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ARTICLE INFO ABSTRACT

Article history: Tropical birds forage at army ant raids on several continents. Obligate foraging at army ant raids evolved
Received 30 April 2012 several times in the Neotropical true antbird family (Thamnophilidae), and recent evidence suggests
Received in revised form a diversity of bird species from other families specialize to varying degrees on army ant exploitation.
}\icse?tfeedmzt;e;ezpot]e?nber 2012 Army ant raids offer access to high prey densities, but the ant colonies are mobile and widely spaced.

Successful army ant exploitation requires solving a complex foraging problem because army ant raids
are unpredictable in space and time. Birds can counteract the challenges posed by the ants by using

Keywords:

Antbird strategies that raise their chances of detecting army ant raids, and birds can use additional strategies to
Bivouac-checking track army ant colonies they have located. Some features of army ant biology, such as their conspicuous
Ecitoninae swarms and columns, above-ground activity, and regular cycles of behavior, provide opportunities for
Foraging birds to increase their effectiveness at exploiting raids. Changes in sensory, cognitive and behavioral
systems may all contribute to specialized army ant exploitation in a bird population. The combination
of specializations that are employed may vary independently among bird species and populations. The
degree of army ant exploitation by birds varies geographically with latitude and elevation, and with
historical patterns such as centers of distribution of obligate thamnophilid antbirds. We predict the set
of specializations a given bird population exhibits will depend on local ecology, as well as phylogenetic
history. Comparative approaches that focus on these patterns may indicate ecological and evolutionary
factors that have shaped the costs and benefits of this foraging strategy. The development of army ant
exploitation in individual birds is poorly understood, and individual expression of these specializations
may depend on a combination of genetic adaptation with cognitive plasticity, possibly including social
and experiential learning. Future studies that measure developmental changes and quantify individual

differences in army ant exploitation are needed to establish the mechanisms underlying this behavior.
© 2012 Elsevier B.V. All rights reserved.
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1. Introduction
1.1. Birds attending army ant raids

Bird attendance at army ant raids to obtain food is one of the
most striking biotic interactions in Neotropical and African tropi-
cal forests (Willis and Oniki, 1978, 1992; Peters et al., 2008; Peters
and Okalo, 2009). Two species of Neotropical army ants, Eciton
burchellii and Labidus praedator, and African Dorylus driver ants in
the subgenus Anomma, forage by sending massive raid parties of
workers to sweep through the leaf litter (Kronauer, 2009; Moffett,
2010). Birds attend the swarm fronts of army ant raids to feed on
invertebrates and other small-bodied animals that flee the advanc-
ing ant workers. Raid-attending birds are cleptoparasites, reducing
army ant prey capture by consuming larger food items (Wrege et al.,
2005). Some species of birds, the obligate raid-attendants, are so
reliant on the ants they are considered symbionts (Rettenmeyer
et al,, 2011). Obligate raid-attendants are mainly species of true
antbirds (Thamnophilidae) and woodcreepers (Dendrocolaptidae)
(Zimmer and Isler, 2003; Brumfield et al., 2007). However, army ant
exploitation is ecologically important to a wider array of birds than
the obligate raid-attending species. We use the term raid-attending
to refer to birds that obtain food from army ant swarm fronts. A
diverse array of birds from other taxa attends raids in Neotropi-
cal and African forests (Willis and Oniki, 1978; Peters et al., 2008).
Previously it was often assumed these birds were unspecialized
opportunists, attending only those raids that passed through their
habitat or territories (Willis, 1986a; Brumfield et al., 2007). Recent
evidence suggests this assumption is incorrect. Some birds that
use non-army ant food resources can track army ant colony move-
ments, and even birds that do not track ant colonies may have other
specializations for army ant exploitation, such as enhanced ability
to detect ant raids (O’'Donnell et al., 2010).

Army ant raids offer a high-quality food source, but present
unique spatial and temporal challenges to birds. The study of
bird exploitation of army ants provides an excellent system for
exploring the evolution and development of specialized foraging
behavior and cognition. We suggest ant-bird interactions parallel
other spatio-temporal cognitive challenges such as food caching
and host-nest selection by brood parasites (Grodzinski and Clayton,
2010; Feeneyetal.,2012; Leaetal., 2012).In each of these ecological
settings birds must keep track of location and timing of previous
experiences, and compare several options to make adaptive for-
aging choices. Furthermore, social dynamics are relevant in each
system: social affiliates or information parasites can influence the
fitness costs and benefits of a bird’s foraging decisions, such as
potential pilferers observing where a food-cacher has hidden its
food (Clayton et al., 2001, 2003; Dally et al., 2006; Watanabe and
Clayton, 2007).

Bird sensation and cognition are challenged in unusual and
interesting ways by army ants (Logan et al., 2011). We review
the benefits and challenges to birds presented by army ants, and
we outline known and plausible bird specializations that promote

exploitation of army ant raids (Table 1). Specializations may include
behavioral, sensory, and cognitive elements. Our thesis is that any
given bird species or population (and possibly even individuals
within populations) may exhibit a subset of these specializations.
Specializations may occur in various combinations within and
among bird populations. Army ant-attending birds occur across a
wide range of latitudes and elevations. The diversity of species and
ecological contexts of avian army ant exploitation will allow com-
parative studies that identify factors affecting the expression of this
unique foraging behavior. We propose local ecology can be used to
predict which specializations will be favored and expressed in a
given geographic area.

1.2. Bird species/population differences in army ant raid
attendance

Across the ranges of swarm-raiding army ants there is dramatic
geographic variation in the species composition of raid-attending
bird flocks. Ecological factors such as latitude and elevation (e.g.,
different Holdridge life zones) influence the array of bird species
that attend raids at a given site (Zimmer and Isler, 2003; Brumfield
et al., 2007; O’Donnell et al., 2010). With enough observation
effort, long lists of bird species that attend army ant raids accumu-
late at sites where swarm-raiding army ants occur (Oniki, 1972;
Coates-Estrada and Estrada, 1989; Roberts et al., 2000; Vallely,
2001; Peters et al., 2008; Faria and Rodriguez, 2009). For exam-
ple, in a Costa Rican montane forest, over 75 species of birds have
been observed feeding at army ant raids (Vallely, 2001; Kumar
and O’Donnell, 2007; O’Donnell et al., 2010). Raid attendants are
predominantly insectivores, but members of other feeding guilds
also collect insects at army ant raids including nectarivores, grani-
vores, raptors, and frugivores (Willis, 1986b; Roberts et al., 2000;
Vallely, 2001; Kumar and O’'Donnell, 2007). Bird species vary widely
in their frequencies of raid attendance within sites. When varia-
tion in a species’ relative abundance is accounted for, high rates
of raid attendance can indicate specialization for foraging at army
ant raids by some birds (Peters et al., 2008; O’Donnell et al., 2010).
Species rates of performance of some of the specialized army ant
exploitation behaviors outlined below correlate positively with
theirrelative frequency of raid attendance (Swartz, 1997; O’'Donnell
etal., 2010). However, raid attendance frequency itself, even if cor-
rected for variation in abundance, does not necessarily reflect the
importance of army ant exploitation to a bird species. Army ants can
provide an important food source even to occasional raid attend-
ing birds because of the relatively high density of prey available at
army ant raid fronts.

