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I. INTRODUCTION

“‘I was glad to go to sleep early, but was scarce soundly asleep when I was
turned out of the house by a furious attack of the bashikouay ants. They were
157
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already all over me when I jumped up, and I was terribly bitten.”” Thus,
DuChaillu (1861), an intrepid explorer of equatorial Africa, described an
unpleasant encounter with army ants. He apparently was no less impressed
with these diminutive but fearsome creatures than he was with the gorilla,
which, with great bravado, he described as a ‘‘monstrous and ferocious ape.”’
Few nineteenth century explorers and naturalists in the Old and New World
tropics could ignore the cohesive, regimented behavior, let alone the often
painful attacks, of these ants; ants that Wheeler (1910) referred to as the
‘““Huns and Tartars of the insect world.”” Their journals and adventurous ac-
counts are replete with references to the predatory exploits of these ants. Bates
(1863), a naturalist who roamed Amazonas collecting biological specimens,
noted that when a ‘‘pedestrian falls in with a train of these ants,”” they
“‘swarm up his legs with incredible rapidity, each one driving his pincerlike
jaws into his skin, and with the purchase thus obtained, doubling in its tail,
and stinging with all its might.”” Another naturalist, Thomas Belt (1874),
recorded how one small species of army ant in Nicaragua would ‘‘visit our
house, swarm over the floors and walls, searching every cranny, and driving
out the cockroaches and spiders, many of which were caught, pulled or bitten
to pieces, and carried off.”’ The Rev. Thomas S. Savage (1847), a medical mis-
sionary to west Africa, noted in his observations on army ants of the subgenus
Anomma, that this kind of ant ‘‘drives every thing before it capable of
muscular motion, so formidable is it from its numbers and bite.’”” Even
Charles Darwin (1859) was fascinated with army ants, although his interest
was not so much in their spectacular foraging behavior as it was with the strik-
ing allometry and polymorphism exhibited by the worker caste. He examined
a series of Anomma workers and described their morphology with the follow-
ing analogy:
. . . the difference [between worker ant sizes] was the same as if we were to see a set of
workmen building a house, of whom many were five feet four inches high, and many six-

teen feet high; but we must in addition suppose that the larger workmen had heads fourin-
stead of three times as big as those of the smaller men, and jaws nearly five times as big.

Although ant taxonomists, particularly Emery (1895), were actively con-
sidering the army ants during the latter half of the nineteenth century,
especially at the alpha level, little was recorded in any systematic fashion
about the biology of army ants. Sumichrast (1868) and Miiller (1886) de-
scribed their observations of New World species as did Savage (1847, 1849),
F. Smith (1863), Perkins (1869), and Wroughtor (1892) for a few Old World
forms, but much of the literature remained in the realm of natural history.

Similarly in the twentieth century, naturalists have alternately cursed and
marveled at these ants. Carpenter (1920) and Loveridge (1949, 1953) both
recorded observations of army ants, in particular of Anomma driver ants, in
popular accounts of their field research in Africa. In one narrative, Loveridge
(1949) described a remarkable invasion of these ants in his house in which the
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“‘the whitewashed walls were a moving mass of Siafu.’’ The nonscientific
literature, particularly of colonial Africa, also includes references to the ac-
tivities of army ants. For instance, Isak Dinesen (a pseudonym taken by the
Danish baroness Karen Blixen-Finecke) (1937, p. 35)in her memorable book,
““Out of Africa,”” noted with annoyance how her dogs had been attacked by
these ‘‘murderous big ants’’ and how the ants had to be picked from the dogs
‘“‘one by one.”’ However, the scientific study of army ant behavior had also
begun. Beebe (1919), for example, made some organized observations of the
New World genus Eciton and was one of the first biologists to examine care-
fully activities other than foraging. Other biological observations of army
ants were recorded in the first 4 decades of the twentieth century by Wheeler
(1900), von Ihering (1912), Gallardo (1915, 1929), Luederwaldt (1926), M. R.
Smith (1927), and Reichensperger (1934) in the New World and by Brauns
(1901, 1903), Vosseler (1905), Arnold (1915), Swynnerton (1915), Burgeon
(1924a,b), and Cros (1939) in the Old World. However, it was not until T.C.
Schneirla, a psychologist by training, began his research on Ecifon that an
understanding of army ant behavior was significantly extended beyond the
fragmentary and often anthropomorphized observations of the naturalists.

Army ants have also captured the imaginations of the indigenous peoples of
the Old and New World tropics, and tales of these ants have been incor-
porated into the oral traditions and folklore of numerous cultures. Whether
these ants are referred to as Tanoca in Amazonas, Tepeguas in Mexico, or En-
sanafu, Siafu, or Kelelalu in Africa, they are generally regarded with fear
engendered respect. For instance, the Ashanti of Ghana allegorically com-
municate this respect in a tale about the hungry python. They say that beforea
python takes a large meal, one that might immobilize it and thus make it more
vulnerable to army ant attack, it circles the immediate area in search of driver
ants or Nkran. If it sees no such ants, it will take its meal, but if the ants are
present, then the python will forego, in its own prudent self-interest, the much
desired meal. Curiously, even the name of the capital city of Ghana, Accra,
may have been derived from Nkran, the Akan word for driver ants, througha
former spelling Akra. Reputedly common to the ‘‘medical’’ practices of
numerous tribes, such as the Kikuyu (Murray-Brown, 1972, p. 40), is the use
of the soldier subcaste of some army ant species in suturing wounds. Alex
Haley (1976, p. 12) in his much celebrated book, ‘“Roots,’’ gives a fictional
account of the process:

. .. Grandma Yaisa tightly pressed together the skin’s split edges, then pressed one strug-
gling driver ant after another against the wound. As each ant angrily clamped its strong
pincers into the flesh on each side of the cut, she deftly snapped off its body, leaving the
head in place, until the wound was stitched together.”

While it is true that army ants, particularly of the soldier subcaste, can in-
flict a painful bite on human skin (and draw blood as this author can attest)
and while some species are excellent general predators, they do not deserve
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their reputation as the scourge of tropical forests that not only devour all
animal life they contact but defoliate, in the process, all vegetation that stands
in their way. Although it is easy to unknowingly step in the midst of a raiding
swarm of workers or in an emigration or foraging column, it is just as easy,
and decidedly judicious, to step out of their midst. Certainly the only
vertebrates caught and killed by army ants are those individuals that for some
reason or other are incapacitated and immobilized. Caged vertebrates, such
as snakes, commonly fall prey to army ant attack, and there has been one un-
substantiated report, of a human infant that, left shaded beneath a tree while
its mother cultivated her crops, died of a driver ant attack. Contrary to some
prevailing mythologies, army ants do not defoliate plants, though they may
take some vegetation as food. Yet to witness an army ant colony foraging or
emigrating can be an awe-inspiring experience not soon forgotten. Army ant
colonies display an extraordinary cohesiveness unmatched by other ant
species, and for this reason alone, they are worthy of special attention.

II. ARMY ANTS DEFINED

A. Behavioral Characteristics

Generally the term ‘‘army ant”’ refers to any species in the ant subfamily
Dorylinae [many other common names, such as legionary ants, driver ants
(usually Anomma), soldier ants, raiding ants, and others, have been applied
to members of this subfamily}. While this is a convenient raxonomic defini-
tion, it does not include species that qualify behaviorly, but not morphologi-
cally, as army ants. There are two features that characterize army ant behav-
ior: (1) group predation, and (2) nomadism (Wilson, 1958a). All species
within the Dorylinae exhibit these patterns that are, for all intents and pur-
poses, inextricably joined together in the army ant adaptive syndrome. How-
ever, other ant species, notably of the subfamily Ponerinae, have also
achieved army ant lifeways and combine, in varying degrees of complexity,
group predation and nomadism.

Group predation, as defined by Wilson (1958a), includes both group
raiding and group retrieval of living prey. He pointed out that these two proc-
esses involve different innate behavior patterns and are ‘‘not invariably
linked.”” Although, for instance, many nondoryline ants may group retrieve
prey, few also group raid. Those that combine both behavior patterns and
thus qualify as group predators are found in such ponerine genera as
Cerapachys, Phyracaces (= Cerapachys), Leptogenys (e.g., in the L. proces-
sionalis group), Termitopone, Megaponera, Paltothyreus, and Simopelta
(Wheeler, 1936; Wilson, 1958a,b; Gotwald and Brown, 1966; Brown, 1975).
The convergent development of group predation among nondorylines may be
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associated with concomitant morphological adaptations among the different
castes. For example, the two queens thus far described for the genus
Simopelta are both dicthadiiform, a peculiar habitus found chiefly among
doryline queens in which wings are absent and the petiole and gaster are
hypertrophied (Borgmeier, 1950; Gotwald and Brown, 1966). The extent to
which nomadism is associated with group predation in these ponerine genera
is not well known.

Nomadism or emigration of ant colonies is not in itself unusual. Colonies of
numerous species commonly shift their nesting sites in response to un-
favorable environmental conditions. Some species, such as Iridomyrmex
humilis, may normally emigrate one or more times in a single season (Wilson,
1958a), but no species move with the regimented precision and frequency of
the doryline army ants. For example, in the New World genus Eciton, colonies
pass through a functional cycle that includes a nomadic phase during which
emigrations to new temporary nesting sites occur on a daily basis (Schneirla,
1971). Among nondoryline group predators, nest-changing emigrations have
been observed for such species as Megaponera foetens (Arnold, 1914) and
Leptogenys purpureq (Wilson, 1958a); the emigration of the latter closely
resembles that of some dorylines. Noteworthy is the fact that the larvae of the
Cerapachyini are slender and cylindrical, as in the dorylines that carry their
larvae on emigrations slung longitudinally beneath their bodies, and may cir-
cumstantially indicate that these ants are also nomadic (Brown, 1975).

B. Classification of Army Ants

1. Subfamily Dorylinae

Because the males of doryline ants are unusually large, wasplike and infre-
quently found with the worker caste, the early taxonomic history of the sub-
family is complex and sometimes enigmatic. Indeed, the first species of
doryline described was based on a male of Dorylus that Linnaeus (Linné,
1764) initially placed in the wasp genus Vespa. The type specimen of this
species, now D, helvolus, was collected at the Cape of Good Hope. Later in
the twelfth edition of ¢‘Systema Naturae,”” Linnaeus (Linné, 1767) trans-
ferred the species from Vespa to the genus Mutillaand in doing so precipitated
a taxonomic controversy that was not to be settled for another 8 decades. In
1793, Fabricius removed the Linnaean species from the genus Mutilla and
created the genus Dorylus, which he placed between the ants and mutillids. It
was not until 1858 that the worker of helvolus was described by F. Smith and
then as Typhlopone punctata. However, the relationship of the doryline
males to the ants, in the absence of an associated worker caste, remained
unrecognized. Shuckard (1840), in what constituted the first monographic
review of the dorylines, noted ‘‘many points of analogy between Ponera and



162 William H. Gotwald, Jr.

the Dorylidae’’ but still considered the dorylines as being distinct from the
ants. In fact, he speculated that ‘‘these extraordinary genera [Dorylus and
Labidus] may possibly be parasites upon the Social Ants,”’ and grouped them
as the ‘“Parasiticae’’ within the ‘“‘Heterogyna.’”’ Even so, he described three
species of Labidus based on workers in the absence of any direct evidence of
their association but considered the workers to be ‘‘females.”” Although
Lepeletier de Saint-Fargeau (1836) perceptively placed the males of Dorylus
and Labidus close to the ants, it was not until Savage (1349) collected males
and workers together, of an Anomma species that he described as A. rubella,
that the true relationship of Dorylus and Labidus to the ants became clear.
When Savage first observed the males moving in a colurnn of workers he in-
itially supposed them to be ‘“capitives’” but later concluded that ‘‘they seemed
* to be no unimportant members of the community.’’ After finding a total of
ten dealate males he noted that,

1 was soon convinced that they belonged to the drivers, and proceeded to test the truth of
the conclusion. I took one or two [males] from the lines to a distance of six and ten feet.
They seemed at once to miss their companions, and manifested great trepidation, and
made continuous efforts to find a way of return. At last they reached the lines and in-
stantly resumed their places, displaying at the same time decided gratification.

Taking note of Savage’s observations, F. Smith (1858) suggested that
Labidus might prove to be the male of the ant genus Eciton, a conjecture that
seemed to Sumichrast (1868) ‘‘to be sustained by the fact that in Mexicoitisin
the season when the sorties of the Eciton are the more frequent that the
Labidus also show themselves.”” This supposition was finally shown to be true
by Mayr (1886) and Miiller (1886).

The first doryline female described and recognized as such was that of D.
helvolus (Trimen, 1880), although Emery (1887) later noted that some
doryline queens had been described as workers. Still by the year 1900 few
doryline queens had been described so that such descriptions were in them-
selves of special interest. For instance, Wheeler (1900) described in detail the
newly discovered queen of Eciton sumichrast (= Neivamyrmex sumichrasti
Norton) and noted that, ‘‘One of the most interesting problems confronting
the student of ant life in subtropical and tropical America is the determination
of the sexual forms of the foraging, or driver, ants ...’ Even today a great
majority of doryline species, from both the New and Old Worlds, are known
only from the workers and males.

A comprehensive revision of doryline ant taxonomy will only be possible
after the association of all three phena (i.e., workers, females, and males) is
established for a majority of species. Even so, numerous systematic studies of
the dorylines have been attempted. Emery (1895) taxonomically revised the
genus Dorylus, and later (1910) reviewed the entire subfamily. A rather
unusual interpretation of the subfamily was advanced by Ashmead (1906).
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Smith (1942) considered the taxonomy of Neivamyrmex army ants in the
United States, and Borgmeier (1953, 1955), in a monumental effort, revised
the New World dorylines. His conclusions will endure for years to come,
although Watkins (1976, 1977) recently supplemented Borgmeier’s work. In
1964 Wilson revised the Indo-Australian species of Aenictus and Dorylus.
Only the African forms of Aenictus and Dorylus remain in taxonomic disar-
ray, and these await completion of a revisionin which I am currently engaged.
Phenetic studies of Doryfus major workers and males have yielded only four
integral species clusters, and these correspond to the subgenera Alaopone,
Dorylus, Rhogmus, and Typhlopone. Members of the subgenera Dorylusand
Anomma form a single, diverse, but continuous taxon, while the status of the
subgenus Dichthadia remains unclear (Gotwald and Barr, 1980; Barr and
Gotwald, 1982).

The true army ants traditionally placed in the subfamily Dorylinae are now
regarded as belonging to two subfamilies, the Dorylinae and the Ecitoninae.
However, as a matter of convenience, throughout this chapter these species
arereferred to in both subfamilies as dorylines. The army ants are classified as
follows, although the status of the subgenera of Dorylus will change in the im-
pending revision of that genus:

Subfamily Dorylinae (Old World)
Tribe Aenictini
Genus Aenictus
Tribe Dorylini
Genus Dorylus
Subgenus Alaopone
Anomma
Dichthadia
Dorylus
Rhogmus
Typhlopone
Subfamily Ecitoninae (New World)
Tribe Cheliomyrmecini
Genus Cheliomyrmex
Tribe Ecitonini
Genus Eciton
Labidus
Neivamyrmex
Nomamyrmex

2. Nondoryline Army Ants

Ant species not belonging to the Dorylinae or Ecitoninae that qualify
behaviorly as army ants (i.e., supposedly manifest both nomadism and group
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predation) are confined to the subfamily Ponerinae. Most are ter-
mitophagous and myrmecophagous species in the genera Leptogenys,
Megaponera; Onychomyrmex, Simopelta, and Termitopone (Wheeler, 1936;
Wilson, 1958a; Gotwald and Brown, 1966; Hermann, 1968a). Army ant life-
ways in early stages of development in the cerapachyines, a group now
relegated to tribal status within the Ponerinae, and the genus Acanthostichus
are apparently evident (Brown, 1975). Also of interest are the genus Aenic-
togiton and the small biologically cryptic ants of the subfamily Leptanillinae;
both groups were once considered a part of the Dorylinae (Emery, 1910).
Aenictogiton, a genus containing only seven species, is known only from the
male caste collected in central Africa. Although Brown (1975) placed this
genus within the Ponerinae in the tribe Aenictogitini, he admitted that such
placement was provisional until the workers and queens for the genus could be
identified with certainty. The habitus of the males is generally like that of
some army ants, and they lack metapleural gland openings as do the males of
all army ants.

Although the Leptanillinae have undergone extreme morphological reduc-
tion that obscures their affinities, they are nevertheless regarded as close to the
Dorylinae (Brown, 1954). Queens, workers, and males are known, and while
the queens are dicthadiiform, nothing is known of their biology. The best that
can be surmised is that they are probably subterranean (Wheeler, 1910;
Brown, 1954). Emery (1904), Kutter (1948), and Petersen (1968) have con-
tributed to the knowledge of the leptanillines and Baroni Urbani (1977) has
recently revised the entire subfamily.

All of the doryline and nondoryline ants discussed thus far are tropical or
subtropical in distribution and constitute such a diverse taxonomic
assemblage that it suggests that the adaptive value attached to adopting army
ant lifeways in tropical environments is significant.

III. IDENTIFICATION OF DORYLINE ARMY ANTS

A. Subfamily Characteristics
1. Workers

In doryline workers (Fig. 1C,D), the frontal carinae are raised and lack the
lateral expansions typical of most other ants outside the Pseudomyrmecinae.
Thus, when viewed dorsally, the antennal insertions are exposed. This condi-
tionin combination with the fact that the workers either lack eyes or have eyes
that are reduced to an ocelluslike structure, makes it relatively simple to
separate these forms from the workers of other subfamilies (Wheeler, 1910,
1922; Bolton, 1973). Additionally, the clypeus is so reduced that the antennal
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insertions are located close to the anterior margin of the head (Wheeler, 1910;
Bolton, 1973). In other respects, worker morphology is more ambiguous. For
example, the waist has either one or two segments, and although all workers
possess an apparently complete sting apparatus (Hermann, 1969), some
species do not sting (Gotwald, 1978).

2. Females (Queens)

All female dorylines are dichthadiiform (Fig. 1A,B), that is, they are either
blind or possess reduced or vestigial eyes, and they are apterous and have a
hypertrophied petiole and gaster (Wilson, 1971). The dichthadiiform condi-
tion is found only in the dorylines and in some of the ponerines that exhibit
army ant behavior patterns, such as Simopelta oculata (Gotwald and Brown,
1966). The females are always much larger than the workers. Other characters
include antennae that have 10-12 segments, a waist that always has one seg-
ment, and an alitrunk in which suturing is reduced (Emery, 1910).

3. Males

The males (Fig. 1E,F) are alate and much larger than the workers. Their
antennae have 13 segments; they possess large compound eyes and three con-
spicuous ocelli; their thoracic suturing is not reduced; their waist always has
one segment; and their genitalia are completely retractile (Emery, 1910;
Wheeler, 1910). Curiously, the metapleural glands, structures found only in
ants, are not present in doryline males (Brown, 1968).

Fig. 1. Dorylus (Anomma) molesta. (A) Queen, habitus, lateral aspect, legs omitted; (B) head
of queen dorsal aspect; (C) soldier, habitus, lateral aspect, legs omitted; (D) head of soldier dor-
sal aspect, (E) male, habitus, lateral aspect, legs omitted; (F) head of male dorsal aspect. All
scales are in millimeters.



166 William H. Gotwald, Jr.

B. Keys to the Tribes, Genera, and Subgenera of Doryline
and Ecitonine Army Ants

1. General Considerations

The following keys are adapted from Emery (1910), Wheeler (1910, 1922),
Borgmeier (1955, 1958), Raignier and van Boven (1955), Schneirla (1971),
Bolton (1973), van Boven (1975), and Watkins (1976); some of the characters
used in the keys to the subgenera of Dorylus are employed here for the first
time. For determinations to the species level, one should refer to Borgmeier
(1955) and Watkins (1976) for the New World species and Wilson (1964) for
the Indo-Australian species. Complete keys to the African species of Dorylus
and Aenictus are not yet available.

Although keys are provided for the identification of workers, females (or
queens), and males, those for the workers of polymorphic species (e.g.,
Eciton and Dorylus) refer most often to characteristics that are either ex-
clusive to or best developed in the major workers and/cr soldiers.

2. Tribes of Dorylinae and Ecitoninae

Workers
1. Waist, 25egments (Fig. 2A) .. .ottt i it e e 2
Waist, Isegment (Fig.2B) . ......ounnint it et e eei e 3
2. Antenna, 10segments; Old Worldspecies................. Aenictini(genus Aenictus)
Antenna, 12 segments; New Worldspecies . .............. ..., Ecitonini
3. Pygidium impressed, armed with 2 lateral spines, 1 on each side; Old World species
(Fig.2C, D) . o vttt e e et e e Dorylini (genus Dorylus)

Pygidium simple; New Worldspecies(Fig. 2E). . . .. ... oot ii i

petiole

postpetiole

petiole

pygidial impression Fig. 2. (A) Aenictus worker, habitus, lateral
aspect, legs omitted; (B) Dorvius (Anomma) worker,
habitus, lateral aspect, legs omitted; (C) pygidium of
eyaidiol Anomma worker, dorsal aspect; (D) pygidium of
impression Typhlopone worker, dorsal aspect; (E) pygidium of
(C) spine (E) Cheliomyrmex worker, dorsal aspect.

(D)
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Queens
1. Antenna, 10segments; Old World Species ................ Aenictini(genus Aenictus)
Antenna, 11 or 12segments; Old or New Worldspecies. . ...........oooviniii.... 2
2. Copulatory bursa covered by the pygidium; hypopygium not prominent; New World
species(Fig. 3A,B) . ... o o Ecitonini

Copulatory bursa open, not covered by pygidium; hypopygium forked, conspicuously

extended beyond the pygidium; Old World species(Fig.3C,D,E). . ...................

..................................................... Dorylini (genus Dorylus)
(Note: the female of the Cheliomyrmecini is unknown)

Males

1. Wing vein Mfl originating adjacent or distal to crossvein cu-a; Old World species
(FIE. 3 )« ottt e e e e 2
Wing vein Mfl originating considerably proximal to cu-a; New World species (Fig.3G)
......................................................................... 3

2. Stigma of forewing narrow (Fig.4A); total body length (exclusive of mandibles) usually
greaterthan 18mm ... ... .. e e Dorylini
Stigma of forewing wide (Fig.4B); total body length (exclusive of mandibles) usually less
than 8.5 mm .. ... e Aenictini

3. Flagellum of antenna only slightly longer than widthof thehead . . . . .. Cheliomyrmecini
Flagellum of antenna much longer thanwidthof thehead . .. ... ............. Ecitonini

3. Genera of the Ecitonini

Workers
1. Tarsal clawssimple, withoutteeth (Fig.4C) ........... ... ... ........ Neivamyrmex
Tarsal claws withteeth (Fig.4D)................... e e 2
2. Scape and flagellum of antenna wide (apical width of scape greater than one-third its
length) e e e Nomamyrmex

pygidium

g

pygidium

=

() (

h z hypopygium

(E)

Fig. 3. Pygidia of army ant queens, dorsal aspect:
(A) Eciton, (B) Labidus, (C) Anomma, (D)
Rhogmus, and (E) Alaopone. Forewing of army ant
males, dorsal aspect: (F) Typhlopone, and (G)
Eciton.

(G)
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(E)
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propodeal
teeth

Fig. 4. (A) Wing stigma of Dorylus male, dorsal

aspect; (B) wing stigma of Aenictus male, dorsal

propodeum  aspect; (C) tarsal claws of Neivamyrmex worker;

(D) tarsal claws of Eciton worker; (E) alitrunk of

Eciton worker, lateral aspect; (F) alitrunk of

(F) Labidus worker, lateral aspect.

Scape and flagellum of antenna slender (apical width of scape less than one-third

S lengln) . e 3
Propodeum armed posteriorly with teeth or lamellae (Fig.4E); soldiers usually with
falcatemandibles ... ... .. oot Eciton
Propodeum unarmed (Fig.4F); mandibles of soldiersnot falcate . .. ........... Labidus
Queens

Tarsal claws simple, withoutteeth(Fig.4C) .......... ... ... .. ... ... Neivamyrmex
Tarsalclawswithteeth (Fig.dD) . ... ... e 2
Propodeum armed posteriorly with two horns or biunt teeth (Fig.54) ........... Eciton
Propodeumunarmed (Fig.5B) . . . ... oot 3
Promesonotum strongly convex in lateral view; propodeum sloped obliquely (Fig.5B)

................................................................... Labidus
Alitrunk in lateral view moreorlessstraight. . ................. ... ..., Nomamyrmex

Males

Legs long, metafemur reaching or surpassing the posterior margin of the second gastral
£ Y4 10 <) 1 P 2
Legs short, metafemur not reaching the posterior margin of the second gastral segment

.............................................................. Neivamyrmex
Apices of lateral aedeagal sclerites (penis valves) without setae (Fig.5C) ......... Eciton
Apices of lateral aedeagal sclerites withsetae(Fig.5D). . ........ ... ool 3
Gastral tergites with clustersoflongsetae. .. ......................... Nomamyrmex
Gastral tergites without conspicuous clustersof longsetae ................... Labidus

4. Subgenera of Dorylus
Workers

Antenna, I2Segments ... ... ...t e i e Dichthadia
Antenna, 9-11SeEMENES . . . oo\ttt et et e e 2

“)



Fig. 5. (A) Alitrunk of Eciton queen, lateral
aspect; (B) alitrunk of Labidus queen, lateral aspect;
(C) lateral aedeagal sclerite of Eciton male, lateral
aspect; (D) lateral aedeagal sclerite of Labidus male,
lateral aspect.

