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Abstract Social parasites exploit the colony resources of

social species to secure their own survival and reproduction.

Social parasites are frequently studied as models for conflict

and cooperation as well as for speciation. The eusocial

Hymenoptera harbor a diverse array of socially parasitic

species with idiosyncratic life history strategies, but it is

probably in the ants where social parasites are most speciose

and have evolved the highest degrees of morphological and

behavioral specialization. In the fungus-growing ants, a

total of five obligate social parasites are known: four species

are parasites of leaf-cutting ants and one species parasitizes

a primitive fungus-growing ant species in the genus My-

cocepurus. Here we describe a new species of socially

parasitic leaf-cutting ant, Acromyrmex charruanus sp. nov.,

from Uruguay, and we report initial observations on the

parasite’s life history as well as on the morphological and

behavioral adaptations related to the inquiline syndrome.

Our observations suggest that Acromyrmex charruanus is an

obligate inquiline social parasite of the thatch-mound-

building, leaf-cutting ant Acromyrmex heyeri. Acromyrmex

charruanus appears to be tolerant of the host, producing

sexual offspring in the presence of the A. heyeri host queen.

Queens of A. charruanus appear to reproduce semel-

parously and sexual offspring are produced during the

austral fall (February), which differs significantly from the

mating biology of the host species, which reproduces during

the southern-hemisphere spring (October–December). We

suggest that the diametrically opposed mating seasons of

parasite and host might be adaptive, allowing the parasite to

avoid competition for resources with the host sexual brood.

The morphological and behavioral adaptations of A. char-

ruanus accord with characters observed to arise early during

the evolution of other ant inquiline parasite species, and so

far we have no evidence for the existence of a worker caste

in A. charruanus. Further field studies and behavioral ex-

periments need to confirm our first observations and explore

A. charruanus’s behavioral ecology, evolution, and life

history in more detail.

Keywords Leaf-cutter ants � Fungus-growing ants �
Attini � Social parasitism � Inquilinism � Acromyrmex �
Pseudoatta

Introduction

Fungus-growing ants live in an obligate mutualism with

basidiomycete fungi, which they cultivate for food (Möller

1893; Wheeler 1907; Weber 1972; Mueller et al. 2005;

Schultz et al. 2005; Hölldobler and Wilson 2010). In return

the ants nourish the fungus, protect it from a diverse array of

parasites, and disperse it to new locations (Herre et al. 1999;

Caldera et al. 2009; Pagnocca et al. 2012; Yek et al. 2012).

The fungus-growing ants inhabit the tropical and sub-

tropical biomes of Central and South America, including

most Caribbean Islands, and a single species, Trachy-

myrmex septentrionalis (McCook), extends the geographic
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distribution of attine ants as far north as New York state in

the northeastern United States (Mayhé-Nunes and Jaffé

1998; Rabeling et al. 2007a). Currently, a total of 257

species of fungus-growing ants are known from one fossil

and 16 extant genera (Kempf 1972; Brandão 1991; Bolton

2014). Only recently, the new genus Cyatta Sosa-Calvo

et al. (2013) was discovered in the Brazilian Cerrado, add-

ing to the known diversity of this fascinating group of ants

and implying that additional species await discovery.

The morphologically and behaviorally specialized leaf-

cutting ants of the genera Atta Fabricius and Acromyrmex

Mayr represent an evolutionarily highly specialized clade

within the fungus-growing ants (Mayhé-Nunes 1995;

Schultz and Meier 1995; Schultz and Brady 2008; Della

Lucia 2011; Cristiano et al. 2013). Among the leaf-cutting

ants, the genus Acromyrmex currently contains 32 species

and almost the same number of subspecies (n = 30) (Emery

1905; Santschi 1925; Gonçalves 1961; Bolton 2014). Many

Acromyrmex species are geographically widespread and a

large number of subspecies was erected to recognize mor-

phologically aberrant, geographically disjunct populations.

Whether these subspecies represent morphological varia-

tion within geographically widespread species or whether

these distinct morphs constitute reproductively isolated

species is currently under investigation (Rabeling et al. in

preparation).

In 1916, Angel Gallardo described the highly specialized

inquiline social parasite, Pseudoatta argentina Gallardo,

which usurps colonies of Acromyrmex lundii (Guérin-

Méneville), A. heyeri (Forel), and possibly A. balzani

(Emery) (Gallardo 1916; Bollazzi & Rabeling, personal

observation). Brown provisionally considered this parasitic

satellite genus to be a junior synonym of Acromyrmex

(Brown 1973), but a formal taxonomic treatment is pending

(Rabeling et al. in preparation). In addition to P. argentina

and its subspecies P. a. platensis Santschi, three other ob-

ligate social parasite species are recognized in the leaf-

cutting ants: Acromyrmex ameliae De Souza et al. (2007)

exploits colonies of A. subterraneus (Forel) in Minas Ger-

ais, Brazil; Acromyrmex insinuator Schultz et al. (1998)

parasitizes colonies of A. echinatior (Forel) and rarely of A.

octospinosus (Reich) in Panama (Jacobus Boomsma, pers.

comm.); and a hitherto undescribed parasite species from

Bahia in Brazil usurps colonies of A. rugosus (Smith)

(Delabie et al. 1993; Sumner et al. 2004).

Based on their morphology and behavior, the socially

parasitic leaf-cutting ant species represent different parasitic

life-history strategies. Pseudoatta argentina and the dis-

tantly related new species from Bahia have converged on

the anatomical parasitic syndrome, or inquiline syndrome,

which is characterized by a reduction of body size,

mouthparts, and integumental sculpturing, as well as by a

loss of the worker caste (Kutter 1969; Wilson 1971, 1984;

Hölldobler and Wilson 1990). In contrast, A. insinuator

strongly resembles its host species, and A. ameliae differs

from all other parasites in that it still resembles the host

while at the same time having experienced a marked re-

duction in size and an increased abundance of pilosity

(Schultz et al. 1998; De Souza et al. 2007). Both A. insin-

uator and A. ameliae retain the ability to produce minor and

medium-size workers (Sumner et al. 2003a; De Souza et al.

2007). The only known attine inquiline parasite outside the

leaf-cutting ants is Mycocepurus castrator Rabeling &

Bacci, an obligate social parasite of Mycocepurus goeldii

(Forel), which also exhibits the distinct morphological and

behavioral characteristics of the inquiline syndrome (Ra-

beling and Bacci 2010).

Inquiline social parasites are of general interest to evo-

lutionary biology and behavioral ecology because some

species evolved reproductive isolation from their host spe-

cies in sympatry (Buschinger 1986, 2009; Bourke and

Franks 1991; Savolainen and Vepsäläinen 2003; Jansen

et al. 2010; Boomsma and Nash 2014; Rabeling et al.