Studies initiated by Willis and Oniki (1978) suggest bird species
vary in their reliance on army ant raids as a food source (Swartz,
1997; Peters et al., 2008). Swartz (1997) (also see Zimmer and
Isler, 2003; Brumfield et al., 2007) reviewed terms for classify-
ing bird species by their degree of reliance on army ants. Terms
include obligate, regular, professional, and high-fidelity for birds
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Table 1

Known and predicted avian adaptations for exploiting army ant swarm raids as a food source. Literature references for adaptations supported by field studies are listed in

parentheses.

Challenge posed by army ants

Bird solutions

Defensive behavior/toxic stings

Widely spaced raids

[rregular raid schedules

Limited space at raid fronts

Mobile ant colonies: long raids and emigration routes

Emigrations usually nocturnal

Opportunities presented by army ant biology

Strong legs and feet/able to cling to vertical branches; rapid movement
and agility (Willis, 1981; Willis and Oniki, 1992; Zimmer and Isler, 2003)
Detect ants from greater distances: see, smell or hear ants or fleeing prey
Detect other birds at raids (Chaves-Campos, 2003; Chaves, 2008; Willis,
1972)

Follow other birds to raids (Chaves, 2008)

Bivouac checking; track multiple colonies (Chaves, 2008; O’'Donnell et al.,
2010; Swartz, 2001; Willis, 1986b; Willson, 2004)

Increased aggression at raids (Willis, 1966b, 1967; 1985b; Willson, 2004)
Increased tameness/attention focusing (Dowsett-Lemair, 1983; Haemig,
1989; Hardy, 1974; Sutton, 1951)

Loss of feeding territoriality (Chaves, 2008; Willis, 1967, 1973; Willson,
2004)

Search along previous day’s raid route (Swartz, 1997)

Bird responses

Regular colony development cycles
Above ground bivouacs and emigrations (mainly Eciton)

Visually and sonically conspicuous masses of ant workers and fleeing prey
Columns of ants connect raid front to bivouac
Strong, distinctive army ant odor

Recognize ant colonies’ developmental stages

Bivouac checking (Chaves, 2008; O’'Donnell et al., 2010; Swartz, 2001;
Willis, 1986b; Willson, 2004)

Visual and auditory acuity; sensory tuning to army ant cues

Detect and follow ant columns (Swartz, 1997)

Enhanced olfactory sense/specific receptors for army ant odors

that attend raids at higher rates while birds that attend at lower
rates are referred to as opportunistic, facultative, or occasional
raid attendants. Molecular phylogenies suggest the degree of
ant specialization increases within lineages of the true antbirds
(Thamnophilidae): obligate raid attendance is derived from regu-
lar raid attendance and is evolutionarily conserved once it arises
(Brumfield et al., 2007). Phylogenetic history can therefore play
a role in army ant exploitation, and high degrees of specializa-
tion may constrain the ability of some species to access other food
resources. Obligate thamnophilid antbirds are so strongly depend-
ent on army ants that some species may be incapable of foraging
away from army ant raids (Willson, 2004). After army ants are
lost from recently isolated forest fragments, obligate thamnophilid
antbirds disappear within several days, indicating a high degree of
specialization on this one resource (Bierregaard and Lovejoy, 1989;
Harper, 1989).

However, ecological and behavioral specializations are relative,
not absolute. Categorizing a bird species’ degree of reliance on army
ants can be difficult. There is a range of army ant reliance both
within and among bird species, and non-obligate raid attending
birds can exhibit specializations for exploiting army ants. Variation
in cognition and behavior can exist within specialization categories,
including the obligate raid attending bird category. For example,
some species categorized as obligate antbirds forage away from
ant raids at least occasionally (Willis, 1973; Chaves-Campos, 2003;
Willson, 2004), and some occasionally follow mammals (including
humans) and other “beaters of prey” (Skutch, 1996; Di Giacomo
and Di Giacomo, 2006; S. O’D., pers. obs.). Some authors have pro-
posed diet criteria for distinguishing obligate or professional raid
attending bird species, such as requiring at least 50% of food to be
obtained at raid fronts (Oniki, 1972; Oniki and Willis, 1972). While
operational, such criteria are arbitrary: it is not clear why 50% (or
any other percent) should be chosen as a cutoff. The percent of diet
criterion is difficult to assess in the field and has not been applied
in practice (Swartz, 2001). Descriptive species categories overlook
the range of adaptations that favor army ant exploitation. Species
categories can mask behavioral variation within and among popu-
lations, and may encourage researchers to disregard the behavior
of less dependent bird species—opportunistic, facultative, or
occasional raid attendants. Recent research shows these species can

exhibit specializations for interacting with army ants (O’Donnell
etal, 2010), and we expect more examples will be documented in
future studies.

Army ant exploitation can affect the fitness of non-obligate raid
attending birds. Fitness effects of army ant exploitation potentially
accrue for any bird that attends army ant raids. As an alter-
native to species categorization (i.e., identifying bird species as
obligate, regular, or facultative raid attendants), we propose a
research approach that focuses on quantifying particular cognitive
and behavioral specializations for army ant exploitation (Table 1).
This approach emphasizes the array of specializations that could
promote army ant exploitation and provides insight into how and
why particular species/populations exploit army ants. To under-
stand avian adaptations for exploiting army ant raids, it is useful to
consider army ant behavior and the unique challenges and oppor-
tunities it presents to birds.

