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Figure 1. Exiremes in size variation
among Pheidologeton diversus work-
ers. The large major shown here
probably has a dry weight 500 times
that of each minor worker riding on
its body. (~ % 17.5)
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Division of Labor and
Diet in the Extremely
Polymorphic Ant
Pheidologeton diversus

Pheidologeton diversus shows the greatest worker size variation re-
corded for any ant: workers from the same nest vary a full tenfold in
head width and over 500-fold in dry weight. This paper documents the
complex division of labor in raiding, food harvesting, trail construc-
tion, and defensive behaviors associated with this polymorphism. Four
Physical castes are distinguished: minors, nonreplete medias (which
aid minors in the construction of soil covers on trails, excavation, and
food transport), nonreplete majors (which “tamp” trail covers and
hoist trail obstructions with their heads), repletes (medias and majors
with expanded crops, which normally stay in the nest). In addition,
three temporal castes of minors occur (as well as wounded individ-
uals); additional temporal castes will probably be discovered. Minor
workers are both small and very numerous, and, being relatively ex-
pendable, attend to most tasks involving a high risk of mortality (such
as pinning down prey). Many tasks (such as tearing up prey) are at-
tended to by a broad range of worker sizes, with the size of the workers
varying according to the characteristics of the object attended to. This
behavioral flexibility on the partof P. diversus workers, along with the
flexible foraging pattern in this species, apparently explains the success
of P. diversus in exploiting diverse foods: common foods include small
and large prey, many kinds of seeds (some collected directly from fruit-

ing plants), and massive fruits and carcasses.

Division of labor is one of the hallmarks of the ants. Within ant colonies
liabor is often divided between worker age- and size-classes (represent-
ing “temporal castes” and “physical castes,” respectively). The extent to
which physical caste systems are developed appears to be correlated
with the complexity of social organization (Oster & Wilson 1978). This
suggests that species with the most extreme forms of worker polymor-
phism could rank among the pinnacles of ant social evolution. Surpris-
ingly, of about 300 ant genera (Snelling 1981) only Atta, Eciton,
Daceton, and Pheidologeton include species with more than two physi-
cal castes (Oster & Wilson 1978); in these ants, workers are referred to
as minors, medias, and majors on the basis of size. Division of labor has
been studied in three genera from this select group (Franks 1985; Silva
1972; Wilson 1962, 1980), all of which are known for their intricate SO-
cial architectures. This paper describes worker behavior in a species of
the fourth genus, Pheido logeton diversus, and emphasizes division of la-

bor during foraging. In connection with this, the remarkable diet of this
species is considered in detail for the first time.
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P. diversus is a member of the largest of the major taxonomic groups
of ants, the subfamily Myrmicinae. P. diversus is widespread in tropical
Asia (see Moffett 1986). The complexity of social organization in Phei-
dologeton has been borne out by studies of foraging in this species (Mof-
fett 1984). The ants build stable, 5- to 100-m-long routes called trunk
trails. Workers search for food in groups, and hence in this respect are
convergent with army ants (Dorylinae and Ecitoninae). Columns of ants
advance from the nest or out from a trail and then retreat; food is taken
during the advance. Some of these “column raids” expand into fan-
shaped “swarm raids” typically 2 to 3 m wide, sometimes containing

tens of thousands of ants.

Methods

Data were collected in 1500 hours of field observations on P. diversus at
both disturbed and undisturbed sites in southern Asia (India, Malaysia,
Singapore, Thailand, Indonesia, and the Philippines). Polyethism (divi-
sion of labor) studies centered on colony 65—-82 at the Singapore Botani-
cal Gardens, here referred to as the experimental colony.

The size (head width, a widely used measure of ant size) of all non-
minors (medias plus majors) was estimated to the nearest 0.2 mm by vi-
sually comparing workers with a series of precisely measured ants glued
to a card. Tests of the author’s accuracy with this method showed that er-
rors as large as 0.4 mm were possible for large majors, but it is clear that
all tasks were performed by a much broader range of worker sizes than
this. Size was estimated for workers that crossed a point on the trunk
trail of the experimental colony over about 14 hours during a four-day
period. The resulting sample of 2000 ants was used as an estimate of the
relative frequency of different nonminor size classes outside the nest. At
the same time and continuing for eight days afterward, nonminors en-
gaging in 11 exterior activities were censused to produce polyethism
curves. The relative abundance of minors and nonminors in selected ex-
terior activities was compared with the proportion of ants on the trunk
trail that were nonminors (Table 1).

