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ABSTRACT

The mealybug-tending ant A. epedana is an obligate coccidiphile with
trophophoretic queens. Trophophoresy is defined as the behavior of a foundress
queen transporting a trophobiont on her mating flight for the establishment ofa
new mealybug “herd” in her new colony. Both the male and queen of A. epedana
are described here for the first time. Observations on a laboratory colony of A.
epedana suggest that the ants obtain most, if not all, of their encrgy requirements
from the mealybugs they tend. When offered a variety a food items ranging from
dead insects to sugary substances (e.g. honey, sugar water), the ants refused them
and even acted aggressively towards the dead prey items. Observations of a
laboratory colony also revealed a peculiar body jerking behavior suggestive ofa
form of vibrational communication, though its exact function remains to be
studied.
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INTRODUCTION

The ants of the genus Acropyga are all hypogaeic (living entirely under-
ground), surviving primarily by tending mealybugs (Hemiptera: Pseudococcidae)
on underground roots for their honeydew (Weber 1944; Williams 1998). This
mutually beneficial relationship is called trophobiosis (Hélldobler and Wilson
1990) and the partners are known as trophobionts. Acropyga speciesareall thought
tobe obligate coccidophiles (see Williams 1998; Johnson et al. 2001, for review); the
ants are dependent on the mealybugs for survival. All Acropyga species investi-
gated to date have been found with mealybugs in their nests (Weber 1944;
Williams 1998). Though many ant species are known to harvest honeydew from
hemipterans, Acropygn have taken the relationship further. Several species have
been observed in which queens emerge from their nests for their mating flight each
holding a mealybug in the mandibles (Biinzli 1935; Wheeler 1935; Brown 1945;
Eberhard 1978; Prins 1982; Buschinger et al. 1987; Williams 1998; Johnson et al.,
2001). The mealybug that each queen carries presumably serves as the parent from
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which a new generation of mealybugs will be started in the newly founded ant
colony (Weber 1944; Williams 1998). The behavior of a foundress queen transport-
inga trophobiont on her mating flight for establishment of anew mealybug “herd”
in her new colony will be termed trophophoresy.

The meatybugs utilized by Acropyga all belong to the subfamily Rhizoecinae,
and itis likely that the mealybugs are not able to survive independently of the ants
for they have never been collected outside of Acropyga nests (Williams 1998). The
complexity of the relationship between Acropyga and the mealybugs is scarcely
understood, but it appears to be analogous to what has evolved between attine
ants and the fungal species that they “farm.” Flanders (1957) found that A.
fuhrmanni stores its own eggs with those laid by the pseudococcids found in the
nest. It has also been observed that A. fuhrmanni move mealybugs from under-
ground chambers where roots are found to chambers without roots. Flanders
(1957) speculated that the ants switched mealybugs between roots in order to
regulate the amount of honeydew produced in a colony and to protect the roots
from overuse by the mealybugs.

Fossil evidence suggests that the trophophoretic behavior of Acropyga ants is
ancient. Johnsonet al. (2001) discovered in Dominican amber Acropyga queens that
were either holding a mealybug or with a mealybug ncarby in the amber matrix.
The amber dates from the Miocene, so the intimate relationship of Acropyga and
mealybugs is at least 15-20 million years old (Johnson et al. 2001). Given that most
extant formicines display some level of trophobiosis (Holldobler and Wilsen
1990), and that recently discovered formicine ant fossils date back to the mid-
Cretaceous about 90 million years ago (Grimaldi and Agosti 2000), trophobiotic
activity by antsislikely a very ancientbehavior. The number of times trophopheresy
originated among the formicines is at present unknown. Trophophoresy among
formicines is known to occur only in Acropyga, however the monophyly of the
genus has recently been called into question (Agosti 1991; Bolton 1995). It is
possible that trophophoretic behavior arose at least one other time in the ants, in
aspecies of the genus Tetraponera (subfamily Pseudomyrmecinae), a species where
queens have been observed to be trophophoretic (Klein et al. 1992).

Unfortunately, little is known about Acropyga biology, but understandable
because all Acrepyga species are hypogaeic and small (typically less than 2.5 mm
in total length). Workers never forage on the surface, so finding the ants usually
requires a concerted effort.