2.
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propodeal horn

(A)

apex

()

(D) NN
ANENNA, O CEIMEIIS - .. ottt ettt ettt iie et s Alaopone
Antenna, 10-11SegMeNLS . .. ...ttt i i i e 3
Pygidial impression with sharp, well-defined margins (Fig.2C) ..................... 4
Pygidial impression without distinct margins (Fig.2D) ...............coovinnnn.. 5

Antenna short and thick, all segments of the flagellum except the last as wide or wider
than they are long; each frontal carina usually armed with a caudally projecting spine

FIg BA) oo e e Dorylus
Antenna long and slender, at least some segments of flagellum longer than wide; frontal
carinae never armed withspines(Fig.6B) ................. ... ... Anomma

Subapical tooth of mandible simple (Fig.6C); frontal carina in lateral view drawn to a
ventrally directed point (Fig.6F); promesonotal suture only slightly impressed .........

................................................................ Typhlopone
Subapical tooth either truncate or notched at the middle (Fig. 6D); frontalcarinain lateral
view rounded, not pointed (Fig.6E); promesonotal suture deeply impressed .. .Rhogmus

Queens
Antenna, 12Segments .. ... ..ottt e s Dichthadia
ANtenna, 11 SEEMIENLS . ...ttt it ettt e e e 2
Posterior margin of pygidium with a deep, median, semicircular notch (Fig.3C) ....... 3
Posterior margin of pygidium straight or only slightly concave, without a semicircular
notch (Fig. 3D, ). ..o e 4
Propodeum in dorsal view wider than the pronotum (Fig.7A); posterior angles of petiole
considerably divergent (Fig.7A) .. ... ... it iiiii i i eannns Anomma
Propodeum not as wide as pronotum (Fig.7B); posterior angles of petiole only slightly
divergent (Fig. 7B) . ... i i e Dorylus

Posterior margin of pygidium straight; in dorsal view, hypopygium extending only a
short distance beyond posterior margin of pygidium and terminating in two rounded,
diverginglobes(Fig.3E) . ... ... i e Alaopone
Posterior margin of pygidium slightly concave; hypopygium extending far beyond
posterior margin of pygidium and divided by a median cleft so that it terminates in two
apically pointed processes(Fig.3D) .. ... ... it e 5
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spine-of frontal carina
antennal socket

Q

(A)

frontal carina Q '
e (e

notched
subapical tooth

(D)
Fig. 6. (A) Frontal carinae of major worker of
Dorylus, dorsal aspect; (B) frontal carinae of major
worker of Anomma, dorsal aspect; (C) mandible of
major worker of Typhlopone; (D) mandible of major
worker of Rhogmus; (E) anterior half of head, major
(F) worker, Rhogmus, lateral aspect; (F) anterior half of
head, major worker, Typhlopone, lateral aspect.

frontal carina

(E}

5. Hypopygium forming a dorsoventrally flattened plate, in dorsal view its median cleft end-
ing considerably caudal of the posterior margin of the pygidium . ... .. ... .. Typhlopone
Hypopygium not forming a flattened plate, in dorsal view its median cleft appears to
totally subdivide the hypopygiuminto two lateral parts(Fig.3D)............. Rhogmus

Males

1. Forewing with ‘‘second recurrent’’ vein (Fig.7C); aedeagus enlarged distally, in dorsal
view apex is knoblike; mandibleasinFig.7D. ........ ... ... ... .. .ol Rhogmus
Forewing without second recurrent vein; aedeagus smoothly tapered distally, not ter-
minating in a knoblike enlargement; mandible shaped otherwise . ................... 2

—\— pronotum:
\f\{7
propodeum
fj%/*beﬁole

(A)

=

second recurrent vein

Fig. 7. (A) Alitrunk and petiole of Anomma (C)
queen, dorsal aspect; (B) alitrunk and petiole of
Dorylus queen, dorsal aspect; (C) forewing of Rhog-
mus male, dorsal aspect; (D) head of Rhogmus male, §{
dorsal aspect; (E) hindwing of Dichthadia male, dor- =
sal aspect; (Fyhead of Dichthadiamale, dorsal aspect. (E)

prediscoidal cell

o)

a
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Fig. 8. Petioles of the males of the genus Dorylus:
(A) Typhlopone, (B) Alaopone, (C) Anomma, and
(D) Dorylus. (E) Forewing of Typhlopone male, dor-
sal aspect; (F) head of Typhlopone male, dorsal
aspect; (G) forewing of Alaopone male, dorsal

(H) aspect; (H) head of Alaopone male, dorsal aspect.
2. Hindwing with a prediscoidal cell (Fig.7E); mandibleasinFig. 7F .......... Dichthadia
Hindwing without prediscoidal cell; mandible shaped otherwise .................... 3
3. Petiolein dorsal view nearly square orround (Fig.8A,B)........... ... ... it 4
Petiole in dorsal view wider than long, its posterior surface concave or at least flattened
(FI.8C, D) o oottt e 5

4. Crossvein cu-a of forewing intersects with M + CuA, i.e., proximal to the intersection of
Mfl (occasionally the cu-a and MIfl intersections are opposite one another) (Fig.8E);

anterior margin of labrum medially cleft; mandibleasinFig.8F ........... Typhlopone
Crossvein cu-a intersects with CuA, i.e., distal to the intersection of Mfl (Fig.8G);
anterior margin of labrum entire; mandibleasinFig.8H ................... Alaopone

5. Antennal fossa projects beyond the anterior margin of the head forming a prominent
tooth (Fig.9A); prongs of the subgenital plate are parallel or only slightly divergent at
their apices (Fig.9C) - .\ it e Anomma

eye

antennal scape

fossa

7/Mondible

fossa

Fig. 9. (A) Head of Anomma male, left anterior @

quadrant, including base of mandible, dorsal aspect; ()
(B) head of Dorylus male, left anterior quadrant, in-
cluding base of mandible, dorsal aspect; (C) subgeni-

tal plate of Anomma male, dorsal aspect; (D) sub-
genital plate of Dorylus male, dorsal aspect.

(A)

(D)
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Antennal fossa forming a wide but inconspicuous protrusion (Fig.9B); prongs of
subgenital plate are divergent, not parallel (Fig.9D) . .............. ... ... Dorylus

IV. COLONY COMPOSITION AND CASTE POLYETHISM

A. Army Ant Polymorphism

Even a cursory examination of the genetic females (i.e., workers and
queens) of army ants dramatically demonstrates why the earlier classifica-
tions of dorylines were often incomplete and contradictory. Many of the
species are highly polymorphic and when collected as single, unassociated
specimens they are difficult, more often impossible, to relate to previously
collected conspecific individuals of different castes or subcastes.

For the social insects, polymorphism is defined as the coexistence of two or
more functionally distinct castes within the same sex (Wilson, 1971). Thus in
the dorylines two full castes are present: neuter females or workers and
reproductive females or queens. Soldiers are present in some species and
represent subcastes since they constitute the largest individuals in a con-
tinuous polymorphic series of workers (Wilson, 1971). Other worker sub-
castes among highly polymorphic forms such as Anomma and Eciton are ar-
bitrarily designated, on the basis of size as either major, or media, or minor
workers. Such distinctions are not made where the size differential between
the smallest and largest workers is slight, such as in 4erictus. Although it is
sometimes convenient to refer to the males as vet another caste, such a
designation is not faithful to the definition of caste.

The caste distinctions made between some individuals of a polymorphic
species result not only from obvious size differences but also from the mor-
phological manifestations of allometric growth; allometry being a growth
phenomenon that produces differences in the relative proportions of body
parts that are a function of total body size (Wilson, 1971). Although Darwin
(1859) certainly noted the allometric nature of Anomma worker morphology,
it was not until much later, when Huxley (1927) examined what he called
“‘heterogonic growth’’ in Anomma, that this growth phenomenon was quan-
titatively analyzed in army ants, While Cohic (1948) claimed that the workers
of Anomma could be divided into distinct morphological and functional
types, Hollingsworth (1960) demonstrated that such discontinuities did not
exist. Indeed, he showed that the Anomma workers of a single colony could be
placed in a continuous series from the smallest to the largest. On the other
hand, although morphological discontinuities in Anomma [in particularin D.
(A.) wilverthi] are not evident and only one worker caste exists, van Boven
(1961) determined that four subcaste phases were morphologically dis-
tinguishable. These he referred to as minima, minor, media, and major
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workers. Hollingsworth (1960) found that allometry in Anommais not simple
since ‘‘various parts of the body have different allometric constants in dif-
ferent individuals.”’ Because the relative growth curve of the workers changes
slope, the Anomma species analyzed is said to exhibit diphasic allometry
(Hollingsworth, 1960; Wilson, 1971).

All true army ants, with the exception of Aenictus and some species of the
genus Neivamyrmex, are strongly polymorphic (Gotwald and Kupiec, 1975).
In terms of total body length, the size differential between the smallest and
largest workers for Eciton burchelli is 8.1 mm; D. (A.) wilverthi, 8.0 mm;
Cheliomyrmex morosus, 4.12 mm; Neivamyrmex nigrescens, 2.8 mm; and
for Aenictus gracilis, 0.5 mm (Gotwald and Kupiec, 1975). In polymorphic
species, the size frequency distribution of workers is asymmetric. For in-
stance, in E. hamatum, ‘‘small intermediate’” workers are most numerous,
large intermediates and minors next and major workers least numerous
(Schneirla, 1971). In E. burchelli, the minor workers predominate, and in
both species, the majors constitute less than 2% of the entire colony
(Schneirla, 1971). Topoff (1971), who calculated the frequency distributions
of total body length for army ant worker pupae, noted that the smaller
workers predominate, even in essentially monomorphic species such as
Aenictus laeviceps.

Among the army ants Anomma species have been most thoroughly exam-
ined in terms of their polymorphism and allometry. To the previously cited
studies of Huxley (1927), Cohic (1948), Hollingsworth (1960), and van Boven
(1961) must be added those of Raignier and van Boven (1955), van Boven
(1958) and Raignier et a/, (1974). Polymorphism and allometry have also been
studied in the brood of New World species by Schneirla and Brown (1952),
Tafuri (1955), Lappano (1958), and Schneirla ef al. (1968).

B. Army Ant Castes and Subcastes

1, Workers

a. Morphology. Details of doryline worker ant morphology are included
in comparative studies of the mouthparts (Bugnion, 1930; Gotwald, 1969),
thorax (Tulloch, 1935; Reid, 1941), proventriculus (Eisner, 1957), and poison
apparatus (Hermann and Blum, 1967; Hermann. 1969). The morphology of
Old World species has been studied by Mukerjee (1933), Cohic (1948), and
Hollingsworth (1960) and of New World species by Whelden (1963), Gotwald
(1971), and Gotwald and Kupiec (1975). A review of structures and mor-
phological features that are important in either interpreting doryline
phylogeny or understanding army ant behavior follows.

The workers of Dorylus, Aenictus, and Cheliomyrmex are eyeless, while,
with few exceptions, those of Eciton, Labidus, Neivamyrmex, and
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Nomamyrmex possess reduced compound eyes. Although the Old World
species and some New World forms are blind, Werringloer (1932) attributed
to them a subdermal or integumental light sense. While Schneirla (1971) sug-
gested that eyes are better developed in surface-adapted species (i.e., in
species that commonly forage and even nest on or above the soil or substrate
surface), Gotwald (1978) pointed out that several species of Dorylus (par-
ticularly Anomma) and Aenictus frequently and even habitually forage on the
soil surface and climb vegetation. Furthermore, Gotwald (1978) constructed
a scenario to account for eyelessness in surface foraging species. In this
scenario, eyeless species arose from predatory ancestors that were surface-
active and possessed well developed eyes; eyelessness was a consequence of
subterranean living that became selectively advantageous for these
predorylines. Because numerous extant Old World species of surface foragers
are blind, their readaptation to surface lifeways may be a recent event. Got-
wald (1978) noted that the reduced palpal segmentation common to doryline
army ants also supports the hypothesized subterranean existence of the
ancestral forms.

Although the mandibles of doryline workers exhibit a diverse morphology,
those of the soldiers of Eciton and Anomma are morphologically similar and
are celebrated for their ability to pierce human skin. In soldiers of both, the
mandible is falcate and sharply pointed, and is clearly a piercing type con-
sidered best adapted to a defensive function (Wilson, 1971) (Fig.1D). In
polymorphic species such as D. (A.) nigricans and C. morosus, the mandibles
undergo a gradual but continuous transition in shape from the smallest to the
largest workers (Hollingsworth, 1960; Gotwald and Kupiec, 1975). Accord-
ing to Gotwald (1978), this produces mandible morphologies that are vari-
ously adapted to different tasks. The mouthparts are morphologically dis-
tinctive at the tribal level and the Ecitonini, Aenictini and Dorylini can be
separated on the basis of mouthparts alone (Gotwald, 1969). On the other
hand, mouthpart morphology shows the Ecitonini and Cheliomyrmecini to
be closely related (Gotwald, 1969). The number of palpal segments is signifi-
cantly reduced from the primitive number in ants of six in the maxillary palpus
and four in the labial palpus. In the dorylines, the maxillary palpus ranges
from one to two segments and the labial palpus from two to three segments
(Gotwald, 1978).

Reid (1941) found that there were two distinct types of worker alitrunk in
the army ants, one typical of the Dorylini and the other of the Ecitonini. In the
former, the alitrunk consists of two parts of approximately equal size, an
anterior part consisting of the pronotum and a posterior part composed of the
mesonotum, metanotum, and propodeum. In the latter, the alitrunk is a
single, undivided structure in which the sutures are usually greatly reduced.
Reid (1941) noted that the alitrunk of Aenictus most closely resembles that of
the genus Eciton.
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The worker waist has two segments or is binodal in the Ecitonini and
Aenictini. In the Dorylini and Cheliomyrmecini the worker waist has one seg-
ment or is uninodal (Fig.2A,B). If the Dorylinae (sensu lato) are
monophyletic, the segmental nature of the waist in this subfamily is certainly
less conservative than it is in other subfamilies where the number of segments
may be constant for an entire subfamily (e.g., the Formicinae) (Gotwald,
1978). Pullen (1963) suggested that the binodal waist facilitates stinging by
‘making the gaster more maneuverable, and Schneirla (1971) added that this
condition is important to surface-adapted species in subduing strong, fast
moving prey. Schneirla also concluded that this flexibility is of some advan-
tage in laying chemical trails and in carrying brood and prey (generally
beneath the worker’s body). These assumptions remain to be demonstrated
empirically,

The doryline poison apparatus, including the sting sclerites, has been de-
scribed by Whelden (1963), Hermann and Blum (1967), Hermann (1969), and
Gotwald (1971). The soft parts of the poison apparatus include an elongate,
pear-shaped or spherical, poison sac or venom reservoir with a conspicuous
duct that terminates in the sting bulb (Hermann, 1969; Gotwald, 1971). Free
poison filaments arise from the base of the poison sac or its duct. These
filaments are sometimes branched and are distributed in the vicinity of the
poisonsac. Anelongate Dufour’s gland composed of cuboidal and/or colum-
nar cells is present, but its function remains to be discovered (Hermann,
1969). Among the skeletal components, two are of special interest. The fur-
cula, a sclerite located anterior to the sting bulb, is common to all ants thus far
examined except the dorylines, cerapachyines, and one species of ponerine
(Hermann, 1969). Its absence in the dorylines and Simopelta oculata, a
ponerine with army ant lifeways, suggests that this sclerite is convergently lost
in species adopting army ant behavior patterns (Hermann, 1968b). The sting,
the other sclerite of interest, is broad and spatulate in the Dorylini, a mor-
phological development that may be correlated with this group’s inability to
sting. The sting is slender in those doryline species that do sting (Hermann,
1969; Gotwald, 1978).

All New World army ants possess a functional sting, When attacking prey,
these forms may bite and sting simultaneously. However, the Old World
species of Dorylus are not known to sting, although they are ferocious, effec-
tive biters (Gotwald, 1978). Schneirla (1971) noted that the Aenictus workers
that he observed in the Philippines had ‘‘potent stings,”’ but Gotwald (1978)
observed that African Aenictus may not sting. The absence of stinging in
Dorylus may be a behavioral manifestation of the spatulate condition in the
sting. Although Hermann (1969) found the sting of Aenictus gracilis, a
species in which stinging is documented, to be slender as in New World sting-
ing species, Gotwald (1978) noted that at least one apparently nonstinging
species of African Aenictus possessed a spatulate sting.
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Few studies have focused on the internal morphology ¢f army ant workers.
Mukerjee (1933) examined internal structues of D. (4/aopone) orientalis,
Whelden (1963) published an extensive study of E. burchelliand E. hamatum
and Gotwald (1971) and Gotwald and Kupiec (1975) produced anatomical
descriptions of C. morosus. Other such observations are fragmentary at best.
Bugnion (1930) described the pharynx of Anomma as reduced and
hypothesized that the reduction is correlated with the absence of trophallaxis
in the dorylines. Eisner (1957) found the army ant proventriculus to be
degenerative and concluded that since the damming of this membranous valve
is probably dependent on muscle contraction, crop storage in these ants may
be of relatively short duration. The Malpighian tubules are probably
histologically uniform throughout the army ants, although the numbers of
tubules vary considerably. Even so, overlap in the ranges of tubule numbers
between species is common, and the number of tubules per individual is so
closely correlated with body size as to preclude their use taxonomically in
polymorphic species (Gotwald, 1971). The rectal papillae, on the other hand,
may be more constant in number, although Whelden (1963) reported a range
of 3-6in E. burchelli and E. hamatum.

Glands thus far identified in the workers include the mandibular glands,
maxillary glands, pharyngeal glands, labial glands, metapleural glands,
Dufour’s gland, and the convoluted gland of the poison sac (Gotwald and
Kupiec, 1975). Of these, only the convoluted gland has been studied in detail
(Hermann and Blum, 1967).

The army ant nervous system has received some attention. In the brain, the
corpora pedunculata or ‘“‘“mushroom-bodies,”’ the size of which is often used
as an indicator of mental capacity, are smallest in Eciton hamatum when com-
pared to all other ants examined (Vowles, 1955; Bernstein and Bernstein,
1969). They are largest, for instance, in the formicine ant, Formica rufa.
However, the relative size of the doryline brain is predictably smaller than in
other similarly sized ants because, without eyes, the optic centers are greatly
reduced (Werringloer, 1932; Vowles, 1955).

Ovaries composed of polytrophic ovarioles are found in the workers of
D. (A.) orientalis Mukerjee, 1933), E. burchelli and E. hamatum (Whelden,
1963), and C. morosus (Gotwald, 1971). In some species, each ovary consists
of a single ovariole, while in others the number of ovarioles per ovary may
range from one to three (Gotwald and Kupiec, 1975). Although ovaries are
probably present in a majority of workers, Holliday (1904) failed to find them
in Neivamyrmex nigrescens. Whether or not army ant workers actually lay
these eggs is unknown, although the production of ‘‘trophic eggs’’ (i.e., eggs
consumed by other colony members) among other ant species is not uncom-
mon (Wilson, 1971).

b. Worker Functions. Wilson (1953) considered worker polymorphism,
which is developed to some degree in all army ant genera except Aenictus, a
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special adaptive characteristic that results ‘‘in various types and degrees of
worker labor.’’ Schneirla (1971) noted that colony tasks in the monomorphic
Aenictus are probably carried out by all workers at various times. Indeed,
Topoff (1971) indicated that although ‘‘differences in sensory thresholds to
chemical stimuli may exist among workers of different size groups’’ in Eciton,
Labidus, and Neivamyrmex, workers of Aenictus all react similarly, for in-
stance, to arousal stimuli.

Caste polyethism for worker subcastes has been documented in some cases
and hypothesized in others. Rettenmeyer (1963b) found that major workers
of Eciton participate in the formation of hanging clusters essential to assem-
bling the bivouac (or temporary nest), in capturing prey, and in defense. How-
ever, both he and Schneirla (1971) pointed out that Ecifon major workers are
‘‘automatically excluded from nearly all transport work since with their great
double-fishhook jaws they cannot pick up, hold, or release objects.’’ Topoff
and Mirenda (1978) have shown that the callow workers of Neivamyrmex
nigrescens do not participate in colony foraging excursions until 3-7 days
after eclosion. Gotwald (1978) noticed that although some functions (e.g., the
construction of soil particle walls) in Anomma correlate with body size, they
are an adaptive consequence of mandible morphology, which in turn is
allometrically determined.

A defensive function of major workers in Eciton is evident when a bivouac
is torn apart. At the time of disturbance a large number of excited majors
gather about the queen; in the undisturbed bivouac, the queen is surrounded
by a “‘tight ball’’ of the smallest workers (Rettenmeyer, 1963b). Schneirla
(1971) generalized about polymorphic species suggesting that media workers
are less involved in “‘rough operations.”’ Schneirla further noted that during
emigration in Eciton thereis a positive correlation between size of worker and
load (i.e., brood) carried and that, in the nest, the smallest workers generally
handle and feed the smalllarvae of a young brood. Among Old World species,
a division of labor in prey retrieval in Anomma is apparent. Gotwald (1974a)
observed that nearly all ‘“‘preyless’’ foragers returning to the nest, i.e.,
workers not carrying visible pieces of prey, have liquid-filled crops. Statistical
analysis revealed that larger workers tend to carry pieces of prey while smaller
workers specialize in carrying prey liquids. Alsoin Anomma, the workers that
construct the soil particle walls that often border their chemical trails are
among the smallest in the colony (Kistner and Gotwald, 1982).

Although worker subcaste polyethism in polymorphic species of army ants
is documented in some cases, a paucity of quantitative studies is clearly evi-
dent.

2. Queens
a. Morphology. Most observations of doryline queen morphology are

limited to external features, specifically to those of taxonomic interest. For
Old World species such observations have been reported by Emery (1887),
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André (1900), Brauns (1903), Menozzi (1927), Arnold (1953), Raignier and
van Boven (1955), van Boven (1967, 1968, 1972, 1975), Raignier et al. (1974),
Gotwald and Cunningham-van Someren (1976), and Gotwald and Leroux
(1980) to cite only a few. New World queens have been similarly described by
Wheeler (1900, 1921, 1925), Bruch (1934), Weber (1941), and Rettenmeyer
(1974). Studies that are entirely morphological in focus and include internal
features are limited to those of Whelden (1963) and Hagan (1954a,b,c).

Army ant queens are dichthadiigynes, i.e., they possess a greatly enlarged
gaster and petiole, are blind or nearly so, are permanently wingless, and have
strong legs (Fig. 1A). Wilson (1971) pointed out that this unusual morphology
adapts the queen to nomadic life in two ways: (1) the enlarged gaster contains
ovaries composed of many ovarioles that enable the queen to ‘‘deliver large
quantities of eggs during a short span of time,”’ and (2) the queen is able to
move under her own power from one temporary nesting site to the next. This
specialized reproductive design is correlated with the acquisition of an ex-
panded tracheal system and the ability to store large amounts of fat as a
reserve energy source (Wheeler, 1928).

Since Eciton colonies alternate between statary and nomadic phases, an en-
dogenously controlled rhythm, on a regular schedule, it is possible to observe
certain external changes in the queen that are synchronized with these cyclic
phases (Schneirla, 1971). As the colony enters the nomadic phase, the queen’s
ovaries undergo remarkable development, causing the gaster to become
physogastric. The intersegmental membranes of the gaster stretch as they ac-
commodate the hypertrophying ovaries, and the gastral sclerites are
separated from one another (Schneirla, 1971). Although other doryline
queens become physogastric, the regular alternation of statary and nomadic
phases may be atypical of army ants in general. Rettenmeyer (1963b) noted,
for instance, that Schneirla studied perhaps the most highly specialized
species of Eciton (i.e., E. burchelli and E. hamatum) and that many of the
generalizations offered by Schneirla about the army ant functional cycle are
based on his knowledge of these species.

The mandibles of doryline queens differ in one conspicuous respect from
those of the workers: they are devoid of subapical teeth (Gotwald, 1969) (Fig.
1B). They also depart from the triangular-shaped mandible typical of a ma-
jority of ants and are, instead, linear and slightly curved apically. The queen
mandibles of the ponerine army ant, Simopelta oculata, are of a similar design
(Gotwald and Brown, 1966). The maxillary palpus has two segments in the
Aenictini, Dorylini and Ecitonini; the labial palpus has one segment in the Old
World dorylines and two segments in the ecitonines (Gotwald, 1969). While
compound eyes in the form of ocelluslike structures are common to the New
World forms, they are entirely absent in Old World queens.