2014b), and the many species of independently evolved

social parasites provide unique opportunities for com-

paratively studying the convergent evolution of social

parasitism. Here we add to the increasing diversity of ant

social parasites by describing Acromyrmex charruanus

Rabeling, Schultz, Bacci & Bollazzi, a new species of social

parasite from Uruguay, which exploits colonies of Acro-

myrmex heyeri (Forel). We also report the first observations

of the behavioral ecology and natural history of A. char-

ruanus and compare the life histories of host and parasite.

Materials and methods

Field site

Colonies of A. heyeri and its social parasite A. charruanus

were studied at Plantación Cruz Roja, a Eucalyptus tree

plantation that is located 6 km southwest of Cerro Colorado

in the Department of Florida in Uruguay (GPS coordinates:

S33.9042�, W55.59418�, ±600 m, elevation 224 m above

sea level). Fieldwork was conducted during the southern

hemisphere fall, between the 25th and the 27th of February

2013, and during the southern spring, between the 1st and

the 5th of November 2013.

Due to its geographic position in the southeast of the

South American continent, Uruguay occupies a transitional

zone between tropical and temperate climates that is char-

acterized by cold winters, hot summers, and the marked

absence of a dry season (Cabrera and Willink 1980). The

natural vegetation consists of a mosaic of shrublands and

forests that are embedded in a grassland matrix. The natural

vegetation of these southern Campos is dominated by grass
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and herb species, with some co-occurring shrub and tree

species (Overbeck et al. 2007). In 2013, the type locality of

A. charruanus was a seven-year-old Eucalyptus globulus

plantation covering an area of 150 ha that was planted over

unmodified natural grassland. The dominant species of

herbaceous undergrowth in this Eucalyptus plantation be-

long to the genera Stipa, Aristida, Baccharis, and Paspalum.

Acromyrmex heyeri is the most frequently encountered leaf-

cutting ant species in both the Eucalyptus plantation and in

the surrounding natural grassland.

To detect social parasites and collect samples of host and

parasite species, we opened the thatch mounds of A. heyeri

nests and scooped out portions of fungus gardens with a

trowel. The fungus garden was examined for the presence of

social parasites and ant samples were preserved in 100 %

ethanol. During our field studies we opened 100 A. heyeri

nests per season (austral spring and fall of 2013), resulting

in a total of 200 sampled nests.

Material examined

The specimens examined have been deposited in the insti-

tutions listed below:

CPDC Laboratório de Mirmecologia at the Cocoa

Research Center at CEPLAC, Itabuna, Bahia,

Brazil

CRC Christian Rabeling Collection, University of

Rochester, Rochester, NY, USA

MBC Martin Bollazzi Collection, University of the

Republic, Montevideo, Uruguay

MCZ Museum of Comparative Zoology, Harvard

University, Cambridge, MA, USA

MZSP Museu de Zoologia, Universidade de São Paulo,

São Paulo, Brazil

USNM United States National Museum of Natural

History, Washington, DC, USA

Morphological analysis

Specimens were examined and measured using a Carl Zeiss

stereomicroscope fitted with a stage micrometer. Measure-

ments were recorded to the nearest 0.01 mm at

409 magnification. To generate composite images of the

specimens we utilized a Leica DFC450 digital camera

mounted on a Leica M205C stereomicroscope. Composite

images were assembled using the Leica Application Suite

(Version 4.5) and the Helicon Focus (Version 6.2.2) soft-

ware packages. Conventions for morphological

terminology, measurements, and indices follow those uti-

lized in recent taxonomic studies of fungus-growing ants

(Klingenberg and Brandão 2009; Rabeling et al. 2007a;

Sosa-Calvo et al. 2013). Morphological terminology of

male genitalia and internal mouthparts followKempf (1956)

and Gotwald (1969). Measurements are given in millime-

ters. Measurements and indices are defined as follows:

Cephalic index (CI): HW/HL 9 100.

Eye length (EL): Maximum diameter of the eye from the

dorsal to the ventral margin, measured in full-face view.

Eye width (EW): Maximum diameter of the eye between

both lateral margins, measured in lateral view.

Frontal lobe distance (FLD): Maximum horizontal dis-

tance between the outer borders of the frontal lobes,

measured in full-face view.

Gaster length (GL): Maximum length of the gaster,

measured from the meeting of the fourth abdominal tergum

and sternum at their anterior ends to the posteriormost point

of the last segment, measured in lateral view.

Head length (HL):Maximum vertical distance of the head

in full-face view, excluding mandibles, measured in a

straight line from themidpoint of the anterior clypeal margin

to themidpoint of the posteriormargin of the head. In species

where the posterior margin of the head or the clypeal margin

(or both) is concave, the measurement is taken from the

midpoint of a transverse line spanning the anteriormost or

posteriormost projecting points, respectively.

Head width (HW): Maximum horizontal width of the

cephalic capsule, excluding the eyes, measured in full-face

view.

Interocular distance (IOD): Maximum horizontal width

of the head, including the eyes, measured in full-face view.

Mandible length (ML): Maximum mandible length,

measured in a straight line from the mandibular insertion

into the head capsule to the distal end of the apical tooth,

measured in full-face view.

Mandibular index (MI): ML/HL 9 100.

Metafemur length (FL): Maximum length of metafemur,

measured in dorsal view.

Petiolar width (PW): Maximum width of petiole, mea-

sured in dorsal view.

Petiole length (PL): Maximum length of the petiole, mea-

sured in lateral view from the posteriormost margin of the

metapleural lobe to the posteriormost margin of the petiole.

Postpetiolar width (PPW): Maximum width of postpeti-

ole, measured in dorsal view.

Postpetiole length (PPL): Maximum length of the post-

petiole, measured in lateral view along the margin where

postpetiolar tergite and sternite meet.

Pronotal width (PrW): Maximum width of the pronotum,

measured in dorsal view.

Scape index (SI): SL/HW 9 100.

Scape length (SL): Maximum length of the antennal

scape, excluding the condylar bulb.

Total length (TL): Sum of ML, HL, WL, PL, PPL, and GL.
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Weber length (WL): Diagonal length of the mesosoma

from the point at which the pronotum meets the cervical

shield to the posterior base of the metapleuron, measured in

lateral view.

Testing for the presence of social parasite workers

Some morphologically highly derived socially parasitic

fungus-growing ant species lack a worker caste entirely

whereas other social parasites that are morphologically

similar to their hosts are known to produce between 9 and

48 % of the workers in infected host colonies (Sumner et al.

2003a; De Souza et al. 2007). The morphological differ-

ences between parasite and host workers can be subtle. In

the case of the leaf-cutting ant social parasites A. ameliae

and A. insinuator, the ratio of the diameter of the bulla of the

metapleural gland to the pronotal width and the distance of

the bulla to the spiracle are diagnostic for differentiating

host and parasite workers (Sumner et al. 2003a; De Souza

et al. 2007). To test whether parasitized A. heyeri colonies

also contained workers of A. charruanus, we complemented

our morphological studies by genotyping workers from two

parasitized colonies using the mitochondrial ‘‘barcoding’’

region, a *658 bp fragment of cytochrome c oxidase I

(COI; see below). The obtained barcoding sequences of

workers were compared to the COI barcodes of host and

parasite gynes and males. We genotyped a total of 144

randomly selected workers from two A. heyeri host colo-

nies: CR130225-03 (n = 96) and CR130227-31 (n = 48).

