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ABSTRACT  

All army ants (subfamily Dorylinae), whether advancing above ground or through underground channels, move in masses, columns, or small groups that leave scent traces.  Although it is well known that trail laying allows social insects to coordinate group responses over large temporal and spatial scales, little has been known about the micro-dynamics of foraging trail structures until recently.  Couzin and Franks, in their January, 2003 publication in the Proceedings of the Royal Society of London Series B-Biological Sciences, conclude that movement of individual army ants and the influence of direct interactions between ants lead to collectively selected unidirectional flow and multiple, minimally congested traffic lanes (Couzin and Franks 2003).  Their conclusions are examined here through application to the Eciton, the best-known genus within the Ecitonini tribe. 

INTRODUCTION

The connotation of the dorylinae with the military, as suggested by their common name ‘army ant,’ is purposeful:  the colonies are huge, vicious, and well organized.  The population of a dorylinae colony, which is mainly comprised of worker ants, is among the largest of all ants, and nearly all social insects except some termites (Schneirla 1971).  They are characterized by group predation and nomadism.  While emigrations from one nest site to another are not unusual among ants, no other subfamily moves with the regimented precision of army ants or with their cyclic predictability.  All army ants are carnivorous and engage in large-scale predation via raiding. 

Army ants forage either in column or swarm raids, and the patterns are species specific.  A column raid has a single trunk from which smaller columns branch and terminate in little groups of foraging workers.  While most Eciton raid in these branching-column systems, some make complex swarm forays.  A swarm raid has a trunk column that subdivides at its front into a myriad of columns, which in turn coalesce into a single advancing swarm of excited workers (Gotwald 1995). 

Of all the swarm raiders, E. burchelli is the most regular in its internal organization and raid timing.  At dawn the pioneers set out, proceeding in a zigzag pattern and moving forward with a fan-shaped network of columns trailing behind and a base column in the rear connecting the swarm with the bivouac.  The swarms can extend 15 meters long and 2 meters deep, and a single raid may result in over 30,000 prey items being retrieved (Schneirla 1971; Couzin and Franks 2003).   The magnitude of this feat is all the more impressive when one considers that army ants have greatly reduced optic centers when compared to other ants, and a relatively small brain (Gotwald 1995).  Therefore, a raid can only be executed successfully when organization is maintained through a highly adapted chemical communication system.

RESULTS 

BIOLOGY and CHEMISTRY

Pheromones, the chemical agents of biological communication, are especially important to army ants.  This is due, in part, to their limited vision:  workers of the twelve Eciton species have compound eyes that are reduced to a single facet.  Each dorylinae colony has a distinctive odor, which serves as a basis of social control by reinforcing communicative exchanges among colony members.  Furthermore, the nature of army ant locomotion necessitates the use of odor trails, or trail pheromones.  The chemistry of Eciton trail pheromones is complex and has yet to be elucidated (Gotwald 1995). 

The source of Eciton trail pheromone is also poorly understood, though it is presumed that the pheromones originate from the hindgut and that these army ants lay trail by dragging the tip of their gaster on the substrate surface.  They have well-developed pygidial and post pygidial glands with reservoirs that open directly above the anal opening at the tip of the gaster, suggesting that one or both glands are involved.  It may be that there are multiple sources (Gotwald 1995).  Although it is unclear exactly where the trail pheromone originates from, it is known that Eciton army ants have evolved morphologically in order to affectively lay the odor trail.

The Eciton’s bi-nodal waist, connecting the mesosoma to the gaster, is an adaptation promoting body flexibility and thus facilitating trail pheromone distribution.  In order for the pheromones to effectively coordinate the group and individuals into a cohesive, mobile force, they must be detected by antennae.  The antennae of army ants, like ants in general, are multi-segmented, relatively long, and are held forward to pick up tactile and chemical stimuli.  

NAVIGATION and TRAFFIC FLOW

A worker ant’s motivation for departing the bivouac may be stimulated by the movements and odors of unfed larvae and agitated nest mates, or from her own hunger.  Trail pushing is done by any and all raiders that enter new ground:  

Each pioneer reacts at the trail end as though she had received a little shock there, then crawls forward with her body close to the ground in a tense, agitated way, antennae oscillating and tapping the substratum (Schneirla 1971).  

A pioneer only advances a few centimeters, rubs her abdomen against the ground to release the trail-extending pheromone, then retreats.  The organization of the swarm front then depends on the positive pressure exerted by the steady stream of outbound workers arriving at the swarm:  the slower pioneers at the front compel the newly arrived workers to move laterally, thus widening the swarm (Gotwald 1995).  Whereas the pioneers rapidly vibrate their antennae from side to side and palpate objects and the ground, the ants exhibiting following behavior keep their antennae curved downward with minimal movement (Couzin and Franks 2003).  As the swarm progresses, workers are recruited from the nests’ periphery.  Still more are attracted forward when they make antennal contact with returning ants bearing traces of booty odor combined with excitement odor (Gotwald 1995).  