The alitrunk of the army ant queen is characterized by a general reduction
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in suturing, although the extent of reduction is far from universal. Even
within a single genus the variation in suturing may vary considerably. For in-
stance, queens of African Aenictus have a simplified (derived) thorax,
whereas Asian species possess a more complex (primitive) suturing (Gotwald
and Cunningham-van Someren, 1976). In fact, the differences between the
Asian and African queens prompted Wheeler (1930) to suggest that the Asjan
species ‘‘would seem to belong to a distinct genus.’’ However, a comprehen-
sive, comparative survey of thoracic suturing in queens is wanting.

The petiole of doryline queens, at least in the Ecitonini and Dorylini, is
enlarged and armed with caudally directed dorsal or lateral horns. These are
most conspicuously developed in the ecitonines. In two Eciton matings
reported by Schneirla (1949), each of the males involved grasped a petiolar
horn in its mandibles during copulation. According to Rettenmeyer (1963b),
this grasping behavior ‘‘suggests that contact between the mandibles and the
queen’s petiole may be important for mating and perhaps for preventing in-
terspecies mating,”’ since the petioles of the queen and the mandibles of the
males differ so strikingly among the species. Schneirla (1971) assumed that
these petiolar horns also serve a protective function.

The expansive gaster of the army ant queen is uniquely developed in the
Dorylini where the bifurcated hypopygium extends conspicuously beyond the
posterior of the pygidium, and the copulatory bursa is open, i.e., not covered
by the pygidium (Raignier and van Boven, 1955; van Boven, 1967). In the

_ Aenictini and Ecitonini, the hypopygium is not so extended and the bursa is
closed by the pygidium. Hagen (1954a) noted that in Eciton during the
nomadic phase, when the queen is contracted, the five visible gastral segments
are strongly telescoped with the gastral sclerites greatly overlapping one
another. During physogastry, of course, these sclerites are widely separated.

Internal features of interest include a proventriculus that is smaller than in
the Eciton worker, although the structure is identical in both castes. The ven-
triculus of the Eciton queen s different from that of the worker bothinshape
and in the morphology of its component cells. For instance, the ventriculus of
the queen is more or less cylindrical while that of the worker is pear-shaped.
Whelden (1963) found approximately 30 Malpighian tubules in the Eciton
queen, a number that is almost twice as many as in the workers. The number
of rectal papillae, elliptical to nearly circular structures, in Eciton queens is
““frequently six, infrequently three’’ (Whelden 1963).

Whelden (1963) described for the Eciton queen numerous glands. In the
head there are mandibular glands, maxillary glands, pharyngeal glands, and
three small glands (unnamed) that open through a membrane that extends
from the mandibles to the bases of the mouthparts. The alitrunk contains the
labial glands, metapleural glands, six small glands (one at the base of each
leg), and a ‘‘moderately large’’ gland that is not present in the workers.
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Although Whelden found the cells of this latter gland to be easily confused
with those of the metapleural glands, their ducts open through the membrane
that connects the alitrunk with the petiole. A gland is also present in the
petiole. In the gaster, each segment contains a pair of large glands the cells of
which each possess a duct that opens separately through the intersegmental
membranes. Also present are the poison sac and the ‘‘alkaline’” gland
(Dufour’s gland).

The brain or supraesophageal ganglion is larger in the Eciton queen thanin
the worker, but while the most conspicuous cranial nerves in the workers are
those that innervate the antennae and mandibles, the optic nerves are most
fully developed in the queen. The queen nervous system departs most notice-
ably from that of the worker in its possession of five large gastral ganglia in-
stead of the single fused ganglionic mass of the worker.

The reproductive systems of the queens of Eciton and Neivamyrmex in-
clude a vagina and a median oviduct which bifurcates to form the paired
lateral oviducts. These in turn lead to the ovaries which are composed of large
numbers of polytrophic ovarioles (Holliday, 1904; Hagan, 1954a; Whelden,
1963). The lateral oviduct in Neivamyrmex extends for the entire length of the
ovary; the ovarioles open into the duct (Holliday, 1904). In Eciton the lateral
oviduct expands within the ovary to form a calyx and is capable of accom-
modating the vast numbers of oocytes that are discharged simultaneously into
it by the ovarioles (Hagan, 1954a). There ar¢ approximately 1200 ovarioles in
the ovary of the Eciton queen (Hagan, 1954a) and abcut 500 in the ovary of
Neivamyrmex (Holliday, 1904).

Other reproductive structures in Eciton include an exceptionally long
(probably longer than the gaster itself) spermathecal duct that originates on
the dorsal wall of the vagina (Hagan, 1954a). This duct forms several tight
coils that are peculiar in shape and position in the individual queens. This duct
leads to a spherical or irregularly ovoid spermatheca (Whelden, 1963). Also
present are a pair of irregularly twisted, tubular spermathecal glands that at-
tach to the spermatheca directly above its junction with the spermathecal duct
and a pair of accessory glands that arise anterior to the basal bulb of the
ovipositor,

b. Queen Functions. Above all else, the army ant queen is the reproduc-
tive core of the colony. So vital is she to the colony that it cannot survive as an
integrated social unit without her. As Schneirla (1953) pointed out, ‘‘although
the Eciton queen does not directly lead the activities of her colony, her role is
critical in the functional pattern.”’ In fact, Schneirla (1944) regarded the
queen as a “‘pacemaker’’ in the colony behavior pattern of each species. There
is but a single, functional queen per colony in the Ecitoninae and Dorylinae.
The only known exception to this rule are colonies of Neivamyrmex
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carolinensis which regularly have 3 to 13 queens (Rettenmeyer and Watkins,
1978).

While the queen influences colony function by the types of eggs she pro-
duces (i.e., worker eggs versus sexual brood eggs), Schneirla (1971) concluded
that the schedule of egg laying is determined by intracolony processes external
to the queen. Central to this ‘‘colony-situation-feedback’’ hypothesis is the
effect of brood-stimulative phenomena that regulate colony activities
through the mediation of the queen’s corpora allata. Thisin turn accounts for
the egg-laying cycles in the queen. This is true, at least, for those army ants
that exhibit a well marked functional cycle of regularly alternating nomadic
and statary phases. Hagan (1954¢) found that the oocyte cycle in Eciton ‘ ‘har-
monizes’’ perfectly with colony behavior.

During the nomadic phase of those species of Eciton, Neivamyrmex, and
Aenictus studied by Schneirla (1971), the queen remains contracted but as this
phase ends and the statary begins, the queen’s gaster swells, exposing the in-
tersegmental membranes. The distension continues for about 1 week into the
statary phase at which time the queen achieves full physogastry and egg laying
commences. The adaptive advantage of cyclic physogastry that coincides with
the statary phase is that is reduces the dangers that confront the queen during
the emigrations of the nomadic phase. For instance, she must move under her
own power along emigration routes that are often strewn with obstacles that
could abrade or puncture her intersegmental membranes if exposed.

However, many army ant species, perhaps even a majority, do not have a
well defined functional cycle, and emigrations occur as single events often
separated by lengthy intervals. The queens of these species, e.g., of Dorylus,
do not function on a precise reproductive schedule (Raignier and van Boven,
1955). The interval between emigrations of D. (Anomma) molesta, for in-
stance, may vary from 3 to 67 days, and evidence suggests that during adverse
conditions such as drought, a colony may remain at a single nest site for many
months (W. H. Gotwald and G. R. Cunningham-van Someren, unpublished
data). Long intervals may result from the inability of this species to maintain
an elevated, optimal nest temperature (Raignier and van Boven, 1955). In
some species of Anomma, Raignier and van Boven (1955) found that the
queen is in a permanent but moderate state of physogastry, although egg lay-
ing may be discontinuous. In D. (A4.) wilverthi, they observed that egg laying
peaks occur at 20 to 25-day intervals and that it usually intensifies just after
emigration. A period of physogastry longer than that in Ecifon queens may
alsoexistin Labidus, and certainly Labidus produces asynchronous broods or
at least much less synchronous than Eciton (Rettenmeyer, 1963b).

The egg-laying capacity of the army ant queens is truly extraordinary.
Schneirla (1971) estimated that a single queen of Aenictus gracilis produces as
many as 240,000 eggs per year and that the annual yield of an E. burchelli
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gueen may be as high as 2,400,000 eggs. But the queen of D. (A.) wilverthi
may be unsurpassed. Raignier and van Boven (1955) estimated her egg pro-
duction to be from 3 to 4 million per month.

If a colony of army ants loses its queen, it cannot ordinarily replace her
unless a sexual brood is already present in the colony. Not only will the colony
not flourish without its queen, but if it cannot join another conspecific col-
ony, it faces certain extinction. Schneirla (1971) noted that a queenless colony
of Eciton will within 1 or 2 hr of meeting a queen-normal colony begin merg-
ing with it. Workers of the queenless colony, with their brood, abandon their
nest in favor of joining the columns of workers of the adoptive colony. The
brood of the adopted colony is consumed within 1 or 2 days.

3. Males

a. Morphology. Because the army ant male represents & unique mor-
phology (i.e., it is unusually large, has a long cylindrical gaster, highly
modified mandibles, and uncommonly developed genitalia), Wheeler (1910),
in his classification of caste variants, assigned toit the term ‘‘dorylaner’’ (Fig.
1E). Although this term is no longer used, it does point to the fact that these
males are undoubtedly exceptional. However, in spite of their conspicuous
appearance and the fact that they are commonly represented in museum col-
lections, there is a dearth of information on army ant male morphology.

The males have well developed compound eyes and ocelli (Fig. 1F). The
mandibles are distinctive enough to be of practical value in identifying some
forms, e.g., in separating the subgenera of Dorylus. The maxillary palpus has
two segments in all four tribes, while the labial palpus has one segment in the
Aenictini and Dorylini, two segments in the Ecitonini, and three segments in
the Cheliomyrmecini (Gotwald, 1969).

Tulloch (1935) noted that the alitrunk of Dorylus helvolus displayed the
‘‘greatest departure from the fundamental type of any of the [ant] sub-
families.”” He regarded the male doryline thorax as highly specialized. The
male is the only doryline phenon with wings, and their wing venation is
regarded as relatively primitive (i.e., unreduced) (Brown and Nutting, 1950).
Within the army ants, Cheliomyrmex is the most primitively veined. Brown
and Nutting (1950), in their analysis of formicid wing venation, placed great
emphasis on the position of wing vein Mfl. Because this vein arises proximal
to crossvein cu-a in the doryline specimens included in their study, they con-
cluded that the dorylines arose from the main formicid line at an early date.
However, within the genus Dorylus, the position of Mfl varies considerably
(Fig. 8E,G). Indeed, in the subgenus Alaopone it is distal to cu-a and in
Rhogmus, the subgenus figured by Brown and Nutting, it may be found on
either side of cu-a. Certainly wing venation patterns in the subfamily await
careful analysis of large numbers of congeneric and conspecific specimens.
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As in the queen, the waist of the male always has one segment, but unlike
the queen, the male petiole is unarmed. The external genitalia of the male have
been studied in greater detail than most other external features because of
their potential taxonomic value. Even so, published comparative genitalic
studies are nonexistent. The genitalic capsule of these males is retracted intoa
large cavity ventral to the rectum and anus in the last few gastral segments
(Borgmeier, 1955; Forbes, 1958; Forbes and Do-Van-Quy, 1965). Of the
genitalic sclerites, only the ninth sternum, or subgenital plate, projects be-
yond the tip of the gaster. As in other ants, the external genitalia consist of
three pairs of valves that are surrounded anteriorly by a basal ring (lamina an-
nularis) (Forbes and Do-Van-Quy, 1965). The outer valves are generally re-
ferred to as the parameres, the middle valves as the volsellae and the inner
valves as the aedeagus. In Dorylus the basal ring is narrow and the parameres
and volsellae are simple (Raignier and van Boven, 1955). Although the
parameres and volsellae are also simple in the ecitonines, the basal ring is con-
spicuously wider (Forbes, 1958; Forbes and Do-Van-Quy, 1965).

The internal anatomy and histology of the army ant male remains virtually
unexplored. Only the alimentary canal and the reproductive system have
received attention.

Mukerjee (1926) noted that the alimentary canal of D. labiatus is straight
and simple and lacks a crop and a well developed proventriculus.
Shyamalanath and Forbes (1980) detailed the anatomy of the digestive system
of the male of Aenictus gracilis and concluded that the unique features of this
system lent support to the proposition that Aenictus arose independently of
other army ants. It was pointed out by Brown (1968) that the metapleural
gland is absent in army ant males and that these males must mate with apter-
ous queens in alien conspecific colonies. Brown speculated that the meta-
pleural glands might produce a substance that labels the individuals of one
colony as aliens or enemies should they enter another colony of the same spe-
cies. Without this labeling substance, the army ant male can enter an alien col-
ony unmolested. As attractive as this hypothesisis, and Brown included in his
observations a number of other instances in nondoryline ants where these
glands are also absent, it does not explain the obvious exception when the
workers of a queenless colony merge with a queen-normal colony.

The testes of N. harrisi and E. hamatum are composed of long, slender
tubules that number 20-25 per testis (Forbes, 1958; Forbes and Do-Van-Quy,
1965). In D, labiatus the testicular tubules are quite small (Mukerjee, 1926).
While a single capsule covers both testes in N, harrisi, each testis is invested
with its own capsule in E. kamatum and in D. labiatus there is no capsule at
all. Other structures in the system include the vasa deferentia, accessory
glands, the bound accessory gland ducts, the ejaculatory duct, and the
aedeagal bladder (Forbes, 1958). The accessory glands of D. labiatus arelarge
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and thick walled (Mukerjee, 1926), whereas those of Eciton and
Neivamyrmex are formed of tightly coiled tubes (Forbes, 1958; Forbes and
Do-Van-Quy, 1965). Curiously, in many studies of male ants, the accessory
glands were not identified as such until Hung and Vinson (1975) examined
males from five subfamilies including the army ants. They found the coiled
accessory glands of the ecitonines to be unique among the ants, while the
glands of D. labiatus are similar to those of the Myrmicinae and Ponerinae.
They concluded that these differences gave credence to the polyphyletic
hypothesis of doryline origins. Ford and Forbes (1980) described male
reproductive anatomy of the Old World species D. (A.) wilverthiand D. (A.)
nigricans, and Gotwald and Burdette (1981) compared the morphology of the
male internal reproductive system in representative species of both New and
Old World species. In this latter study, it was concluded that spermatogenesis
and storage of newly formed sperm cells in the seminal vesicles occur during
pupal development before emergence. In most species the testes greatly
atrophy prior to the time of eclosion and little evidence of their existence can
be found in the adult. Gotwald and Burdette (1981) further noted that the
extraordinary differences in male internal genitalic morphology between New
and Old World forms constitute further evidence of the polyphyletic origin of
army ants.,

b. Male Functions, Male ants do notcontribute to the daily maintenance
of a colony; they are, for all intents and purposes, little more than ‘‘flying
sperm dispensers’’ (Wilson, 1971). In Eciton and other genera where colonies
pass through alternating statary and nomadic phases, males appear
periodically in large sexual broods (which include queens as well) that are
coordinated with all-worker broods that precede and follow them (Schneirla,
1971). This precision in the appearance of males is probably absent in army
ant species without the regular statary-nomadic functional cycle. For in-
stance, in Anomma, sexual broods can appear during any season of the year
(Raignier, 1959, 1972). Thus the male exodus from the nest following eclosion
from the pupal stage is ‘‘relatively precise and genus typical’’ in species with a
regular functional cycle and variable in other groups such as Dorylus
(Schneirla, 1971).

The presence of sexual brood is prerequisite to colony division, and
although males may fly from the nest site directly following eclosion, alate
males may emigrate with their colonies (in Eciron this would be during the
first nomadic phase of a new daughter colony following colony division) and
may break away from the columns of workers and fly off. In this way they
“literally seed the area through which they pass’ (Schneirla, 1971). In
Anommathe male brood, fully grown larvae and pupae, are left in the old nest
with the new queen following colony division. The pupae then eclose and the
adult males fly away (Raignier, 1972). Anommamales may also emigrate with
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the workers, but more often than not, these males are dealate and probably
move with their adoptive colonies following their initial exodus flight
(Savage, 1847; Donisthorpe, 1939; Raignier and van Boven, 1955).

When the exodus flight is ended, the males lose their wings, possibly as a
physiological consequence of the flight itself, although in some cases they are
torn off by workers. However, in order for fertilization to occur, these males
must in some way find and gain entrance to another conspecific colony. By
running on the substrate surface, the males may intersect with foraging or
emigration trails of other colonies which they may then follow to the nest site;
males that enter columns or nests of other species are killed (Schneirla, 1971).
Anomma males, for example, can locate and follow the abandoned chemical
trails of other colonies and follow these trails to the nest site (Raignier and van
Boven, 1955). Schneirla (1971) conjectured that postflight Ecitron males may
attract conspecific workers to themselves by releasing a pheromonal attrac-
tant that is spread on the substrate surface by a brushlike collection of setae at
the tip of the gaster.

Schneirla (1971) suggested that males of surface-active species leave their
colonies around dusk and those of subterranean species leave in the evening or
at night. However, males of D. (A.) nigricans and D. (A.) wilverthi, which are
certainly surface-active species, fly in complete darkness only after 2000 hr, at
leastin Rwanda (J.K.A. van Boven, personal communication). Schneirla also
noted that males of different species may respond differently to environmen-
tal stimuli once they have landed following their exodus flight. For example,
surface-active species of Neivamyrmex have relatively small, flat eyes, react
positively to doryline chemical trails and may on landing after their dusk
flight, reach other conspecific colonies primarily through chemical stimuli.
On the other hand, subterranean species have large eyes, react weakly to
chemical trails and may rely on visual stimuli by moving toward moonlight
silhouetted objects, such as rocks and logs, places where the trails of subterra-
nean species are most likely to be located (Schneirla, 1971). Rettenmeyer
(1963b) concluded that following eclosion New World males are initially
negatively phototaxic and unable to fly for 1 to 3 days. He proposed that only
after flight do they become positively phototaxic. Haddow et al. (1966) found
that Dorylus males (of all five African subgenera) fly at all times of the year.
Leston (1979) noted that there is a regular cycle in the timing of Dorylus male
flight in which males are produced about every 30-32 days from March
through September and around every 28-29 days from December through
February. He also observed that this cycle is synchronous in the four most
commonly trapped species and that males are produced ‘““more or less’’
throughout the year, although with distinct seasonal peaks. Leston concluded
that the syncronicity evident in these cycles was not related to climatic factors,
as Schneirla suggested for ecitonine males, but was instead a mechanism for
oversaturating an area with their numbers. In this way, the survival of at least
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some males from an onslaught of predators is enhanced. In a survey of New
World army ant flights, Kannowski (1969) collected males of two species only
during the dry season, of three other species during the dry season and well
into the wet season, and of one species during the entire four months of the
study. The males of nine remaining species were collected almost exclusively
after the wet season began. Kannowski concluded that the rains may serve as
triggering mechanism for these nine species. Seasonal flight periodicities in
Nearctic army ant males have been reviewed in detail by Baldridge er al.
(1980).

Haddow et al. (1966) also noted that the males of each species consistently
peak, in total numbers of individuals trapped using light, at different times of
night, starting at about 1800 hours and ending about 0600 hours. Because
““‘dusk’’ is a phenomenon of higher latitudes, it is impossible to use the data of
Haddow ef al. to support or refute the Schneirla hypothesis that surface-
active species fly at dusk. Kannowski (1969) examined the frequency distribu-
tion of ecitonine males during the hours of night and discovered that the
species form two distinct groups: one which conducts ‘‘post sunset’’ flights
and another that launches predawn flights. One species, Neivamyrmex
pilosus, was found to be essentially ¢‘circum-nocturnal.”” Temporally spaced
flights may in some way contribute to a species isolating mechanism. Ap-
parently the males of several Nearctic species of Neivamyrmex have diurnal
flights and this explains their absence in light traps used to determine seasonal
periodicities (Baldridge et al., 1980).

The frequency with which males may inseminate queens of their own
mother colony,whether the queens be old or newly emerged, is not known.
However, the genetic advantages of promoting gene flow between colonies
may keep the frequency low. Once in an adoptive colony, a dealate male may
remain there for days or even weeks before it mates and dies (Schneirla, 1971).
Rettenmeyer (1963b) noted that such males. probably live a few days but
seldom more than 3 weeks.

One thing more is intuitively obvious: between the time that a male leavesits
own colony and finds a foster colony, it is subject to many life-threatening
risks, Predators and vagaries in the environment may, asrisks, beso great that
relatively few males ever achieve fertilization of a conspecific queen, which
seems to be, after all, their only function.

C. Army Ant Brood

1. Morphology

Of the army ant brood, the larvae have been studied most thoroughly. The
larvae were examined taxonomically by G. C. Wheeler (1943) and Wheeler
and Wheeler (1964, 1974, 1976). Doryline larvae are *‘elongate, slender, sub-
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cylindrical’’ with the anterior end slightly curved; 12 or 13 distinct somites are
evident. Spiracles are minute. Vestigial legs (imaginal discs) are large and con-
spicuous (Wheeler, 1938). Setae are short, sparseto moderately abundant and
mostly simple, except in Neivamyrmex where they are branched or plumose.
The head is large, with short, simple setae and antennae composed of two sen-
sillac each. The mandibles are weakly developed and of two types: ‘‘elongate,
slender, slightly curved and denticulate’’ or ‘‘short, small, acuminate and
feebly sclerotized’’. The maxillary palpi are either absent or represented by a
slightly elevated group of sensillae. The trophorhinium (‘‘the aggregate of
roughened surfaces of the mouthparts which might be used in triturating
food’’) is poorly developed or absent (Wheeler, 1943; Wheeler and Wheeler,
1964), Petralia and Vinson (1979) pointed out that the larvae of Neivamyrmex
nigrescens do not show specializations for holding food on the ventral body
region as do other ant species. Thislack of specialized development they noted
probably relates to the fact that prey food items are placed next to the larvae
but never on them. Thus army ant larvae are not required to hold or
manipulate their food items. Wheeler (1943) noted that the male larva in
Anomma is ‘‘enormous’’ when compared to the worker larva and that the
anterior portion is bent ventrally at an angle of 90°. Raignier (1972) observed
that young male larvae of Anomma one week or older can be distinguished
from worker larvae, because they are slender and they make curling
movements. Those movements may provoke increased foraging activity in
adult workers.

Lappano (1958) provided a detailed description of the external morphology
of E. burchellilarvae. Schneirla et al. (1968) analyzed allometric growthin the
larvae of Eciton, Neivamyrmex, and Aenictus. Their results confirmed the
‘‘empirical expectation’’ that the larval brood of Eciton and Neivamyrmex
are polymorphic and that those of Aenictus are ‘‘quasi-monomorphic.”’
Tafuri (1955) studied the larvae of E. hamatum and noted that several exter-
nal features (such as the leg discs, shape of the head segment, and pilosity) are
correlated with specific days in the nomadic phase. As a result, he was able to
formulate a key for separating larvae according to the nomadic day repre-
sented in their stage of development.

Internal features of E. burchelli (Lappano, 1958) and N. nigrescens larvae
(Wang and Happ, 1974) have been described. In the latter species, the labial
gland was specifically targeted as a possible source of worker stimulating
substances produced during the nomadic phase. The alimentary canal of
E. burchelli is essentially a straight tube consisting of a foregut, midgut, and
hindgut. The midgut is a blind sac, and the lumina of the midgut and hindgut
are not continuous until late in the prepupal phase or in the pupa (Lappano,
1958). Wheeler and Bailey (1925) found the “‘stomach’’ of E. burchellilarvae
to be unlike that in other known ant larvae because it is ‘‘very long and
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slender’’ and has ‘‘unusually thick, muscular walls.”” They assumed that the
larva is fed at considerable intervals with large pellets of the ‘‘rolled up soft-
parts of insects.’’ Because these pellets are so compact, they retain their shape
even in the lumen of the midgut. Four Malpighian tubules are present
throughout larval development. The nervous system is composed of a central
division, consisting of a brain and a ventral nerve cord with twelve paired
ganglia, and a stomatogastric division. The E. burchelli larvae have a
‘‘secretory system’’ that includes the corpora allata and labial glands. The
latter undergo striking morphological and histological changes during the
course of larval development. Other Eciton features include the dorsal vessel
and the ovaries (Lappano, 1958).

Larval cocoon spinning in the army ants varies remarkably from genus to
genus, but the functional and phylogenetic significance of this variation re-
mains a mystery. Cocoons are not spun in Dorylus and Aenictus but are pres-
ent in Eciton and Labidus. In Neivamyrmex cocoons are spun only by sexual
brood. It is not known whether cocoons are present in Cheliomyrmex and
Nomamyrmex (Schneirla, 1971). Since it is assumed that the ant cocoon is
inherited from a wasplike ancestor (Wheeler, 1915), the absence of a cocoonis
a derived characteristic. While watching Eciton larvae spin cocoons, Beebe
(1919) noted that, ‘‘I watched the very first thread of silk drawn between the
larva and the outside world, and in an incredibly short time the cocoon was
outlined in a tissue-thin, transparent aura within which the tenant could be
seen skillfully weaving its own shroud.”

