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ABSTRACT 

Two Neotropical ant species, Stenamma expolitum Smith and S. alas new species (described here), exhibit three unusual nesting behaviors: (1) they build architecturally 
sophisticated nest entrances that elevate the nest opening away from the surface; (2) they maintain multiple identical nests but occupy only one of them; and (3) they 
keep a round “door pebble” at the nest entrance, with which they plug the opening in response to army ants. Adaptive hypotheses for these behaviors are discussed, 
including the possibility that there are multiple lines of defense against army ant predation. 

RESUMEN 

Dos especies de hormigas Neotropicales, Stenamma expolitum Smith y S. alas especie nueva tienen tres comportamientos extraordinarios perteneciente de sus nidos: 
(1) construyen estructuras complejas que eleva la entrada del nido arriba del superficie del suelo; (2) mantienen hasta tres nidos identicos pero ocupan solamente uno; 
y (3) mantienen una pelota redonda cerca de la entrada del nido que se usan para cerrar la entrada a su nido evitando acceso a las hormigas Ecitoninae. Se discuten las 
varias hipo t́esis sobre la funcio´n y evolucio´n de estos comportamientos. Es posible que todos son defensas para evadir las hormigas Ecitoninae. 

Key words: army ants; Costa Rica; Ecitoninae; Formicidae; Neotropics; new species; predator defense; Stenamma. 

TROPICAL RAINFORESTS ARE LACED WITH A SKEIN OF ANTS that 

influence many ecological and evolutionary processes. Nest con

struction is a major aspect of the natural history of rainforest ants, 

and the majority of ant species can be classified into a few general 

categories of nesting behavior (Wheeler 1910, Forel 1928). The 

classic ant nest is a subterranean chamber with an entrance tunnel 

and a tumulus of soil on the surface. Others have small nests in 

the leaf litter, nesting in chambers in small twigs, in dead seeds, 

or between rotting leaves (Byrne 1994, Kaspari 1996). Arboreal 

ants nest in dead or live branches in the canopy, and some make 

exposed carton nests. Several groups of ants have very specialized 

nesting habits that have attracted the attention of naturalists. Army 

ants have nomadic behavior, building temporary bivouacs com

posed of their own bodies (Schneirla 1971, Gotwald 1995). Special

ized plant ants have mutualistic relationships with plants, nesting 

in preformed chambers unique to particular myrmecophyte taxa 

(Bequaert 1922). These specialized nesting behaviors have attracted 

attention both for their inherent interest as unique phenomena and 

for what they reveal about the ecology and evolution of rainforest 

ants. 

I report here the novel nesting behavior of two species of 

Neotropical ants. The exceptional nature of their nesting behavior 

will place them in the pool of tropical oddities that attract inher

ent interest. However, studies of the functions of the behavior may 

help reveal the major selection pressures that shape ant commu

nities in general. Preliminary observations reported here suggest 

1 Received 1 September 2004; revision accepted 26 January 2005. 
2 Corresponding author; e-mail: longinoj@evergreen.edu 

that army ants have played a major role in shaping these nesting 

behaviors. 

METHODS 

Geographic range data are based on museum collections. More 

detailed behavioral observations were made on 28 colonies at four 

Costa Rican localities: (1) Alajuela Province, R ı́o Pen˜as Blancas, 

800 m elevation, 10°19'N, 84°43'W, February 2004; (2) Heredia 

Province, Braulio Carrillo National Park, Barva transect, 500 m 

elevation, 10°20'N, 84°05'W, February 2003; (3) Barva transect, 

300 m elevation, 10°21'N, 84°03'W, March 2004; and (4) La Selva 

Biological Station, 50 m elevation, 10°26'N, 84°01'W, June and 

August 2004. All localities are mature rain forest sites on the Atlantic 

slope. T h e majority of observations are from the Barva transect in 

Braulio Carrillo National Park, a protected zone from the top of 

Volcan Barva to La Selva Biological Station (Pringle et al 1984, 

Hartshorn & Peralta 1988, McDade et al 1994, Lieberman et al. 

1996). All are very humid sites, with annual rainfall from 4 to 7 m, 

depending on elevation. 