Table 1. Percentage of P. diversus Workers Engaged in Various Tasks

Task n Nonminors (%)
1. Control sample (walking on trunk trail) 12512 1.81
2. Enter raid 1000 1.50
3. At raid front 350 0.29, p <0.05
4. Attack prey 362 6.08, p <0.001
5. Harvest from grass plants 446 8.07, p <0.001
6. Drink sugar-water bait 500 6.40, p <0.001
7. Drink vegetable-oil bait 378 4.76, p <0.001
8. Gnaw prawn bait 292 3.42, p <0.05
9. Carry solid-food burdens on trunk trail 1994 0.90, p <0.01
10. Attack author’s finger on trunk trail 352 0.85

Differences from control sample were evaluated using x* test.

Worker Polymorphism

By atleast one criterion — the range of worker sizes found in a colony —
P. diversus is perhaps the most polymorphic of all ant species. Workers
vary a full tenfold in head width (Figure 1), and the largest nonrepletes
have dry weights over 500 times greater than the smallest. In compari-
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son, the range in head widths only approaches fourfold in Daceton ar-
migerum (Wilson 1962); fivefold in Eciton burchelli (Franks 1985, Silva
1972); and about eightfold (with a 100-fold range in dry weights) in Atta
cephalotes (Wilson 1983; personal communication), to name only the
most polymorphic species in each genus.

Worker samples from Singapore nests showed at least a trimodal size-
frequency distribution. Minors formed a distinct physical caste. For ex-
ample, in a sample of 7185 ants from one excavated nest, minors ranged
from 0.56 to 0.68 mm in head width, with a gap in the frequency distri-
bution separating the largest minor from the smallest media (head
width, 1.14 mm). Nonminors formed 3.9% of the sample, but this prob-
ably was an overestimate (e.g., nonminors represented just 0.45% of
workers in a more completely collected Thailand colony). The size dis-
tribution for nonminors in the Singapore colony is given in Figure 2 (see
also Baroni Urbani & Kutter 1979). Peaks in this and other Singapore
colony samples occurred at head widths of 1.4 to 1.8 mm and 2.8 to 3.2
mm; ants with head widths of 4.6 to 5.4 mm may represent another peak
(as also suggested by samples from some other colonies). Ants with
head widths of 2.6 mm or less will be referred to as media workers in the
text; larger ants are majors.

Replete workers have grossly enlarged gasters due to considerable
distention of the crop with an edible oil; they can readily be distin-
guished from other workers that have temporarily filled their much
smaller crops to repletion after drinking liquids outside the nest. Replete
castes occur in certain other ants (Wilson 1971), and their crop contents
serve as a reserve food supply. P. diversus repletes occur in all media
and major size classes (Figure 2), but are not found among minors.

5%'?% repletion unknown
60| ' nonreplete
we g partially replete.
replete

REEE=e bl S e U Mien J"'{ ‘414

Worker Location — Trails and Raids
The size distribution of workers on trunk trails differs most notably from
the distribution within the nest in the relative rarity of major workers
(compare Figure 2 with Figure 3A) and the complete absence of replete
workers. The proportion of nonminors on trails that are major workers

can vary from about 0.5 to 4%.

P. diversus workers discover food in the course of raid advance (Mof-
fett 1984). Data for ants entering swarm raids indicate that nonminors of
all sizes are involved in raids (Figure 3B). The proportion of workers en-
tering raids that are nonminors is likewise no different from that on the
trunk trail (Table 1, no. 2). However, while a broad range of nonminor
workers is also found within about 5 cm of the advancing raid front (Fig-
ure 3D), these ants are relatively rare at raid fronts compared with minor

DIVISION OF LABOR IN ANTS

Figure 2. Nonminor worker size-

distribution in Pheidologeton diver-

sus colony no. 50-82, based on a
sample of 278 nonminors. Repletes

made up 46% of the ants that were

collected with intact gasters; here

they are categorized as fully replete

or partially replete (those with mod-

erately enlarged gasters).
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workers (Table 1, no. 3). Apparently many of the larger ants become in-
volved in harvesting foods found farther back within the raid before they
can advance to the raid front.