2. Biology

Army ant colonies that are functionally normal always contain developing
brood. In species with regularly alternating nomadic and statary phases, it is
evident that the brood are produced on a periodic schedule. Larvae are pres-
ent in the nomadic phase, a period characterized by elevated colony activity,
and pupae are present in the statary phase when colony activity is low
(Schneirla, 1971). In studies regarded by many as ethological classics,
Schneirla (1933, 1938) determined that it was the larvae that somehow
energized the colony to the activity level of the nomadic phase and that it was
the inertness of the pupae that produced the depressed activity levels of the
statary phase (Fig. 10).

All-worker broods that normally appear in a cyclic sequence are occa-
sionally interrupted by a sexual brood that also has a profound influence on
the colony via the process of colony division. In the family Formicidae, the
dorylines certainly produce the largest all-worker broods per colony. These
range from 30,000 individuals in A. laeviceps (Schneirla and Reyes, 1966) to
1,500,000 in D. (A.) wilverthi (Raignier and van Boven, 1955). The polymor-
phism evident in the brood of all genera except Aenictus is a function of
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Fig. 10. Functional cycle of group A dorylines.
Eggs are deposited by the queen during the statary
phase. These hatch and develop as larvae during the
latter one-half of this phase and the entire nomadic
phase. Pupation of these larvae triggers the begin-
ning of the statary phase. During the statary phase
these pupae continue to develop. Their emergence
as callow workers stimulates the start of the next
nomadic phase. Note that two sets of brood are
present during the statary phase, one consisting of
eggs and young larvae and the other of pupae.

nongenetic factors that include trophogenic effects, stimulative effects of the
workers on the larvae, ‘‘incubative’’ factors, and the physiological condition
of the queen at the time of egg laying (Schneirla, 1971).

From his observations, Schneirla (1938) developed the concept of a brood-
stimulative theory of army ant cyclic activity. Initially working with Eciton,
he demonstrated that the nomadic phase begins with the emergence of callow
workers from their cocoons which has a stimulatory effect on the colony. Col-
ony activities in this phase are characterized by a nightly emigration from one
nesting site to another preceded by almost frenzied foraging. During the
nomadic phase, the queen is contracted and the larvae stimulate, on a sus-
tained basis, the level of activity typical of the phase. This phase ends and the
statary begins with maturation of the larvae. At this time of low brood
stimulation, daily emigrations cease and the queen achieves full physogastry.
At the middle of the phase, she deposits a single series of eggs that constitutea
unitary population. Larvae hatch from these eggs prior to the emergence of
the callow workers that will stimulate the next nomadic phase. Thus two
brood populations overlap one another in time and space. These well-marked
functional cycles have been identified in at least some species of Eciton,
Neivamyrmex, and Aenictus.

However, in Dorylus, and perhaps in numerous species in the other genera,
the functional cycles are irregular at best and probably not even homologous
to those investigated by Schneirla. Although Raignier and van Boven (1955)
found that emigrations in D. (A.) wilverthi can be initiated by the eclosion of
callow workers, 6-40 day intervals separate emigrations. Anomma driver
ants do not follow a functional cycle of alternating nomadic and statary
phases. In fact, they appear to exist in successive ‘‘statary’’ phases separated
by emigrations that may last for 2 or 3 days or even longer. Indeed, Raignier
and van Boven (1955) recorded one intermigratory interval for D. (A.)
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nigricans of 125 days. Thus the influence of brood on the nesting and emigra-
tion behavior of Dorylus may be far less significant than it is in Eciton.

The periodically produced sexual broods of army ants are evidenced by an
occasional mass exodus of alate males from the nest. Male emergences of this
kind have been recorded for Dorylus (Mayr, 1886; Brauns, 1901), Eciton
(Rettenmeyer, 1963b; Schneirla, 1971), and Neivamyrmex (Gallardo, 1915;
Bruch, 1923) among others. In two species of Eciton, Schneirla and Brown
(1952) found that ¢‘fertile individuals’’ are produced in distinctive annual
broods. In E. hamatum a mature sexual brood may contain, for example,
only six new queens but as many as 1500-2000 males. Schneirla and Brown
{1952) believed that the trophallactic relationship between the workers and
the sexual brood is more intensive than it is between workers and an all-
worker brood.

In Eciton, Neivamyrmex, and Aenictus, the onset of dry weather in areas
with distinct seasonal changes may stimulate the production of sexual broods
(Schneirla, 1971). Although Schneirla (1971) convincingly argued his “‘dry-
impact’’ hypothesis for the initiation of sexual broods, Rettenmeyer (1963b)
pointed out that all colonies of E. hamatum in the same locality do not pro-
duce sexual broods at the same time nor in the same dry season. In fact, he
noted that some species of Eciton actually produce sexual broods in the rainy
season. Schneirla (1971) surmised that the abrupt environmental change
represented by the onset of the dry season radically affects the reproductive
physiology of the queen. The physiological changes thus wrought can inhibit
the process of fertilization and establish the pattern for sexual broods.
However, the first group of eggs in a sexual brood series are deposited before
the mechanism inhibiting fertilization is fully operative. These eggs are fer-
tilized and are destined to become new queens. A second set of eggs in the
series goes unfertilized and will produce the males which are haploid.
Schneirla (1971) postulated that a third series of eggs, also unfertilized, might
be laid and later used to feed the newly hatched queen larvae. The number of
eggs laid in a sexual brood series may initially approxirnate the number pro-
duced in an all-worker series, but perhaps for a variety ¢f reasons the number
of sexual brood eggs is substantially reduced (Schneirla, 1971). Therefore sex-
ual broods are small and individuals are assured greater attention and heavier
feeding from the workers than is the case in all-worker broods where the sheer
numbers of individuals guarantee intense competition for food. Flanders
(1976) hypothesized that the physiological change induced by the dry season
and responsible for the inhibition of fertilization is ‘‘simply the lack of sperm
gland stimulation,’’ i.e., the failure of sperm-activating secretions to be pro-
duced by the spermatheca. To explain the presence of sperm that fertilizes the
first set of eggs, he suggested that some sperm remains in the coils of the sper-
mathecal duct between broods. This residual sperm is reproductively impor-
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tant only when egg deposition occurs during the dry season and spermathecal
activity is inhibited (Flanders, 1976).

In Anomma, sexual broods can appear during any season of the year,
although they appear with greater frequency during the last third of the dry
season (Raignier and van Boven, 1955; Raignier, 1959, 1972), Male brood can
number from 200 to 3400 individuals per nest, while the maximum number of
queens ever observed in one nest was 56 (Raignier, 1959). As in Eciton, the
Anomma male and queen larvae enjoy greater attention from the workers
which includes over-feeding. Developmentally, however, the queens are ap-
proximately 10 days ahead of the males and are already adults when the males
are reaching the pupal stage (Raignier, 1959). Males may appear in worker
broods.

V. BEHAVIOR OF ARMY ANTS

A. Pheromonal Communication

1. Trail Pheromones

Given the fact that a majority of army ant species are blind and that the re-
mainder are nearly so, pheromonal communication along with tactile stimuli
assume added importance in the biology of these ants (Topoff and Lawson,
1979). In no instance is this more pertinent thanin trail following where visual
orientation, except perhaps to light intensity, is at best of little significance.
As Blum (1974) noted, odor trails are an effective method of coordinating the
movements of groups and individuals. Furthermore, in few colonies of ants
are there more reasons than in the dorylines, with their extraordinarily large
colonies, to effectively organize the workers into a cohesive, moving force.
After all, other ant species do not combine group predation and nomadism to
the extent that the army ants do, and both activities require an exceedingly
sophisticated system for group organization and orientation.

Watkins (1964) concluded that trail substances in Neivamyrmex may be
contained in the feces, perhaps even added to the feces by some hitherto
undescribed glands. In Eciton, the hindgut was similarly implicated as the
source of trail pheromone (Blum and Portocarrero, 1964). However, the
specific source is unknown. Although the pheromone in Ecifon may be pro-
duced by specialized gland cells in the digestive tract, circumstantial evidence
indicates that this substance may in fact be a digestive product. There may be
more than a single source for trail substances, at least in Eciton. For example,
E. burchelli workers whose gasters have been removed and whose petioles are
sealed with wax are still capable of laying a trail that elicits trail-following
behavior. However, the substance responsible for this trail, perhaps a ‘‘foot-
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print’’ secretion, is probably not a true pheromone since it is of short duration
(Torgersonand Akre, 1970a,b). After examining trail following in Neivamyr-
mex nigrescens, Topoff and Mirenda (1975) concluded that ‘it is not surpris-
ing that the ants can utilize not only the non-volatile and volatile components
of the chemical trail deposited from the hindgut, but other chemicals secreted
from the surface of the ants’ bodies.’”” The sources of trail substances in
Aenictus and Dorylus have not been determined.

The functional duration or stability of army ant trails, at least in the genus
Eciton, depends on four factors: (1) the nature of the substrate, (2) the kind of
trail laid (foraging versus emigration), (3) the amount of precipitation that
falls on the trail, and (4) the lifeway of the ant producing the trail (i.e.,
whether the ant is surface-adapted or subterranean). Trails are more stable
when established on ‘‘porous substrates with many adsorptive sites such as
roots, logs and lianas’’ and less persistent on soil and leaf-litter surfaces.
Emigration trails are more stable than are foraging trails but this stability may
result from the fact that a greater number of workers are involved in
establishing emigration trails and that emigration trails are used for a longer
period of time. Trails are less persistent when subjected to rain, and once a
trail is wet, the workers encounter considerable difficulty in sensing the trail.
Surface-adapted species apparently establish trails that are significantly more
durable than those created by subterranean species (Torgerson and Akre,
1970a). Increased trail stability certainly seems advantageous to surface-
adapted species, since their trails are more vulnerable to the effects of air cur-
rents, humidity, rain, and solar light and heat.

The chemistry of doryline trail substances is unknown, except that, for the
social Hymenoptera in general, trails are ‘‘usually generated with a mixture of
compounds’’® (Blum, 1974). Laboratory experiments on the Eciton trail
substance have demonstrated its stability, low vapor pressure, and water in-
solubility.

A lack of trail odor specificity is apparently common among the ecitonines.
Watkins (1964) demonstrated that three species of Neivamyrmex followed
each other’s trails. In fact, two of the species followed trails prepared from
70% alcohol extracts of whole workers of Eciton dulcius. However, this pro-
miscuity in trail following did not extend to extracts prepared from non-
doryline ants. Males of N. opacithorax followed the trails of all three
Neivamyrmex species, and Neivamyrmex queens of two species also followed
the trails of other congeneric species (Watkins, 1964). Although Watkins
et al. (1967a) showed experimentally that the trails produced by four species
of Neivamyrmex and Labidus coecus elicited trail following by all five
species, they did note that some species preferred trails laid by conspecific
workers. This indicates that trail substances vary from species to species and
that workers can detect these differences. However, the lack of specificity
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among army ant trail substances is not universal. In the laboratory studies of
Watkins et al. (1967a}, Neivamyrmex pilosus did not readily follow the trails
of other species, Torgerson and Akre (1970b) also noted that although army
ants can detect interspecific trails, the trail-following behavior elicited is
variable. They hypothesized that trail following involves two chemical com-
ponents, one which serves as a general releaser and to which all ecitonines re-
spond, and another which is genus- or species-specific and results in sustained
trail following.

Intraspecific subcaste and age differences in trail following behavior were
investigated by Topoff et al. (1972a,b, 1973). Although callow workers of
Eciton have the same relative ability to detect and follow conspecific trails as
do the mature adult workers, their running speed along the trails is signifi-
cantly slower (Topoff et al., 1972b). Topoff et al. (1973) proposed that major
workers of Eciton are less responsive than small workers to trail substance and
that in the field major workers are more prone to leave trails than are smaller
workers, particularly when disturbed. Experimental data revealed that dif-
ferences between major and intermediate-sized workers in trail following per-
formance are not significant. Topoff et al. (1972b) hypothesized that the
readiness with which the major workers left a trail and approached sources of
disturbance is attributable to the differences in sensitivity of major workers to
other compounds, in this case, alarm substance.

A veritable menagerie of arthropods are known to follow army ant trails
(Rettenmeyer, 1962a), and in fact, interordinal trail following includes
vertebrates as well, since certain species of blind snakes have also found an
adaptive advantage in detecting and following the pheromonal trails of
doryline ants (Watkins ez al., 1967b, 1969, 1972; Gehlbach et al., 1968, 1971;
Brown et al., 1979). Myrmecophilous species of millipeds (Rettenmeyer,
1962b), mites (Akre and Rettenmeyer, 1968), thysanurans (Rettenmeyer,
1963a; Torgerson and Akre, 1969), phorid flies (Rettenmeyer and Akre,
1968), sphaerocerid flies (Richards, 1968), beetles of the families Histeridae
(Akre and Rettenmeyer, 1968), Staphylinidae (Wasmann, 1904, 1917;
Patrizi, 1948; Paulian, 1948; Seevers, 1965; Akre and Rettenmeyer, 1966,
1968; Akre and Torgerson, 1968, 1969; Kistner, 1976) and Carabidae (Plsek
et al., 1969; Topoff, 1969), and diapriid wasps (Masner, 1976, 1977) are all
capable of following the chemical trails of army ants.

Blum (1974) pointed out that although ants use ‘‘subtle blends of exocrine
products’’ to insulate their trails from a majority of other ant species, they
have not been able to deter unrelated animals from using their trails. Further-
more, many myrmecophiles are proficient in detecting species-specific dif-
ferences in doryline trails and apparently respond more frequently to these
differences than do the army ants themselves (Akre and Rettenmeyer, 1968).

The ability of myrmecophiles to follow chemical trails is, for the most part,
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of some detriment to the army ants. Although dorylophilous millipeds and
phorids function primarily as scavengers on organic debris in and around the
ant nest (Rettenmeyer, 1962b; Rettenmeyer and Akre, 1968) and the thysanu-
rans appear to feed mainly on surface secretions and particles scraped from
the bodies of the adult ants and their brood (Rettenrneyer, 1963a), the col-
eopterous dorylophiles feed on army ant prey and brood. For example, in
laboratory colonies staphylinid beetles feed on both prey and brood (Akre
and Rettenmeyer, 1966; Akre and Torgerson, 1969). However, although the
staphylinid genus Diploeciton is recorded in the field to feed on army ant
brood, Akre and Torgerson (1969) surmised that “‘in nature,”’ staphylinids
may feed almost exclusively on prey returned to the nest. Carabids of the
genus Helluomorphoides also prey on army ant brood and occasionally on the
adults (Plsek et al., 1969). Watkins et al. (1967b) theorized that the blind
snake Leptotyphlops dulcis enters raiding columns of N. nigrescens and is
subsequently able to locate the nest and feed on the brood and possibly prey.
Curiously, the indigenous peoples of the Usambara Mountains of Tanzania
report that blind snakes of the genus Typhlops, which they call mkonko, are
often seen slithering along in the columns of Anomma driver ants (Loveridge,
1949). They refer to the snake as the “‘cow’’ of the ants that the ants keep until
thereis a food shortage, whereupon they kill and devour it. It would seem that
once the snake reaches the Anomma nest the reverse is true.

In all of these instances, trail following is essential for the myrmecophiles
either to gain entry to the ant nest or to maintain a more or less permanent
association with a particular colony. It would not be imprudent to conjecture
that army ants that can insulate their trails from myrmecophiles are being
selected for.

2. Recruitment Pheromones

Recruitment of sister workers to a food source by foragers that discover the
source is common among ants. However, until recently this phenomenon was
not sufficiently documented in army ants. Chadab and Rettenmeyer (1975)
discovered that E. hamatum and E. burchelli workers lay down recruitment
trails that are qualitatively different from foraging trails. After being exposed
toafood source, a recruiting worker returns to the foraging column, intermit-
tently dragging her gaster on the substrate as she goes. When the recruiter
reaches the foraging column, she runs 5-10 cm in each direction in the col-
umn, contacting workers with her antennae and body. She returns to and runs
along the recruitment path periodically, and in doing so contacts new workers
and reinforces the trail. Within 30 sec, workers from the column are diverted
to the recruitment trail, and in the first 5 min, 50-100 workers are recruited.
Some of the recruited workers in turn recruit new workers to the scene in a
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process Chadab and Rettenmeyer called ¢‘secondary recruitment.’’ Although
there is a recruitment message in the recruitment trail substance, the effec-
tiveness of the message is enhanced by recruiter behavior. Field experiments
led Chadab and Rettenmeyer to conclude that (1) recruitment pheromone is
either an entirely different substance from foraging trail substance or it is a
combination of hindgut material and a substance from some other source;
(2) the army ant recruitment system, ‘‘in terms of gathering large numbers of
workers quickly,”’ is among the most efficient in the ants; and (3) the ‘‘com-
bination of continuous foraging columns, a recruitment traii that attracts and
orients workers, secondary recruitment, and persistent recruiters results in
the efficient gathering of the large attack force essential for army-ant
raiding.”’

Laboratory experiments with Neivamyrmex nigrescens (Topoff et al.,
1980b) have confirmed the existence of a recruiting trail pheromone that is
qualitatively different from the ants’ exploratory trail pheromone. This
recruitment pheromone alone is apparently sufficient enough to initiate mass
recruitment equal to that brought about by recruiting workers that interact
tactually with nestmates.

3. Alarm Pheromones

Releasers of alarm behavior in the doryline ants have not been chemically
isolated or identified, although the existence of such substances is not in
doubt. In the Formicidae, alarm pheromones are generally produced by the
mandibular glands (Blum, 1974). Brown (1960) first demonstrated that alarm
pheromone in Eciton, Nomamyrmex, and Labidus is produced in the head.
The crushed head of a worker dropped into a column of workers elicits attack
behavior during which the workers bite and attack the head, while crushed,
headless bodies of workers attract only momentary attention. In Eciton and
Nomamyrmex, the crushed worker heads emit a ‘‘meaty’’ odor that Brown
(1960) assumed to be associated with the alarm substance. Inanimate objects,
such as twigs, rubbed against the crushed heads also elicit attack behavior
when placed among the workers. Brown speculated that workers emitting
alarm pheromone are not themselves attacked by sister workers, either
because the workers normally give off lesser amounts of alarm substance than
is released by the crushed heads or because the worker also secretes, from its
alitrunk or gaster, a substance that neutralizes the attack behavior of its
nestmates. In the latter case, the substance might be an ‘‘identification
pheromone’’ or a ‘‘nest odor’’ (Brown, 1960).

Torgerson and Akre (1970b) repeated some of Brown’s field experiments
and found that ecitonine alarm pheromones are more specific thanis the case,
for instance, in the Formicinae. While the crushed heads of E. burchelli
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elicited alarm behavior from E. kamatum, and those of E. hamatum
stimulated such behavior in Nomamyrmex esenbecki, reciprocal tests did not;
E. mexicanum and E. vagans did not react at all interspecifically.

4. Queen Odor

Army ant workers are no doubt attracted to their queen and recognize her
odor. Although the source of the odor remains to be identified, evidence of
this attraction can be seen in Eciton where the queen is surrounded by a cluster
of small workers in the undisturbed nest or bivouac and by larger workers
" when the nest is disturbed. In an emigration column, she is always accom-
panied by a retinue of workers (Rettenmeyer, 1963b; Schneirla, 1971). In the
laboratory, if an Eciton worker is taken from a dish with a queen and added to
a dish containing workers without a queen, the latter workers become greatly
excited, apparently because the added worker carries with it some queen odor
(Rettenmeyer, 1963b). Specifically, the workers are attracted to the anterior
portion of the queen’s gaster and rarely to her mouthparts or anal region
(Schneirla, 1949; Rettenmeyer, 1963b). Laboratory experiments with five
species of Neivamyrmex and one species of Labidus demonstrated that
workers prefer secretions of their own queen over those of queens from other
conspecific colonies and that although workers are attracted to the secretions
of queens of other species, they are most attracted to conspecific queens
(Watkins and Cole, 1966).

B. Mating Behavior

Mating in army ants has seldom been observed or recorded. Smith (1942)
reported that a mating pair of Neivamyrmex carolinensis was found in a nest
in 1932 and constituted the first such observation for army ants in the United
States. Mating in E. hamatum has been observed twice (Schneirla, 1949) and
in E. burchelli once (Rettenmeyer, 1963b). Matings in Old World dorylines
have not been described. Schneirla (1971) suspected that in E. hamarum ‘‘the
leading callow queens’’ (i.e., those that eclose first from the pupa and around
which a new colony, as a result of fission, forms) are inserninated in or near
the nest of the parent colony within a few days after they eclose or in the early
part of the first nomadic phase of their new colony. Raignier and van Boven
(1955) noted that queens of Anomma are fertilized many times during their
lives and that they may even be inseminated by males of different subgenera.
Intersubgeneric copulation and the subsequent ‘‘loss’’ of male gametes is
reproductively inefficient and difficult to explain. Schneirla (1971), for in-
stance, hypothesized that the male must be dealate before mating is possible
and that once dealate, it must live for a period of time in its adoptive colony
and acquire the colony’s odor before being accepted by the queen and that,
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after becoming habituated to the host-colony odor, it will mate only with a
queen bearing that odor.

Because both matings in E. hamatum observed by Schneirla (1971) oc-
curred after the ants were captured and consequently excited, he speculated
that matings in nature may occur not in the nest but rather during emigration
since it ‘‘presents intervals of excitement with opportunities for union when a
dealate male nears the queen as she pauses at an obstacle or enters anew nest.”’
In the first coupling he observed, the male was oriented over the queen’s dor-
sum with its mandibles securely locked about one of her petiolar horns. Inser-
tion of the male genitalia in the queen occurred with such penetration that the
queen’s gaster was considerably deformed as a result. While the male ap-
peared ‘‘lethargic,’”’ the queen moved about the enclosure carrying the male
with her. They remained in copula for 2 hr. The second coupling, between a
different pair, lasted 10 hr and ended with the male apparently entering the
first stages of death. An examination of the queen’s spermatheca revealed the
presence of several ‘‘ball-like’’ masses of sperm, but the ovarioles contained
only immature eggs.

The E. burchelli mating occurred between a previously fertilized queen that
was more than 1 year old and a dealate male, both of which were taken from
the same emigration column and placed together in a petri dish. They re-
mained in copula for 1 hr. The male held the queen with its middle and hind
legs and grasped the queen’s petiole with its mandibles posterior to the horns.
It did not grasp the horns as was observed in E. hamatum. The E. burchelli
mating lends support to Raignier and van Boven’s claim that army ant queens
mate more than once during their lives.

C. Foraging Behavior
1. Group Predation

Group predation enables species to exploit as food sources other social in-
sects and large arthropods (Wilson, 1958a). In each case it is the collective ef-
forts of cooperating foragers that permits these species to enter and ravage the
vigorously defended nests of termites, wasps, and ants or to physically over-
whelm prey larger than themselves, These are prey not ordinarily available to
solitary foragers. Group predation also increases the efficiency with which a
colony can flush and capture prey. This is particularly important for army ant
species that function as general predators. Group predation combined with
nomadism, which permits colonies to periodically shift trophophoric fields,
makes possible exceptionally large colonies like those achieved in some
species of Anomma (Raignier and van Boven, 1955). As defined by Wilson
(1958a), group predation must include two components: group raiding and
group retrieving of living prey.
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2. Group Raiding

a. Column Raids. Schneirla (1934) discerned two types of raiding (or
foraging) patterns in army ants: column raids and swarm raids. These pat-
terns are species specific, although gradations between the two patterns are
evidenced in some species such as Labidus coecus (Rettenmeyer, 1963b). A
column raid consists of a system of branching columns of foraging workers
that diverge from a single base or trunk column that connects the nest with the
foraging sector. Each of the branching columns usually terminates in.an ad-
vancing group of workers that push forward into new territory with their
antennae actively playing over the substrate and objects before them. At the
same time, the trails over which the advancing columns move are chemically
laid and augmented by the workers as they touch their gasters to the substrate.
Membership in the advance guard of the terminal groups constantly changes
as workers push forward and then retreat, only to be replaced by other
workers that behave in the same way (Schneirla, 1934). In other words, there
are no trailblazer specialists. The direction that each of these terminal groups
takes is determined by the momentum of newly arrived workers and by
topographical features.

As raiding continues, trails to prey-depleted areas are abandoned.
However, one advancing trail is usually maintained, and this gives rise to new
branches farther along as other previously established trails are vacated. Thus
the one continuing base column grows progressively longer. *‘In this manner
the typical fan-shaped complex of moving ant columns is moved forward”’
(Schneirla, 1934). Terminal raiding groups can advance rapidly, as much as
20 m/hr in E. hamatum, and to considerable distances, as far as 350 m in the
same species (Schneirla, 1971).