Nests were carefully examined and the architecture of the nest 

entrance recorded. At least one voucher specimen from each nest was 

collected. Vouchers are currently in the author’s collection but will 

ultimately be deposited in the Instituto Nacional de Biodiversidad 

(Costa Rica) and other major research collections. A subset of the 

nests was subjected to a series of behavioral trials over a 1- to 3-d 

period, the details of which are described below. Some nests were 

thoroughly excavated so that the entire nest structure could be seen 

and the entire colony population counted. 
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RESULTS 

GEOGRAPHIC RANGE, ABUNDANCE, AND HABITAT PREFERENCE.— 

Stenamma expolitum and Stenamma alas are both endemic to the 
Atlantic slope of Costa Rica. Stenamma expolitum was described 
in 1962, based on specimens from Colombiana Farm, a site in 
Limo´n Province near Turrialba. Recent collections have been from 
the Monteverde and upper Pen˜as Blancas area of the Cordillera de 
Tilar´an, and from the Barva transect. On the Barva transect, one 
or both occur from 50 m elevation at La Selva to 2000 m elevation 
near the peak of Volcan Barva. 

Both species are specialist inhabitants of nearly vertical clay 
banks in mature forest habitats. Until recently, they were consid
ered extremely rare ants. The Monteverde and Pen˜as Blancas area 
in the Cordillera de Tilara´n and the Barva Transect, including La 
Selva Biological Station, have been abundantly surveyed for ants 
using Winkler and Berlese samples of leaf litter from the forest floor 
(Longino & Nadkarni 1990, Longino & Colwell 1997, Longino 
et al. 2002, L. Schonberg and J. Longino, pers. obs.). These pro
grams of quantitative sampling have yielded one S. expolitum worker 
from La Selva and workers of S. alas from six Winkler samples from 
Monteverde and one Winkler sample from 2000 m elevation on 
the Barva Transect. Neither species has ever been collected at baits 
or with Malaise traps, pan traps, or canopy fogging. In contrast, di
rected search along clay banks in Pen ãs Blancas, the Barva Transect, 
and La Selva quickly yielded multiple nest samples of both species. 

At the Cantarrana site, at 300 m elevation on the Barva Tran
sect, a careful search along the banks of a stream yielded 12 colonies 
of S. expolitum and 9 colonies of S. alas, along 0.5 km of stream. 
Colonies were predictably present on segments of steeply inclined to 
concave clay bank at the stream edge. These banks were 2–5 m tall, 
usually with a sharply delimited upper edge where forest floor leaf 
litter and overhanging plant roots began. A temporal succession of 
clay banks could be seen, beginning with recently exposed surfaces, 
then a sparse covering of small bryophytes and other small plants, 
and finally a dense covering of bryophytes. Ants were absent from 
the new banks, very abundant on banks of intermediate stage, and 
much less abundant on the moss-covered banks. The clay was stiff, 
so it could be cut with a knife and hold its shape. Banks where the 
soil was more weathered and friable did not have Stenamma nests. 
Casual inspection of vertical banks along road cuts and trails also 
revealed Stenamma nests. Areas where Stenamma were found were 
always heavily shaded, either in mature forest or in well-developed 
second growth forest. 

Decades of work on ants at La Selva, including an intensive 
ant inventory (Longino et al. 2002), failed to record either of these 
Stenamma species. Yet knowledge of the specialized microhabitat 
allowed the recent location of two nests of S. expolitum and one nest 
of S. alas within 1 h of searching. 

NEST STRUCTURE, MULTIPLE NESTS, AND COLONY SIZE.—The nest 

of S. alas comprises an alcove in the bank, within which is a vertical 
disk of accreted soil, raised on a narrow stem (Fig. 1). This pedestal
like structure is the nest entrance, and a tunnel extends horizontally 
from the center of the disk, through the stem, and back into the 

FIGURE 1. Nest architecture of two species of the ant genus Stenamma. 

Nests are in vertical clay banks in wet forest habitats. (a) Two nest entrances of 

Stenamma alas. Arrow points to door pebble of active nest; more conspicuous nest 

to right shows active excavation but is unoccupied. (a;) Schematic lateral view 

of nest architecture. (b) Nest entrance of Stenamma expolitum. Note horizontal 

disk, nest entrance, and door pebble at apex of pebble mound. (b) Schematic 

lateral view of nest architecture. Asterisks coordinate anterior and lateral views 

of nests. 

bank. The entrance tunnel expands into a flat chamber that is about 
8 cm deep, 2 cm wide, and 5 mm high. The nest of S. expolitum 
is in a similar alcove, within which is a mound of spherical pebbles 
(Fig. 1). A circular disk of accreted soil, similar to that of A. alas, 
is variably present on top of the mound but is horizontal rather 
than vertical. The entrance tunnel descends vertically through the 
mound and then curves back into the bank, where thereis achamber 
identical to that seen in S. alas. In addition, there is a second, smaller 
chamber that extends into the bank from the back of the alcove, 
behind the mound. There are no internal connections between the 
two chambers. In both species, recent excavation activity is visible as 
a conspicuous ring of accreted soil particles on the bank, encircling 
the alcove (Fig. 1). 

