriname to Peru (Madre de Dios) and Brazil (Ronddnia
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Fig.8 Several last-instar caterpillars of Stalachtis phlegia attended
by Ectatomma brunneum workers (Parque Ecolégico Buritirana, Peri
Mirim, Maranhao, Brazil, 2013). Photo Lucas P. Martins

Fig.9 A caterpillar of Synargis cf. abaris (referred to as Juditha
molpe) with a worker of Ectatomma tuberculatum collecting extraflo-
ral nectar on Passsiflora auriculata (Passifloraceae) (La Selva, Here-
dia Province, Costa Rica, 2013). Identification by Lucas Kaminski.
Photo John Smiley

and Para) (GBIF.org 2023). Larvae are polyphagous and
caterpillars are facultatively tended by several ant species
(DeVries et al. 1992; Kaminski 2021a). Larvae were found
associated with E. tuberculatum on leaves of Acalypha sp.
in Ecuador (DeVries et al. 1992). An unidentified caterpil-
lar, probably cf. S. abaris (referred to as Juditha molpe),
has been reported to be associated with E. tuberculatum on
Passiflora auriculata (Passifloraceae) (Smiley 2013) and
photographed (Fig. 9) while drinking from an EFN along-
side an E. tuberculatum worker also attracted by the EFNs
of this plant (Smiley, unpubl.).

Synargis calyce (Lemoniadina): The White-fringed Lem-
mark or Variable Lemmark or False Nymphidium is distrib-
uted from Mexico (Jalisco and Veracruz) to Peru, Colombia,
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Brazil (Santa Catarina) and Argentina (Misiones) (GBIF.
org 2023). Larvae of S. calyce are generalist in terms of
host plants and tending ants (Ceballos et al. 2024). Larvae
have been found in association with E. tuberculatum on the
EFN-bearing shrub Banisteriopsis malifolia (Alves-Silva
et al. 2018) in Brazilian savanna. Caterpillars respond to
antennation by E. fuberculatum foragers, everting the tenta-
cle organs at the end of their abdomen. However, the inter-
action is apparently not stable, and the ants occasionally
abandoned the caterpillars to forage elsewhere on the plant.
No more than two individuals of E. tuberculatum have been
reported attending a larva simultaneously (Alves-Silva et al.
2018). A photograph taken on November 12, 2002, in Trini-
dad and Tobago (Brasso Seco, Tunapuna-Piarco) (Deacon
2022) shows an association on a Fabaceae between a last-
instar larva of S. calyce and a worker of E. tuberculatum
standing nearby in an apparent protective posture typical of
the species. Furthermore, a series of 12 photographs taken
on September 23, 2023, at Sangre Grande, also in Trinidad
and Tobago (Kaminski 2023d) illustrates a similar associa-
tion with two E. tuberculatum workers, one of the photo-
graphs clearly showing the eversion of the tentacle organs
under stimulation by Ectatomma. This same caterpillar
was tended by Camponotus ants during the night, a daily
rotation that is commonly observed in S. calyce. Two other
series of five photographs each taken on March 21 and 23,
2023 in Brazil (Campus Universidad Federal de Alagoas,
Maceid, Alagoas) illustrate the same association (Fig. 10),
where both species, the ant and the caterpillar, simultane-
ously tend to the iceryine scale Crypticerya multicicatrices
(Hemiptera: Monophlebidae) (Kaminski 2023c). However,
this interaction was not stable, and the ants did not attach

Fig. 10 A worker of Ectatomma tuberculatum and a last instar of
Synargis calyce tending simultaneously iceryine scales (Crypticerya
multicicatrices, Hemipera: Monophlebidae) (Campus Universidad
Federal de Alagoas, Maceid, Alagoas, Brazil, March 21, 2023). Photo
Lucas Kaminski

any importance to the caterpillar as, on other days, the same
caterpillars were being attended to by two different species
of Camponotus during the day and night. Interestingly, there
is still no record of S. calyce everting ATOs during interac-
tions with Ectatomma ants.