2. Opportunities and challenges presented by army ant
behavior

2.1. General features of army ant behavior

Army ants exhibit an unusual suite of behaviors called the army
ant syndrome (Brady, 2003). One of the defining features of the syn-
drome is mass or swarm foraging. As the ants sweep through the
forest they drive leaf-litter dwelling animals before them. Exposed,
and possibly distracted, prey items are readily caught by birds at
the raid front. Even for birds capable of feeding elsewhere, foraging
at army ant raids can represent a food intake bonanza. The mass
of insects caught in leaf litter sticky traps increased 6-7-fold at
E. burchellii raids over control samples (Harper, 1989), and Meisel
(2001) estimated Northern Barred Woodcreeper (Dendrocolaptes
sanctithomae) prey capture rates at army ant raids were approxi-
mately three times higher than when the birds foraged away from
raids in the same forests. Similar increases in prey capture at raids
are reported for other species (Willis, 1972; Zimmer and Isler,
2003). The value of foraging at army ant raids is so great it can alter
birds’ patterns of habitat use. For example, forest birds are more
likely to enter human-altered habitats when following ant swarms
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(Roberts et al.,2000). The evolution of an increased ability to exploit
army ant raids can drive increases in ecological success. In undis-
turbed Brazilian Amazonian forests, obligate antbirds accounted
for 27.8% of understory bird individuals but comprised only 7.5% of
species (Stouffer and Bierregard, 1995).

Despite these benefits, Neotropical swarm-raiding army ants
and African driver ants present challenges to birds. Army ant
colonies are mobile: they do not construct or excavate nests;
instead, they shelter the queen and brood inside a living nest of
linked workers—the bivouac. Foraging workers depart the bivouac
en masse, collect food, and return. Bivouacs move among tempo-
rary nest sites when the colony emigrates, often traversing linear
distances of 100 m or more in a single move (Kronauer, 2009).

2.2. Biology of E. burchellii

The almost completely above-ground activities of E. burchellii,
combined with their large diurnal swarm raids, are unique among
army ants (Schneirla, 1971; Gotwald, 1995). Eciton swarm raid
fronts are connected to bivouac sites by continuous above-ground
columns of workers. Bivouacs are usually placed above ground,
and the mass of ants forming the bivouac is often at least partly
visible (Schneirla et al., 1954; Soare et al., 2011). E. burchellii’s
above-ground diurnal activity increases their conspicuousness and
accessibility to birds.

E. burchellii colonies have cyclical synchronous brood develop-
ment that is tightly linked to changes in colony foraging behavior
and movement. During the roughly 2 week nomadic phase when
the colonies produce larvae, raids often start shortly after sunrise
and typically last 7h (Swartz, 1997). Nomadic phase raids often
travel over 100 m linear distance from the bivouac site (Schneirla,
1971; Franks, 1982a,b). Bivouac emigrations occur almost daily and
are often nocturnal (O’Donnell et al., 2009). Emigrations follow the
path of the day’s foraging raid and the new bivouac site is placed
along the raid route, typically 70-80 m from the old site (Swartz,
1997). Nomadic colony raids are temporally regular (daily), but
colony movements increase their spatial unpredictability. At the
end of the nomadic phase the larvae pupate and the colony enters
the approximately 3 week statary phase. Statary colonies remain at
the same bivouac site, but raid in different directions on most days,
generating a radial pattern of raid paths. The ants choose a random
compass bearing each day, leading to uncertainty about raid loca-
tion. Birds can reduce this uncertainty if they know the bivouac site
starting point (Swartz, 1997). The queen lays eggs during this phase,
and because pupae and eggs do not feed, colony foraging effort is
reduced. Statary phase foraging raids often start later in the day, last
as little as 4 h, and statary colonies frequently skip days of raiding
altogether (Swartz, 1997). This decreases the temporal reliability
of raiding. Statary colonies discard thousands of silken pupal cases
from newly emerged workers outside the bivouac site for a few
days prior to starting the nomadic phase (Rettenmeyer, 1963). It is
not known whether birds respond to this visual cue of ant colony
developmental stage.

E. burchellii’s visible swarm raids and columns, and their fre-
quent use of visible bivouac sites, favor exploitation by birds. The
regularity of colony activity cycles may also favor avian exploita-
tion, allowing the opportunity for birds to track and anticipate the
ants’ behavioral changes across their 5-week cycle.

2.3. Biology of Labidus species and Dorylus driver ants

In tropical Africa, massive surface swarm raids of Dorylus (sub-
genus Anomma) are attended by birds (Peters et al., 2008; Peters and
Okalo, 2009). These army ants have behavior similar to Neotropical
Labidus species and likely present similar challenges to raid-
exploiting birds (Gotwald, 1995). In contrast to Eciton, Labidus and

Dorylus bivouacs form underground and are therefore inaccessible
to birds. However, these widespread and often-abundant army ants
can conduct dense swarm raids across the forest floor and raids are
attended by birds (Willson, 2004; Peters et al., 2008). Raids often
travel on the surface but then disappear into tunnels in the soil, thus
Labidus and Dorylus surface raids are not always connected to the
bivouac site by above-ground columns of ants (Rettenmeyer, 1963;
Moffett, 2010; S.O’D., pers. obs.). Colonies are not as predictably
cyclical in their emigration patterns as E. burchellii and the above-
ground parts of their raids are also unpredictable in space and
time (Rettenmeyer, 1963; Dowsett-Lemair, 1983; Willson, 2004;
Peters et al., 2008). Despite the difficulties birds face in locating and
tracking L. praedator raids, Labidus raids are important resources
to a diversity of raid attending birds, including obligate antbirds
(Willis, 1966a; Willson, 2004; Kumar and O’Donnell, 2007). While
L. praedator raids are more abundant than E. burchellii raids at some
locations (Willson, 2004; O’'Donnell et al., 2007, 2011), their subter-
ranean behavior, and the irregular raids and emigrations of Labidus
and Dorylus, may limit or preclude some avian adaptations that are
useful for exploiting E. burchellii raids as discussed below.

2.4. Behavioral, sensory and cognitive specializations for
exploiting army ants

2.4.1. Locating and recognizing foraging army ants

The first problem birds face is finding an active army ant swarm.
The probability that a bird will randomly encounter a raid front in
the forestis low because army ant swarms are widely and randomly
dispersed. Estimates of E. burchellii daily raid densities range from
0.036 to 0.110 swarms/ha (Franks, 1982b; Swartz, 1997; Willson,
2004; Vidal-Riggs and Chaves-Campos, 2008). Swarm raid fronts
are relatively small - they typically range from approximately 2 m
wide up to 15m wide and a few m deep, though 25 m wide raid
fronts have beenreported (Rettenmeyer, 1963; Willson, 2004 ). Raid
fronts are also mobile - E. burchellii raids progress away from the
bivouacsite at about 15 m/h on aroughly linear path (Swartz, 1997).
L. praedator raids can also be mobile, but they progress in a com-
plex swirling motion (Rettenmeyer, 1963). Sometimes Labidus raids
remain in one area for several hours, after which the ants disappear
underground (S. O'D. & C.L., pers. obs.).