For both species, mature colonies maintain two or three nests in 
close proximity. Distances between pairs of nearest-neighbor nests 
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TABLE 1. Whole colony censuses for Stenamma alas and Stenamma expolitum. 

Species Collectiona Workers Alate queens Males Dealate queens 

S. alas JTL5330 

S. alas JTL5335 

S. alas JTL5328 

S. alas JTL5322 

S. alas JTL5334 

S. alas JTL5339 

S. expolitum JTL5325 

S. expolitum JTL5338 

196 

160 

80 

124 

86 

171 

24 

63 

aJ. T. Longino collection code. 

49 

22 

18 

0 

0 

1 

0 

1 

0 

0 

3 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

averaged 18.9 cm (SE = 2.3 cm, N = 27). Colonies are separated 
by much larger distances, usually on different patches of suitable 
clay bank. The intracolonial nature of the nest clusters is obvious. 
Only one of the nests is inhabited and the others are either empty or 
inhabited by one to three workers. The occupied nest contains up to 
200 workers, a single colony queen and brood in variable stages of 
development (Table 1). For S. expolitum, the upper chamber usually 
contains about ten workers, with the remainder of the colony in the 
large lower chamber. When a fresh ring of excavated soil is present it 
is around one of the uninhabited nests. When I artificially plugged 
nest entrances, workers quickly removed the plugs (within minutes) 
from the occupied nest and at least one of the unoccupied nests. 
This shows that the multiple nests are actively maintained and do 
not represent a series of abandoned nests. 

DOOR PELLET AND RESPONSE TO DISTURBANCE.—Both species 

maintain a spherical pebble near the entrance. For S. alas, the pebble 
adheres to the vertical clay disk just below the entrance. For S. expoli-
tum, the pebble perches at the top of the mound or on the horizontal 
clay disk when the disk is present. When the pebble is removed, 
workers will retrieve it or replace it within minutes. I observed the 
pebble being used to close the nest entrance in response to army 
ants. I performed trials by grasping army ant workers with forceps 
and holding them near nest entrances. I used live army ant workers 
from raiding columns of Eciton mexicanum and Neivamyrmex gib-
batus. In 11 of 13 trials in which the only treatment was to present 
an army ant worker, a Stenamma worker from inside the nest imme
diately grabbed the pebble and pulled it into the nest entrance. The 
pebble filled the nest entrance like a stopper. In the case of S. expoli-
tum, the workers in the upper chamber were left stranded outside 
the main nest chamber. In five additional trials, I first tapped the 
nest entrance with forceps, in some cases even breaking a portion of 
the disk, and then followed with the presentation of an army ant. 
Stenamma workers never attempted to plug the entrance following 
the mechanical disturbance but in all five cases immediately closed 
the nest on encounter with the army ant. In two further trials, I first 
presented a different ant species (one trial with a worker of Pheidole 
simonsi and one with Aphaenogaster araneoides). In neither case did 
the Stenamma close the nest. When followed by the presentation of 

an army ant, they immediately closed the nest. Thus neither me

chanical disturbance of the nest entrance nor presentation of other 

non-ecitonine ant workers elicits nest closure. 

Some species of ants exhibit panic evacuations in response to 

army ant attack (LaMon & Topoff 1981, Droual 1983). Workers 

from a besieged colony, each bearing a larva, pour forth from the 

nest entrance and scatter, slowly returning to the nest after the raid 

has passed. During excavations of Stenamma nests and presentations 

of army ants, I never observed evacuations. The one immigration 

that I observed was at 0830 h, and there was no sign of attack or 

trauma. 

TAXONOMY 

ETYMOLOGY.—Named for the Arthropods of La Selva ( A L A S ) 

project. It is a noun in apposition and thus invariant. 