Harvesting Food

Overview of the Diet

A sample of 200 food burdens was collected from the trunk trail of the
experimental colony by taking the first food item to be carried past a set
point along the trail at the end of five- or 10-minute intervals. (Food was
not sampled more often because taking food often evoked a defensive re-
action, disrupting food traffic for one or more minutes.) Results indicate
that while small items were most numerous, larger burdens formed a
very significant part of the biomass collected (Figure 4). Large burdens
were more important than these data indicate, since burc%en‘s V\‘flth adry
weight exceeding 75 mg were completely lacking from this limited sam-
ple. Indeed, burdens of at least 200 mg, estimated to make up 0.1% of the
items carried, could easily have accounted for a quarter of all food bio-
mass. Some items (such as many prey) were dissected by the ants for
transport, further biasing the sampled size distribution toward smaller
foods than were actually collected at the raid front.

NUMBER OF BURDENS |

plant-—
material
animal
material

In the experimental colony 43.5% of the iterps carried, and at least
60% of the total dry weight, was animal material. Samplgs taken from
other Southeast Asian localities indicate that animal l_naterla_l can repre-
sent anywhere between 10% and 70% of burden wglght. Middens usu-
ally consist mostly of plant material, anfi it is likely that a greater
proportion of the animal matter collected is actpally consumed.

This colony is estimated to have been taking in about 1800 items per
hour or about 22 g (dry weight) of food a day; the rate probab.ly can
reach at least twice this. Clearly the ants are caPable of harvesting far
greater quantities of food when conditions pe_rnyt: a 300-g pile of seeds
from a canary food mix can be carried off within eight bours. ‘

Crop contents represent additional food not.samp.led in these experi-
ments. All ants will imbibe liquids from moist animal and. vegetal?le
sources. The amount of food transported in worker crops varies consid-
erably, depending on the foods collected.

Predation

A broad spectrum of terrestrial invertebrates was captured live. Relative
abundance of groups represented in food samples from th('e .trunl.ﬁ trails
of four Singapore colonies was typical for most localities: insects
(30.5%), annelids (22.7% ), gastropods (16.2%), isopods (6.4% ), inver-
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WEIGHT OF BURDENS

Figure 4. Proportions of food bur-
dens in different size-classes, based
on a random sample of 200 burdens
carried to the nest of colony no. 65—
82. For comparison, minors, which
carry almost all burdens, have an
average dry weight of 0.1 mg.

Figure 3. Polyethism curves for Phei-
dologeton diversus media and major
workers: size-frequency distributions
of nonminors engaged in various ex-
tranidal activities. Worker sizes esti-
mated to nearest 0.2 mm. Sample
sizes (N) are given for each task. The
proportion of majors (head width

= 2.8 mun) differs significantly from
the control sample (A) in graphs G, E,
and K (p < 0.05, x* test); in addition,
majors participate in the lasks
shown in H, I, J, and L less frequently
than expected by chance.
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Figure 5. Prey attack in Pheidologe-
ton diversus: lefl, minor workers at-
templing to pin down a large termite
soldier at the raid front (note that
the soldier has killed two minors)
(~X16); right, a major arrives and
crushes the soldier’s head (= e 1)
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tebrate eggs of all kinds (6.2% ), chilopods (4.8% ), amphipods (3.1% ),
and arachnids (2.8%); the remaining 7.3% could not be identified or as-
signed to one of these groups (total, 457 items).

The author has records of P. diversus finding and killing representa-
tives of 21 insect orders (including adult forms in all orders listed except
Trichoptera): Collembola, Diplura, Thysanura, Ephemeroptera, Odon-
ata, Dermaptera, Mantodea, Orthoptera, Blattodea, Isoptera, Plecop-
tera, Psocoptera, Zoraptera, Hemiptera, Homoptera, Diptera, Neur-
optera, Coleoptera, Trichoptera, Lepidoptera, and Hymenoptera. Most
common were the Orthoptera and Blattodea, and larvae and pupae Qf
Diptera and Lepidoptera. Arachnid prey were usually free-roaming spi-
ders such as lycosids, salticids, and mygalomorphs, as well as mites,
scorpions, and spider eggs.

Vertebrates were rarely captured. While observing a swarm raid at
night in India, frogs (Ranidae) came to a light and often Jumped into the
raid. One of thege (snout-to-vent length, 3 cm) was killed after it became
entangled in twigs within the raid. In Sulawesi ants were observed feed-
ingona frog almost as large, but whether they killed it is not known. On
several occasions workers were seen transporting freshly killed geckos
(snout-to-vent length, 1.5 t0 2.5 cm). Lizard eggs were also taken.