Synargis galena (Lemoniadina): The Galena Metalmark
is distributed from French Guiana to Brazil (Minas Gerais)
(GBIF.org 2023). This species occurs in open habitats and
rocky outcrops, being abundant in the Brazilian “cerrado”
savanna (Fig. 11a). Several observations of this species inter-
acting with Ectatomma ants were made in the “cerrado”. An
oviposition event was observed on old leaves of Bauhinia
(Fabaceae) (Fig. 11b), on a plant occupied by E. brunneum.
Another record of oviposition in Byrsonima sp. (Malpighi-
aceae) inflorescences close to E. tuberculatum ants was
made on October 25, 2021 (Parque Mirante das Copaibas,
Brasilia, Distrito Federal, Brazil) (Fischer 2021) (see also
Fig. 11c showing an egg of S. galena close to an E. tuber-
culatum worker). Larvae feed on Fabaceae, Malpighiaceae,
Vochysiaceae, and Euphorbiaceae and have been found in
Brazil in association with E. brunneum and E. tubercula-
tum (L.A. Kaminski pers. obs. in Pérez-Lachaud et al. 2021
Suppl. Mat., and Kaminski 2017, respectively). Three series
of photographs taken in Brazil on March 30, 2013 (Goiés,
Goiéas) (Carreira 2024; Fig. 11d), on November 24, 2013
(Parque Nacional Chapada do Guimaraes, Cuiaba, Mato
Grosso) on an orchid tree (Bauhinia sp.) (Kaminski 2017,
2021b; Fig. 11f), and on November 26, 2013 (Diamantino,
Mato Grosso) (Kaminski 202 1¢) illustrate different instars of
S. galena caterpillars attended by E. tuberculatum workers
(Fig. 11d, f) clearly feeding on fluids secreted by their TNOs,
and their ATOs also were everted during interactions with
ants (Fig. 11e). In the central Amazon (Coari, Amazonas,
Brazil), in a clearing area, a probable cf. S. galena caterpillar
attended by E. brunneum was recorded on a Dilleniaceae on
June 28, 2018 (Kaminski 2024b). All records of immatures
(n=26) and oviposition events (n=2) in four localities in
Mato Grosso and Goias, in the Brazilian “cerrado”, indicate
that S. galena has obligate interactions with Ectatomma ants.

Synargis gela (Lemoniadina): The Hewitson’s Lemmark
is found in Costa Rica (Puntarenas), Venezuela (Bolivar),
Peru (Madre de Dios), and Brazil (Amazonas, Distrito
Federal, Rondodnia, north Mato Grosso, Alagoas) (GBIF.
org 2023). Adults were found on edges and clearings of
lowland secondary forests. Larvae feed on Stigmaphyllon
spp. and Acalypha sp. in Costa Rica (DeVries 1997). In
Ecuador, larvae have been found associated with E. tuber-
culatum on the leaves of Inga sp. (DeVries et al. 1992). A
series of seven photographs taken on November 18, 2017,
in Brazil (Alta Floresta, Mato Grosso) illustrate a fourth-
instar larva of S. gela tended by E. tuberculatum on Inga
sp.; this caterpillar was observed with tending ants during
the day and night (Kaminski 2021d; Fig. 12e). Similarly,
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Fig. 11 Habitat and life stages
of Synargis galena in Brazilian
“cerrado” savanna. a General
view of the “cerrado rupestre”
in Parque Nacional Chapada

do Guimaraes, Cuiaba, Mato
Grosso, indicating places where
interactions with Ectatomma
tuberculatum (yellow stars) and
Ectatomma brunneum (red star)
were found. b Female egg lay-
ing on Bauhinia; note abdomen
tip curved (arrow). ¢ Egg close
to an E. tuberculatum worker.
d Last instar tended by workers
of E. tuberculatum licking their
TNOs in Brazil (Goias, Goias,
March 30, 2013). e Last instar
tended by E. brunneum. f Last
instar tended by E. tubercula-
tum. Photos Lucas Kaminski
(a—f) and Junia Carreira (d)

in southern Amazonia (Estacdo Ecoldgica Serra das Ara-
ras, Porto Estrela, Mato Grosso), an intermediate and a last
instar were observed tended by E. tuberculatum on Inga sp.
(Fig. 12a, b). This same last-instar caterpillar was observed
in the prepupal phase at the base of the plant hosting the ant
nest (Fig. 12¢). Another series of three photographs taken on
January 22, 2023, in French Guiana (Trésor Regional Nature
Reserve, Roura, Cayenne) shows two workers of E. tuber-
culatum tending a larva (Fig. 12d), one of them collecting
nectar from the TNOs (Park 2023). All records of caterpil-
lars made during the day and night in different localities in
Brazil, Ecuador, and French Guiana indicate that S. gela has
obligate interactions with E. tuberculatum ants.