We made observations on A. epedann, and have included descriptions of the
previously undescribed reproductive castes. Collection of the male caste in
Acropyga species is especially important because the male genitalia are often the
only means by which species can be reliably identificd, and because they provide
important phylogenetic characters for the genus (LaPolla, unpublished data). A.
epedana, with the most northern distribution of any New World Acropyga, has been
collected only in southeastern Arizona (United States). The species was originally
described from four worker specimens (Snelling 1973}, and to date nothing is
known about the species habits. This study suggests that A. epedana ts an obligate
coccidophile and that it is trophophoretic.

MATERIALS AND METHODS

All specimens available for study were examined, including specimens from
the collections of the Los Angeles County Museum and Museum of Comparative
Zoology, and three nests collected by JSL and UGM in August 2001 just outside the
borders of the Southwestern Research Station (GPS location 31° 53.32' N, 109°
12.48' W; 1676 m elevation; approximately 5 miles west of Portal, Arizona). Two
nests collected by JSL and UGM were broughtback to the laboratory for behavioral
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observations. These colonies were placed in plastic nest boxes (7.5 cm x 7.5 ¢m)
with a 1 cm thick layer of moistened plaster on the bottom to ensure a humid nest
environment. Some dirt from the collection site allowed the ants to construct
tunnels and chambers. Because the ants were extremely photophobic observa-
tions were made under subdued light. The ants were videotaped to record
behavioral observations. The larger colony was offered an aphid after about five
hours in captivity, and then offered a range of food items after two weeks in
captivity: a halictid bee, sugar water, and honey. The two insect prey items were
frozen and thawed before being placed in the nest box. The sugar water and honey
were presented by soaking a piece of paper towel in the sugar or honey solution,
allowing the paper to dry, then reconstituting it with a small amount of water.

Morphological terminology follows Bolton (1994). All measurements are
given in millimeters. Anatomical abbreviations arc as follows: AL (alitrunk
length): The length of the alitrunk in lateral view from the anterior most point of
the pronotum to the posteriormost point of the metapleuron. CI (cephalic index):
HW x 100/HL. FI (eye index): EL x 100/HW. EL (eye length): The maximum
length of the eye. EW (eye width): The maximum width of the eye. HL (head
length): The length of the head proper, excluding the mandibles measured in full-
face view from the midpoint of the anterior clypeal margin to the midpoint of the
posterior margin. HW (head width): The maximum width of the head in full-face
view. SI (scape index): SL x 100/HW. SL (scape length): The maximum straight
line of the antennal scape excluding the condylar bulb. TL (total length): The total
length of the specimen (HL+AL+GL).

RESULTS AND DISCUSSION
Systematic Treatment
Acropyga epedana Snelling, 1973
Snelling, 1973: 7, figure 1 (worker).

Male: (figures: la-c)

Measurements (n=3).— TL: 2.00-2.13 HW: .419- 425 HL: .410- 424 51.:.330- .374
EL:.132- 144 EW: .108- 114 THL: .726-.775 GL: 2.00- 2.13 CT: 100.5- 102.4 5I: 78.8-
88.0EL: 31.0- 34.0

Diagnosis— Antennae 12 segmented; mandible with two distinct teeth, occa-
sionally a smaller tooth is present at basal angle; genitalia with rectangular shaped
parameres, which curve towards each other apically; cuspi and digiti meet
apically forming an oval-shaped space between them in ventral view; ventral side
of penis valves without teeth; apical tips flattened and Jaterally expanded.

Description.—Head: brownish-yellow and covered with fine pubescence; apex
darker brownish-yellow, with three prominent ocelli; eyes large, in frontal view
bulging out from outline of head; antennae 12 segmented; scapes surpass posterior
margin, by about the length of the first two funicular segments; clypeus with
several long hairs on anterior margin, though clypeus generally less pilose than
the rest of the head; mandibles with two distinct teeth, an apical tooth and a basal
tooth, a smaller tooth is occasionally present at basal angle; a large gap exists
between anterior clypeal margin and inner mandibular margin. Thorax: yellow to
brownish-yellow, darker along segmental margins; pronotum short and collar-
like; anterior of mesonotum rounded, dorsum flat, covered in short, suberect
hairs; scutellum distinct, roughly oval, slightly lighter than mesonotum, with
fewer suberect hairs covering dorsum; propodeum with fewer short, suberect
hairs than other parts of the thorax; declivity at ca. 45° angle. Gaster: petiole erect
and short, triangular in lateral view with a rounded apex; gaster brownish-yellow
with more brown dorsally; covered in a fine pubescence, with a few scattered