H O L O T Y P E . — C O S T A R I C A , Prov. Heredia, 11 km E S E La Virgen, 

10°21 'N, 8 4 ° 0 3 ' W 300 m, 15 April 2004, J. Longino#5338. Speci

men barcode J T L C 0 0 0 0 0 5 5 8 8 . Deposited at the Instituto Nacional 

de Biodiversidad, Costa Rica. Paratype workers, with same data as 

holotype, deposited at The Natural History Museum, London; Los 

Angeles County Museum of Natural History, California; Museum 

of Comparative Zoology, Harvard; United States National Museum, 

Washington, D C . 

DIAGNOSIS.—Smith (1962) described S. expolitum, differentiating 

it from all other Stenamma species by its extremely smooth and 

shiny integument. All other species of Stenamma exhibit a much 

greater degree of body sculpture, with extensive areas of rugae and/or 

punctures. Stenamma alas is nearly identical to S. expolitum in nearly 

every respect, differing only in more extensive sculpture on the face 

and lighter color on the legs (Fig. 2). Stenamma alas has a fan of 

irregular striate sculpture on the anterior half of the face. In S. 

expolitum, the face is almost entirely smooth and shiny. Stenamma 

alas has uniformly light brown femora and tibiae, contrasting with 

the darker brown body. In S. expolitum, the median portions of the 

femora and tibiae are dark like the body, with only the apices lighter 

brown. 

COMMENTS.—Both morphology and behavior suggest that S. alas 

and S. expolitum together form a monophyletic group, with the 

highly polished surface sculpture and the elaborate nest entrance 

structure being synapomorphic. Within the group, S. expolitum 

exhibits a more derived condition in both of these characters. Ste

namma alas retains a plesiomorphic patch of face sculpture, which is 

lost in S. expolitum. Stenamma expolitum also has the more derived 

nest structure, with pebble mound and second chamber. 

DISCUSSION 

The three behaviors that I have described—elevated nest entrances, 

multiple empty nests, and door closure—remain to be investigated 

for functional significance. Architecturally complex nest entrances 
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FIGURE 2. (a) Holotype worker of Stenamma alas, lateral view. (b) Same, face 

view. (c) Stenamma expolitum, face view. 

are known for a few species of ants (Forel 1928). The Asian ant 
Harpegnathos saltator builds a complex subterranean nest in which 
a simple entrance leads to an antechamber, and a molded funnel
like superstructure projects from the main nest chamber into the 
antechamber (Peeters et al. 1994). Peeters et al. suggested that the 
adaptive significance of the elevated nest entrance was to prevent 
flooding in the monsoonal climate. Crosland (1995) observed a 
related nest structure in Harpegnathos venator. This species nests in 
clay banks and has both an antechamber and a main nest chamber, 
like H. saltator. Both the outer nest entrance on the clay bank and 
the inner opening between the main chamber and antechamber are 
surmounted by a funnel-like superstructure. Crosland (1995) sug
gested that the funnel-like nest entrance might function in predator 
evasion. 

Three hypotheses can be proposed to explain the complex and 
elevated nest entrances of S. alas and S. expolitum. One is that 
the elevated entrances reduce the likelihood of flooding. Rainfall is 
high in the habitats where these species live, and sheet flow over the 
clay surface may be common. However, a simple entrance with a 
downward slope would achieve the same end. A second hypothesis, 
suggested by M. Kaspari (pers. comm.), is that the nest entrances 
are related to sexual selection and mate choice. These two species are 
very closely related, yet their nest entrances are highly distinctive and 
immediately distinguishable in the field. If mating occurs at or near 
the nest, searching males may use the nest entrances as visual cues for 

locating mates. A third hypothesis is that the structure reduces the 
odor signature of the colony, thus reducing the likelihood of army 
ant attack. Army ant workers are blind and it is surmised that at 
least column raiders use odor cues to locate prey (Rettenmeyer 1963, 
Schneirla 1971). The elevated superstructures of the Stenamma nest 
entrances may reduce the likelihood of physical contact by army 
ants and may better disperse colony odors. 