Synargis mycone (Lemoniadina): Known as the Rusty
Metalmark, this species is distributed from Mexico (Colima,
Morelos, Nayarit, Oaxaca, Jalisco, Veracruz) to Ecuador
(Loja) and Peru (Pirua). Larvae feed on Dilleniaceae, Cae-
salpiniaceae, Fabaceae, Sapindaceae, Euphorbiaceae, Polyg-
alaceae, Polygonaceae, and Bignoniaceae and caterpillars
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are facultatively tended by several ant species (DeVries et al.
1992; DeVries 1997). Larvae were found associated with
E. ruidum on the leaves of Pithecellobium sp. (Fabaceae),
Paullinia fibrigera (Sapindaceae), Securidaca diversifolia
(Polygalaceae), Phryganocydia corymbosa and Pachyptera
kere (Asteraceae), Doliocarpus sp. and Tetracera sp. (Dille-
niaceae) in Panama, and with E. tuberculatum on the leaves
of Cassia fruticosa (Fabaceae) in Costa Rica and Panama,
and leaves of Tetracera sp. and Omphalea diandra (Euphor-
biaceae) in Panama (De Vries et al. 1992).

Thisbe irenea (Lemoniadina): The Sailor’s Lemmark is
distributed from Mexico (Oaxaca, Veracruz) and Costa Rica
(Alajuela) to Colombia, Brazil (Amazonas, Espirito Santo,
Mato Grosso), and Trinidad. Larvae feed on Euphorbiaceae.
Facultative mutualism with E. ruidum and E. tuberculatum
on leaves of Croton billbergianus (Euphorbiaceae) has been
reported in Panama where T. irenea larvae (third to fifth
instars) appease their host using larval ant organs (VP, TNOs
and ATOs), while the ants protect larvae against predatory
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Fig. 12 Interactions between
Synargis gela and Ectatomma
tuberculatum ants. a—c Cat-
erpillars and ants on Inga sp.
(Estacdo Ecolégica Serra das
Araras, Porto Estrela, Mato
Grosso). a Two workers tending
a third instar (arrow). b Last
instar tended by four workers.
¢ Last instar tended by one
worker. d Two workers tend-
ing a fourth-instar caterpillar
(Natural Regional Reserve
‘Trésor’, Roura, Cayenne,
French Guyana, January 22,
2023. e Three workers tending
a last-instar caterpillar, note
everted tentacle nectary organ
(arrow) (Cristalino Lodge, Alta
Floresta, Mato Grosso, Brazil,
November 19, 2017. Photos
Lucas Kaminski (a—c, e) and
Jonghyun Park (d)

vespid wasps but not against tachinid parasitoids (DeVries
1988, 1991a). Associations on the leaves of Croton spp. with
E. ruidum have also been reported in Costa Rica, and with E.
tuberculatum in Belize and Ecuador (DeVries et al. 1992).
A pair of photographs (Fig. 13) taken on February 24, 2024,
in French Guiana (Regional Nature Park of French Guiana,
Roura, Cayenne) show three E. tuberculatum workers tend-
ing a larva of an unidentified species of Thisbe (probably T.
irenea) on Croton sp. (Greene 2024).

Nymphalidae (Danainae, Ithomiini)

Forbestra olivencia (Mechanitina): The Olivencia Tigerwing
or Olivencia Eyemark is found in shaded lowland rainforest
between sea level and about 500 m. It is distributed from
the northeastern province of Sucumbios in Ecuador to the
Cochabamba department in Bolivia, and Mato Grosso do Sul
province in Brazil (Hill 2006; GBIF.org 2023). Adults visit
bird droppings and both Solanaceae and Asteraceae plants
which are commonly patrolled by ants from several genera.