Birds that do not know the location of an army ant bivouac may
search for raids as they move through the forest. Searching birds
could benefit from enhanced sensory or cognitive abilities allow-
ing for the detection of army ants in swarms and raid columns from
greater distances. Vision is likely to be the major mode of detection,
but other modalities such as smell could be used. Neotropical army
ants have a distinctive musky odor and some human observers can
locate bivouacs by smell (Rettenmeyer, 1963; S. O'D., pers. obs.).
Evidence is accumulating that birds use olfaction in diverse behav-
ioral contexts (Bonadonna and Nevitt, 2004; Nevitt and Bonadonna,
2005; Mardon etal.,2010). Birds may also hear and attend to sounds
made by the ants and/or fleeing prey. Human observers can hear
approaching raids, which produce a rustling sound, from several
meters distance. Birds that forage closer to the ground may be more
likely to encounter raiding army ants, or the prey that flee the raids
(Cody, 2000). Army ant raid attendance may select for decreased
foraging height.

2.4.2. Avian social interactions: responding to other birds

Raid attending birds often vocalize in the vicinity of army
ants, allowing other birds to use these vocalizations to locate
army ant raids. Raid attending birds are attracted to playbacks
of obligate antbird calls (Willis, 1972; Chaves-Campos, 2003;
Chaves, 2008). Chaves-Campos (2003) reported some obligate
thamnophilid antbirds called or sang while foraging at raid fronts
and while inspecting bivouacs; other species were generally silent
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in these contexts. Several species of ant following birds sing just
before leaving army ant swarms to travel to other swarms, and
some sing or call the loudest when leaving or traveling between
raids (Willis, 1972; Swartz, 1997; Chaves, 2008). In montane
forests, several species of birds sing in the morning from the vicin-
ity of army ant bivouacs (O’Donnell et al., 2010). Other authors have
noted bird vocalizations given at army ant swarms or at bivouacs
that are rarely or never produced in other contexts (Willis, 1967,
Hardy, 1974; S. O'D., pers. obs.). If such vocalizations are signals
to mates or kin, they could inadvertently recruit incidental sig-
nal interceptors, either conspecifics or other species, which could
impose fitness costs to the senders. Alternatively, such recruit-
ment may reduce predation risk via predator dilution or promote
increased vigilance at raids.

Raid attending bird flocks may be visually attractive to other
birds traveling through the forest. Birds may also travel together.
Naive birds may maintain visual and/or auditory contact with birds
that have memorized the location of army ant raids or bivouacs.
Ocellated Antbirds follow conspecifics departing raids and groups
travel through the forest single-file (Chaves, 2008). Similar trains
comprising three species of Thamnophilidae were seen traveling to
and from E. burchellii raids in Costa Rica (S. O'D., pers. obs.).

2.5. Bird behavior at raid fronts

2.5.1. Tameness

In birds, as in humans, cognitive attention focusing on one
stimulus leads to decreased ability to respond to other stimuli
(Dukas and Kamil, 2000; Dukas, 2004; Smith and Blumstein, 2008;
Dehaene et al., 2010). Observers of birds at army ant swarm fronts
frequently note the birds are exceptionally tame or unresponsive to
close human approach, even for species that are otherwise notably
intolerant of human presence such as jays (Sutton, 1951; Hardy,
1974; Dowsett-Lemair, 1983; Haemig, 1989). On one occasion an
Azure-hooded Jay (Cyanolyca cucullata) foraged at an E. burchel-
lii raid within 1m of an observer’s feet for several minutes (S.
O’D., pers. obs.). Tameness may indicate increased attention to the
ants and/or to fleeing prey. Increased attention may increase prey
capture rates (Sullivan, 1984; Poysa, 1987). If tameness at raids
decreases birds’ vigilance, it could increase predation risk. This
would suggest a high fitness payoff to army ant raid attendance.

2.5.2. Elevated aggression

Interference competition via aggressive interactions is thought
to be fundamentally important in structuring bird guilds at army
ant raids in Neotropical lowland forests (Willis and Oniki, 1978).
Foraging position at army ant raid fronts may be of critical impor-
tance to prey capture success: central positions near the front of
the advancing swarm and positions near the ground are favored by
dominant birds (Willis and Oniki, 1978). Interference competition
among birds may reduce the value of raid attendance to the point
of exclusion of inferior competitors. Raid front width was the best
predictor of the number and diversity of attending birds in Neotrop-
ical rainforest, with wider raids permitting more birds. Increased
spacing among birds at raids allows birds to avoid aggression from
competitors (Swartz, 1997). Within a guild of obligate ant follow-
ing birds, stomach content analysis showed that species dominance
rank predicted the amount of food consumed, while body size and
bill shape did not predict the types of food the birds consumed
(Chesser, 1995). These findings suggest inter-specific competition
among birds at raid fronts could strongly affect the fitness bene-
fits of foraging with army ants. Sensory and behavioral capacities
for rapid prey detection and identification are likely to be strongly
favored in the face of intense competition among birds at swarm
raids (Bond and Kamil, 2006; Stevens, 2007; Hauber and Zuk, 2010).

The conspicuous colored skin patches around the eyes of
some thamnophilid antbirds and woodcreepers may function in
aggressive displays at swarm raids (Zimmer and Isler, 2003).
The White-necked Rockfowl (Picathartes gymnocephalus) regularly
attends African Dorylus raids; this species is aggressive toward
other raid attendants and has a brightly colored bald head (Willis,
1983). Other regular African raid-attending birds (e.g., Turdidae)
can be highly aggressive at raids but do not have bare skin on their
heads (Willis, 1985b).

The possibility of kin-related nepotism at raids is poorly studied.
Nepotism was not supported in Ocellated Antbirds, where genetic
relatedness did not predict co-foraging of birds (besides mated
pairs) at E. burchellii swarms (Chaves, 2008).

2.5.3. Prey capture abilities

Neotropical army ants bite and sting, and E. burchellii stings
can be fatally toxic to birds (Swartz, 1997). Driver ants cannot
sting but bite fiercely and pose a risk to attending birds (Willis,
19854, 1986b). Birds must exercise caution to avoid the ants at raid
fronts, both on the ground and in low vegetation which the ants
often climb. Some Neotropical birds increase foraging heights and
movement rates at Eciton raids relative to Labidus raids, possibly
because Eciton workers are more aggressive and pose greater sting
risk (Willis, 1983). The ability to move rapidly with agility and to
capture prey while avoiding ant stings may be requisite for success-
ful Eciton and Dorylus raid attendance. The ability to perch near the
advancing army ant swarm front, particularly by clinging to vertical
branches and stems, is thought to be a determinant of bird foraging
success at Eciton raids (Willis and Oniki, 1978, 1992; Willis, 1981).
Thamnophilid antbirds, particularly species that attend army ant
raids, are noted for their exceptionally strong legs and feet (Zimmer
and Isler, 2003). Some thamnophilid antbird species have modifica-
tions of their toes and soles that promote gripping. Such anatomical
and physiological adaptations have not been explored in other bird
taxa that attend army ant raids.