The organization brought to column raiding ranges widely from the
simplest of doryline systems, as exemplified by Aenictus, to the complex,
specialized raids of E. hamatum, with species like Neivamyrmex nigrescens
and Nomamyrmex esenbecki organizationally somewhere in between
(Schneirla, 1971). In the Asian species A. laeviceps, the base¢ column is 1-5
workers wide and often extends as far as 20 m from the nest. The terminal
groups may range in width from a few centimeters to a few meters (Schneirla
and Reyes, 1966). Foraging columns in some African species of Aenictus are
weakly developed, consisting of small groups of 3 or 4 workers, running
together in single file. These groups are often widely separated but all follow
precisely the same trail, revealing its chemical basis (Gotwald, 1976). Ret-
tenmeyer (1963b) noted that the column raider Neivamyrmex pilosus travels
over its foraging trails in a similar manner, i.e., its workers move along in
‘‘spurts’’ with gaps between individuals and groups of individuals. The com-
plexity of E. hamatum raids is evinced by the fact that this species usually
develops three systems of trails on any one foraging expedition (Schneirla,
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1971). The complexity and “‘strength’’ of a raid vary with the functional cycle
of a colony. That is, in species with alternating nomadic and statary phases,
such as E. hamatum, the workers conduct their heaviest, most complex raids
during the nomadic phase when workers are most excitable (Schneirla, 1971).

b. Swarm Raids. In aswarm raid, the base column divides in the raiding
area into a series of anastomosing columns that coalesce to form a single, ad-
vancing swarm of workers. These swarms in £, burchelli are commonly over
5 m in width and occasionally surpass 15 m (Schneirla, 1971), while in some
species of Anomma they are likely to be 20 m or more in width (Kistner and
Gotwald, 1982). In E. burchelli, the advancing swarm proceeds by alternate
flanking movements, i.e., the swarm swings in its movement first to one side
and then to the other. This is responsible for the meandering course that the
base column takes as it lengthens behind the advancing foragers (Schneirla,
1934). Schneirla (1971) considered these flanking movementstobe superiorin
organization to the advances of other swarm raiders and that they permit
E. burchellitobetter hold a single direction of advance than can Anommaand
Labidus praedator(for a description of foraging behaviorin L. praedator, see
Fowler, 1979). Swarm behavior was considered by Schneirla (1940) to be a
“‘highly complicated and variable phenomenon,’’ although the organization
of swarm activity rests on certain stereotypical responses of individual
workers during raiding. He listed three individual behavior patterns that oc-
cur during swarm activity: (1) a “‘track phase’’ during which a worker runs
rapidly over a chemically-saturated trail, (2) a ‘‘pioneering phase,’’ in which
the worker encounters chemically unsaturated terrain and reverses direction
after a short advance, and (3) a *‘retreat phase’’ when the worker returns to
the swarm and is directionally reoriented.

In Anomma, theraiding column swarm advances as rapidly as 20 m or more
per hour. The raiding columns become so crowded with workers that they
may achieve a density of 13 individuals per cm? (Raignier and van Boven,
1955) (Fig. 11A). The average length of theraiding columnin D. (4.) wilverthi
and D. (A.) nigricans is 125 m (Raignier and van Boven, 1955), although
Leroux (1975) found that 63% of the raids of D. (A.) nigricans that he ob-
served measured between 26 and 75 m. Raiding expeditions in Anomma com-
monly range from 9 to 27 hr in length (Raignier and van Boven, 1955; Leroux,
1975, 1977b).

A comparison of the two types of raiding systems reveals two strategies, one
in which a series of terminal raiding groups forage over narrow strips of
substrate (column raiders) and the other in which a single mass of workers
sweeps across a wide area of substrate (swarmraiders). Intuitively it would ap-
pear that the latter strategy is most adaptively significant for the general
predator, since it provides a mechanism for flushing simultaneously a tax-
onomically diverse group of prey.
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¢. Search Activities. While the discovery of prey by foragers is, in part,
fortuitous, workers dorespond positively to the movements of potential prey,
perhaps through the detection of substrate vibrations. Prey odors are no
doubt also important cues, but so are the odors of the excited foraging
workers themselves, possibly via recruitment and/or alarm pheromones.
Schneirla (1971) noted that column raiders are not as responsive to prey
movements as are swarm raiders, and that they respond first to prey odors. In-
deed, Rettenmeyer (1963b) noted that the swarm-raider E. burchelli was so
responsive to movement that the raiding workers would attack even a blade of
grass, if it moved. He found as well that some arthropods escaped being killed
by these workers when they remained motionless.

In E. hamatum, the advancing workers ‘‘probe the surface and low vegeta-
tion, prying beneath surface cover and into insect burrows and other niches”’
(Schneirla, 1971). Rettenmeyer (1963b) found that E. hamatum workers run
primarily on the ground and leaf surfaces, and although they climb vegetation
and buildings, they rarely go beyond 2 m above the ground. This contrasts
markedly with some Anomma species that are known to forage in trees to
heights of more than 3 m (Raignier and van Boven, 1955; Gotwald, 1972a)
and with E. burchelli which may raid into the tops of trees (Rettenmeyer,
1963b). In Anomma, at least, workers foraging on low vegetation to 1 m or
more in height habitually drop to the substrate at the conclusion of their
search activities instead of climbing back down. This creates a sound that
resembles a light rain shower, as the workers strike the substrate surface.
Their behavior probably functions to reduce the energy expended on search
activities (Kistner and Gotwald, 1982). General search activities of some
African Aenictus workers involves an apparent random meandering and an
exploration of the soil surface as well as crevices and holes in the soil (Got-
wald, 1976).

d. Swarm *‘Followers.”” Swarm raiders are not alone as they advance
across the forest floor in their quest for prey. Indeed, they are frequently ac-
companied by animals that benefit from the ability of the raiders to flush from
cover large numbers of arthropods. Most commonly, these swarm followers
are insectivorous birds and parasitic flies.

Almost 150 years ago Lund (1831) noted, when observing army ants in
Brazil, that ‘‘ces troupes des fourmis voyageuses sont constamment suivies
par une bande d’oiseaux. ..’ He further noted that one bird species ‘‘an-
nounce au loin par son crimonotone et lugubre la presence de ces troupes.”’

Fig. 11. (A) Raiding column of D. {Anommay) nigricans; (B) a major and media worker of D.
(A). nigricans returning to the nest with prey (note that the workers straddle the prey); (C) an
Anomma worker returning to the nest with prey. (Photographs by W. H. Gotwald, Jr.)
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Thus detecting the presence of army ant swarms through the calls of attendant
“‘antbirds’’ has long been a part of tropical forest lore. As Johnson (1954)
noted,

On a walk through the forest in tropical America, long periods may pass without the
glimpse of a bird. Then, suddenly, all about one hears the chirring, twittering and piping of
birds, and sometimes a dim murmur, as if a light [rain] shower were striking the leaves of
the forest floor. This gentle pattering—it soon becomes clear—is caused by the frantic flut-
tering and hopping of countless insects trying to escape a swarm of raiding army ants. . .

The behavior of birds that follow or attend the swarm raids of the New
World species E. burchelli and L. praedator was studied by Johnson (1954)
and Willis (1960, 1966, 1967). These birds, e.g., the red-throated ant-tanager
(Habia gutturalis) and the bicolored antbird (Gymnopithys bicolor), forage
on the arthropods that so predictably flee the advancing swarm. Seldom do
the birds take the army ants themselves. The presence of ‘‘professional ant-
followers,’’ such as bicolored antibirds, may also attract other birds to the
swarming site, consequently a number of bird species are clearly oppor-
tunistic in taking ant-flushed prey (Willis, 1967). In fact, Willis (1966) found
that even migrant bird species from North America (e.g., Acadian Fly-
catchers and Wood Thrushes) attend army ant swarms in the tropics. Noting
the presence of ‘‘professional followers’’ and opportunists on Barro Col-
orado Island, Johnson (1954) defined the bird associations in the following
way: (1) birds of the ‘‘feeding aggregations, whose association seemed wholly
dependent on the feeding opportunities afforded by the army ant raids and
which remained with the ants for long periods of time’’ (e.g., Gymnopithys
leucaspis, Hylophylax naevoides, and Formicarius analis), and (2) birds of
the ‘‘social aggregations, whose association was independent of army ant
raids, but which would attend raids for varying periods of time”’ (e.g., Den-
drocincla fuliginosa, Dendrocolaptes certhis, and Microrhopias quixensis).
Willis and Oniki (1978) have reviewed what is known about the New World
birds that follow army ant swarms.

Anomma driver ants attract a similar group of avian attendants (Bequaert,
1922). DuChaillu (1861) wrote of the behavior of one species:

... they fly in a small flock, and follow industriously the bashikouay [Anomma] ant in
their marches about the country. The bird is insectivorous; and when the bashikouay army
routes before it the frightened grasshoppers and beetles, the bird, like a regular camp-
follower, pounces on the prey and carries it off. I think it does eat the bashikouay.

Some of these birds are from the genera Alethe, Neocossyphus, and Bleda
(Bequaert, 1922).

Conopid flies of the genus Stylogaster and tachinid flies of the genera
Calodexia and Androeuryops are commonly associated with the raiding
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swarms of E. burchelli and L. praedator (Rettenmeyer, 1961). Stylogaster
flies are parasitic on cockroaches driven from cover by the foraging workers.
Darting at the arthropods fleeing the advancing swarm, these flies deposit
eggs on the exposed cockroaches. Calodexia, on the other hand is larviparous
and deposits larvae on its hosts. The Androeuryops flies are also parasitic,
probably on arthropods flushed out by the ants (Rettenmeyer, 1961). In
Africa, calliphorid flies of the genus Bengalia accompany the swarm raids of
Anomma and steal prey directly from the workers. Lamborn (1913-1914)
described the behavior of B. depressa as follows:

Suddenly the fly rushed forward, and it must have driven its proboscis, which seems to me
armed with strong bristles, into the pupa, for the ant was brought to a standstill with a
sharp jerk. Then ensued a tug-of-war between ant and fly fastened on at opposite ends of
the pupa, but neither had the advantage till, as it seemed to me, the ant must have got an-
noyed and loosening its hold rushed towards the fly, which of course instantly flew off with
the pupa, and this it proceeded to suck on the ground about a foot away from the ants.

Stylogasteris also present around A nomma swarms and is parasitic on fleeing
cockroaches, although it also parasitizes calypterate Diptera (Smith, 1967,
1969).

Certainly among the most surprising of swarm followers are several species
of ithomiine butterflies. Drummond (1976) was the first to observe this puzzl-
ing association. He witnessed in the field six butterflies ‘‘flying low over the
leading edge’’ of a swarm of Eciton burchelli but did not discover any func-
tional reason for this association. He further noted the presence of antbirds
foraging at the head of the swarm, and this observation was later to be seen as
relevant to understanding this unusual association. Ray and Andrews (1980)
have since shown that these butterflies feed on the bird droppings deposited
by the antbirds. That is, the antbirds ‘‘provide a predictable source of drop-
pings, an otherwise sparsely distributed resource.’’

Swarm raiders, their myrmecophiles and their ‘‘followers’’ constitute a
complex and intricate balance of relationships that represents one of the most
elegant coevolved systems in the tropics.

3. Hypogaeic and Epigaeic Foraging

A majority of army ants are subterranean foragers, although many will also
forage beneath forest litter. Few chance to forage on the substrate surface ex-
posed to solar light and heat and the evaporative effects of the air. Schneirla
(1971) applied the term hypogaeic to species he regarded as subterranean and
epigaeic to those that are surface adapted. However, he usually utilized the
nesting behavior of species as a measure of their adaptation to a particular
lifeway, essentially ignoring extranidal activities. In doing so, Schneirla failed
to characterize accurately the composite nature of any one species’ behavior.
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In order to portray the biology of army ants precisely, the terms hypogaeic
and epigaeic must be applied independently to the three basic components of
army ant behavior: nesting, foraging, and emigration (Gotwald, 1978).

Although a majority of Old World dorylines are hypogaeic foragers, a
significant number of species are not. Chapman (1964) considered five species
of Aenictus in the Philippines to be epigaeic foragers. Raiding in two of these
species, A. gracilis and A. laeviceps, was studied in detail by Schneirla and
Reyes (1966). Most of the remaining Asian species and a clear majority, if not
all, of the African species forage either hypogaeically or beneath forest litter,
although raiding workers must sometimes surface to cross hardpacked foot-
paths and roads (Gotwald, 1976). Only one African specizs observed thus far
may commonly forage exposed on the substrate surface (Gotwald, 1976).

Dorylus, in its numerous forms is also primarily a hypogaeic forager,
although several species of Anomma are conspicuous exceptions and owe
their sometimes exaggerated reputations to the fact that they commonly
forage on the substrate surface. Epigaeic foraging in New World species ap-
pears to be less extraordinary than it is among Old World forms, but the
literature is often vague in defining the nature of foraging in some of the New
World species. Certainly the best known epigaeic foragers are E. burchelli,
E. hamatum, and N. nigrescens.

In an analysis of nesting and foraging behavior in Old World dorylines,
Gotwald (1978) placed species into one of three categories: (1) species in which
nests and foraging are both hypogaeic, (2) those in which nests are hypogaeic
and foraging is essentially epigaeic, and (3) species in which the nests are sur-
face phenomena and foraging is epigaeic. He concluded that surface foraging
from a hypogaeic nest is a relatively recent derivation from a totally hypogaeic
lifeway and that surface foraging from a surface nest is the most recently
derived army ant adaptation, This totally epigaeic life mocle has been attained
by only a few species and is especially evident in A. gracilis, A. laeviceps,
E. burchelli, and E. hamatum. Because these species are soaccessible, they are
also the most thoroughly studied and understood, and yet, as Rettenmeyer
(1963b) pointed out, these represent ‘‘the most highly specialized or atypical’’
army ant species. Therefore to extrapolate from our knowledge of these
species conclusions about the biology of the more cryptic forms is unsound.
Epigaeic foraging from a hypogaeic nest is strongly developed in Anomma,
moderately so in Labidus, and weakly developed in numerous species of
Aenictus. The primitive hypogaeic mode is maintained in some species of
Aenictus, many species of Dorylus, in some species of Ecitonini, and most
certainly in Cheliomyrmex. Gotwald (1978) speculated that selective pres-
sures are operating on hypogaeic army ants to become surface foragers.

Raiding schedules are unrelated to whether or not a species is an epigaeic or
hypogaeic forager. Surface-adapted species of Eciton, for example, have a
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distinct diurnal routine, raiding from dawn until dusk, while N. nigrescens,
also an epigaeic forager, raids from dusk to dawn. However, diurnal surface
foragers are sensitive to daily rhythms in temperature change and exhibit a
midday lullin foraging that Schneirla (1949) termed the ‘‘siesta effect.”” Com-
mon in Eciton, this effect has also been documented by Rettenmeyer (1963b).
Raiding schedules may be quite flexible. Surface-foraging Aenictus may in-
itiate raids at any time of day or night (Schneirla and Reyes, 1966). Raignier
and van Boven (1955) reported that D. (A.) nigricans and D. (A.) wilverthi
mount foraging expeditions at any time of day or night but show a preference
for beginning in early evening and ending toward the middle of the following
day. Leroux (1975) found that 68% of the raids of D. (A.) nigricans that he
observed began during the cooler hours, between 1800 and 0800 hours. The
hypogaeic foragers L. praedator and Nomamyrmex forage by day or night
(Schneirla, 1971).

4. Group Retrieval of Prey

a. Prey Immobilization and Sectioning. After prey are captured by the
foraging workers, they are immobilized, dismembered and sectioned (if they
are large prey), transported back to the nest, and finally distributed to the
nestmates.

Foraging workers bite their prey and in many instances also sting them.
When large prey, such as scorpions, offer strong resistance to attack, they are
“‘first pinned down by raiders anchored firmly by their tarsal hooks,’’ and
then are ‘‘spread-eagled by oppositely pulling groups’ and torn apart
(Schneirla, 1971). Earthworms are attacked in this manner by Anomma
driver ants. While some workers anchor the earthworm in place (which is not
an easy task), others tear small pieces of tissue from the captive (Gotwald,
1974b). New World species both bite and sting their prey, although the swarm
raiders, E. burchelli and L. praedator, are considered more potent than col-
umn raiders in both respects (Schneirla, 1971). Even though Dorylus army
ants possess a morphologically complete sting apparatus, they do not sting
and instead rely exclusively on their ability to bite when capturing prey (Got-
wald, 1978). Their sharp, cutting mandibles plus their great numbers permit
them to kill and dissect even vertebrate prey that are not often attacked by
New World species (Schneirla, 1971). The ability to sting is variable in Aenic-
tus. While Schneirla (1971) found that Asian Aenictus possess potent stings
and strong bites, Gotwald (1978) observed that African species do not readily
sting.

Large prey organisms are usually sectioned before being transported to the
nest, but even the smallest of prey may have its appendages torn from it,
especially by Anomma (Gotwald, 1974a). A survey of prey unit sizein D. (A.)
nigricans conducted by Gotwald (1974a) revealed that the measured prey
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units fell into two nonoverlapping size categories. All prey units from an-
nelids, arachnids, diplopods, insects, and snails measured between 0.1 and
1.5 cm along their longest axes, while chilopod prey units measured between
2.0and 3.0 cm. He observed in the field that the long centipede prey units are
usually carried by two or more cooperating workers running in tandem. Other
less linearly shaped prey units are most often carried by individual workers
(Fig. 11B,C). Cooperating Anomma foragers straddle their centipede prey
just as do the workers of Eciton (Rettenmeyer, 1963b).

b. Prey Transport to the Nest. As a raid begins and progresses during its
early stages, worker traffic on the base trail and its branches is unidirectional
away from the nest. When the foragers encounter increasing numbers of prey,
traffic on the trails becomes bidirectional as prey-laden workers return to the
nest. Finally, as the raid diminishes in momentum and comes to a close, traffic
on thetrails again becomes unidirectional, only this time toward the nest. This
temporal shift in the directional flow of workers has been documented for
Eciton (Schneirla, 1971), Anomma (Raignier and van Boven, 1955), and
Aenictus (Gotwald, 1976). In highly productive raids, particularly in Eciton
and Aenictus, large caches of prey are sometimes deposited at points where
columns branch from one another near the raiding area. This prey is later
returned to the nest (Rettenmeyer, 1963b; Schneirla and Reyes, 1966;
Schneirla, 1971).

Labidus and Anomma commonly form walls and arcades that border and
cover their foraging columns. These are composed either of clustered workers
or of soil particles and pellets (Cohic, 1948; Raignier and van Boven, 1955;
Rettenmeyer, 1963b). Although this phenomenon may occur to an even
greater extent along emigration trails (Schneirla, 1971), these walls and ar-
cades, whether constructed of the workers themselves or of soil, probably
serve the same functions (Fig. 12A,B). Shade and perhaps increased humidity
are created by these structures, especially for the columns that cross open, ex-
posed surfaces. Further, the walls formed of clustered workers may serve to
keep itinerant arthropods and small vertebrates from accidentally straying
into the midst of the column and interrupting the flow of traffic. This author
has witnessed Anomma workers repel insects this way. Major workers often
assume a ‘‘defensive’” posture when positioned at trail margins (Fig. 12C).

The number of foraging workers returning to the nest with visible pieces of
prey is small in proportion to the total number of individuals that participate
in araid. Raignier and van Boven (1955) calculated that 6-22% of the return-
ing workers of D. (A4.) wilverthi carry prey and only 0.8-10% of the nigricans
workers do so. Gotwald (1974a) examined the crops of returning ‘‘preyless’’
workers of D. (A.) molesta and found that most had liquid-filled crops. A
statistical analysis of prey-carrying and preyless workers disclosed a division



Fig. 12. (A) Dorylus (Anomma) nigricans foraging trail with conspicuous soil particle walls;
note the workers on the trail; (B) as in A but at closer range; (C) D. (Anomma) gerstaeckeri
soldiers in “‘defensive’” posture. (Photographs by W. H. Gotwald, Jr.)
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of labor corrlated with size: large workers most often carry prey units while
smaller workers transport prey liquids.

¢. Trophic Relationships within the Nest. In terms of trophic relation-
ship, the larvae are no doubt the focus of attention when foraging workers ar-
rive at the nest with prey. However, it is not clear when, how, and what the
adult workers themselves eat. Wheeler and Bailey (1925) suspected that E.
burchelli larvae are fed at considerable intervals with large pellets composed
of *‘the rolled up soft-parts of insects.”’ They found these pellets so compact
that they retained their shape even in the larval gut where they formed an “‘ir-
regular longitudinal series.’”” Because only occasional, minute, hard frag-
ments occur in these pellets, Wheeler and Bailey (1925) concluded that the
workers, when preparing these pellets, must trim away the hard, chitinous
materials. They further surmised that the workers consumed the liquids ex-
pressed from the prey tissue when it was formed in the pellets. However, asthe
larvae grow larger, they also feed with their mouthparts applied directly to
whole pieces of prey (Schneirla, 1971). Although army ant workers possess
ovaries with maturing ova, itisnot known whether thelarvae consume worker
produced eggs as happens in other ant species (Gotwald, 1971; Gotwald and
Schaefer, 1982).

Schneirla (1971) noted that the larvae, through their movements and odors,
attract the workers that both feed the larvae and ‘‘stimulate’’ them. In Eciton,
as the larvae mature the workers become increasingly attentive and more fre-
quently drop food on the larvae. At the same time, the larvae are more fre-
quently carried and dropped by the workers on caches of prey in the nest
(Schneirla, 1971).

5. Diet

a. Types of Prey Taken. Dietary observations for army ants are often
anecdotal, incomplete, and rarely quantified. Although some species may
utilize plant nutrients, army ants are decidedly carnivorous. For the New
World dorylines, ants rank as the most important and commonly taken food
items. However, ecitonines do not take other ecitonines as prey (Rettenmeyer,
1963b). Only a few species appear to be generalists. One of these, Labidus
coecus, ‘‘perhaps feeds on a greater variety of substances than any other
species of Ecitonini’’ and takes ants, orthopterans, adult moths, homopter-
ans, beetles, amphipods and spiders (Rettenmeyer, 1963b). Lenko (1969)
observed L. coecus even attacking a Brazilian fresh water crab,
Trichodactylus argentinianus, as it rested in its nonaquatic burrow. This
species also takes a variety of plant products and is known to be attracted to
walnut and pecan kernels (Wheeler, 1910), seeds, and cooked rice
(Borgmeier, 1955). Another generalist, E. burchelli, takes, in decreasing
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order of importance, ants, wasps (vespids of the subfamily Polistinae), Or-
thoptera, spiders, and scorpions (Rettenmeyer, 1963b). Most New World
dorylines are specialized predators; E. hamatum capture ant and wasp brood
and a few adult insects, and some species, such as E. vagans, Nomamyrmex
esenbecki, and Neivamyrmex pilosus take almost exclusively ant brood
(Borgmeier, 1955; Rettenmeyer, 1963b). Neivamyrmex nigrescens takes both
termites and ants, with a decided preference for ants of the genus Pheidole
(Mirenda er ai., 1980). Only one species, Nomamyrmex hartigi, consistently
takes large numbers of termites as prey. Neivamyrmex opacithoraxis unusual
inthat it feeds solely on ants and carabid beetles (both larvae and adults) (Ret-
tenmeyer, 1963b). Wheeler and Long (1901) found a colony of this species in
which the ‘““workers had stored their nest with a considerable number of small
carabid beetles that had evidently been captured on one of their marauding ex-
peditions.”” Although Schneirla (1956b) noted that E. burchelli occasionally
kills snakes, lizards, and nestling birds, Rettenmeyer (1963b) supposed that
none of the New World dorylines kills vertebrates on a frequent basis. Ret-
tenmeyer also noted that all of the New World army ants studied thus far kill
many more arthropods than they can eat, The feeding habits of many of the
more cryptic, hypogaeic species, particularly those belonging to the genus
Cheliomyrmex, are unknown.

Dietary information on the Old World dorylines is so scattered and
fragmentary that only a few of the more interesting observations can be cited
here. Savage (1847) provided the first systematic description of Aromma
behavior and listed as food sources for the driver ants, domestic fowl, lizards,
snakes, fresh meat, and fresh oil, particularly of the oil palm, in addition to
the usual bill of fare of assorted arthropods. Swynnerton (1915) investigated
the food preferences of D. (A.) molesta experimentally but offered the forag-
ing workers prey not normaily available to driver ants. Some of the ex-
perimental prey he selected repelled the workers with defensive secretions. As
for the ““natural’’ diet of this species, Swynnerton (1915) listed such prey
itemns as millipeds, ticks, and insects of the orders Orthoptera, Hemiptera,
Coleoptera, Lepidoptera, and Diptera. The same east African species was
recorded by Loveridge (1922) to capture grasshoppers, crickets, and pen-
tatomoid bugs and to feed on a chamelion, geckos, a caged crocodile,and
‘‘eagle flesh’’ distributed as bait. Raignier and van Boven (1955) collected the
prey of such general predator species as D. (Anomma) burmeisteri, D. (A.)
sjoestedti, D. (A.) terrificus, and D. (A.) wilverthi. An analysis of their data
{(Gotwald, 1974a) revealed that 64% of the prey units collected were of insect
origin, 16% from arachnids, 9.7% unidentifiable, 4.5% plant seeds, 3.6%
from isopods, 0.7% from diplopods, and 0.5% from mollusks. Cohic (1948)
noted that D. (A4.) nigricans takes spiders, cockroaches (including oothecae),
grasshoppers, crickets, and dipterous and ant pupae. In a quantitative study
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of Anomma diet, Gotwald (1974a) determined that although these ants take a
wide variety of invertebrates, insects comprise the largest portion of their diet.
However, he concluded that this bias is more a reflection of insect abundance
thanitis anindication of food preference on the part of the ants. Earthworms
and arachnids were the next most common sources of prey items. Much less is
known about the hypogaeic species of Dorylus. While most of these species
forage almost exclusively through subterranean galleries and beneath litter,
they are attracted to vertebrate carcasses and meat baits on the soil surface
(W.H. Gotwald, unpublished data). Certain of these species forage in com-
post heaps (Wheeler, 1910) and village trash deposits (W.H. Gotwald, un-
published data) for insect larvae. Some species of Doryius are reportedly ter-
mitophagous. The subgenera Typhlopone and Rhogmus attack termites of
the genera Acanthotermes and Basidentitermes respectively (Wheeler, 1936).
Bodot (1961) observed D. (Typhlopone) dentifrons raiding the termitaria of
Bellicositermes natalensis with devastating effectiveness. Some epigaeic
foragers, such as D. (A.) nigricans also attack termites, though probably not
often (Bequaert, 1913) and D. (A.) wilverthi destroys large numbers of
swarming, alate males (Burgeon, 1942a).