Fig. 13 Three workers of Ectatomma tuberculatum tending a larva
of an unidentified species of Thisbe (probably T. irenea) on Croton
sp. in French Guiana (Natural Regional Reserve “Trésor’, Roura, Cay-
enne, January 22, 2023). Photo Alexander Greene
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Crematogaster spp. have been observed attacking and carry-
ing away the lepidopteran eggs, while the presence of other
ant species such as an unidentified Ectatomma sp. seems to
favor female oviposition, or at least does not disturb it (Hill
20006). Eggs are laid singly, or in small clusters (2—4).

Mechanitis polymnia isthmia (Mechanitina): The Orange-
spotted Tiger Clearwing or Disturbed Tigerwing is found
in wet and dry forests from southern California in USA to
Pichincha province in Ecuador, Bolivia, and Trinidad and
Tobago (GBIF.org 2023). Females deposit large clusters of
eggs (30-60) as a single mass on the upper side of a large
leaf and larvae rest and feed gregariously (Young and Mof-
fett 1979). The larvae feed on Solanum lancaeifolium, S.
ochraceo-ferrugineum, S. hispidum, and S. jamaicense in
Costa Rica and Panama (Young and Moffett 1979; Robbins
and Aiello 1982). In Costa Rica, several E. ruidum workers
have been observed patrolling for three consecutive days
over stems and leaves where a group of first-instar M. pol-
ymnia isthmia larvae were present and engaged in a form of
mutualistic interaction (Young 1978). The larvae were not
attacked by the ants, but occasionally, E. ruidum workers
approached a feeding larva and stroked it with their anten-
nae, triggering the larva to momentarily withdraw from the
leaf edge. The ants appeared to take advantage of the cuts
made in the leaf by the lepidopteran larvae and the liquids
exuding from the damaged tissue as they generally began
feeding on the edge of a cut leaf almost immediately after
the caterpillars had moved away or even pushed the larvae
with their heads to dislodge them. However, no apparent pro-
tection is provided by E. ruidum against predatory Polybia
wasps (Young 1978).

Discussion

Despite the small size of most Ectatomma colonies, their
aggressiveness, and the fact that all the available information
concerns only five of the 18 species of the genus (E. ruidum
sp. 1 and sp. 2, E. tuberculatum, E. brunneum, and E. eden-
tatum), we found numerous associations with lepidopteran
species. However, all these associations occurred outside
Ectatomma nests and no strictly obligate lepidopteran myr-
mecophiles, spending variable periods of their lives within
ant nests, were recorded even if some species of Synargis
(S. galena, S. gela) seem to have obligate interactions with
Ectatomma ants. At least for the five species we researched,
and for which we collected complete colonies, the fact that
we have never found a single lepidopteran larva inside the
nests could provide partial evidence that there is no social
parasitic species of lepidopterans associated with these spe-
cies. The hypothesis that Aricoris domina caterpillars are
aphytophagous and complete their cycle inside Ectatomma
ant nests needs to be confirmed (Robbins and Aiello 1982;
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Hall and Harvey 2002). Nonetheless, it remains true that
no information exists for the other 13 species of the genus
and that the presence of myrmecophilous lepidopterans in
Ectatomma nests may have been deeply underestimated.
In addition, the example of the association between Pseu-
donymphidia agave (Riodinidae) and its ponerine ant host
Neoponera villosa (Pérez-Lachaud et al. 2021) has shown
that, in some cases, a very large sampling effort is required
to find a caterpillar inside an ant nest (only one specimen
found in a colony out of 82 colonies collected).