To ensure that the subsample of k contains at least one

parasite with a probability of greater 0.95 given a parasite

frequency of p, we chose k so that (1 - p)k was no greater

than 0.05; i.e., chose k such that (1 - p)k B 0.05, or

k C ln(0.05)/ln(1 - p). Therefore, when randomly sam-

pling 96 individuals from a single colony, we can be 95 %

confident to have sampled at least one parasite from the host

colony if the parasites occurred at a frequency of 3 % or

higher. From the second colony, we sampled 48 individuals,

and can be 95 % confident to have detected a parasite, if the

rate of parasitism surpassed 6 %. The detection level of

3–6 % is biologically meaningful because the proportion of

parasite workers found in host colonies parasitized by A.

insinuator and A. ameliae range between 9 and 48 %.

Molecular genetic analysis

Specimens that were previously preserved in 100 % ethanol

were selected at random and whole genomic DNA was

extracted. Each individual was removed from the ethanol,

dried at room temperature, and then transferred to a 1.5 ml

Eppendorf tube. DNA was extracted non-destructively us-

ing a Qiagen QIAamp DNA Micro Kit following the

manufacturer’s instructions for isolation of genomic DNA

from tissues, and DNA was re-suspended in 50 ll of H2O.

The barcoding region of the mitochondrial gene cytochrome

c oxidase I (COI) was amplified using the primer pairs

LCO1490 and HCO2198 (Folmer et al. 1994), resulting in a

658 bp fragment in Acromyrmex heyeri, after trimming the

primer sequences. 25 ll PCR reactions contained 1 ll of
DNA extract, 12.5 ll Omega Taq polymerase Master Mix,

1 ll of forward and reverse primers at 10 lMconcentration,

and 9.5 ll of ddH2O. COI fragments were amplified under

the following conditions: initial denaturation at 94 �C for

2 min; 34 cycles of denaturation at 94 �C for 1 min, an-

nealing at 45 �C for 1 min, and extension at 70 �C for

2 min; and a final extension at 70 �C for 10 min. Four mi-

croliters of the PCR product were run on a 1.5 % agarose gel

and visualized with SYBR� Safe DNA Gel Stain. The re-

maining 21 ll were purified utilizing the enzymatic ExoAp

treatment (New England Biolabs: Ipswich, MA) and 1 ll of
the purified PCR product was cycle-sequenced using the

ABI BigDye Terminator Kit (version 3.1). Forward and

reverse sequences were sequenced on an ABI 3730xl Ge-

netic Analyzer.

Results

Species description

Acromyrmex charruanus Rabeling, Schultz, Bacci & Bol-

lazzi, NEW SPECIES

Figures 1a, c, e, 2a, c, e, 3a, 4a, and c.

Holotype: alate gyne, URUGUAY, Florida Department,

6 km SW of Cerro Colorado, Eucalyptus globulus planta-

tion ‘‘Plantación Cruz Roja’’, GPS coordinates: S33.9042�,
W055.59418�, elevation 224 m above sea level, collection

date: 25 February 2013, col. Bollazzi & Rabeling; collection

code: CR130225-03, ex Acromyrmex heyeri nest. The

holotype is deposited at the MZSP and carries the unique

specimen identifier No. USNMENT00758784.

Paratypes: same data as holotype, 73 alate gynes and 119

males, USNMENT00758785-00758977. Same data as

holotype, but ‘‘27 February 2013, collection code:

CR130227-31’’, 7 alate gynes and 6 males, USN-

MENT00758778-00758990.

Description, holotype gyne: TL 6.92, WL 2.08, HL 1.21,

HW 1.33, IOD 1.54, ML 0.92, FLD 0.74, SL 1.28, EL 0.31,

EW 0.26, PrW 1.1, FL 2.03, PL 0.51, PW 0.41, PPL 0.41,

PPW 0.74, GL 1.79, CI 111, MI 77, SI 96. One of the

smallest Acromyrmex leaf-cutting ant species known (WL

2.08; TL 6.92), with long mandibles (MI 77) and ap-

pendages (FL 2.03; SI 96) relative to body size. Integument

with microscopic honey-comb pattern, which becomes

visible at 409 magnification and higher; sculpturing of

head, meso-, and metasoma coarsely granulate with distinct
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rugae and tubercles; integument with oily or waxy sheen.

Body surface covered with long, appressed, and distinctly

coarse setae. Color: shades of brown, variable from yel-

lowish to reddish to dark brown; mandibles distinctly lighter

in color, dark orange; ridges of rugae and tips of tubercles

black; dorsum of mesosoma dark brown, with black mark-

ings. Head: head shape trapezoidal, slightly wider than long

(CI 111); sides moderately tapering anteriorly between the

eyes and mandibular insertion; head size small relative to

mesosoma. Mandible broadly triangular with a distinct

apical and preapical tooth, followed by seven smaller teeth,

some of which are interspersed by even smaller denticles;

mandible surface smooth and distinctly shiny. Palp formu-

la 4:2, the plesiomorphic condition of fungus-growing ants.

Posterior margin of clypeus trapezoidal, broadly inserted

between frontal lobes; anterior margin of clypeus shiny and

median portion concave. Unpaired median clypeal seta thin

and short (0.15), only projecting over the anterior clypeal

Fig. 1 Gynes of the social parasite Acromyrmex charruanus (a, c, e)
and its host A. heyeri (b, d, f) in full-face (a, b), lateral (c, d), and
dorsal (e, f) views. The depicted social parasite gyne is the holotype

with the unique specimen identifier USNMENT00758784. The scale

bars represent 0.5 mm in a, 1 mm in b, c and e, and 2 mm in d and f
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margin by half its length. Frontal lobe broadly rounded,

fully covering the condylar bulb in full-face view; lateral

margin of frontal lobe serrate with two distinct tooth-like

projections. Frontal carina extending towards the postero-

lateral corner of the head. Preocular carina forming a

straight line in lateral view and traversing the area of the

antennal scrobe by one third of the scrobe’s width. Eyes

large (EL 0.31, EW 0.26) and strongly convex. In contrast,

the three ocelli are small and embedded in the integument.

Antennae with 11 segments. Antennal scape long (SL 1.28)

with abundant, appressed setae, surpassing the posterior

margin of the head by one third of its length. Mesosoma:

Mesosoma slender with caste-specific modifications related

to wing bearing. Dorsolateral pronotal spine long, slender,

and sharply pointed in dorsal view. Ventrolateral pronotal

spine narrowly triangular and sharply pointed, not curved.