Some Dorylus species also feed on plant materials, and Schneirla (1971)
suggested that army ants that do so are usually hypogaeic species. Green
(1903) reported that D. (Alaopone) orientalis in India feeds on potatoes, the
tubers of dahlias, and the roots of the common sunflower and insisted that
these ants are ‘‘confirmed vegetarians.”’ Supporting Green’s conclusion,
Roonwal (1975) argued that D. (A.) orientalis is sometimes a serious pest of
‘‘vegetables, tubers, bulbs, shrubs, trees and . . . cash crops such as sugar-
cane, coconut palm, citrus and groundnut.”’ Anomma driver ants commonly
forage on fallen palm nuts (Elaeis guineensis) from which they remove the
pithy outer covering, leaving the seed and numerous fibers behind (Gotwald,
1974a). Dorylus (A.) nigricans was observed to gather pieces of corn cob in a
village refuse heap (Gotwald, 1974a) and D. (A.) molesta to take banana
(Swynnerton, 1915).

African species of Aenictus studied thus far feed exclusively on ant brood.
Prey collected by Gotwald (1976) from seven foraging columns of Aenictus
yielded only ant larvae (36%) and pupae (64%). In fact, two Aenictus colonies
that he observed displayed little or no hostility toward the adults of brood that
the foragers carried away unchallenged. The prey adults abandoned their nest
to the Aenictus foragers, although they remained close to the nest opening,
slowly milling about the external features of the nests. Crawley and Jacobson
(1924) made a similar observation of the Asian species, Aenictus aratus, when
it attacked a nest of Pheidole. The Pheidole adults offered no resistance, but
instead fled ‘“with as many of their brood as they were able to save.”” Weber
(1943) noted the prey of one colony of the African species A. rotundatustobe
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ant brood of the subfamily Myrmicinae. Twenty-nine percent of the Aenictus
prey collected by Gotwald (1976) belonged to the genus Pheidole, also a myr-
micine ant. Chapman (1964) recorded that the Asian species A. gracilis and
A. laeviceps feed primarily on ants (they take adults as well as brood) but also
take a wide variety of other prey. Schneirla and Reyes (1966) confirmed Chap-
man’s findings for these species, stating that the prey ‘‘may be described as
almost any invertebrate that the ants can find and overcome, hunted down in
crannies from the depths of the soil to the tops of tall trees.’” Aenictus species
that are trophic specialists generally take prey that are approximately the
same size as or smaller than the foraging workers themselves, whereas the
general predators take prey of any size, subdividing larger prey into transport-
able pieces (Gotwald, 1976).

Army ants at times consume their own brood, but the extent to which can-
nibalism occurs and how important the brood are as a protein source are not
known. Cannibalism of brood is common in ants, and the brood may in fact
serve as an emergency food supply in times of food shortages (Wilson, 1971).
After comparing the size of egg and young larval broods with the size of
mature larval and pupal broods in E. hamatum, Rettenmeyer (1963b) noted a
significant decrease in numbers of individuals over the time period during
which maturation occurs and theorized that cannibalism of worker brood
may be extensive. The cannibalism of sexual brood, particularly of potential
queens, appears to be animportant factor in the development and production
of males and queens, particularly since it helps reduce the total number of im-
matures that must share the worker-supplied food (Schneirla, 1971).

The use of plant liquids as nutrient sources by doryline ants is problematic.
Schneirla and Reyes (1966) observed instances when workers of A. gracilis
and A. laeviceps gathered on plants, ‘‘clustering’’ near nectaries. Although
nectar attraction has not been noted for other dorylines, Arnold (1915)
recorded a report that the African species D. (Typhlopone) fulvus tended im-
mature membracids feeding on the roots of maize. Similarly, Santschi (1933)
noted that Aenictus eugeniae, an East African species, was once collected
while tending a species of Pseudococcus.

b. Prey Determinants. A variety of factors combine to determine what
the potential prey of army ants will be and whether or not these prey will ac-
tually be captured. Certainly army ant foragers, even the swarm raiders, are
not as efficient in gathering preyﬁs their reputations would have them be, i.e.,
that they capture and consume all living things in their path. Rettenmeyer
(1963b) estimated that 30-50% of the arthropods attacked by E. burchelli
escaped being killed and Schneirla (1945) noted that even when an E. burchelli
colony stayed at a nest site for 23 days, the colony could not deplete the sur-
rounding area of prey. He observed that (1) the colony incompletely covered
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some sectors during foraging, (2) it entirely missed some sectors when forag-
ing, and (3) areas cleared of prey were quickly repopulated. Schneirla (1971)
reasoned that the dietary range of army ants was influenced primarily by (1)
the habitat, (2) worker structures, such as potency of the sting, (3) the
workers’ chemotactic thresholds, (4) the species’ raiding pattern and level of
excitability, and (5) the colony population itself, including colony conditions
and the degree of polymorphism present.

In a study of food preferences in three species of Anomma Gotwald
(1974a) proposed that the habitat was the single most important factor in
determining the composition of Anomma diet. For example, earthworms
constitute a larger portion of Anomma diet in forest habitats than they do in
savanna, and this is directly related to the relative availability of earthworms
in these two ecosystems, not to the preferences of the Anomma foragers. The
influence of the habitat extends as well to the kind of insect prey taken. Got-
wald (1974a) further noted that prey vulnerability to Anomma attack must
strongly affect diet composition. A minimum of 61.8% of the insect prey
units collected from the foraging columns of 11 Anomma colonies were from
immature stages; 63.9% of the insect prey collected from 12 foraging
Anomma colonies were from holometabolous forms. The larvae of Diptera,
Coleoptera, Lepidoptera, and Hymenoptera (particularly the Formicidae)
are especially vulnerable to Anomma attack. Probably most arthropods that
escape army ant attack avoid capture by running, flying, or hopping away
from the foragers or by climbing vegetation (Rettenmeyer, 1963b; Schneirla,
1971). Adult polistine wasps detect foraging army ants by sight and odor and
flee their nest. Although the wasp brood cannot be rescued from the ensuing
attack, the adults can at least recolonize (Chadab, 1979). Some species of the
ant genus Camponotus evacuate their nests, carrying their brood with them,
when attacked by Neivamyrmex nigrescens, while other species defend their
nests through the recruitment of the major caste (LaMon and Topoff, 1981).
Some potential prey may employ specialized escape mechanisms. Ants of the
genus Cryptocerus {Cephalotes), for example, are so heavily armored that
they seem to be immune to attack (Schneirla, 1971). Another method of
escape effectively separates the prey from the predator by means of a slender
cord, a ‘“‘bridge’’ that the foraging workers are unable to negotiate.
Lepidopterous larvae escape Anomma attack in this way, by dropping down
from the leaves of low vegetation, suspended on threads of silk (Swynnerton,
1915; Gotwald, 1972a). Gotwald (1972a) discovered that slugs (mollusks of
the order Pulmonata) employ an analogous method of escape from Anomma
foragers by suspending themselves from vegetation on a cord of integumental
slime. Spiders also drop down from vegetation on silken escape threads
(Swynnerton, 1915; Rettenmeyer, 1963b). Although poorly documented,
there can be little doubt that defensive secretions confer protection on a wide
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variety of potential prey. Carpenter (1914-1915) observed a snail escape a
driver ant attack when it withdrew into its shell and ‘‘produced a mass of bub-
bles of mucus which so completely surrounded it, shell and all, by a barrier
about half an inch thick, that the ants could not get at any part of its body.”’
Carpenter (1920) also witnessed an hemipterous bug repel driver ants, that
tugged at its antennae and legs, with a “‘powerful odour’’ that ‘““may have
been disagreeable to the ants.” :

¢. Trophic Specialists and Generalists., With the exception of the totally
epigaeic forms, especially A. gracilis and A. laeviceps, Aenictus species are
monophagous or oligophagous, specializing as predators of the immature
stages of other ants (Brauns, 1901; Crawley and Jacobson, 1924; Sudd, 1959;
Chapman, 1964; Gotwald, 1976). Most of these specialist species are, in turn,
hypogaeic column raiders. Hypogaeic foragers of Dorylus are also specialists,
primarily termitophagous and myrmecophagous, although some dietary
departures have been recorded (Green, 1903; Lamborn, 1913-1914; Forel,
1928). All of these specialists are also column raiders and maintain hypogaeic
nests. Although the nests of the social insects on which these Aenictus and
Dorylus species prey are scattered about the trophophoric field, requiring a
greater search investment on the part of the predator, they are an ‘‘excep-
tionally concentrated food source’’ and are well worth the energy expended in
search activities (Carroll and Janzen, 1973). On the other hand, A. gracilis
and A. laeviceps and other surface-adapted Aenictus are column raiders, fre-
quently form surface-exposed nests, and are general predators, although they
display a predilection for other ants (Schneirla and Reyes, 1966). Even though
Anomma driver ants maintain hypogaeic nests, a number of species are
epigaeic swarmraiders and general predators (Raignier and van Boven, 1955).
Gotwald (1978) noted that these data suggest that epigaeic foragers become
trophic generalists while hypogaeic foragers remain specialists. He also
pointed out that it may be advantageous in tropical habitats for army ants to
become epigaeic foragers since a concomitant development may include the
qualitative and quantitative expansion of the diet. Since a taxonomically
diverse prey is more uniformly distributed in the trophophoric field, less
energy may be required of the predator in search activities. The polyphagous
predator not only capitalizes on a diverse prey on a daily basis but can also ex-
ploit prey sources that are periodically abundant, such as emerging male ter-
mites (Gotwald, 1978).

In the New World army ants, the positive correlation between epigaeic
foraging and dietary expansion is not as clear. Eciton burchelli, L. coecus,
and L. praedator are evidently the most polyphagous of the New World
species. Eciton burchelli forms a surface-exposed nest and is an epigaeic col-
umn raider. In contrast, Labidus coecus and L. praedator are both hypogaeic
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nesters and both are swarm raiders, although Rettenmeyer (1963b) noted that
L. coecus is somewhat intermediate between column and swarm raiding.
Labidus praedator will raid on the substrate surface while L. coecus is more
negatively phototaxic. These two species behaviorly resemble some species of
Anomma. The epigaeic nester E. hamatum is an epigaeic column raider and a
specialist predator of ants and wasps. However, it does take other insects
(Rettenmeyer, 1963b). Other specialists such as Nomamyrmex esenbecki and
Neivamyrmex pilosus are column raiders and negatively phototaxic, although
they will forage on the soil surface.

From these facts and other data assembled by Rettenmeyer (1963b) and
Schneirla (1971), an evolutionary scenario can be constructed. Primitive
dorylines (i.e., those that have retained the ancestral life mode) are hypogaeic
nesters, hypogaeic column raiders, and specialist predators of social insects,
especially ants, wasps, and termites. There is a tendency for army ants to
become surface foragers and in doing so to expand their diet. However, if the
epigaeic forager retains column raiding, its dietary expansion is limited,
whereas, if the epigaeic forager becomes a swarmraider, its diet expands to in-
clude a wide variety of arthropods and even vertebrates. In some instances,
swarm raiding, at least to some extent, may evolve in species that often forage
hypogaeically. The most derived army ant lifeway is that in which the species,
in addition to being an epigaeic forager, also becomes an epigaeic nester. A
species that becomes totally epigaeic also develops a functional cycle of alter-
nating statary and nomadic phases. This has been achieved in so few species as
to betruly atypical for the army ants in general. With the acquisition of swarm
raiding and polyphagous feeding, plus occasional emigrations to new nesting
sites, extraordinarily large colonies, like those of Anomma, are possible.

6. Army Ants and Pest Control

The manipulation of ant populations in tropical agriculture is receiving at-
tention as a possible approach to integrated pest control, particularly in
tropical tree crops (see Leston, 1973). Army ants, especially those species that
are polyphagous, are obvious candidates for study in this respect.

Wellman (1908) considered D. (A.) nigricans of economic importance in
Angola, but primarily because as he explained, ‘‘careful housewives . . . wel-
come the approach of the ants and joyfully vacate for them the bungalow,”’
for ‘‘after a column of ‘army ants’ has minutely explored a dwelling not a bug,
beetle, cockroach, mouse, rat, snake, or other pest remains behind.”’ Dutt
(1912) remarked that D. (Alaopone) orientalis was a beneficial ant in India,
since it attacked and killed in large numbers Pheidole indica which he de-
scribed as an occasional nuisance. Burgeon (1924a) published some biological
observations on D. (A.) wilverthi and submitted that, ‘il est certain que ces
Fourmis rousses sont des utiles pour U’agriculture, detruisant foule d’insectes
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nuisibles.”’” Both Alibert (1951) and Strickland (1951) implied that driver ants
might be beneficial in cocoa farming but offered no corroborative evidence.
Gotwald (1974b) studied the foraging behavior of two species of Anomma in
Ghana cocoa farms and discovered that these ants do not forage in the cocoa
canopy, although they readily climb trees in other habitats. They are ap-
parently repulsed in any attempt they might make to climb cocoa trees by
dominant ant species in the canopy, such as Oecophylla longinoda. Although
the effect of driver ants on the ground stratum fauna was not investigated,
Gotwald concluded that driver ants were of little potential value in ant
manipulation schemes to control cocoa pests, since they fail to have any visi-
ble effect on the composition of the canopy fauna.

In the New World, Labidus coecus is an important predator of the screw-
worm, Cochliomyia hominivorax, and other carcass-infesting, dipterous lar-
vae. In fact, Lindquist (1942) concluded that the animals dying from screw-
worm infestations ‘‘are the source of only a small emergence of flies during
the warmer seasons of the year, chiefly because of the predatory actions of
several species of ants.”” Ants effectively reduced the number of adult flies
emerging from carcasses from about 93% to 4%, and L. coecus figured most
importantly in this predatory control. Larvae dropping from the wounds of
relatively healthy, ambulatory animals were also subject to intense ant preda-
tion but in this case, the role of L. coecus was not clearly delineated.

D. Emigration Behavior: Nomadism

1, Army Ant Nests

Theoretically, all army ant nests are temporary, since all army ants are
presumably nomadic, but the frequency with which nest sites are abandoned
by many species is unknown. Surely a majority of species occupy subterra-
nean quarters, while a few maintain surface or above surface nests. Schneirla
(1971) applied the term ‘‘bivouac’ to all army ant nests and suggested that a
bivouac was more ‘‘the state of a colony’’ than it was a physical place.
However, many nondorylines also occasionally move from one nesting site to
another (Wilson, 1971). What distinguishes army ants in this respect is that
many of the better known species undertake emigrations with great frequency
and regularity. However, recurrent and regular movement is by no means
universal in the army ants, because even some surface-active species (e.g.,
Anomma) tend to move at irregular intervals (Gotwald and Cunningham-van
Someren, 1982). Only in those species that have a distinct functional cycle of
alternating statary and nomadic phases (e.g., A. gracilisand E. hamatum) are
surface nests formed, and because these are hardly nests in the conventional
sense, the name bivouac is appropriate. However, it is more descriptively ac-
curate to restrict the term bivouac to these atypical surface formations and to
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continue to apply the term nests to all situations where the nest indeed is a
place, i.e., housed within the soil. This dichotomy in dorylire nest formation
was evident in Forel’s (1896) classification of ant nests. He noted that some
army ants have ‘‘earth nests’’ and others ‘‘migratory nests’’ and was unsure
how to reconcile the two in what he considered to be a homogeneous and
monophyletic group. '

Raignier and van Boven (1955) found the subterranean nests of Anommato
be of two general types, one exemplified by D. (A.) wilverthi and other by
D. (A.) nigricans. Inthe D. (A.) wilverthi type the entire colony populationis
clustered together in a central cavity, forming a compact mass in which a
higher, presumably optimal, temperature can be maintained. The nest is 1-2
m deep. In the second or D. (A.) nigricans type, there is no central chamber;
the colony members are dispersed in deep (2-4 m down) galleries and
chambers, apparently without much control over nest temperature. The ma-
jority of both types of nests were located at the bases of trees, both living and
dead, associated with the root systems, although the nests of D. (A.) wilverthi
were also found in treeless, loose earth. No one species of tree was preferred
for nest site locations, although nests were most often associated with living
trees. In both types there may be surface manifestations of the nestin the form
of craters composed of excavated soil particles. Leroux (1977a) noted, in a
study of D. (A.) nigricans in savanna and gallery forest in Ivory Coast, that
although a majority of nests are constructed at the bases of trees, 27 percent of
the nests he examined were located in soil without a supporting network of
roots. He observed that during the first week that a nest is constructed, as
much as 20 kilograms of soil a day may be excavated. The location of the
D. (A.) wilverthi queen in the nest is variable (e.g., she may be situated in the
central group or in a lateral gallery), whereas the D. (A.) nigricans queen is
typically lodged at great depth in the nest. The nests themselves do not appear
to be highly organized structures, in fact driver ants use existing cavities in the
soil where possible. Over a century ago, Savage (1849) wrote that the interior
of the Anomma nest ‘‘exhibits no mechanical contrivance for the depositing
of food, or hatching of eggs; for these purposes, spaces between the stone,
sticks, etc., found within, are adopted.”’ A nest of D. (A.) nigricans sjoestedti
described by van Boven and Levieux (1968) departed from.the D. (A4.)
nigricans type in three respects: it was shallow, only 60-80 cm deep; it had a
large central cavity which was occupied by an enormous mass of workers; and
it was not situated at the base of a tree or associated with a root system. The
queen was found in the central cavity, to one side. Kistner and Gotwald (1982)
also found that the D. (A.) nigricans nest had a central chamber. A nest of
D. (Typhlopone) fulvus, described briefly by Normand (1931), consisted of a
vaulted chamber, about 50 cm below the soil’s surface, with numerous
galleries leading from it in all directions, some extending deeply in the soil.
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Normand communicated to Santschi (1931) that the chamber was filled with
larvae, pupae, and workers, and that the queen was situated in the midst of the
workers.

Most Aenictus species in both Africa and Asia are hypogaeic nesters, al-
though their nests have yet to be described in detail (Gotwald, 1976). Menozzi
(1936), for instance, located a colony of a new species, which he named
A. rhodiensis, on the Island of Rhodes at a depth of 60-70 cm beneath a stone.

Some New World dorylines live in subterranean nests at some times and
form bivouacs at other times. For example, E. vagans may form more or less
exposed bivouacs, but more often than not lodges itself in underground or
well sheltered nests (Rettenmeyer, 1963b). Rettenmeyer (1963b) found one
colony of E. vagans clustered on small roots that traversed a subterranean
cavity measuring 30 cm in diameter. This cavity, most likely not constructed
by the ants themselves, was positioned 30 cm below the soil surface and gave
rise to four principal galleries that descended into the soil to an unknown
depth. Another colony formed a surface bivouac that was suspended from
several support objects including a log, branch, and large rock (Rettenmeyer,
1963b). The nests of L. coecus may be located at great depths in the soil or they
may be close to or on the soil surface but well sheltered. One nest found by
Rettenmeyer (1963b) was fashioned in a decaying log. The eggs were concen-
trated in three long chambers, the cocoons situated primarily in a single,
separate chamber, and the larvae were scattered throughout the nest in
numerous chambers. The nests of Neivamyrmex opacithorax are hypogaeic
as are those of N. nigrescens. Inthe N. nigrescens nest, a daily vertical migra-
tion takes place in which a portion of the colony’s brood is brought to near the
surface to a position beneath sun-exposed stones (Rettenmeyer, 1963b).

The nature of the bivouac or surface-exposed formation depends on the
physiological state of the colony, i.e., on whether it is in the statary or
nomadic phase. In the former phase, the nesting cluster is assembled in an
enclosed or sheltered space where it remains for many days. In the latter, a
new, exposed cluster is formed each night in a new location (Schneirla, 1971).
Bivouacsin E. hamatum are seldom more than 1 m above the ground, whereas
those of E. burchelli may be formed as high as 30 m above the ground in trees
(Schneirla, 1971). A bivouac is formed essentially of the bodies of the ants
themselves, suspended from a support object and from each other (for a dis-
cussion of the nesting behavior of E. burchelli, see Teles da Silva, 1977b).
Fundamental to bivouac formation is a clustering group response. In
E. hamatum during the nomadic phase, bivouac formation begins at dusk
with the creation of clusters of workers that hang from the support object
(e.g., alog) near a booty cache [note that Anomma workers can also produce
hanging clusters (Raignier, 1959b)]. Other workers are attracted to the
clusters and attach themselves, usually by means of interlocking tarsal claws.
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As Wheeler (1900) picturesquely explained, in ‘‘forming these chains, which
remind one of the pictures of prehensile-tailed monkeys crossing « stream, the
insects make good use of their long legs and hooked claws.’’ First strands,
then ‘‘ropes’ of workers are formed that ultimately fuse into a ‘‘heavy
fabric>’ (Schneirla, 1971). Workers fastened into the bivouac wall usually
hang head downward, a phenomenon that Wheeler (1900) attributed to the
“‘positively geotropic’’ nature of the workers, but which Schneirla (1971) ex-
plained in terms of the physical stresses exerted by the placement of the tarsal
claws and the weight of the ants. The bivouacs of surface-adapted species of
Eciton are certainly the most specialized of all nesting formations in the
army ants. In E. hamatum they may take the form of cylinders suspended be-
tween the support object and the substrate or of a curtain between the but-
tressed roots of a tree (Schneirla, 1971). In Aenictus gracilis and A. laeviceps,
the bivouac during the nomadic phase is little more than a disc-shaped cluster
of workers on the soil surface, usually beneath litter. The cluster in
A. laeviceps is between 15 and 18 cm in diameter and 6 and 9 cm in height
(Schneirla and Reyes, 1966).

The bivouac of such species as E. hamatum permits colony mobility and yet
at the same time provides protection for the brood from the vagaries of the ex-
ternal environment. Temperature variations within the bivouac, for instance,
are significantly less than ambient conditions and provide a constancy that
optimizes conditions for the developing brood (Schneirla et al., 1954;
Jackson, 1957). In E. hamatum the general intrabivouac temperature is
1°-2°C above that of the environment and even higher in the compact brood
mass (Jackson, 1957). Bivouac temperatures fall in early morning, rise in late
morning, fall again in the afternoon and rise in the evening despite fluctua-
tions in ambient temperature (Jackson, 1957).

Refuse deposits, some diffuse and others rather circumscribed are prob-
ably formed by most army ants and are located a short distance from the nest
or bivouac. While the fate of refuse, such as the remains of prey and carcasses
of dead workers, is difficult to determine in hypogaeic nests, it is fairly easy to
study in surface-exposed formations. Thereis little refuse around the bivouac
of E. hamatum, reflecting that the diet consists primarily of soft-bodied prey
(Rettenmeyer, 1963b). However, the refuse deposits of E. burchelli are ex-
tensive and include the sclerotized parts of dead prey, dead workers, and
empty cocoons. This refuse is placed in more or less distinct areas by workers
that move along short trails in what Rettenmeyer (1963b) called ‘‘refuse col-
umns.’’ Workers defecate in the refuse deposits and along the trails with such
frequency that the feces may form a distinct white trail during the statary
phase. These refuse deposits usually contain thousands of living arthropods,
most of whom are scavengers on the discarded refuse. Reference to refuse de-
posits associated with colonies in subterranean nests arerare. Bruch (1923), in
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one such reference, found refuse deposits in three peripheral chambers of a
leaf cutter ant nest that had been occupied by a colony of E. dulcius. He noted
that the refuse was ‘‘repletas de incontables fragmentos, cabezas y alas de
otras hormigas, formas sexuales que correspondian principalmentea A. (M.)
Heyeriy Trachymyrmex, mezclados, a trozos quitinosis, €litros, miembros,
etc. de coledpteros y otros artrépodos.”