A total of 29 lepidopteran species from 19 genera belong-
ing to four tribes in three subfamilies and three families
were found to be involved in at least 41 reliable associations
(Table 1). Although very aggressive, several characteristics
of the five Ectatomma species involved in these associations,
such as their ecological dominance, local abundance, and
wide distribution, may have led to the evolution of a variety
of associations with other organisms, although their colonies
are of medium size. Furthermore, as host—plant phenology
and extrafloral nectar production can directly and indirectly
mediate the abundance of facultative associations between
ants and lepidopterans (e.g., Calixto et al. 2021), the known
attraction of most Ectatomma species to EFNs (Lachaud
2021) may have been an important facilitating factor for the
emergence of such associations (DeVries 1991a). Indeed,
it seems quite significant that, unlike most ground-feeding
Ectatomma ants, the five species involved in all the associa-
tions with lepidopterans reported here generally visit liquid
food sources on foliage.

According to Pierce and Dankowicz (2022), around
17.6% of lycaenids and 4.5% of riodinids are reliably docu-
mented as obligate or facultative ant associates; however,
based on the similarity of life histories between closely
related taxa of the same genus, these authors proposed that
the actual number of associations with ants could be at least
70% and 20%, respectively. Unsurprisingly, associations of
Ectatomma species with these two lepidopteran families
were also by far the most frequent, but the proportions were
virtually reversed with 36.6% of associations with lycaenids
and 58.5% with riodinids which, like Ectatomma, are mainly
neotropical. Only two associations were found with butter-
flies of the Nymphalidae family. Although rare, these two
associations seem particularly relevant since very few cases
of symbiotic interactions between ants and butterflies are
known outside the Lycaenidae and Riodinidae families. One
of the few documented interactions involving Ectatomma
and a Nymphalidae (Freitas and Oliveira 1992) describes a
predator—prey type interaction, where Eunica bechina lar-
vae are attacked and bitten by E. tuberculatum. The larvae
of non-myrmecophilous butterflies are frequently preyed
upon or removed from host plants by foraging ants (Freitas
and Oliveira 1992), but even in groups known to establish
close relationships with ants, such as lycaenid and riodinid
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butterflies, various examples of attacks by Ectatomma
workers have been recorded (Ross 1966; Bichtold and
Alves-Silva 2013; Kaminski 2024c). Although they do not
produce any rewards for ants, the caterpillars of Forbestra
olivencia and Mechanitis polymnia isthmia display certain
morphological and behavioral traits that could allow co-
occurrence with Ectatomma ants. The body of first-instar
larvae is sparsely covered with setae in F. olivencia (Hill
2006) and Mechanitis caterpillars are known to overcome
plant defenses through social facilitation and silk trails
production (Despland 2019), which may also protect them
from ant attack. Furthermore, it has been demonstrated that
Mechanitis lysimnia caterpillars use chemical camouflage as
a defense against ants (Portugal and Trigo 2005). Bleeding
and regurgitation reflex or the ability to drag lines to escape
may make it easier for older caterpillars to occupy plants
visited by Ectatomma ants. In addition, older caterpillars
have conspicuous warning color patterns that may deter ants
as some Ectatomma are known to learn cues associated with
risky prey (Hénaut et al. 2014). Mimicry is suspected in F.
olivencia (Willmott et al. 2011) while adults of this species
and those of Mechanitis follow army ants and feed on bird
droppings (Ray and Andrews 1980; Hill 2006). According to
Hill (2006), the association involving F. olivencia resembles
a case of oviposition facilitation in adult females. In contrast,
the association involving M. polymnia isthmia and E. ruidum
appears to be much more complex, with direct interactions
between ants and butterfly larvae, and a contact-behavioral
response exchange suggesting a preliminary step toward a
true mutualistic interaction (Young 1978). To our knowl-
edge, no similar interaction between other ant species and
Nymphalidae caterpillars has ever been reported.

A least 25 of the 29 lepidopteran species found to be
associated with Ectatomma ants (86.2%) (Table 1) exhibit
several behavioral and/or morphological adaptations related
to myrmecophily (presence of specialized organs producing
exudates and specialized setae, ability to produce sounds or
vibrations). In numerous cases, reports found in the litera-
ture or photographs available on the Internet only provide
us with sufficient information to note the co-occurrence of a
lepidopteran larva with one or several Ectatomma workers,
without providing details on the type of interactions between
the two organisms (see for example the associations with
Tmolus, Nymphidium, Parvospila, Stalachtis). However,
with the possible exception of the observations concerning
E. tuberculatum and both Parvospila lucianus (Ramdeen
2021) and Calycopis sp. (Sanz-Veiga et al. 2017), where
the association is not well established and could represent
only to a momentary, occasional proximity between two
insects, the other cases clearly involve Ectatomma workers
that do not display aggressive behavior toward lepidopter-
ans. Instead, they explore and walk on the eggs or larvae or
ignore them completely. In some cases, Ectatomma workers