 The effective management of traffic during an Eciton raid is essential.  Most colonies work under a time constraint, during which a single swarm raid of up to 200,000 ants must complete its predatory mission between dawn and dusk.  In their recent publication in the Royal Society of London Series, Couzin and Franks reveal their finding from the application of a new model that quantitatively studies the foraging behavior of true army ants.  The model, which takes into account the abilities of individual ants to detect and avoid colliding with one another and to respond to local pheromone concentration, is then applied to E. burchelli as hours of video footage are reviewed.  One of Couzin and Franks’ resulting conclusions is that the distance an individual ant moves along a trail before losing it is a complex function of pheromone concentration.  Initially, increasing concentration allows an ant to follow an increasingly long length of trail.  However, if the concentration increases even further, the ant’s trail-following ability becomes reduced.  

Thus, trail-following accuracy is at its peak at intermediate values of pheromone concentration.  In swarming army ants such as E. burchelli, there is very little error when detecting pheromone gradients.  This is likely adaptive, because they rely almost entirely on pheromone detection to remain within the swarm.  Non-swarming species that raid in branching-column systems, such as E. hamatum, have a higher propensity for error, which may also be adaptive in that it allows the ants to lose the trail and thereby discover new food sources (Couzin and Franks 2003).  Pheromone concentration is not the only variable affecting trail-following accuracy.

Couzin and Franks conclude that the intermediate values of other parameters, such as internal angle of the perception zone ahead of an ant and the avoidance turning rate, also increase accuracy and influence a raid’s direction.  When a foraging ant is sufficiently sensitive, yet not overly sensitive, to the position of others, it can engage in collective navigation.  It is the fluctuations of the above mentioned parameters, together with the number of ants traveling in each direction, that leads to the selection of one direction over another (Couzin and Franks 2003).  When traffic becomes complicated and thus produces mixed trail cues, the callows are the first to become disoriented.  Adult workers, on the other hand, quickly correct “wrong” turns after progressing only a centimeter or two past the junction where the trail is lost.  This reaction time becomes delayed late in the afternoon of an all-day raid, and disorientation often results (Schneirla 1971). 

When workers become disoriented or separated from the colony, they have the propensity to cluster and either form “ant roadways” or circular mills.  Ant roadway clusters usually arise near obstacles in the trail, and often when smaller workers are “accidentally” knocked aside or rolled under by incoming, prey-laden raiders.  The displaced workers usually cluster at the edges of leaves and other obstacles or depressions and stretch out with their tarsal claws anchored to the edge or to the protruding legs of other displaced workers.  Their bodies then remain immobilized so that the column can pass over them (Schneirla 1971).  During a period of disorder, as in a huge rainstorm, those ants separated from the colony and restricted to a confined area will sometimes form a tight circular column and march themselves to death.  According to Gotwald in his book Army Ants:  the Biology of Social Predation, scientists have theorized that the circular track represents “the vector of the individual ant’s centrifugal impulse to resume the march and the centripetal force of trophallaxis which binds it to its group” (104).  In part to maintain cohesion and prevent such extreme disorientation, army ants form traffic lanes.

During the raid, the main foraging columns arrange into traffic lanes with distinct special structuring:  ants leaving the nest predominately use both margins of the trail, while ants returning to the nest use the center.  Couzin and Franks hypothesize that the lanes are arranged in three, instead of just two, because a three-lane system allows the outer two lanes to raid from two directions.  Furthermore, a two-lane system would not be spatially stable because inbound ants deposit more pheromone than do outbound ants, so outbound ants would have a tendency to drift (Couzin and Franks 2003).  

DISCUSSION

Although army ants have attracted the wonder of many and the attention of great scientific inquiry, large gaps remain in our knowledge about their biology and behavior.  The Eciton genus has been well studied, yet the source and chemical composition of their trail pheromone remains unclear.  More experiments should be done to determine both.  However, the fact that previous studies suggest great chemical complexity and multiple pheromone sources reminds us that insects have sophisticated systems that are difficult to separate and study in disintegrated parts.

When reviewing the literature in general, I am still left to wonder how the first pioneer ants leaving the bivouac to forage during the nomadic phase are compelled to go in the direction they do.  Although the raiding directionality in the statary phase is well documented and understood, it appears that more research is called for on army ants during their nomadic phase. 

Couzin and Franks’ article on army ants’ lane formation and traffic flow is very thorough and fills the gaps left by previous literature on army ant navigation.  I do not agree, however, that the three traffic lanes form in order for the two outer ones to access more foraging ground, as the authors suggest.  Instead, I hypothesize that the outer two lanes form to protect the inner lane so that the looted prey can successfully arrive at the ant’s nest.  Creating a viable experiment to test the altering hypothesis would be difficult, but perhaps provide an interesting challenge.  Only through similar inquiry has the vast knowledge we have about army ant navigation been obtained.  For example, recent studies have revealed that army ants are especially dependent on the intimate association of contact and odor stimuli to facilitate the creation of sophisticated self-organized structures.
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