Dorsum of mesosoma covered with longitudinal and reti-

culate rugulae. Posterior margin of scutellum concave and

bidentate in dorsal view; teeth wide at base, forming a

broad, almost 90� angle. Bulla and meatus of metapleural

Fig. 2 Males of the social parasite Acromyrmex charruanus (a, c, e) and its host A. heyeri (b, d, f) in full-face (a, b), lateral (c, d), and dorsal

(e, f) views. The scale bars represent 0.5 mm in a and b, 1 mm in c and e, and 2 mm in d and f
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gland not notably modified from the condition in the host

species. Propodeal spines straight, long, slender, and shar-

ply pointed, projecting away from the propodeum at a 90�
angle in lateral view. Metasoma: anterior peduncle of

petiole short, about one fourth the length of the petiolar

node. Dorsum of petiolar node with a pair of short teeth,

almost as wide at their bases as they are high. Postpetiole

wider than long in dorsal view (PPW 0.74; PPL 0.41),

posterior margin straight. Gaster short (GL 1.79). First

gastric tergite notably tuberculate, covered with abundant

recurved setae. Except for the smaller size, forewing and

hindwing resembling the wings of A. heyeri. Measurements;

paratype gynes (n = 10): TL 6.64–7.23, WL 2.03–2.15, HL

1.15–1.28, HW 1.28–1.36, IOD 1.46–1.59, ML 0.9–0.95,

FLD 0.74–0.77, SL 1.26–1.31, EL 0.28–0.31, EW

0.23–0.28, PrW 1.1–1.21, FL 1.92–2.08, PL 0.46–0.54, PW

0.41–0.46, PPL 0.38–0.46, PPW 0.72–0.77, GL 1.67–1.97,

CI 106–113, MI 72–80, SI 94–100.

Description, paratype males (n = 10): TL 6.64–7.23,

WL 2.03–2.15, HL 1.15–1.28, HW 1.28–1.36, IOD

1.46–1.59, ML 0.9–0.95, FLD 0.74–0.77, SL 1.26–1.31, EL

0.28–0.31, EW 0.23–0.28, PrW 1.1–1.21, FL 1.92–2.08, PL

0.46–0.54, PW 0.41–0.46, PPL 0.38–0.46, PPW 0.72–0.77,

GL 1.67–1.97, CI 106–113, MI 72–80, SI 94–100. A small

male (WL 2.03–2.28; TL 6.54–7.03), smaller than any other

Acromyrmex male. Integument with microscopic honey-

comb pattern; sculpturing of head and mesosoma finely

granulate; posterior half of the head with fine rugulae;

metasoma smooth and shiny. Body surface covered with

long, dark, both semi-erect and appressed, distinctly coarse

setae. Color: head and mesosoma black; appendages and

metasoma dark brown; anterior half of antennal flagellum

and mandibles light brown. Head: approximately as wide as

long (CI 97–106); sides subparallel behind the level of the

eye, tapering anteriorly towards the mandibular insertion;

head size small relative to mesosoma. Mandible narrowly

triangular, slender, with a distinct apical and preapical

tooth, followed by two to three smaller teeth, which are

interspersed by tiny denticles; mandible surface smooth,

shiny. Palp formula 4:2. Clypeus and unpaired clypeal seta

as in gyne. Frontal lobe narrow, leaving the anterior half of

the condylar bulb exposed in full-face view. Preocular

carina indistinct, traversing the area of the antennal scrobe

by half the scrobe’s width. Eyes large (EL 0.33–0.38, EW

0.31–0.33) and strongly convex. Ocelli large and raised

above the surface of the head. Antennae with 13 segments.

Antennal scape long (SL 1.13–1.26) with appressed setae,

surpassing the posterior margin of the head by half its

length. Mesosoma: Mesosoma relatively slender with sex-

specific modifications related to wing bearing. Dorsolateral

pronotal spine short, triangular, and sharply pointed in

dorsal view. Ventrolateral pronotal spine broadly triangular,

with broad tip, not curved. Dorsum of mesosoma with fine

longitudinal rugulae. Scutellum as in gyne. Bulla and

meatus of metapleural gland small, not notably modified

from the condition in A. heyeri. Propodeal spines narrowly

triangular. Orifice of propodeal spiracle round in lateral

view, not slit-shaped. Orifice of metapleural gland oval,

pointing dorso-ventrally; shape not notably modified from

metapleural gland opening in A. heyeri. Metasoma: petiole

and postpetiole as in gyne. Gaster slender: first gastric ter-

gite smooth, shiny, and covered with abundant semi-erect

setae. Genitalia: in toto, excluding the basal ring, parameres

Fig. 3 Comparative anatomy of Acromyrmex charruanus (a) and

A. heyeri (b) female mouthparts, depicting cardo (Ca), galea (Ga), glossa

(Gl), labial palp (LP), maxillary palp (MP), postmentum (PM), and

stipes (St). The palp formula of both parasite and host is 4:2 (number of

segments of maxillary:labial palps), representing the plesiomorphic

condition in fungus-growing ants. The scale bars represent 0.2 mm in

both figures

Fig. 4 Comparative anatomy of Acromyrmex charruanus (a, c) and
A. heyeri (b, d) male genitalia. Male genitalia in toto in dorsal view

(a, b) and aedeagus in lateral view (c, d), depicting aedeagus (Ae),

paramere (Pa), penis valve (PV), ventral border of aedeagus with row

of spines (VB), and volsella (Vo). The scale bars represent 0.25 mm in

a, 0.5 mm in b, and 0.1 mm in c and d
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slightly longer (0.9) than wide (0.85); apical lobe of para-

mere evenly rounded with less than 10 long, erect setae. In

lateral view, aedeagus small (0.23), ventral border of penis

valve bearing 12 recurved teeth, the anterior three of which

are small and weakly sclerotized, whereas the posterior nine

are distinctly larger and heavily sclerotized, as notable by

the darker brown coloration.

Worker caste

To test whether A. charruanus produces a worker caste, we

examined workers morphologically and genotyped host and

parasite gynes and males to compare them to a total of 144

workers genotypes. We sampled 96 minor and medium-

sized workers from colony CR130225-03 and 48 workers

from colony CR130227-31. All genotyped individuals had

mitochondrial DNA sequences that are identical to winged

reproductives of A. heyeri. By sampling 96 and 48 indi-

viduals from a given colony we can be 95 % confident that

parasite workers would have been sampled successfully if

they occurred at rates equal to or greater than 3 and 6 %,

respectively. Morphological differences observed in com-

parative studies of host and parasite minor workers of other

Acromyrmex social parasites, such as the distance between

the metapleural gland bulla to the propodeal spiracle, could

not be detected in workers from parasitized A. heyeri

colonies. Therefore, we have no evidence of a worker caste

in A. charruanus. Because we only found two parasitized

colonies at Plantación Cruz Roja, we cannot be certain

whether (1) the worker caste is completely absent from

A. charruanus, whether (2) workers were only absent from

the two colonies we studied, or whether (3) workers were

not sampled from the parasitized colonies by chance be-

cause they occurred at frequencies below 3 % or 6 % in the

respective colonies.