2. Origin of Nomadism: Evolutionary and
Ontogenetic Considerations

Wilson (1958a, 1971) reasoned that group predation permits the exploita-
tion of other social insects and large arthropods as food sources. Since these
sources are more widely dispersed than other types of prey, nomadic behavior
was a natural consequence of this new dietary adaptation. That is, nomadism
either developed concurrently with group predation or it was added soon
afterward as a means for colonies to shift trophophoric fields in order to find
new food supplies. Some nondoryline ants, especially of the genus Cera-
pachys, have embarked on group raiding without a concomitant disposition
toward nomadism (Wilson, 1971). In fact, there may be some army ants that
emigrate infrequently; the biology of a majority of hypogaeic species is un-
known. Species that maintain a pattern of precisely spaced emigrations are ex-
ceptional. Gotwald (1978) suggested that the selective pressures for the
establishment and maintenance of regularly spaced emigrations may be sig-
nificantly reduced for species that become epigaeic foragers and general
predators via swarmraiding. This conclusion is a reasonable extension of Wil-
son’s observation that large arthropods and social insects are widely spaced.
Certainly the prey of the most general predator is more numerous and more
uniformly distributed in the trophophoric field and less likely to be totally ex-
hausted by intense foraging. Thus the adaptive value of emigrating to new
trophophoric fields may consequently be reduced. While the ultimate evolu-
tionary grounds for nomadism may seem obvious, the proximate reasons are
still a matter of debate for some species. Schneirla (1938, 1957, 1971) de-
termined that the initiation of the nomadic phase, during which time an
Eciton colony emigrates daily, is the result of brood stimulative factors. In
particular, the statary phase ends when the colony is aroused by the emergence
of callow workers from their cocoons. Although the callow effect soon di-
minishes, the nomadic phase continues to be maintained, stimulated by the
developing larval brood. When this brood matures and enters the prepupal
and pupal stages, the colony settles into the statary phase at a single nest site
(Fig. 10). With his discovery that brood stimulative cues are operating to pro-
voke emigration, Schneirla (1971) concluded that while food shortage may
have been the ancestral basis for nomadism, it is no longer so. In this author’s
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opinion he obscured the distinctions between the ultimate and proximate
reasons for nomadism. Brood originated cues for colony movement consti-
tute only the proximate, ontogenetic stimuli that effectively achieve the
ultimate end of increasing food supply for the maturing brood. The foregoing
conclusion would no doubt be refuted by Topoff (1972) who pointed out that
Schneirla emphasized ontogenetic rather than evolutionary processes in his
studies of army ant behavior, and that this author is therefore guilty of con-
fusing these approaches and the answers they supply.

Brood stimulative factors appear to be operating in E. burchelli and
E. hamatum (Schneirla, 1971), Neivamyrmex nigrescens (Schneirla, 1958,
1963), and Aenictus gracilis and A. laeviceps (Schneirla and Reyes, 1969), all
of which evidence a functional cycle of alternating nomadic and statary
phases. However, in Aenictusthe nomadic phase appears to beinitiated by the
larvae rather than by the callow workers (Schneirla and Reyes, 1969). Evenin
army ants that do not pass through such cycles but instead emigrate irregu-
larly, brood stimulative factors operate. In Anomma, for example, the
emigration of a colony from one nesting site to another is not the direct result
of food shortage or other environmental factors. Instead, Raignier and van
Boven (1955) concluded that, ‘‘Le rythme des exodes est determine par le
rythme du couvain.”” Specifically, emigrations are correlated with the
emergence of callow workers. However, if this is the case, the irregularity of
movement suggests that eggs are laid in unsynchronized bursts, and indeed,
Raignier and van Boven came to such a conclusion. Additionally they found
that when male larvae are present in Anomma nests, the colonies will remain
at a single nest site for an average of 56 days. Colony emigrations in some
Anomma are so irregular as to suggest that other factors may supersede the
stimulative effects of the brood (Gotwald, 1978b). Gotwald and Cunning-
ham-van Someren (1982) recorded the number of days between 38 emigra-
tions observed for a colony of D. (A.) molesta in Kenya. In chronological
order theintervals were: 9,9, 19, 4, 14,35, 11,33,7,44, 5,23, 4,45, 14, 24, 10,
10,7,9,5,19,23,11,12,13,18,7,8,5, 14, 11, 12, 16, 3, 5, and 6 days. Retten-
meyer (1963b) believed that Schneirla went too far in discounting the influ-
ence of the amount of prey taken on the emigration activities of army ants.
Since Rettenmeyer (1963b) demonstrated that the amount of prey in an area
affects the ““direction, distance, and duration of raids and emigrations,’’ he
presumed that the amount of food in the nest or bivouac must influence the
larvae that in turn stimulate the adults. He speculated that as the larvae get
larger and require more food, they stimulate the workers to raid and emigrate
at greater distances.

Nevertheless, in some species brood stimulative factors in the role of prox-
imate initiators of nomadism and other behavior patterns are of paramount
importance. Observations of Ecitonled Schneirla (1971) to expand Wheeler’s
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concept that trophallaxis, or oral food exchange, constituted the social ce-
ment of the colony, and included under the term all communicative relation-
ships between workers and brood. Because these relationships, whether they
be tactile or pheromonal, ‘‘entail a bilateral arousal basic to colony
function,” Schneirla (1971) termed them ‘‘reciprocal stimulation.”” This
phenomenon is no more evident anywhere than in the army ant functional cy-
cle, particularly as manifested in the callow arousal factor.

3. Army Ant Population Dynamics

Little is known about the number of army ant colonies that can be sup-
ported by any given unit of area and space. Unfortunately, colony censuses
locate primarily those colonies whose behavior brings them to the soil surface,
while the hypogaeic species, for the most part, go undetected. In African en-
vironments, one can intuitively conclude that species diversity and the
number of colonies are greater in forest habitats than they are in drier, savan-
na localities (Kistner and Gotwald, 1982).

Leroux (1975, 1977a) calculated the density of D. (A.) rigricans colonies at
the Laboratoire d’Ecologie Tropical, Lamto, Ivory Coast. The reserve at
Lamto encompasses approximately 580 hectares of forest and 2120 hectares
of savanna. Leroux reckoned that there were 3.16 colonies per 10 hectares of
forest and 0.79 colonies for the same area of savanna, or for every 13 hectares
there were 4 colonies in forest and 1 in savanna. Since his calculations did not
consider numerous other dorylines that are also present, mostly hypogaeic
species of Aenictus and non-Anomma Dorylus, the carrying capacity of these
habitats for such predators remains undetermined.

Although similar calculations for New World species have not been made,
Barro Colorado Island, because it is a water-bound unit of land, would seem
to be a logical place to begin such an investigation.

4. Emigration

a. Process of Colony Movement

The purpose of these expeditions of Eciton is, without doubt, multiple, for the cir-
cumstances that these sorties . . . coincide more often with a change of season, hardly per-
mits one 1o consider them exclusively as simple razzias undertaken at the expense of other
insects. One can believe them to be sometimes expeditions of pillage, sometimes changes of
domicile, veritable migrations.

With this declaration about New World ecitonines, Sumichrast (1868) rec-
ognized the dualism of army ant behavior. Especiaily did he note that army
ants emigrate from one nesting site to another, a behavior pattern which was
to be the focus of attention for much of Schneirla’s exhaustive research (e.g.,
1938, 1944, 1945). But long before this research, other observers noted that
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army ants emigrate periodically. In Africa, Savage (1847), Brauns (190!1) and
Vosseler (1905) did so, Vosseler offering the explanation that colony emigra-
tions were stimulated by food shortage. In the New World in addition to
Sumichrast’s (1868) observations, Miiller (1886) and Wheeler (1900) noted
that the army ant colony was prevented from moving at times by reproductive
processes.

In Eciton, colonies always conduct day-long foraging expeditions before
-emigrating (Schneirla, 1938, 1945, 1971). As raiding progresses in the after-
noon, at least in E. burchelli and E. hamatum, three conditions that preclude
emigration are evident: (1) a high level of excitement in the colony is main-
tained which guarantees a continued exodus of foraging workers from the
bivouac, (2) traffic complications among workers on the raiding trails pre-
vent a general return of foragers to the bivouac, and (3) environmental
changes at dusk trigger a behavioral shift in the raiding workers from foraging
activities to actions essential to emigration (Schneirla, 1971). In E. hamatum,
one of the three main raiding trails serves as the emigration route and teems
with workers leaving the bivouac and with prey-laden foragers returning from
the raiding system. These returning workers are intercepted and ‘‘sucked”
into the outward moving stream (Schneirla, 1938). This exodus becomes an
emigration when workers begin carrying brood from the bivouac. While some
workers are still leaving the old bivouac, others form the new bivouac, a proc-
ess that often begins between 1800 and 2000 hours in E. hamatum and 1930
and 2130 hours in E. burchelli (Schneirla, 1971). When the transport of brood
is more than half completed, the queen passes with her retinue of workers. In
the early nomadic phase this occurs between 1900 and 2000 hours in
E. hamatum and 2000 and 2200 hours in E. burchelli (Schneirla, 1971).
Rettenmeyer (1963b) found that in E. hamatum the size of the queen’s retinue
depends primarily on the speed with which the queen travels. If her progressis
unimpeded, the retinue is small. The largest retinue seen by Rettenmeyer
(1963b) included between 25 and 50 major workers and a larger number of
smaller workers that stayed within 15 to 30 cm of the queen. The queen’s
retinue, at least in Ecifon, is not a fixed group of individuals that remains with
the queen throughout an emigration. Instead, membership in the retinue con-
stantly changes. Even so, major workers comprise a greater percentage of the
retinue than they do of the colony in general. Probably the retinue functions
to protect the queen against predators and various environmental hazards and
consequently is largest in army ant species that nest and forage epigaeically
(Rettenmeyer et al., 1978).

In Neivamyrmex nigrescens the general pattern of emigration is similar to
that of E. hamatum, except that it may forego emigrating on some nights dur-
ing the nomadic phase. Schneirla (1958) observed 60 emigrations in this
species. All of the colony movements occurred at night and all grew out of
raiding activities, Usually the emigrations began before midnight about 6 hr
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following the beginning of raiding, which is also crepuscular and nocturnal.
An emigration required about 6-8 hr to complete, thus most were over at
dawn. Schneirla (1958) found that the ‘‘emigration always occurs over a prin-
cipal trail developed from the bivouac in raiding.’” In some instances, when
interrupted by such things as heavy rain, an emigration may require a second
night to complete. The distances covered varied considerably and ranged
from 2.5 to 76 m. The queen of N. nigrescens seems to leave the nest earlier
than does the queen of E. hamatum and appears in the column of march at
about the time when one-third of the emigration is completed (Schneirla,
1958).

Less is known about the emigrations of the more cryptic, subterranean
species of New World army ants. For instance, Labidus praedator was ob-
served emigrating by Schneirla (1971) on only four occasions. The emigration
columns were commonly 4-10 ants wide and included thousands of callows.
Large numbers of worker cocoons were carried. This species also constructs
walls of earthern pellets that flank the columns and sometimes form arcades
completely shielding the emigrating workers (Rettenmeyer, 1963b; Schneirla,
1957). Rettenmeyer (1963b) observed an emigration of this species that re-
quired more than 1 day to complete, but only a short portion of the column
(about 4 m) moved on the soil surface and it was shielded by soil particle walls
and arcades and by ““guard’’ workers. Wheeler (1921) observed an emigration
of Cheliomyrmex megalonyx. He described the workers as

running along in dense, orderly columns under leaves, sticks or boards, wherever such
cover was available, but where they had to cross open spaces, they had built covered
galleries about four-fifths of an inch wide, of small particles of earth.

He noted that of the workers moving in the procession, the smallest were car-
rying larvae ‘‘tucked under their bodies.”’

In A. gracilis and A. laeviceps emigrations are usually initiated along a ma-
jor raiding column that has been in progress for a considerable length of time.
However, emigrations in these two species can begin within 20 min of the first
signs of excitement in the bivouac and may occur without the raiding precon-
dition evident in Eciton. Furthermore, emigrations may begin at any time of
day or night and may start “‘early or late in raiding, as actions overlapping
previous emigrations, or as actions ending a quiescent interval without extra-
bivouac group operations’’ (Schneirla and Reyes, 1969). The fact that emigra-
tion in these two species could arise from raiding or other colony activities
prompted Schneirla and Reyes (1969) to propose that this may represent a
‘‘generalized, primitive condition of colony organization.”’

During the first emigrations of the nomadic phase in these two species of
Aenictus, the brood, which are quite small, are carried in packets by the
workers and consequently the entire brood may be transported out of the old
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bivouac in less than 20 min. Later in the nomadic phase when the larvae are
larger, each is carried by an individual worker, increasing the time required to
remove the larvae from the bivouac. Generally the queen leaves the old
bivouac in the second half of the emigration and is accompanied by a retinue
of workers (Chapman, 1964; Schneirla and Reyes, 1969). In A. Jaeviceps, the
queen’s entourage is usually 5-8 cm at its widest point and as long as 1 m.
Curiously, both of these species may average more than one emigration per
day. Early in the nomadic phase the emigrations last from 2 to 3 hr, later they
may take 4-7 hr.

Emigrations of African Aenictus were described by Brauns (1901) and Got-
wald (1976). Brauns noted that the workers carry the larvae slung beneath
their bodies. The emigration recorded by Gotwald was discovered, in pro-
gress, at 0950 hours crossing a path between plots planted with cassava. Ex-
cept for an occasional worker, the column was unidirectional and approx-
imately six individuals wide. All workers moving toward the new bivouac car-
ried larvae; pupae were not seen. Workers did not assume ‘‘guard’’ positions
along the column; nor did they construct earthen borders. At 1010 hours the
queen, whose gaster was contracted, passed with a small entourage of
workers.

Of the extensively studied army ants, the Anomma driver ants are most ir-
regular in their emigrations. Savage (1847) noted, when observing D. (A.)
arcens, that from *‘its locomotive habits theimpression . . . has obtained, that
it has no fixed habitation.”” Raignier and van Boven (1955) observed that
Anomma emigrations often follow previously used foraging trails and that
emigration columns are more often subterranean than are foraging columns.
An emigration in Anomma is a single episode that may take 2 or 3 days (or
more) to complete (mean duration: 56 hr) and may not be followed by another
emigration for as long as 125 days, although this was an extreme case seen in
D. (A.) nigricans (Raignier and van Boven, 1955). The mean distance covered
by Anommais 223 m. Raignier and van Boven noted that emigration columns
can move along more rapidly than foraging columns and calculated some to
move as fast as 155 min 5 hr. Gotwald and Cunningham-van Someren (1982)
discovered that some Anomma colonies emigrate only short distances and
reuse emigration trails and nest sites. In fact, different conspecific colonies
may utilize the same trails and nests at different times. For example, they
found that one nest was occupied on 15 separate occasions by four different
colonies.

b. Army AntFunctional Cycle. Schneirla (1933, 1938, 1945, 1949, 1971)
categorized army ants as either group A dorylines or group B dorylines, by vir-
tue of the type of cyclic phenomena evident in their behavior. In the former
group he placed species that exhibit a well defined cycle of alternating no-
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madic and statary phases that are conditioned by brood stimulative factors
(Fig. 10, p. 189). Surface-active species of Eciton, Neivamyrmex, and Aenic-
tus belong to this group. In group B he placed species in which there is an
absence of these alternating phasic events. This group is characterized by
variable nomadism: emigrations occurring as single events separated by inter-
vals of nonnomadic behavior.

The nomadic period in Group A dorylines is one of elevated activity. For
E. hamatum this means a large daily raid that begins at dawn and which, at
dusk, is converted into an emigration to a new nesting site. Daily raiding and
nightly emigrations typify this phase. At the very beginning of the phase there
are two broods present in the colony, one which emerges from cocoons as
callow workers and energizes the phase to begin, and another that consists of
young worker larvae that hatched from eggs laid in the immediately preceding
statary phase (Fig. 12). During the nomadic phase, which lasts 16-18 days, the
queen does not lay eggs and her gaster remains contracted. Initially the young
larvae are maintained en masse at the center of the bivouac, which is generally
exposed, but as they mature, the larger individuals are kept at the bivouac
periphery. The nomadic phase ends when the larvae reach maturity and spin
their cocoons; as they do this their stimulative effect on the workers wanes and
the colony enters the statary phase.

Lasting for a period of 18-21 days in E. hamatum, the statary phase is best
characterized by subdued colony activity. Emigrations cease and raids, al-
though still executed on a daily basis, are small and often feeble. The bivouac
is established in a sheltered location, such as a hollow tree or log, and the
workers are less excitable and active. During the second week of the phase, the
queen, who has by then become fully physogastric, delivers a new cluster of
eggs. These hatch and larval development ensues. The phase ends when the
pupating brood from the previous statary phase eclose. These phases alter-
nate regularly throughout a colony’s existence, except when sexual brood is
present. At that time the nomadic phase is shortened.

Eciton burchelli has a similar cycle, although its nomadic phase of 11-16
days is considerably shorter and more variable than that of E. hamatum
(Schneirla, 1945). The statary phase is 19-22 days long. An equivalent no-
madic-statary cycle exists in Neivamyrmex nigrescens, although under
Nearctic conditions, the functional cycle is completely interrupted during the
winter months (Schneirla, 1958, 1961). Interestingly the first emigration of
the nomadic phase, which is triggered as in Eciton by the emergence of callow
workers, is not followed by a succeeding emigration until about the fourth
night of the phase. Furthermore, the colony remains in the nomadic phase un-
til the larvae enter the early pupal stage. Schneirla (1958) postulated that no-
madism continues past the point of larval activity as a result.of some ‘‘stage-
specific’’ secretory or metabolic products or functions. It could be that
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because the pupae are not enclosed in cocoons (i.e., there are no silken bar-
riers between pupae and workers) their stimulative cues wane less abruptly.
The nomadic phase for this species in Arizona lasts for 20-31 days, the statary
phase for about 18 days. During the statary phase, N. nigrescens workers
become more photonegative and exhibit a stronger tendency to cluster
together, changes which correspond to the decrease in the excitability of
workers during this phase (Topoff, 1975).

Schneirla (1971) concluded that of the Old World army ants, Aernictus, at
least A. gracilis and A. laeviceps, most closely resemble Eciton and Neiva-
myrmex in their functional cycle. When nomadic, A. gracilisand A. laeviceps
are capable of raiding and emigrating at any time of day or night. During the
nomadic phase, the bivouac is a disc-shaped cluster of workers, either ex-
posed or beneath litter, although near the end of the phase and throughout the
statary phase the bivouacs are well sheltered or hypogaeic. The duration of the
nomadic phase is about 14 days and thus similar to that of the New World
group A army ants. However, the statary phase lasts about 28 days which is
strikingly longer than in the New World forms. The statary phase begins when
the advanced brood enters the prepupal stage, but the emergence of this brood
as callows does not elevate the colony’s activity level into a new nomadic
phase. Instead, this phase begins some days later.

Schneirla’s exhaustive studies of group A dorylines have been supple-
mented by numerous field and laboratory investigations. Studies of Eciton
burchelli by Teles da Silva (19772a) have confirmed the endogenous nature of
the nomadic-statary cycles in this species. Extensive observations of
Neivamyrmex nigrescens support Schneirla’s theory that brood stimulation is
a proximate cause of the nomadic phase in group A dorylines. However, his
theory does not account for characteristics such as frequency, direction, and
distance of emigrations within the nomadic phase (Mirenda and Topoff,
1980; Topoff et al., 1980a). Topoff and Mirenda (1980a, b) have explored the
relationship between food supply and emigration frequency in N. nigrescens
and have concluded-that the ‘‘amount and location of food strongly influence
the frequency and direction of emigrations.”” They found in laboratory
studies that overfed colonies emigrate far less frequently during the nomadic
phase than do underfed colonies.

Of the group Bdorylines, Anommais best known. Although the driver ants
exhibit some regularity in raiding and emigration, they do not pass through
alternating nomadic and statary phases (Raignier and van Boven, 1955), nor
for that matter do a majority of dorylines. However, Schneirla (1957) at-
tempted to homologize the functional cycle of Eciton with components of
Anomma behavior, starting with the questionable premise that they are
“‘similarly adapted on a nomadic, predatory basis probably by virtue of com-
mon ancestry.’”’ He concluded that the first part of the Eciton nomadic phase
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and the single emigrations of Anomma involve ‘‘homologous reproductive
processes as essential causes,’’ i.e., the excitatory effects of eclosing callow
workers. According to Schneirla, it then followed that each emigration in
Anomma should be regarded as a nomadic phase and the interval between
emigrations as a statary phase. ‘‘Consequently,”’ Schneirla stated,
““ Anomma may be said to have an identifiable nomadic-statary functional cy-
cle equivalent to that of Eciton.’” However, it is just as valid, and perhaps
even more empirically demonstrable to invoke the process of convergent
evolution as an explanation for the presence of brood stimulative cues for
nomadic behavior.

E. Colony Division

1. Colony Founding in Nondoryline and Nonecitonine Ants

Typically, the founding of new colonies in a majority of ants, in which the
males and females are initially alate, is preceded by a nuptual flight (Wheeler,
1933). The emergence of conspecific males and females in a specific locality is
often synchronized for a majority of colonies, a phenomenon that no doubt
favors cross fertilization. Following the nuptual flight, the newly fecundated
queen descends to the substrate and either removes her wings with her legs and
mandibles or rubs them off against a readily available object. She then exca-
vates a small burrow, lays eggs, and cares for the larvae once the eggs hatch.
She feeds the growing larvae salivary secretions that are metabolically derived
from her fat bodies and flight muscles. Once these larvae pupate and eclose as
adult workers, the queen does little more than ingest food gathered by her off-
spring and lay eggs. The rearing of new brood becomes the preoccupation of
overlapping generations of sister workers (Wheeler, 1933; Wilson, 1971).

2. Colony Founding in Doryline and Ecitonine Ants

Army ant colonies are founded by the subdivision of existing colonies into
daughter colonies. Since the queens are apterous, there are no nuptual flights
and queens are not left to found new colonies by themselves. New colonies
come “‘ready made.”’

In E. burchelli and E. hamatum, worker broods are produced throughout
most of the year, to the exclusion of sexual broods, on a 33-36 day cycle of
development, and colony division does not take place. Sexual broods are pre-
requisite to division. In Central America, sexuals are produced in the first
one-third of the dry season (Schneirla, 1956a). With a sexual brood present in
the Eciton colony, a ‘‘bipolar organization arises’’ in which some workers
become greatly attracted to the brood, while others remain fixed in their at-
tachment to the functional queen. This organization is basic to the actual pro-
cess of division itself, which does not begin until the sexual brood emerges
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from their cocoons. The young queens eclose before the males, the first about
3 days earlier. The order in which the queens emerge is critical to queen selec-
tion, for usually only one callow queen will survive. In the hierarchy of attrac-
tiveness of callow queens to workers, the first one or two young queens to
emerge normally have the advantage and are the leading candidates for sur-
vival in a new daughter colony. The first queens to eclose each attract an en-
tourage of hundreds of workers. Queen number one leaves the bivouac, ac-
companied by her entourage and situates herself at a location usually within
1 m of the bivouac. The workers cluster about her. The next one or two virgin
queens to emerge behave similarly, although they usually remain closer to the
nest and have smaller clusters of affiliated workers. Generally these clusters
and their queens gradually move farther away from the bivouac. Later eclos-
ing queens are not greatly attractive to the workers and are confined by the
workers to the bivouac wall. Thus the “‘period of a few days preceding appear-
ance of the males . . . is one in which the young queens normally become con-
solidated in very different relations of acceptance or rejection with the worker
population’’ (Schneirla, 1956a).

The eventual eclosion of the males galvanizes the statary colony to conduct
amajor foraging expedition that ends in an emigration. So vigorous is the raid
that two or more base or trunk columns are established. This development is
imperative for the division to take place. Once the raid is well established,
about midmorning, the functional queen and her entourage leave the bivouac
on one of the base trails. The leading virgin queen and her retinue then set out
on another trail. Sometimes the functional queen is superseded by one of the
virgin queens, but Schneirla (1956a) considered this a secondary form of the
main pattern. Superfluous virgin queens are ‘‘sealed-off”’ by the workersand -
are eventually abandoned. In the final stage of division in Eciton, the newly
eclosed males, the brood, and the workers are divided nearly equally, one
group following the functional queen and the other the new queen. In most
cases, fission is completed by nightfall.

Little is known about colony division in other New World species except
N. nigrescens. Colony division in this species is not unlike that of. Eciton,
although the males, instead of being divided into two equal groups, all
emigrate with the callow queen (Schneirla, 1971).

In Aenictus, the flight of newly eclosed males from the parent colony occurs
prior to colony division, not following the process as occurs in Eciton and

- Neivamyrmex (Schneirla, 1971). While Schneirla (1971) found similarities be-
tween the patterns in Aenictus and the ecitonines, he concluded that the pro-
cess of colony division in Aenictus is the most generalized of the known
species.

Although the presence of male brood is necessary for colony division in
Anomma, male larvae and pupae may be found in colonies that lack queen
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brood (Raignier, 1959, 1972). This means that the appearance of male brood
cannot always be interpreted to signify that colony fission is imminent. How-
ever, Raignier (1959) observed colony fission when only male brood was pres-
ent. In fact, this kind of division occurs more frequently than does division
with a mixed brood present. However, in this case, most of the colony
emigrates with the functional queen, leaving behind the male brood and some
workers. After the males eclose and fly from the old nest, the queenless
workers die.