Nest relocation by ants is a common phenomenon (Smallwood 
1982, Banschbach & Herbers 1999) but usually in the context of 
colonies locating higher quality nest sites (Dornhaus et al. 2004) 
or being forced to move due to trauma (LaMon & Topoff 1981, 
Briese 1984). McGlynn et al. (2003, 2004) recently demonstrated a 
particularly “unprovoked” form of nest relocation in the rainforest 
ant A. araneoides. Colonies maintained multiple empty nests and 
frequently moved among them. In their study, moves between nests 
were not associated with trauma, attack, resource abundance, or 
competition from other colonies. McGlynn et al. hypothesized that 
regular nest relocations in A. araneoides were related to predator 
and/or parasite avoidance, and in particular suggested that reloca
tions could prevent accumulation of colony odors that could attract 
army ants. My observations of Stenamma suggest a parallel phe
nomenon, and the same hypothesis can be applied. 

Many ant species have some portion of the body, usually the 
head, modified to form a circular plug for the nest entrance (phrag-
mosis, see Wheeler 1910, Brown 1968). Phragmosis has evolved 
multiple times independently, occurring in disparate ant lineages. 
There is obviously strong selection to evolve mechanisms to seal 
off nest entrances. The nest closing behavior of these Stenamma is 
a form of behavioral phragmosis, using a selected or shaped peb
ble rather than a body part. Although many phragmotic ants keep 
the nest entrance sealed except to allow workers in and out, these 
Stenamma close the nest entrance only when in contact with army 
ants. Highly selective nest closure in response to army ants has rarely 
been reported (LaMon & Topoff 1981), and the maintenance of 
a door pebble has never been reported. The additional chamber 
constructed by S. expolitum, with its small retinue of workers, may 
serve as a decoy during an attack or as an additional line of defense, 
leaving sacrificial workers outside to protect the sealed nest entrance. 

Predation pressure by army ants (subfamily Ecitoninae) is a re
current theme in the adaptive hypotheses proposed for the complex 
nesting behavior of Stenamma. Army ants are a set of species with 
large colonies and nomadic, group-raiding behavior. A large part of 
the army ant diet comprises the brood of other ant species, and army 
ant raids on other ant species are commonplace (Rettenmeyer 1963, 
Schneirla 1971, Gotwald 1995). It has been hypothesized that army 
ants regulate and maintain the overall ant diversity by “cropping” 
abundant ant species, preventing competitive exclusion (Franks 
& Bossert 1983, Otis et al. 1986, Kaspari & O’Donnell 2003). 
Kaspari and O’Donnell have estimated that every square meter of 
the rainforest floor may be visited nearly daily by army ants. It may 
be argued that the size differential between the Stenamma and the 
much larger Eciton workers used in some of the behavioral trials 
make the army ant defense hypotheses untenable. The entrances to 
the Stenamma nests are smaller than most Eciton workers. However, 
there are many species of Neivamyrmex that have uniformly small 
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workers. Also, larger army ants in the genera Eciton, Labidus, and 

Nomamyrmex are strongly polymorphic, and many of the smaller 

workers are the same size as Stenamma. For example, I have seen 

Nomamyrmex esenbeckii, a species known for its large workers and 

propensity to attack Atta colonies (Swartz 1998), attacking a colony 

of Pheidole laticornis, a ground-nesting species with workers similar 

in size to Stenamma. Finally, army ants share certain semiochemi-

cals because they respond to each others trail pheromones (Watkins 

1964), and most New World army ants produce skatole that gives 

them a characteristic foetid odor (Brown et al. 1979). Stenamma 

may react to a generalized army ant odor, rather than to the odors 

of particular species that are their most frequent predators. 

Architecturally complex nest entrances are known for a few 

species of ants (Forel 1928, Peeters et al. 1994, Crosland 1995), 

movement among multiple nest sites is known for others (Small-

wood 1982; Banschbach & Herbers 1999; Dornhaus et al. 2004; 

McGlynn et al. 2003, 2004), and some species of ants are known 

to block their nest entrances in response to disturbance (Wheeler 

1910, Brown 1968, Marikovsky 1974, Swartz 1998). The occur

rence of all three behaviors in the same species is unprecedented. If 

all of these behaviors are adaptations to avoid army ant predation, 

it suggests that even small ants with small colonies are subject to 

intense selection by army ants, and not just larger species with larger 

amounts of brood. 

The specialized microhabitat of these ants and their distinctive 

nest entrances make them easy to locate and observe. They have 

the potential to be a model system, revealing the selective pressures 

shaping ant behavior and testing the emerging view that army ants 

are dominant forces in tropical ecosystems, driving evolution and 

structuring communities of rainforest ants. 
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