Differential diagnosis

Acromyrmex charruanus is a social parasite of the leaf-

cutting ant Acromyrmex heyeri and does not exhibit the

morphological adaptations and/or reductions that are ob-

served in Pseudoatta argentina, Mycocepurus castrator,

and a hitherto undescribed species of Acromyrmex social

parasite from Bahia in Brazil (Figs. 1, 2, 3, 4; Table 1).

Notwithstanding, morphologically the gyne of A. charru-

anus can easily be distinguished from the host gyne by its

smaller size, darker color, and abundance of recurved,

coarse setae (Fig. 1). Relative to its smaller body size in

comparison to the host, A. charruanus is also characterized

by longer appendages, mandibles, and antennal scapes, as

well as a shorter gaster (Fig. 1; Table 1). In the field,

A. charruanus can be distinguished from its host by the

significantly smaller size and the presence of alate females

and males in the nest during the austral fall (February),

whereas A. heyeri’s mating season typically occurs during

the austral spring (October–December; see below).

The male of A. charruanus is not gynandromorphic and

can easily be distinguished from the host male by its smaller

size and the presence of dark, long, distinctly coarse, semi-

erect setae, instead of the short, yellow, appressed setae

found in the host males (Fig. 2; Table 1). The head of the

parasite male is quadrate, not wider than long (as in A.

heyeri), and the parasite’s mandibles are slender, bearing a

variable number of teeth and indistinct denticles, in contrast

to the broadly triangular mandibles of the host (Fig. 2;

Table 1). The parasite’s genitalia are smaller than the host’s

genitalia (paramere length: A. heyeri = 1.5 mm, A. char-

ruanus = 0.9 mm; aedeagus length: A. heyeri = 0.33 mm,

A. charruanus = 0.23 mm) and the ventral border of the

aedeagus bears 12 teeth instead of 14, as in A. heyeri

(Fig. 4).

Table 1 Mean values, standard deviations, and ranges (in parentheses) of morphometric measurements and indices of A. charruanus and A. heyeri

diagnostic for species identification

Gynes Males

A. charruanus (n = 11) A. heyeri (n = 10) A. charruanus (n = 10) A. heyeri (n = 10)

Weber length 2.09 ± 0.05 (2.03–2.15) 3.21 ± 0.05 (3.15–3.27) 2.14 ± 0.09 (2.03–2.28) 2.99 ± 0.07 (2.84–3.08)

Head length 1.22 ± 0.03 (1.15–1.28) 2.04 ± 0.03 (2.00–2.08) 0.99 ± 0.04 (0.92–1.05) 1.30 ± 0.05 (1.23–1.39)

Head width 1.33 ± 0.02 (1.28–1.36) 2.55 ± 0.05 (2.46–2.62) 0.99 ± 0.03 (0.95–1.03) 1.47 ± 0.04 (1.42–1.54)

Scape length 1.28 ± 0.02 (1.26–1.31) 1.71 ± 0.03 (1.65–1.77) 1.19 ± 0.04 (1.13–1.26) 1.32 ± 0.05 (1.27–1.39)

Scape index 94–100 65–69 115–126 89–95

Mandible length 0.93 ± 0.01 (0.90–0.95) 1.32 ± 0.03 (1.27–1.35) 0.67 ± 0.02 (0.64–0.69) 0.78 ± 0.05 (0.69–0.85)

Mandible index 72–80 61–67 65–69 53–66

Pronotal width 1.15 ± 0.03 (1.10–1.21) 1.90 ± 0.05 (1.85–2.00) 1.21 ± 0.06 (1.13–1.31) 1.87 ± 0.04 (1.81–1.92)

Metafemur length 2.00 ± 0.05 (1.92–2.08) 2.74 ± 0.07 (2.63–2.85) 2.27 ± 0.10 (2.13–2.44) 2.54 ± 0.07 (2.42–2.65)

Measurements are given in mm. Definitions of morphometric measurements and indices are provided in the ‘‘Materials and methods’’ section
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Interestingly, both gynes and males of A. charruanus are

morphologically similar to a potentially distantly related

Acromyrmex species, the social parasite A. ameliae from

Brazil, which presumably evolved convergently due to

similar selective pressures related to the parasitic lifestyle.

Gynes of A. charruanus can be distinguished from those of

A. ameliae by their slightly smaller size, and, notably, by

their long setae, which are recurved and appressed, instead

of being erect or semi-erect, as is the case in A. ameliae. In

addition, A. ameliae gynes are darker in color and the ru-

goreticulations on the head, meso-, and metasoma are more

strongly developed than they are in A. charruanus. Males of

A. charruanus are significantly smaller than A. ameliae

males and are darker in color, the spines and ridges on the

petiole and postpetiole are less pronounced, the integu-

mental sculpturing is less developed, and the propodeal

spines are shorter. Geographic distribution is also indicative

of species identity, unless the discovery of additional

populations markedly alters the distribution of either spe-

cies. So far, A. charruanus is only known from central

Uruguay and A. ameliae is only known from the Brazilian

state of Minas Gerais.

Etymology

The species epithet ‘‘charruanus’’ refers to ‘‘Charrúa’’, the

name given to the indigenous people of Uruguay by Euro-

peans, who arrived in the sixteenth century. Colloquially,

the Uruguayan people also refer to themselves as ‘‘char-

rúas’’. Therefore, and in allusion to the etymology of the

enigmatic social parasite Pseudoatta argentina, the species

name refers to the geographic region where this social

parasite was discovered.

Host species

Acromyrmex charruanus was found inside the nests of

Acromyrmex heyeri. Given that A. ameliae parasitizes more

than one subspecies of A. subterraneus, that A. insinuator

parasites A. echinatior and rarely A. octospinosus, and that

Pseudoatta argentina usurps colonies of A. lundii, A. heyeri,

and potentially of A. balzani, it is possible that A. charru-

anus parasitizes leaf-cutting ant species other than A. heyeri.

However, despite opening nests of other sympatric thatch-

mound-building leaf-cutting ant species, such as A. lundii

and A. lobicornis (Emery), we found A. charruanus only in

nests of A. heyeri.

Notes on life history, ecology, and biology

Our conclusions about the life history and biology of A.

charruanus are based on observations made on two para-

sitized A. heyeri colonies. Further attempts to find this social

parasite have so far failed. Therefore, our observations

should be regarded as initial insights into the parasite’s bi-

ology and life history. Other aspects of its behavioral

ecology remain unknown and further field studies and

laboratory experiments are required.