3. Following or tracking army ants

After army ant raids or bivouacs are located, birds can benefit by
maintaining the ability to exploit the same colony across days. Birds
may track nomadic colonies as they emigrate across the landscape.
The location of statary colonies can be learned and memorized.

3.1. Bivouac checking

Some species of raid-attending birds visit E. burchellii nest sites,
often approaching within a few meters and peering at the bivouac.
Bivouac checking birds are thought to assess ant activity, and pos-
sibly also memorize the location of the colony (Swartz, 2001). Birds
check bivouacs in the morning before raiding starts, and in the
evening as the ants are returning from the day’s raid. The benefit
of this behavior is likely to be purely informational because birds
do not feed while bivouac checking. At lowland Neotropical sites,
nearly all bivouac checking is performed by obligate raid attend-
ing birds (Swartz, 2001; Chaves-Campos, 2003; Willson, 2004).
Radio-tagged Ocellated Antbirds checked one to five (typically two)
E. burchellii colonies daily, with up to 5 days elapsing between
visits to a single colony (Chaves, 2008). In montane forests where
thamnophilid antbirds do not occur, a diverse array of birds check
bivouacs (eleven species from eight families; O’'Donnell et al., 2010;
S. O'D., pers. obs.). Some African birds that attend driver ant raids
(genus Althene) may check bivouacs as well (Willis, 1986b). Bivouac
checking likely involves a number of cognitive abilities including
memory, discrimination among multiple resources, and delayed
rewards for behavior. Bivouac checking shares a number of features
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with other complex foraging tasks, and may provide a novel exam-
ple of episodic-like memory (the ability to remember the what,
where and when of past events) and the ability to plan ahead in
animals in the field (Logan et al., 2011).

3.2. Loss of territoriality

One of the key behavioral features of obligate ant following
birds is their lack of territoriality when feeding (Willis, 1967, 1973;
Brumfield et al., 2007). Mated pairs of some army ant follow-
ing birds maintain exclusive territories for roosting or nesting,
but not feeding (Willson, 2004; Chaves, 2008). Some birds follow
raids through the forest and range widely when tracking army
ant colonies, venturing beyond their roosting/nesting territory and
crossing others. Ocellated Antbirds travel linear distances of over
500 m on average from their roosting sites to the army ant colonies
at which they feed, often crossing several conspecific roosting terri-
tories (Chaves, 2008). Observations of marked (color banded) birds
show other ant following species can visit at least three raids per
day, separated by up to 1 km (Willson, 2004).

Brumfield et al. (2007) mapped army ant raid attendance behav-
ior onto a molecular phylogeny of Thamnophilidae. Their analysis
suggested that the loss of feeding territories and the ability to follow
ant swarms through the forest (“regular” following) evolved four
times in the family Thamnophilidae. Regular following evolved to
obligate army ant following twice in thamnophilids with no rever-
sals to the regular follower trait (see also Moyle et al., 2009).

3.3. Life history and social learning

Adult obligate ant following thamnophilid birds attend raids
with their fledglings, which may provide opportunities for
observational learning and behavioral transmission of army ant
specialization. Observational learning from conspecifics has been
found in a variety of bird taxa and in a variety of circumstances.
Food preferences or food processing abilities can be transmit-
ted via observational learning in Icteridae (Blackbirds), Corvidae
(Crows) and Trochilidae (Hummingbirds) (Mason and Reidinger,
1981; Altshuler and Nunn, 2001; Dally et al., 2008; Holzhaider
et al., 2010). Ant following birds are long-lived and have extended
periods of parental care (Willson, 2004). Long life spans may
provide greater opportunities for social interactions to affect young
birds’ competence at exploiting army ant raids (Swartz, 1997).
There may be a sensitive period during which exposure to army
ant raids triggers exploitative behavior in juvenile birds, as seen in
the development of tool use in Woodpecker Finches (Camarhynchus
pallidus) (Tebbich etal.,2001). Observational learning, perhaps dur-
ing a sensitive period, is a plausible but untested mechanism for the
social transmission of army ant exploitation.

4. Implications and remaining questions

Two major lines of investigation can contribute to a better
understanding of the diversity of avian army ant exploitation.
At the species/population level, geographic variation in rates of
raid attendance may be associated with expression of specializa-
tions for army ant exploitation. At the individual level, important
questions remain about how army ant exploitation behavior devel-
ops. Answering these questions will build an understanding of the
mechanisms that underlie this interaction.

4.1. Geographic variation

We predict the specializations birds exhibit for army ant raid
attendance will vary with the local profitability of army ant raids.

Several factors may interact to determine the profitability of for-
aging with army ants for a given bird species at a given location.
Aggressive behavior at raid fronts and other specializations for
army ant tracking are thought to lead to effective interference
and exploitation competition abilities of obligate raid attending
thamnophilid antbirds. Interactions among raid attending birds
are likely to be critically important: aggression from obligate
thamnophilid ant following birds may preclude or limit army ant
exploitation for other birds at many sites. Phylogeographic analyses
by Brumfield et al. (2007) suggested that the ranges of obligate ant
following birds partly exclude other raid-attending ant following
birds. Conversely, the absence of dominant obligate ant following
birds at some sites may increase the relative profitability of raid
attendance for other bird species, promoting local convergence on
ant following bird behavior (O’'Donnell et al., 2010). We predict the
degree of army ant specialization by other birds will vary depend-
ing on whether they co-occur with obligate thamnophilid antbirds.
Obligate thamnophilid density and diversity generally decrease
with latitude and elevation.

Features of army ant behavior and ecology, such as the density of
colonies and swarm frequency and intensity, are of central impor-
tance in determining the costs and benefits of exploiting army
ants (O’Donnell et al., 2007, 2011). Recent quantitative data on E.
burchellii and L. praedator raid rates suggest army ant raids are most
dense in middle-elevation forests, above the local elevational limits
of obligate thamnophilid antbirds (O’'Donnell et al., 2011). The pro-
fitability of ant raids may not depend strictly on raid density, and
could be reduced at higher elevations if raids are smaller or move
too slowly, and local variation in leaf litter prey stocks may also
affect the profitability of raid attendance for birds (Willis, 1985b).
Some raid-attending bird species vary seasonally in how often they
forage away from army ants (Willis, 1972, 1985b; Dowsett-Lemair,
1983), suggesting seasonal effects on the profitability of army ant
exploitation. Seasonal changes in rates of attending ant swarms
may depend in part on the need for adult birds to collect prey for
their nestlings. Raid attendance rates increase can increase when
adult birds are accompanied by young (Willis, 1983).