exhibit typical protective behavior, as observed in the associ-
ation between E. tuberculatum and Synargis calyce (Deacon
2022). In this case, the worker adopts a characteristic posture
(front legs extended, head and thorax raised, antennae and
mandibles held wide open) similar to that of guards defend-
ing the nest or foragers protecting a food source (Dejean
and Lachaud 1992; Sanz-Veiga et al. 2017). Nevertheless,
in 13 cases involving 9 lepidopteran species (A. lincoides,
P. polibetes, R. palegon, T. terentia, E. elvina, S. calyce, S.
galena, S. gela, T. irenea), a reliable facultative mutualistic
association could be established between butterfly caterpil-
lars and Ectatomma workers based on the secretion of attrac-
tive fluids through their nectary organs (DNO or TNOs).
Some associations (around 15%) where no direct symbiotic
interaction was observed in the field (A. strophius and A.
domina with E. tuberculatum, S. galena with E. brunneum
and E. tuberculatum, and likely T. echion, A. domina, and F.
olivencia with an unidentified Ectatomma species) involve
only a form of oviposition facilitation (cues for enemy-free
space) without direct interaction with ants as ant presence
correlates with an increase in the number of eggs found in
branches patrolled by Ectatomma workers. Finally, in A. sep-
arata and M. polymnia isthmia, there is no direct protection
of the caterpillars by the ants, but the association allows the
ants to feed on the liquids exuding from the damaged tissues
of leaves cut by the caterpillars.

The majority of new data presented in this review —cov-
ering new associations, such as E. tuberculatum with A.
separata and P. lucianus, E. brunneum with P. polibetes,
and E. ruidum with N. caricae, as well as new information
on direct mutualistic interaction involving E. tuberculatum
with S. calyce, S. galena, and S. gela—come from unpub-
lished records in online photographic databases, especially
iNaturalist. The use of citizen science projects (community
science) as an inexpensive and effective way of studying
large areas is becoming increasingly important as more data
is generated. Although unstructured citizen science data has
several drawbacks and biases compared to semi-structured
data (e.g., Caley et al. 2020; Callaghan et al. 2021; Geurst
et al. 2023; Skvarla and Fisher 2023), datasets comprising
species observations or biological records are an immensely
valuable source of information for tracking trends in insect
distributions, for example (Rousselet et al. 2013, Suzuki-
Ohno et al. 2017, Hochmair et al. 2020, and Cull 2022),
and helping to depict trophic interactions. A bias toward
diurnal ants both in research studies and in data generated
by community science has certainly influenced our literature
and online surveys. With the exception of E. tuberculatum
(McCluskey 1987; Valenzuela et al. 1995), Ectatomma ants
are predominantly diurnal foragers, although active diur-
nal and nocturnal foragers are also known in E. ruidum
(Lachaud 1990; Esch et al. 2017), E. edentatum, and E.
brunneum (Cogni et al. 2000). Species that forage during
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the day are more likely to be recorded than those that are
active at night, and large species are more readily perceived
by the layman (most interactions in iNaturalist involve E.
tuberculatum, for example). Other mutualistic networks, for
example those formed by protective ants and plants, may
also be underestimated by daytime sampling alone (Déttilo
et al. 2014).

Myrmecophily has arisen multiple times across the Lepi-
doptera (Espeland et al. 2018) and co-evolution with ants is
known in both true butterflies and moths (e.g., Dejean et al.
2016, 2017), but we have found no records of moth fami-
lies, or their caterpillars, associated with Ectatomma ants.
There is an urgent need to intensify field observation efforts
including nocturnal sampling and diversification of the ant
species studied to gain a broader overview of the diversity
of organisms associated with a given genus.
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