Diametrically opposed mating seasons of host and

parasite: the chronologies of the mating seasons of host and

parasite were observed to be diametrically opposed to one

another. Winged gynes and males of A. charruanus were

present in their host colonies during the southern hemi-

sphere fall (i.e., February) and at this time no sexual

offspring of the host species, A. heyeri, were observed. The

mating flights of A. heyeri, and of all other Acromyrmex

species, occur during the spring months, October to

December, in Uruguay, southern Brazil, and northern

Argentina (Bonetto 1959; Zolessi and Abenante 1974;

Zolessi and González 1974, 1979; Diehl-Fleig 1993).

Therefore, sexual offspring of host and parasite are

separated by a time window of at least 2 months.

Nuptial flights and mating locality: we did not observe

fully developed mass nuptial flights of A. charruanus in the

field. However, upon opening the thatch mound of one

parasitized A. heyeri nest, alate reproductives of A. char-

ruanus immediately started to fly. This behavior was

observed repeatedly in laboratory colonies of A. charruanus

in which reproductives attempted to fly as soon as the nest

boxes were opened. In contrast, the attine inquiline social

parasites Pseudoatta argentina and Mycocepurus castrator

were never observed to fly and may in fact be incapable of

doing so (Bruch 1928; Gallardo 1929; Rabeling and Bacci

2010). In addition, A. charruanus reproductives were never

observed to copulate inside lab colonies, which suggests

that A. charruanus performs regular mating flights and

mates in midair or on the ground, as has been observed in

non-parasitic leaf-cutting ant species (Diehl-Fleig 1993;

Johnson and Rissing 1993). In contrast, both P. argentina

and M. castrator are adelphogamous and mate inside the

host colony (Bruch 1928; Gallardo 1929; Rabeling and

Bacci 2010).

Reproductive strategy: initial observations suggest that

A. charruanus reproduces semelparously. We marked the

nests of two parasitized A. heyeri colonies at Plantación

Cruz Roja in February and upon revisiting the same nests in

May of the same year, both nests were empty and the thatch

mounds had collapsed, suggesting that the colonies had

died. We also observed that the fungus gardens of para-

sitized A. heyeri colonies looked tattered while parasite

alates were present in the nest and that the amount of fungus

garden was reduced in comparison to unparasitized A.

heyeri colonies; the fungal biomass was not quantified,

however. Therefore, it seems possible that the host colony is

incapable of recovering from the mass rearing of the para-

sitic brood and dies after the mass exodus of parasite alates.
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Alternatively, A. charruanus queens could preferentially

exploit old host colonies that have lost the host queen.

Parasitism rate: to estimate the rate at which colonies of

A. heyeri were parasitized by A. charruanus we opened 100

nests of A. heyeri during our fall survey (February), when

alates of the parasite were present, and found only two A.

heyeri colonies containing A. charruanus alates. During the

spring survey (November) we opened 100 nests of the same

population and did not find any parasites. Therefore, para-

sites are probably best detected prior to their mass nuptial

flights and likely escaped detection when only the parasite

queen(s), and not the alate parasite reproductive offspring,

were present. To calculate the approximate rate of parasit-

ism we used only the colony counts from the fall survey,

suggesting that in this Central Uruguayan population A.

charruanus parasitizes A. heyeri colonies at a rate of ap-

proximately 2 %. It is possible that parasites escaped

detection in some of the colonies we examined, and there-

fore our estimated rate of parasitism should be regarded as a

minimum estimate. The parasitism rates of the hitherto

undescribed social parasite from Bahia, of A. insinuator,

and of A. ameliae were estimated to be 8, 40, and 70 %,

respectively (Delabie et al. 1993; Bekkevold and Boomsma

2000; De Souza et al. 2007).

Host nest density: in Uruguay, northern Argentina, and

southern Brazil A. heyeri is known to build large dome-

shaped thatch-mound nests (Bollazzi et al. 2008). In each

season, we opened 100 A. heyeri thatch-mound nests dis-

tributed over an area of roughly 30 hectares. Accordingly,

the nest density of A. heyeriwas approximately 3–4 colonies

per hectare. We did not open every colony we detected at

our field site and almost certainly missed some small, in-

cipient colonies in wooded areas. Therefore, this estimate of

3–4 colonies per hectare should be regarded as a minimum

estimate of the actual nest density of A. heyeri in this habitat.

Male to female sex ratio: upon encountering A. charru-

anus alates in A. heyeri nests for the first time, we were

uncertain whether these alates represented an unknown

social parasite or whether we had encountered microgynes

and micraners of A. heyeri, because dwarf reproductives

have been reported for Atta cephalotes (Linnaeus), A.

colombica Guérin-Méneville, A. sexdens rubropilosa Forel,

and A. texana Buckley (Jutsum and Cherrett 1977; Bueno

et al. 2002; Dijkstra and Boomsma 2006). To observe these

unusual individuals in the laboratory, we took two samples

of about 300 ml of fungus garden and ants per colony, re-

sulting in a total of 600 ml per colony. The first colony

(CR130225-03) contained 74 winged A. charruanus gynes

and 119 males, whereas the second colony (CR130227-31)

contained only 7 gynes and 6 males. The female to male sex

ratio can be approximated with 0.62 and 1.17 for the first

and second colony, respectively. The sampled volume of

fungus garden represents a random sample of each colony

and detailed sex ratio estimates for the parasite need to be

obtained from comprehensive future surveys. Estimates of

A. heyeri sex ratios indicated a slight but significant bias

towards males (Diehl-Fleig 1993).

Discussion

The social parasite syndrome of Acromyrmex

charruanus

The morphological, behavioral, and natural history data

indicate that Acromyrmex charruanus is a permanent and

obligate inquiline social parasite of the thatch-mound-

building, leaf-cutting ant Acromyrmex heyeri. We never

encountered free-living colonies of A. charruanus and the

parasite seems to rely on the host colony for successful

reproduction. The presence of female host brood (i.e.,

worker brood) in the parasitized A. heyeri colonies suggests

that A. charruanus is a queen-tolerant inquiline parasite

(Buschinger 1986, 2009; Hölldobler and Wilson 1990;