In some bird species, populations differ in their degree of
reliance on army ants, as indicated by the observed relative fre-
quency of foraging with, versus away from, ant swarms. Population
differences in the frequency of army ant attendance are known
in Gray-headed Tanagers (Eucometis penicillata; Willis, 1985b) and
Plain-brown Woodcreepers (Dendrocincla fuliginosa; Willis, 1966b;
Willson, 2004). Such population differences provide rich opportu-
nities for comparative analyses of ecological factors that affect army
ant exploitation. We predict additional intraspecific examples will
be found for geographic variation in the frequency of army ant raid
attendance, and of other specializations for army ant exploitation.

4.2. Development of army ant exploitation

A fundamental unresolved issue is how army-ant specializa-
tions develop at the individual level. Specializations for army ant
exploitation may have evolved genetically by allelic replacement.
Adaptive changes in behavior and cognition may be driven by
selection for better army ant exploitation in diverse avian taxa.
Comparative studies of the ordering of transitions of traits on avian
phylogenies can help distinguish novel specializations from traits
present in a lineage that predispose birds to forage with army ants
(Wenzel and Carpenter, 1994).

Army ant exploitation could also arise via learning, without
changes in allele frequencies. Associative learning, either by clas-
sical or operant conditioning, seems likely to play a role in the
development of other birds’ responses to obligate antbird vocaliza-
tions. This and other putative cases of learned specializations could
be studied in young, naive birds, or may be indicated by individual
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differences in adult behavior if only some birds learn the associa-
tion of obligate antbirds with raid fronts. If social factors such as
observational learning or sensitive period exposure to army ants
are important to the development of army ant raid attendance,
there is potential for individual differences among birds within
populations. Individual variation in army ant exploiting behavior
within populations has rarely been assessed. Measuring individ-
ual differences will require observations and/or tracking of marked
individuals, and sampling foraging and search time budgets, includ-
ing time spent away from ant swarms.

5. Conclusions

A diverse array of cognitive and behavioral abilities can pro-
mote the exploitation of army ant swarm raids as a food source
by birds. The set of specialized abilities expressed varies among
and within species. This variability precludes straightforward cat-
egorization of bird species degree of reliance on army ants. As an
alternative to categorizing bird species according to their dietary
reliance on army ants, we suggest research on bird-army ant inter-
actions should focus on identifying which behavioral and cognitive
specialization(s) birds exhibit and in which ecological settings.

Most of the studies we reviewed present data from the Neotrop-
ics. To some extent this is because no other army ant species
shares the advantages to bird attendants, such as above-ground
bivouacs and relatively regular foraging and emigration sched-
ules, of the widespread Neotropical species E. burchellii. However,
birds do attend driver ant raids in African forests. Some African
birds show evidence of spending much of their foraging time at
army ant swarms (Willis and Oniki, 1978, 1992; Peters et al., 2008;
Peters and Okalo, 2009). The ideas about bird specializations we
present here should apply globally, wherever birds interact with
army ants. Future work should emphasize both taxonomic and geo-
graphic variation in the expression of army ant exploiting traits.
This approach will encourage more inclusive comparative studies,
and will pave the way for research on developmental, neural and
genetic effects on avian exploitation of army ants.

Acknowledgements

Two anonymous reviewers made helpful comments on the
paper. This work was supported by National Science Foundation
grant 10S-1209072 and Drexel University funds (to S.0’D.); the
Gates Cambridge Scholarship and Murray Edwards College Over-
seas Bursary (to C.L.); and the University of Cambridge, Clare
College and BBSRC (to N.S.C.).

References

Altshuler, D.L., Nunn, A.M., 2001. Observational learning in hummingbirds. Auk 118,
795-799.

Bierregaard, R.O., Lovejoy, T.E., 1989. Effects of forest fragmentation on Amazonian
understory bird communities. Acta Amaz. 19, 215-241.

Bonadonna, F., Nevitt, G.A., 2004. Partner-specific odor recognition in an Antarctic
seabird. Science 306, 835.

Bond, A.B., Kamil, A.C., 2006. Spatial heterogeneity, predator cognition, and the
evolution of color polymorphism in virtual prey. Proc. Natl. Acad. Sci. 103,
3214-3219.

Brady, S.G., 2003. Evolution of the army ant syndrome: the origin and long-term
evolutionary stasis of a complex of behavioral and reproductive adaptations.
Proc. Natl. Acad. Sci. 100, 6575-6579.

Brumfield, R.T., Tello, J.G., Cheviron, Z.A., Carling, M.D., Crochet, N., Rosenberg,
K.V., 2007. Phylogenetic conservatism and antiquity of a tropical specialization:
army-ant-following in the typical antbirds (Thamnophilidae). Mol. Phylogenet.
Evol. 45, 1-13.

Chaves, ]., 2008. Benefits of cooperative food search in the maintenance of group
living in Ocellated antbirds. Ph.D. Dissertation. Purdue University.

Chaves-Campos, J., 2003. Localization of army-ant swarms by ant-following birds
on the Caribbean slope of Costa Rica: following the vocalization of antbirds to
find the swarms. Ornitol. Neotrop. 14, 289-294.

Chesser, R.T., 1995. Comparative diets of obligate ant-following birds at a site in
Northern Bolivia. Biotropica 27, 382-390.

Clayton, N.S., Griffiths, D.P., Emery, N.J., Dickinson, A., 2001. Elements of episodic-like
memory in animals. Philos. Trans. R. Soc. Lond. B 356, 1483-1491.

Clayton, N.S., Bussey, T.J., Dickinson, A., 2003. Can animals recall the past and plan
for the future? Nat. Rev. Neurosci. 4, 685-691.

Coates-Estrada, R., Estrada, A., 1989. Avian attendance and foraging at army-ant
swarms in the tropical rain forest of Los Tuxlas, Veracruz, Mexico. ]. Trop. Ecol.
5,281-292.

Cody, M.L., 2000. Antbird guilds in the lowland Carribean rainforest of southeast
Nicaragua. Condor 102, 784-794.

Dally, ].M., Clayton, N.S., Emery, N.J., 2008. Social influences on feeding by rooks.
Behaviour 145, 1101-1104.

Dally, J.M., Emery, N.J., Clayton, N.S., 2006. Food-caching western scrub-jays keep
track of who was watching when. Science 312, 1662-1665.

Dehaene, S., Pegado, F., Braga, LW., Ventura, P., Nunes Filho, G., Jobert, A,
Dehaene-Lambertz, G., Kolinsky, R., Morais, ]., Cohen, L., 2010. How learning
to read changes the cortical networks for vision and language. Science 330,
1359-1364.