While Anomma males may be present and colony division can take place at
any time of the year, division occurs with greatest frequency during the last
third of the dry season. The new queen or queens eclose approximately 10-14
days before the males and actually achieve adulthood at about the time the
males enter the pupal phase. Division begins with the exodus from the nest of
the functional queen and about half the workers and worker brood, an exodus
which is identical to a normal emigration (Raignier, 1959). A bipolar organi-
zation in the colony prior to division, as can be seen in Eciton, isevident. Even
though the exodus appears to take place after a large scale emergence of
callow workers, the sexual brood may be in various stages of development.
The males may be larvae, pupae, or adults and the new queens may be caliow
or fully pigmented. The virgin queens and male brood are always left behind
in the original nest, and once exodus of the functional queen takes place, the
workers Kkill all but one of the remaining queens. Raignier (1959) found as
many as 56 virgin queens in a single nest and pointed out that the first queento
eclose is not necessarily the one to be spared. Once the males eclose, they fly
from the nest.

VI. ARMY ANT LONGEVITY

A. Caste-Related Determinants of Army Ant Life Spans
1. Workers

Army ant workers suffer enormous losses when attacking prey, therefore
much of the developmental energy expended in the production of brood is
devoted to the replacement of workers lost in foraging. That raiding is hazard-
ous for workers is easily observed in Anomma when numbers of injured strag-
glersreturn to the nest fromraiding forayslong after most other foragers have
reached the nest. Even these stragglers stand little chance of continued sur-
vival, since on their laborious return they often fall prey to other ants, espe-
cially those belonging to the genus Crematogaster (W. H. Gotwald, un-
published data). Schneirla (1971) speculated that swarm raiders must lose
many workers to the defensive secretions of some potential prey and that
hypogaeic foragers must suffer high mortality from the secretions of nasute
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termites. He further presumed that large numbers of foragers are crushed in
the mandibles of such ants as A¢fa and Odontomachus and that others suc-
cumb to the bites, stings and repellents of even less formidable ants. The ac-
tual turnover rate of workers in a colony has not been determined, nor would
it seem reasonable that the rate could be easily calculated.

Environmental factors also play a role in determining the lifespans of
workers. Increasing atmospheric dryness, for instance, may take its toll, par-
ticularly among the smailest workers since they appear to be the most suscep-
tible to the fatal consequences of decreases in relative humidity (Schneirla
et al., 1954) (as one might predict given their surface area o volume ratio).
Certainly workers are lost through excessive exposure to solar heat and many
must drown when caught in torrential rains that characterize many of the
tropical localities where army ants abound.

Watkins and Rettenmeyer (1967) determined that worker army ants live
longer when in the presence of their queen, most likely because of certain se-
cretions that are ‘‘licked’’ from the body of the queen.

2. Queens

Captured, marked, and recaptured queens of Eciton indicate that army ant
queens may function in- their colonies in excess of 4 years (Rettenmeyer,
1963b; Schneirla, 1971). While Schneirla (1971) assumed that some Eciton
queens succumb to disease, parasites, and fatal accidents, he concluded that
most queens probably die after being superseded by virgin queens during col-
ony division,

3. Males

The male lifespan is relatively short and probably does not extend much be-
yond the time of copulation, if indeed copulation is achieved. It is not known
whether such males expire at that time of ‘‘natural’’ causes or if they are exiled
or killed by perhaps increasingly intolerant workers.

B. Predators of Army Ants

1. Invertebrate Predators

Army ants are themselves not without a myriad of predators. As noted pre-
viously (Sections V, A, 1and V, C, 2, d), dorylines play host to a large number
of inquilines and followers, many of which prey on army ant brood. In addi-
tion to the pressures brought about by these associates of army ants, the army
ant lifespan is often shortened by the intervention of predators of a more
general nature. For instance, it must be assumed that newly emerged males are
subject to intense predation by invertebrates and vertebrates alike. I have
witnessed evidence in both the New and Old World that doryline males are
commonly-attacked by spiders (Fig.-13). That males are attracted, often in
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Fig. 13. Unidentified spider with captured army ant male of the subgenus Dorylus. The male
was attracted to light between 2030 and 2200 hours which led to his capture (taken at Lamto,
Ivory Coast). (Photograph by W. H. Gotwald, Jr.)
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substantial numbers, to light at night no doubt increases their vulnerability to
the attack of opportunistic predators. In Ivory Coast at Lampto, for example,
I observed light-attracted males being captured by the ponerine ant Megapo-
nera foetens.

Invertebrate predators of army ants, outside of those that could be classi-
fied as guests or followers, are, however, not numerous. Other ants appear to
be the most common of these predators. Lamborn (1913-1914) observed
workers of Camponotus sericeus on the earthenworks of a D. (A.) nigricans
column, reaching down occasionally to grasp in their mandibles minor
workers. However, he did not see any of the Anomma workers carried off for
all were eventually released. Crematogaster workers will attack and drag
away injured Anomma foragers and Paltothyreus tarsatus may attack
Anomma brood under unusual circumstances (Gotwald, 1972b). Where
Anomma columns cross the territories of the red tree ant, Oecophylia
longinoda, this formicine ant may be a formidable predator of the driver ants
(Gotwald, 1972b). In fact, in areas where these species are sympatric,
O. longinoda may be the single most important insect predator of Anomma.
An O. longinoda attack consists of individual workers reaching into an
Anomma column, each seizing a driver ant worker in its mandibles and pull-
ing it quickly from the column. The Anomma workers thus removed are then
immobilized through prolonged stretching by numerous cooperating
O. longinoda workers and transferred to the O. Jonginoda nest.

2. Vertebrate Predators

Vertebrates probably constitute the greatest predatory threat to army ants.
Bequaert (1922) reported that of 1815 ants found in 194 stomachs of five
species of Congo toads, 8% were dorylines. Three species of African frogs
were also found to take dorylines of the subgenus Anomma. Certain forest
species of African skinks of the genus Mabuya actually follow the columns of
driver ants and feast on the workers (Bequaert, 1922). In India, Dorylus is
among the ants taken by some species of birds (Bequaert, 1922). Chapin
(1932) reported that driver ants are eaten by several species of African birds,
including the Guinea fowl, Phasidus niger. Gotwald (1972b) noted that even
the domesticated chicken can be counted among the predators of army ants
that forage in village refuse heaps. Of the mammals, pangolins or scaly
anteaters of the genus Manis probably take large numbers of dorylines. Lang

Fig. 14. (A) Chimpanzee inserting ant dipping tool into a nest of D, (Anomma) molesta. (B)
As the disturbed driver ant workers climb the dipping tool, the chimpanzee monitors their prog-
ress. (C) The “‘pull-through’’; the left hand, in this case, slides up the tool, catching the ants in a
mass which accumulates as the hand advances. The mouth is open ready to receive the ants. (D)
The ants are ingested at the end of the ‘‘pull-through.’’ (Photographs by Caroline Tutin.)
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(in Bequaert, 1922) observed the pangolin ‘‘lashing its sticky tongue through
the confused crowds,”’ and noted that it lost ‘‘no time in moving back and
forthalongthe. .. [Dorylus] column as quickly as the dense clusters vanished
intoits mouth.”’ Patrizi (1946) estimated that among the stomach contents of
a female aardvark there were in excess of 100,000 individuals of D. (D.) hel-
volus. That these individuals were taken in all stages of development indicated
that the aardvark probably plundered the Dorylus nest. Dorylus workers (of a
non-Anomma species) have even been found in fecal samples of the aardwolf,
Proteles cristatus, who normally is a termite feeder (Kruuk and Sands, 1972).
Nodoubt aneven greater list of army ant predators cculd be assembled for the
New World species.

Perhaps the most interesting of all army ant predators, at least from the
standpoint of the predator’s behavior, is the chimpanzee. Goodall (1963)
first described the use by east African chimpanzees of modified sticks in
harvesting driver ants, a tool-using behavior referred to by McGrew (1974)
as ‘‘ant dipping.”’ Van Lawick-Goodall (1968) noted that chimpanzees at
Gombe Stream Reserve in Tanzania frequently eat Anomma driver ants in
January and occasionally do during September through November and
February through May. Chimpanzees apparently find the driver ants visually,
either by seeing the moving columns of workers or by recognizing the earthen
works of the nest. In ant dipping the chimpanzee fashions a tool from living,
woody vegetation, inserts the slender end of this stick into the Anomma nest,
and waits until the workers swarm about three-quarters of the way up the stick
(Fig. 14). At this point, it withdraws the stick and holds it in a vertical position
with the distal end just below the mouth. The chimpanzee then slides its free
hand up the stick, catching the ants in a mass the size of a ‘‘hen’s egg’’ and
shoves this mass into its mouth. ‘‘The chimpanzee's mouth closes and the
jaws gnash frantically and exaggeratedly, audibly crushing the ants between
the teeth’’ (McGrew, 1974). Driver ants seem to constitute an important pro-
tein source for chimpanzees, probably second only tc termites for the females
(McGrew, 1974).

VII. PHYLOGENY OF ARMY ANTS

A. Zoogeography

There are approximately 127 species of New World army ants arrayed
among five genera. Five of the species belong to the monogeneric tribe Chelio-
myrmecini, the remainder to the Ecitonini (Watkins, 1976). Because many of
the species are based on descriptions of unassociated phena, the actual num-
ber of species may be considerably lower. Cheliomyrmex has a much more
restricted distribution than the ecitonine genera and is decidedly more tropi-
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cal. Cheliomyrmex morosus occurs as far north as San Luis Potosi, Mexico
and C. audas as far south as La Paz, Bolivia (Watkins, 1976). Even though the
workers of Cheliomyrmex are hypogaeic and behaviorly cryptic, the malesare
taken commonly enough at light to suggest that the range of the genus is truly
restricted and not just a collecting artifact.

Some ecitonine species are wide ranging while others are severely restricted
in distribution. Labidus coecus, for example, is found from Argentina to
Oklahoma, whereas Neivamyrmex baylori is known only from Texas. La-
bidus coecus and some species of Neivamyrmex, including N. nigrescens,
quite clearly are adapted in parts of their ranges to temperate climates.
Neivamyrmex species extend to 40° latitude on either side of the equator, and
N. nigrescens, for instance, has been collected in Iowa, Illinois, and West
Virginia, all areas that are subjected to harsh winters. Curiously, N. ni-
grescens is the only group A doryline that maintains“a subterranean nest
throughout its functional cycle, and this may, in fact, be a secondary adapta-
tion to temperate conditions.

The Old World tribe Aenictini is represented by 34 species in the Indo-
Australian region and by approximately 15 species in Africa (Wilson, 1964).
Continental Asian species are known from India, Thailand, Burma, Malaya,
Sumatra, and southern China. Aenictusis also found in Australia (New South
Wales and Queensland) and on such islands as the Philippines, Ceylon, New
Guinea, Borneo, Java, Aru, and Taiwan (Wilson, 1964). A single specimen of
Aenictus has been collected on Iriomote in the Ryukyu Islands (Onoyama,
1976). Although Aenictus ranges through the Middle East into Africa, the
two populations do not appear to share any species. As noted by Wheeler
(1930), Asian and African Aenictus queens differ from one another in a
number of significant morphological details. Menozzi (1936) collected a
previously undescribed species of Aenictus on the Mediterranean island of
Rhodes and believed it to have certain affinities with the Indo-Australian
species. In Africa, except for the most arid of areas, Aenictus is rather ubi-
quitous, although it is infrequently collected and does not exhibit the diversity
apparent in Asia. It is not found on Madagascar, nor for that matter is Dory-
lus.

The Dorylini are well established in Africa withabout 50 species, but poorly
represented in Asia by only four species (Wilson, 1964; Gotwald, 1979). The
Asian forms include two species of Alaopone, one of Typhlopone, and one of
the endemic subgenus Dichthadia. Three subgenera, Anomma, Dorylus, and
Rhogmus, are endemic to Africa and not present in Asia. Conversely, Dich-
thadia has not dispersed toward the African continent. The Asian species
range, on the continent, from Nepal and India to southern China. As far as it
can be ascertained D. (Dichthadia) laevigatus is the only species recorded
from Java, Borneo, and the Celebes. Although all five of the Dorylus sub-
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genera in Africa are widespread, Anomma is least successful in xeric and cool
habitats. Driver ants, therefore, are not found in northern Africa or South
Africa. Asin Aenictus, Dorylus appears continuous in distribution across the
Middle East, connecting African and Asian populations but without these
populations sharing any species. Surely the Middle East should be carefully
searched for evidence of sympatry between Asian and African forms. Donis-
thorpe (1950) reported the African species D. (D.) affinis from Turkey, and
Wilson (1964) expressed misgivings about maintaining D. (Typhlopone)
labiatus, a species from India, as separate from D. (7.) fulvus of North
Africa.

B. Origin of Army Ants

1. Phylogenetic Scenarios and Hypoiheses

Wilson (1958a) formulated an hypothesis for the origin of army ant behav-
ior in terms of major adaptive steps. First, he proposed that group predation
arose because it permitted feeding on large arthropods and on other social in-
sects; second, that nomadism developed concurrently with or shortly after
group predation to permit shifting of the trophophoric field; third, that prey
preference was secondarily expanded to include smaller nonsocial insects and
arthropods, making general predators of at least some species; and, fourth,
that further refinements in nomadic and group predatory behavior permitted .
large colony size.

However, even if this scenario is accurate, the question must still be posed:
From what group or groups of ants did the army ants arise? Throughout the
literature, the cerapachyines are most often regarded to be somehow an-
cestrally related to the army ants. Emery (1895, 1901, 1904) presumed that the
cerapachyines linked the army ants to the Ponerinae. Initially, Emery (1895)
even placed the cerapachyines as a tribe within the Dorylinae and was most
impressed with the fact that the males of both groups have retractile genitalia.
Later he relented, most likely falling sway to the arguments of Forel (e.g.,
1901) and placed the cerapachyines in the section Prodorylinae of the
Ponerinae. Wheeler (1902, 1920) discussed the affinities of the cerapachyines
and was inclined to regard them as ponerines, while admitting to their army
ant characteristics, especially in the larvae. Although Brown (1954) refused to
accept a cerapachyine origin for the army ants in his review of ant phylogeny,
he most recently (1975) admitted that ‘‘Emery’s notion that the Cerapachyini
gave rise to the Dorylinae may have something to it still.”” However, he specu-
lated that, because the army ants might be polyphyletic, ‘“Eciton and relatives
in the New World and/or Aerictus in the Old World arose separately from
cerapachyines through the genus Acanthostichus,”” a genus that Brown
(1954) considered aberrant and on which he felt too much emphasis had been
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placed because of this group’s dichthadiiform queens. Pullen (1963) pro-
posed that the army ants “‘passed through an intermediate termitophagous
condition characteristic of some modern Ponerinae’’ and was convinced that
the army ants were ‘‘amongst the first ants to exploit termites for food on a
large scale.”’ If the army ants are triphyletic, as is suggested in further discus-
sion, then should one look to the cerapachyines as ancestral candidates for all
three groups? If indeed diet provides clues to these phylogenetic relationships
as Pullen would have one believe, then it should be noted that the tribe
Cerapachyini, which is strongly developed in the Old World, raid the nests of
other ants, while the Cylindromyrmecini and Acanthostichini {[now regarded
as distinct ponerine tribes and not cerapachyines by Brown (1975)], which are
endemic to the New World, are termite predators. The myth persists, in the
absence of quantitative, corroborative evidence, that termitophagy is pre-
valent among the army ants. To be sure, termites do constitute an important
prey item for some hypogaeic species, but it may be misleading to make too
much of this in phylogenetic interpretations.

The study of dorylophilous faunas, especially the Staphylinidae, may pro-
vide at least circumstantial evidence bearing on the phylogenetic relationship
of the army ants. Seevers (1965), forinstance, maintained that the pantropical
staphylinid tribe Dorylomimini is monophyletic. If his conclusion were true, a
strong case for monophyly in the army ants could also be argued. However,
Seevers revealed his uncertainty by admitting that if it could be demonstrated
conclusively that the army ants are polyphyletic, then retention of the Dory-
lomimini as a monophyletic group would be “‘indefensible.’” Kistner (1972)
proposed, based on the relationship of Old and New World myrmecophilous
staphylinids, that Neivamyrmex and Aenictus may share a common ancestry.

Wheeler (1928) supposed that the army ants were monophyletic, believing
that Cheliomyrmex, with its uninodal waist, linked the New and Old World
faunas. Schneirla (1971) felt strongly that the ‘‘concept of a monophyletic
origin best fits available functional and behavioral evidence.’’ Above all, he
was convinced that the phasic behavior of the group A dorylines could be
homologized with the cyclic activities of the group B species. Because Old
World doryline workers and queens lack eyes, Schneirta (1971) hypothesized
that the .ancestors of Aenictus and Dorylus were subjected to harsh surface
conditions and were ‘“forced’’ to adopt a hypogacic lifestyle. Retention of re-
duced eyes in the workers and queens of most New World forms indicated, ac-
cording to Schneirla, that the ancestors of the New World forms separated
early from Aenictus-like stock in Asia and dispersed to the New World over
the northern route, which he assumed to be tropical at the end of the
Cretaceous. His evolutionary scenario implies a common origin for the army
ants in Laurasia.

However, even Borgmeier (1955) doubted that the Old and New World
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forms were closely related, and in a personal communication to Seevers
(1965), he admitted to believing that the two groups arose independently.
Brown (1954) too professed that the army ants possibly were diphyletic, and
Gotwald (1969) noted that mouthpart morphology could be used to support a
triphyletic hypothesis. Gotwald and Kupiec (1975) stated that geographic,
morphological, and behavioral evidence indicates a triphyletic origin and that
the three lineages composing the Dorylinae are the (1) Ecitonini~Cheliomyr-
mecini, (2) Dorylini, and (3) Aenictini. They proposed, contrary to Schneir-
1a’s hypothesis, that the two New World tribes arose from a common ancestor
that possessed a one-segmented waist; that the Ecitonini and Cheliomyr-
mecini diverged from one another quite early, and that the genus Cheliomyr-
mex retained the primitive, uninodal waist, while the ecitonines indepen-
dently evolved a two-segmented waist.

2. The Fossil Record

Doryline army ants are completely absent from the fossil record. Although
some ant genera in the Florissant Shales show Neotropical affinities and sug-
gest that the Nearctic fauna was once rich in genera now restricted to the neo-
tropics, army ants are not among them (Carpenter, 1930). The Baltic Amber
contains a diverse ant fauna of which 56% of the genera represented are ex-
tant. Wheeler (1914) noted the absence of dorylines from the amber and hy-
pothesized that they were either restricted to the tropics during the Oligocene
or were so hypogaeic as to preclude their entrapment in resin. One can only
speculate about the time of origin for the army ants.

Until the discovery of the Mesozoic ant Sphecomyrma freyi, the earliest
known ant fossils were of Eocene age (Carpenter, 1929). Found in the amber
of the Magothy Formation, S. freyi can be dated with reasonable certainty to
the lower part of the Upper Cretaceous. Thus sociality probably developed in
the ants prior to the mid-Cretaceous, although Wilson er al. (1967a,b) con-
cluded that social life in the Hymenoptera in general might not be much older
than S. freyiitself. Gotwald (1977, 1979) concluded that the primitive nature
of Sphecomyrma and the diversity of the Oligocene ant fauna suggest a late
Cretaceous or early Tertiary (and perhaps even later) origin for the doryline
ants. Schneirla (1971) was of a similar opinion. Because the two Old World
tribes have distinct endemic elements in Asia and Africa, Wilson (1964) pro-
posed that this faunal differentiation occurred since Miocene times.

3. Plate Tectonics

The biogeography of some organisms can be explained, in part, as a conse-
quence of continental drift. In turn, phylogenetic information can sometimes
be gleaned fromthe geological data. For instance, plate tectonics can often ac-
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count for the distribution of tropical disjuncts, i.e., tropicopolitan organisms
that are related but are now separated by oceanic barriers (Keast, 1972).

According to continental drift theory, today’'s continents once formed a
single land mass, Pangaea. By the late Triassic to mid-Jurassic, Pangaea
began to split into a northern cluster of continents called Laurasia and a
southern cluster called Gondwana (Dietz and Holden, 1970). The clusters, in
turn, fragmented to form the northern and southern continents. By the end of
the Cretaceous, Africa and South America were well separated and the South
Atlantic Ocean had widened to 3000 km. In fact, at the conclusion of the Cre-
taceous, the three tropical areas in which true army ants are currently dis-
tributed were all separated by substantial ocean barriers.

Although true army ants superficially resemble tropical disjuncts, faunal
exchange between Asia and Africa has occurred in relatively recent times so
that there are some shared species groups. Since army ants are notoriously
poor dispersers, mainly because the queen is apterous and new colonies are
produced by colony fission, and since they most likely arose following the
breakup of Gondwana and Laurasia, Gotwald (1977, 1979) postulated that
thearmy ants are indeed triphyletic. In other words, the probability islow that
the army ants dispersed from a single place of origin across significant oce-
anic barriers. As Brown (1973) noted in his zoogeographical analysis of Hy-
lean and West African ant faunas, the Atlantic Ocean has been a ‘‘formidable
barrier’’ to even those genera that most likely could have rafted across it. Less
formidable is the barrier between the Ethiopian and Oriental regions.
Although separated during much of the Mesozoic and Tertiary by the pre-
Mediterranean Tethys Sea (Cooke, 1972), and now extensive xeric habitats,
there is a great deal of sharing of species groups between the regions (Brown,
1973). These are patterns to which the army ants also conform.

Gotwald (1979) pointed out that land bridges connecting the continents
periodically since the end of the Cretaceous cannot explain the current distri-
bution of army ants. Even the North Pacific bridge, which sometimes permit-
ted intense faunal exchange of a variety of taxa and which Schnerila (1971)
favored as a dispersal route overwhich the progenitors of the New World
army ants dispersed from Asia, can probably be ruled out as playing a role in
army ant dispersal. Indeed, Darlington (1957) noted that the groups ex-
changed across this bridge probably belonged to cool environments; it was
not a tropical route as Schneirla (1971) supposed.

Thus Gotwald (1979) concluded the geological data indicated that (1) the
army ants arose convergently on three separate occasions in three separate
tropical loci, (2) the genus Aenictus arose in tropical Laurasia, possibly in the
early Tertiary, and dispersed into Africa between the late Oligocene and late
Pliocene, (3) Dorylus evolved in Africa during the early Tertiary but did not
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disperse into Asia until late in the Tertiary or even in Quaternary time, and
(4) the ecitonines and Cheliomyrmex arose from a common ancestor in
tropical South America, they underwent extensive diversification during a
long period of geographic isolation, and they did not disperse into North
America until the end of the Tertiary.

4. Polyphylogeny and the Ascendancy of the
Army Ant Adaptive Syndrome

The true army ants may yet become a classic example of what convergent
evolution can accomplish. Morphological, behavioral, and zoogeographical
evidence point to a triphyletic origin for the army ants, but perhaps even more
importantly a number of ponerine species can be judged as being or becoming
army ants. Leptogenys and Simopelta are but two such genera containing
some species that not only behave as army ants but show as wella concomitant
morphological convergence toward the army ant habitus. In Simopelta
oculata, for instance, the queen is dichthadiiform and the workers do not
possess a furcula, the sting sclerite characteristically absent in the army ants.
All of this means that army ant behavior must have arisen independently a
minimum of seven times (Wilson, 1958a). Although it remains convenient to
refer to the army ants as a single group, particularly when comparing them to
other ants, it is not phylogenetically accurate. In fact, some investigators
(e.g., Brown, 1973; Chadab and Rettenmeyer, 1975) have begun referring to
the ecitonines as a separate subfamily, Ecitoninae, and Snelling (1981) has
formally proposed this change in taxonomic status.

Clearly, army ant behavior in tropical environments confers considerable
selective advantage on species that ‘‘earn’’ their living in this way. Army ants
are exceedingly successful organisms and selective pressures for at least some
ant species to evolve toward the army ant adaptive syndrome must be sig-
nificant. In particular, ground stratum ants of the subfamily Ponerinae, ants
that are committed predators and have not yet developed an obligatory
““thirst’’ for plant liquids (especially via Homoptera), appear ready to become
army ants where circumstances dictate. No doubt, the advantage in being an
army ant lies in a qualitative and quantitative expansion of the diet. Army ants
have access to a wide range of prey not available to the solitary forager.

C. Army Ant Role in Tropical Ecosysterns:
Some Reflections

Army ants cannot be dismissed merely as bizarre, albeit interesting, tropical
creatures whose greatest claim is to have inspired breathtaking, fictionalized
accounts of fearsome, ravaging hexapods on the loose. Instead, they must be
accorded their very special place in tropical ecosystems. They constitute a
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dominate form of tropical life. Their predatory effect on the total biomass
cannot be overestimated for their numbers are prodigeous. A host of other or-
ganisms have coevolved with the army ants, inquilines and followers alike, all
bound upin the delicate fabric of tropical life. Army ants are the evolutionary
center of a coevolved system that, when fully understood, may be dazzling
because of its complexity and its omnipresence in tropical habitats. There are
few tropical animals that are not affected, either directly or indirectly, by
army ants. '

Army ants also assume an aesthetic place in tropical life and should be
valued, along with all other tropical organisms, for their diversity and for the
lessons in biology they have to teach. This aestheticism of living things (and
the shared concern of scientists for the practical problems produced by a
reduction in species diversity) must be translated into tangible efforts to halt
the accelerating destruction of tropical habitats, before army ants and
myriads of other tropical organisms become but a wistful memory in our col-
lective conscience.
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