Bourke and Franks 1991). The observation that parasitized

host colonies had collapsed 3 months after A. charruanus

reproductives were found in them could potentially indicate

that A. charruanus is intolerant of the host queen; however,

given the presence of female A. heyeri brood in the host

colonies, we believe the death of the host colonies is related

to the parasite’s reproductive strategy (see below) rather

than host-queen intolerance. The majority of obligate ant

social parasites are host-queen tolerant, whereas the killing

of the host queen is usually associated with temporary social

parasitism. Some obligate social parasites specialize on

invading queenless host colonies, such as Anergates atra-

tulus (Schenk) (Kutter 1969), or actively kill the host queen

to raise their own sexual brood, such as Leptothorax

goesswaldi Kutter (Buschinger and Klump 1988). Among

the five known species of socially parasitic fungus-growing

ants (not including A. charruanus), only P. argentina seems

to be host-queen intolerant, which is supported by the ob-

servations that A. lundii host colonies (1) collapsed after the

parasite’s mass release of sexual offspring (Bruch 1928),

and (2) did not contain female host brood, implying the

absence of the host queen (Bollazzi & Rabeling, personal

observation). All other socially parasitic fungus-growing

ants (i.e., A. ameliae, A. insinuator, M. castrator, and the

undescribed parasite species from Bahia) are queen-tolerant

inquilines (Delabie et al. 1993; Schultz et al. 1998; Bek-

kevold and Boomsma 2000; De Souza et al. 2007; Nash and

Boomsma 2008; Rabeling and Bacci 2010). Alternatively,

A. charruanus could preferentially parasitize old host

colonies that had lost their host queen. Intraspecific social

C. Rabeling et al.

123



parasites of the fire ant Solenopsis invicta Buren and mi-

crogyne parasites of Myrmica rubra (Linnaeus) seek out

mature, orphaned colonies, which they enter in order to

exploit the existing worker force to raise their own brood

(Elmes 1973; Seppä 1994; Tschinkel 1996; DeHeer and

Tschinkel 1998; Schär and Nash 2014).

In comparison to A. heyeri, gynes and males of A.

charruanus have markedly reduced body sizes and an in-

creased abundance of coarse, recurved setae on their

integuments (Figs. 1, 2). In contrast to the highly derived

attine social parasites that convergently evolved on the in-

quiline syndrome, A. charruanus retains 11 and 13 antennal

segments for females and males, respectively, and four

maxillary and two labial palps, representing the ple-

siomorphic conditions for the fungus-growing ants (Fig. 3)

(Kusnezov 1954; Schultz 2007). The male genitalia of A.

charruanus are reduced in size but the ventral aedeagal

margin retains the full complement of teeth (Fig. 4).

Aedeagal teeth serve to hook the male copulatory organ into

the female reproductive pouch (Baer and Boomsma 2006)

and are reduced in number in some morphologically derived

social parasites such as Mycocepurus castrator (Rabeling

et al. 2014b). Therefore, A. charruanus possesses some of

the morphological adaptations associated with the social

parasite syndrome, but lacks the more extreme modifica-

tions and reductions observed in the more highly derived

socially parasitic species of fungus-growing and other

myrmicine ants (Gallardo 1916, 1929; Bruch 1928; Kutter

1950, 1969; Wilson 1971, 1984; Hölldobler and Wilson

1990; Delabie et al. 1993; Buschinger 2009; Rabeling and

Bacci 2010).

In his study of socially parasitic Pheidole, Wilson (1984)

proposed that reduced body size and the loss of the worker

caste are among the first modifications to evolve during the

early stages of social parasite evolution, whereas reductions

of antennal segments and mouthparts evolve secondarily. In

addition, convergently evolved social parasite species often

represent amosaic of differentmorphological and behavioral

specializations characteristic of the inquiline syndrome

(Kutter 1969; Wilson 1971), and these adaptations do not

necessarily evolve in concert in independently evolved so-

cial parasite species (Wilson 1984; Buschinger 2009). Based

on morphological evidence, A. charruanus seems to occupy

a relatively early stage of the social parasite syndrome and

ongoing molecular phylogenetic studies will need to test

whether different degrees of morphological and behavioral

adaptation to the parasitic lifestyle are correlated with the

divergence times separating parasitic lineages from their

closest non-parasitic relatives, or whether different parasite

morphologies represent differentially adapted life-history

strategies that are uncorrelated with divergence time.

Absence or non-detection of the worker caste in A.

charruanus?

Acromyrmex charruanus appears to be a workerless social

parasite. We inspected the morphology of workers from two

parasitized A. heyeri colonies and obtained nucleotide

sequences of the DNA-barcoding fragment of the

mitochondrial gene cytochrome c oxidase I for 144 workers.

Neither approach yielded evidence for a worker caste in A.

charruanus. The apparent absence of the worker caste is

noteworthy because other social parasite species that show a

similar degree of morphological specialization to social

parasitism, such as A. ameliae and A. insinuator, still pro-

duce minor and medium-sized workers (Bekkevold and

Boomsma 2000; De Souza et al. 2007). Studies of labora-

tory colonies showed that A. insinuator workers were

present in the host colonies at frequencies between 40 and

48 % (Sumner et al. 2003a, b), and field studies of A.

ameliae confirmed the presence of parasite workers at a

frequency of approximately 9 % (De Souza et al. 2007). In

contrast, only morphologically and behaviorally derived

inquilines of fungus-growing ants have been found to be

workerless (Gallardo 1916; Delabie et al. 1993; Rabeling

and Bacci 2010).

The retention of the worker caste in a social parasite

species is thought to be a transitional stage in the evolution

of social parasitism, eventually leading to the loss of the

worker caste. The ‘‘selfish larvae’’ hypothesis proposes that

miniaturization of the social parasite is evolutionarily fa-

vored because smaller body size reduces the developmental

‘‘caste threshold’’ of the parasitic species, allowing the

parasite’s brood to develop into reproductive queens instead

of sterile workers as a result of being fed the same amount

that, when fed to the host brood, would result in the de-

velopment of workers (Nonacs and Tobin 1992).

Consequently, the hypothesis predicts that the degree of

worker caste loss should be correlated with the degree of

miniaturization in a social parasite species. Based on the dry

weight of A. charruanus alate queens (mean 2.2 mg; range

2–2.4 mg), the parasite gynes are lighter than both host alate

queens (mean 9.4 mg; range 4.7–15.5 mg) and host major

workers (mean 4.8 mg; range 3.7–5.5 mg). The low dry

weight of A. charruanus gynes suggests that the degree of

miniaturization is relatively advanced, and that, considering

that the social parasite gynes are lighter than the host major

workers, the selfish larvae hypothesis would predict the

absence of a worker caste in A. charruanus. In contrast, in

the Panamanian social parasite A. insinuator, which still

retains a worker caste, parasite queens are approximately

half the dry weight of their host queens and weigh about

40 % more than their host major workers, suggesting that
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the evolution of miniaturization is still at an early stage

(Bekkevold and Boomsma 2000).

However, given that we were able to study only two

parasitized colonies in the field, the results presented here

should be interpreted cautiously, and further studies should

test whether the worker caste of A. charruanus is completely

absent or whether social parasite workers remained unde-

tected because they occur at frequencies below 3–6 %.