Di Giacomo, A.S., Di Giacomo, A.G., 2006. Observations of strange-tailed tyrants
(Alectrurus risora) and other grassland birds following army ants and armadillos.
]. Field Ornithol. 77, 266-268.

Dowsett-Lemair, F., 1983. Ecological and territorial requirements of montane forest
birds on the Nyika Plateau, south-central Africa. Le Gerfaut 73, 345-378.

Dukas, R., 2004. Causes and consequences of limited attention. Brain Behav. Evol.
63, 197-210.

Dukas, R., Kamil, A.C., 2000. The cost of limited attention in blue jays. Behav. Ecol.
11, 502-506.

Faria, CM.A., Rodriguez, M., 2009. Birds and army ants in a fragment of the Atlantic
Forest of Brazil. ]. Field Ornithol. 80, 328-335.

Feeney, W.E., Welbergen, J.A., Langmore, N.E., 2012. The frontline of avian brood
parasite-host coevolution. Anim. Behav. 84, 3-12.

Franks, N.R., 1982a. Ecology and population regulation in the army ant Eciton
burchelli.In: Leigh Jr., E.G.,Rand, A.S., Windsor, D.M. (Eds.), The Ecology of a Trop-
ical Forest: Seasonal Rhythms and Long-term Changes. Smithsonian Institution
Press, Washington, DC, USA, pp. 389-395.

Franks, N.R., 1982b. A new method for censusing animal populations: the number
of Eciton burchelli army ant colonies on Barro Colorado Island. Panama. Oecol.
52, 266-268.

Gotwald Jr., W.H., 1995. Army Ants: The Biology of Social Predation. Cornell Univer-
sity Press, Ithaca, New York, USA.

Grodzinski, U., Clayton, N.S., 2010. Problems faced by food-caching corvids and the
evolution of cognitive solutions. Philos. Trans. R. Soc. B 365, 977-987.

Haemig, P.D., 1989. Brown Jays as army ant followers. Condor 91, 1008-1009.

Hardy, ].W., 1974. Jays as army ant followers. Condor 76, 102-103.

Harper, L.H., 1989. The persistence of ant-following birds in small Amazonian forest
fragments. Acta Amaz. 19, 249-263.

Hauber, M., Zuk, M., 2010. Social influences on communication signals: from honesty
to exploitation. In: Szekely, T., Moore, A]., Komdeur, J. (Eds.), Social Behaviour:
Genes, Ecology, and Evolution. Cambridge University Press, New York, pp. 185-
199.

Holzhaider, ].C.,Hunt, G.R., Gray,R.D.,2010. Social learning in New Caledonian crows.
Learn. Behav. 38, 206-219.

Kronauer, D.J.C, 2009. Recent advances in army ant biology (Hymenoptera: Formi-
cidae). Myrmecol. News 12, 51-65.

Kumar, A., O’'Donnell, S., 2007. Fragmentation and elevation effects on bird-army
ant interactions in neotropical montane forest of Costa Rica. J. Trop. Ecol. 23,
581-590.

Lea, S.E.G., McLaren, L.P.L., Dow, S.M,, Graft, D.A., 2012. The cognitive mechanisms of
optimal sampling. Behav. Process. 89, 77-85.

Logan, CJ., O'Donnell, S., Clayton, N.S., 2011. A case of mental time travel in ant-
following birds? Behav. Ecol. 22, 1149-1153.

Mardon, ]., Saunders, S.M., Anderson, M.J., Couchoux, C., Bonadonna, F.,2010. Species,
gender, and identity: cracking the Petrels’ sociochemical code. Chem. Senses 35,
309-321.

Mason, J.R., Reidinger Jr., R.F., 1981. Effects of social facilitation and observational
learning on feeding behavior of the red-winged blackbird (Agelaius phoeniceus).
Auk 98, 778-784.

Meisel, J.E., 2001. The influence of microclimate and habitat area on the ecology of
the army ant Eciton burchellii in tropical forest fragments. Ph.D. Dissertation.
University of Wisconsin-Madison.

Moffett, M.W., 2010. Adventures Among Ants. University of California Press, Berke-
ley, 280 pp.

Moyle, R.G., Chesser, R.T., Brumfield, R.T., Tello, ].G., Marchesea, D.J., Cracraft, J., 2009.
Phylogeny and phylogenetic classification of the antbirds, ovenbirds, wood-
creepers, and allies (Aves: Passeriformes: infraorder Furnariides). Cladistics 25,
386-405.

Nevitt, G.A., Bonadonna, F., 2005. Sensitivity to dimethyl sulphide suggests a mech-
anism for olfactory navigation by seabirds. Biol. Lett. 1, 303-305.

O’Donnell, S., Kumar, A., Logan, C., 2010. Army ant raid attendance and bivouac-
checking behavior by Neotropical montane forest birds. Wilson J. Ornithol. 122,
503-512.

O’Donnell, S., Lattke, J., Powell, S., Kaspari, M., 2007. Army ants in four forests: geo-
graphic variation in raid rates and species abundance. J. Anim. Ecol. 76, 580-589.

O’Donnell, S., Lattke, J., Powell, S., Kaspari, M., 2009. Species and site differences in
Neotropical army ant emigration behaviour. Ecol. Entomol. 34, 476-482.



274 S. O’Donnell et al. / Behavioural Processes 91 (2012) 267-274

O’Donnell, S., Kaspari, M., Kumar, A., Lattke, J., Powell, S., 2011. Elevational and
geographic variation in army ant swarm raid rates. Insect. Soc. 58, 293-298.
Oniki, Y., 1972. Studies of the guild of ant-following birds at Belem. Acta Amaz.

(Brazil) 2, 59-79.

Oniki, Y., Willis, E.O., 1972. Studies of the guild of ant-following birds north of the
eastern Amazon. Acta Amaz. 2, 127-151.

Peters, M.K,, Likare, S., Kraemer, M., 2008. Effects of habitat fragmentation and degra-
dation on flocks of African ant-following birds. Ecol. Appl. 18, 847-858.

Peters, M.K., Okalo, B., 2009. Severe declines of ant-following birds in African rain-
forest fragments are facilitated by a subtle change in army ant communities.
Biol. Conserv. 142, 2050-2058.

Poysa, H., 1987. Feeding-vigilance trade-off in the teal (Anas crecca): effect of feeding
method and predation risk. Behaviour 103, 108-122.

Rettenmeyer, C.W., 1963. Behavioral studies of army ants. Univ. Kansas Sci. Bull. 44,
281-465.

Rettenmeyer, C.W., Rettenmeyer, M.E., Joseph, M.E., Berghoff, ].S.M., 2011. The
largest animal association centered on one species: the army ant Eciton burchellii
and its more than 300 associates. Insect. Soc. 58, 281-292.

Roberts, D.L., Cooper, RJ]., Petit, LJ., 2000. Flock characteristics of ant-following
birds in premontane moist forest and coffee agroecosystems. Ecol. Appl. 10,
1414-1425.

Schneirla, T.C., 1971. Army Ants: A Study in Social Organization. WH Freeman and
Company, San Francisco, 349 pp.

Schneirla, T.C., Brown, R.Z., Brown, F.C., 1954. The bivouac or temporary nest as
an adaptive factor in certain terrestrial species of army ants. Ecol. Monogr. 24,
269-296.

Skutch, A.F., 1996. Antbirds and Ovenbirds. University of Texas Press, Austin, 268
pp.

Smith, B.R,, Blumstein, D.T., 2008. Fitness consequences of personality: a meta-
analysis. Behav. Ecol. 19, 448-455.

Soare, T.W., Tully, S.I., Willson, S.K., Kronauer, D.J.C., O’'Donnell, S., 2011. Choice of
nest site protects army ant colonies from environmental extremes in tropical
montane forest. Insect. Soc. 58, 299-308.

Stevens, M., 2007. Predator perception and the interrelation between different forms
of protective coloration. Proc. R. Soc. B 274, 1457-1464.

Stouffer, P., Bierregard Jr., C.R.0., 1995. Use of Amazonian forest fragments by under-
story insectivorous birds. Ecology 76, 2429-2445.

Sullivan, K.A., 1984. The advantages of social foraging in downy woodpeckers. Anim.
Behav. 32, 16-22.

Sutton, G.M., 1951. Birds and an ant army in southern Tamaulipas. Condor 53, 16-18.

Swartz, M.B., 1997. Behavioral and population ecology of the army ant Eciton
burchelli and ant-following birds. Ph.D. Dissertation. University of Texas, Austin,
TX.

Swartz, M.B., 2001. Bivouac checking, a novel behavior distinguishing obligate from
opportunistic species of army ant-following birds. Condor 103, 629-633.

Tebbich, S., Taborsky, M., Fessl, B., Blomqvist, D., 2001. Do woodpecker finches
acquire tool-use by social learning? Proc. R. Soc. Lond. B 268, 2189-2193.

Vallely, A.C., 2001. Foraging at army ant swarms by fifty bird species in the highlands
of Costa Rica. Ornitol. Neotrop. 12, 271-275.

Vidal-Riggs, .M., Chaves-Campos, J., 2008. Method review: estimation of colony
densities of the army ant Eciton burchellii in Costa Rica. Biotropica 40, 259-
262.

Watanabe, S., Clayton, N.S., 2007. Observational visuospatial encoding of the cache
locations of others by western scrub-jays (Aphelocoma californica). J. Ethol. 25,
271-279.

Wenzel, ].W., Carpenter, J.M., 1994. Comparing methods: adaptive traits and tests of
adaptation. In: Eggleton, P., Vane-Wright, R.I. (Eds.), Phylogenetics and Ecology.
Academic Press, London, pp. 79-101.

Willis, E.O., 1966a. The role of migrant birds at swarms of army ants. Living Bird 5,
187-231.

Willis, E.O., 1966b. Interspecific competition and the foraging behavior of
Plain-brown Woodcreepers Dendrocincla fuliginosa. Ecology 47, 667-
672.

Willis, E.O., 1967. The behavior of bicolored antbirds. University of California Publi-
cations in Zoology, No. 79.

Willis, E.O., 1972. The behavior of Plain-brown Woodcreepers Dendrocincla fuligi-
nosa. Wilson Bull. 84, 377-420.

Willis, E.O., 1973. The Behavior of Ocellated Antbirds. Smithsonian Contributions to
Zoology, No. 144.

Willis, E.O., 1981. Momotus momota and Baryphthengus ruficapillus (Momotidae) as
army ant followers. Ciencia e Cultura 33, 1636-1640.

Willis, E.O., 1983. Wrens, gnatrens, rockfowl, babblers and shrikes (Troglodytidae,
Polioptilidae, Picathartidae, Timaliidae, and Laniiade) as ant followers. Le Ger-
faut 73, 393-404.

Willis, E.O., 1985a. East African Turdidae as safari ant followers. Le Gerfaut 75,
140-153.

Willis, E.O., 1985b. Behavior and systematic status of gray-headed tanagers (Tri-
chothraupis penicillata Emberizidae). Naturalia 10, 113-145.

Willis, E.O., 1986a. Vireos, wood warbler and warblers as ant followers. Le Gerfaut
76,177-186.

Willis, E.O., 1986b. West African thrushes as safari ant followers. Le Gerfaut 76,
95-108.

Willis, E.O., Oniki, Y., 1978. Birds and army ants. Annu. Rev. Ecol. Syst. 9, 243-
263.

Willis, E.O., Oniki, Y., 1992. Birds and army ants. Bol. Mus. Par. Emilio Goeldi Ser.
Zool. 8, 123-150.

Willson, S.K., 2004. Obligate army ant following birds: a study of ecology, spatial
movement patterns, and behavior in Amazonian Peru. Ornithol. Monogr. 55,
1-67.

Wrege, P.H., Wikelski, M., Mandel, ].T., Rassweiler, T., Couzin, 1.D., 2005. Antbirds
parasitize foraging army ants. Ecology 86, 555-559.

Zimmer, K.J., Isler, M.L., 2003. Family Thamnophilidae (typical antbirds). In: Christie,
D. (Ed.), Handbook of Birds of the World, vol. 8. Lynx Editions, Barcelona, pp.
448-681.



	Specializations of birds that attend army ant raids: An ecological approach to cognitive and behavioral studies
	1 Introduction
	1.1 Birds attending army ant raids
	1.2 Bird species/population differences in army ant raid attendance

	2 Opportunities and challenges presented by army ant behavior
	2.1 General features of army ant behavior
	2.2 Biology of E. burchellii
	2.3 Biology of Labidus species and Dorylus driver ants
	2.4 Behavioral, sensory and cognitive specializations for exploiting army ants
	2.4.1 Locating and recognizing foraging army ants
	2.4.2 Avian social interactions: responding to other birds

	2.5 Bird behavior at raid fronts
	2.5.1 Tameness
	2.5.2 Elevated aggression
	2.5.3 Prey capture abilities


	3 Following or tracking army ants
	3.1 Bivouac checking
	3.2 Loss of territoriality
	3.3 Life history and social learning

	4 Implications and remaining questions
	4.1 Geographic variation
	4.2 Development of army ant exploitation

	5 Conclusions
	Acknowledgements
	References