Mating behavior and reproductive strategy

Dissecting the reproductive behavior of host and parasite is

essential for understanding the parasite’s life history and

ecology, as well as for developing hypotheses regarding the

parasite’s evolution. The life cycles of many parasites are

synchronized with the hosts’ life cycles to maximize the

availability of exploitable hosts (Wcislo 1987; Calero-

Torralbo and Valera 2008; Schmid-Hempel 2011). In con-

trast, the chronologies of the mating seasons of A.

charruanus and its host A. heyeri were diametrically op-

posed, with the parasite producing sexual offspring during

the austral fall, when host alates were absent from the

population, whereas the host reproduced during the austral

spring. Importantly, the presence of parasite and host sexual

brood during the fall and spring seasons also coincided with

the maximum availability of colony resources (i.e., fungal

biomass) in A. heyeri nests. During the course of 1 year,

central Uruguayan A. heyeri colonies experience two

growth peaks, one in the austral spring and a second in the

austral fall, as indicated by the amount of fungal biomass

and ant brood present in the nests (Bollazzi, personal ob-

servation). In contrast, during the winter, leaf-cutting ant

colonies hibernate and during the summer their grass-cut-

ting activity is reduced (Weber 1957; Bollazzi and Roces

2010a, b). As a consequence, A. heyeri colony size and

fungal biomass is decreased during the summer and during

the winter. It therefore seems plausible that the parasite’s

shift in mating season to the fall could be adaptive, because

it (1) would allow the parasite to avoid competing for re-

sources with the host’s sexual brood during the spring and

(2) would synchronize the parasite’s reproductive output

with the increase in fungal biomass that occurs during the

fall colony growth peak. In addition, the chronologically

opposed mating seasons of host and parasite could have

contributed to the evolution of reproductive isolation be-

tween host and parasite if this behavior was present at the

time when A. charruanus speciated from its original host.

In contrast to these possible benefits of diametrically

opposed mating seasons of host and parasite, the non-

overlapping mating flights might also cause challenges for

A. charruanus queens with regard to accessing new host

colonies. It is believed that during synchronized mating

flights of hosts and social parasites, invading parasite

queens take advantage of the temporarily relaxed nestmate

recognition system of the host colony (Lambardi et al. 2007;

Nash and Boomsma 2008). Currently it is unclear whether

A. charruanus faces additional challenges when entering a

host colony outside the host’s nuptial flight period, and

which behavioral and chemical strategies are utilized by the

parasite to successfully invade and become established in a

new host colony.

The mating behavior of socially parasitic fungus-grow-

ing ants that represent early stages of the inquiline syndrome

(i.e., A. insinuator, A. ameliae) is variable. Laboratory

colonies of the Panamanian A. insinuator release their alates

either slightly before or after the hosts’ mating flights,

whereas colonies observed in the field produced host and

parasite alates simultaneously (Bekkevold and Boomsma

2000). The Brazilian A. ameliae was observed to produce

alates in two seasons per year, but host and parasite alates

did not seem to co-occur, leading the authors to suggest that

the biannual release of parasite reproductives increases the

parasite’s chance of successfully invading new host colo-

nies (De Souza et al. 2007). In contrast, morphologically

and behaviorally derived inquilines are known to reproduce

in synchrony with unparasitized colonies of the host species

in the same population, but, simultaneously, inquiline

queens are known to suppress host reproduction in their own

host colony, preventing co-occurrence of host and parasite

alates in the same colony (Bruch 1928; Gallardo 1929;

Rabeling and Bacci 2010). This so-called ‘‘host-castration’’

is a well-known strategy of parasites that directs the hosts’

resources to colony growth instead of host reproduction

(Baudoin 1975).

The observation that both A. heyeri nests observed to be

parasitized by A. charruanus in February were empty in

May suggests that the host colonies had died following

parasite reproduction, which indirectly supports the hy-

potheses that A. charruanus reproduces semelparously.

Semelparous reproduction, which maximizes reproduction

in a single reproductive bout, was observed in A. insinuator

and was suggested for P. argentina, whereas iteroparity has

been suggested for M. castrator (Bruch 1928; Gallardo

1929; Bekkevold and Boomsma 2000; Rabeling and Bacci

2010). Alternatively, A. charruanus could specialize on

parasitizing old host colonies that have lost their queens, as

has been observed in the microgyne social parasite of

Myrmica rubra and in orphaned colonies of Solenopsis in-

victa (DeHeer and Tschinkel 1998; Schär and Nash 2014),

or the parasitized A. heyeri colonies could have moved to

new nest sites. Such moves of fully grown fungus-growing

ant colonies have been observed in unparasitized A. heyeri

colonies (Nickele et al. 2012) and in colonies of other Atta

and Acromyrmex species (Fowler 1981).

The evolutionary origins of social parasites are tightly

linked to differential mating times and/or localities of hosts
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and parasites and to the coexistence of multiple reproduc-

tive queens (i.e., polygyny) in the host colony (Bourke and

Franks 1991, 1995; Buschinger 1986, 2009; Savolainen and

Vepsäläinen 2003; Boomsma et al. 2014; Rabeling et al.

2014b). Polygyny, in particular, presents an opportunity for

one queen to reproductively exploit the other queen(s) and

can lead to the evolution of intraspecific parasitism

(Buschinger 1986; Bourke and Franks 1991; Seifert 2010;

Boomsma et al. 2014). Interestingly, every host and parasite

species of fungus-growing ants that has been investigated so

far is at least facultatively polygynous (Della Lucia and

Vilela 1986; Delabie 1989; Bekkevold et al. 1999; Bekke-

vold and Boomsma 2000; Diehl et al. 2001; De Souza et al.

2004; Rabeling et al. 2007b; Rabeling and Bacci 2010),

which supports the hypothesis that the evolutionary origin

of social parasitism is contingent on the presence of poly-

gyny in a given species. A population survey of A.

charruanus’s host species, A. heyeri, in southern Brazil

revealed that at least 17 % of the colonies were polygynous

and polyandrous and that 68 % of the colonies for which

monogyny was inferred had to be descendants of a neces-

sarily heterozygous mother, suggesting that the frequency

of polygyny in this population was likely higher (Diehl et al.

2001). The sexual strategies of the Uruguayan A. heyeri host

colonies and of A. charruanus are currently unknown, and

we are currently employing recently developed genetic

markers to infer the mating strategies of this host-parasite

pair (Rabeling et al. 2014a).

Conclusions

To conclude, we report a new inquiline social parasite

species that usurps colonies of the thatch-mound-building,

leaf-cutting ant A. heyeri from Uruguay. Morphological

and behavioral modifications of A. charruanus, such as

size reduction and loss of the worker caste, represent

early stages of the social parasite syndrome, whereas

more derived morphological reductions are absent. A.

charruanus is morphologically similar to A. ameliae, a

social parasite of A. subterraneus, from Brazil. However,

we suspect that the morphological similarities evolved

convergently due to comparable selective pressures re-

lated to the parasitic habits. Initial behavioral

observations suggest that A. charruanus is tolerant of the

host queen, performs mating flights during the austral

fall, and reproduces semelparously. Future field and

laboratory studies of this social parasite are needed to

confirm our initial observations and will reveal additional

life history and behavioral traits that will allow us to

understand the evolutionary origins and the complex so-

cially parasitic life history of A. charruanus in more

detail.
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Mayhé-Nunes AJ, Jaffé K (1998) On the biogeography of Attini

(Hymenoptera: Formicidae). Ecotropicos 11:45–54
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