Prey Selection

The prey sample data suggest that workers attack virtually anything
within their reach. Observations of prey capture generally support this
view. Sometimes workers are kept at bay by invertebrates with chemical
defenses (e.g., some Hemiptera, Coleoptera, and Diplopoda, which
nonetheless are occasionally captured). Also, ant workers are seldom
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killed during raids. Termite foragers are sometimes taken in numbers,
yet nasutes and other soldiers can deter attacks (e.g., Forel 1921-1923).
However, intact social insect nests are never raided for booty.

Immobility provides no protection from attack (although active quar-
ry are attacked with increased vigor), in contrast to prey (_iefenses against
ecitonine army ants (Schneirla 1971). A potential victim has the best
chance of surviving if it quickly rushes out of the rald,_ since the ants will
follow prey only a few centimeters beyond current raid borders. Escape
is more likely for column raids than swarm raids because prey can more
easily extricate themselves from the smaller raided area. Thus column
raids seldom take agile prey like crickets and roaches. .

Even in swarm raids the majority of invertebrates avoid capture. For
example, roaches and centipedes often rush ahead of the ants each time
a raid front reaches them. These insects can be driven ahead of a swarm
raid for an hour or longer, before (in some cases) they are .eventually
captured. Prey that run, leap, or fly greater distances after a disturbance
are more likely to escape capture initially and completely avm@ the path
of the raid thereafter. The most vulnerable prey are slow-moving snails,
earthworms, and insect larvae.

Prey Capture

Prey about as large as a minor worker (notably small m'ites and collem-
bola) can be captured by single minors. Larger prey are invariably taken
by groups of workers acting in concert, For example, hundreds of work-
ers can successfully bring down scolopendromorph centipedes or Pher-
etima earthworms as long as 10 cm, even though these prey thrash about
wildly during capture.

DIVISION OF LABOR IN ANTS



Figure 6. Workers tear young from
the back of a mother scorpion they
have pinned to the ground. (~ X 11)
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Agile minor workers rush toward quarry at the raid front. Prey that ei-
ther move slowly or blunder deeper into the raided area are soon cov-
ered with these ants, which pile on until (if successful) their victims are
pinned to the ground (Figure 5, left). Medias and majors — generally
too slow and clumsy to participate in bringing down prey — then reach
the victim and bite it repeatedly, often while moving up and down its
body (Figures 5, right & 6). The ants are particularly attracted to mobile
parts of the prey, so that the prey’s legs (and other appendages) are soon
torn or chopped off. Even geckos and large centipedes often have every
limb removed. With their limbs gone most prey are rendered immobile
and can be transported out of the raid with ease.

The majority of ant species either kill or paralyze their prey (Masch-
witz et al. 1979). However, P. diversus workers do not sting, and their
prey are incapacitated entirely by damage inflicted with the mandibles.
As a result many large or hard-bodied prey remain alive following cap-
ture. For example, large earthworms sometimes stru ggle violently while
being carried by worker groups. Also, most cockroach, cricket, and cen-
tipede booty continue to show mouthpart activity for one or more days
after being removed from trails during transport to the nest.

Workers of all sizes aid in prey dismemberment (Figure 3F), but non-
minors are disproporﬁonately abundant (Table 1, no. 4). Small prey are
usually handled with about equal effectiveness by either medias o ma-
Jjors. In contrast, a range of worker sizes appears to be needed to handle
most large prey: majors are more successful at removing massive limbs
and crushing the trunks of large prey, while medias and minors reach
into tight corners and gnaw off smaller or less accessible limbs, Given
that majors are rare, this difference in capability suggests that majors
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should selectively attack larger prey, while medias should net be selec-
tive. Yet all ants attack prey irrespective of its size. Nonetheless majors
tend to be relatively common at large prey, since the greater time re-
quired to dispatch large prey allows majors to accumulate at the prey
over a longer period. In contrast, small prey are often subdued by medi-
as before larger workers arrive.

Harvesting Seeds

P. diversus workers collected a variety of seeds, which formed the bulk
of the plant material in their diet. For example, within a 0.2-ha study site
in the Philippines, Oquias (1982) identified seeds of 29 grassland and
secondary forest species from nests and trails of P. diversus. These in-
cluded 29 genera in three monocot and 10 dicot families. However,
seeds were not collected indiscriminately. Oquias (1982) found that al-
though aguingay (Rottboellia exaltata) seeds were consistently avail-
able throughout the rainy season, P. diversus switched to other seed
species when they became available. Colonies observed in the present
study harvested massive seed baits vigorously at first, but after repeated
feedings the ants became much slower at removing seeds and they often
abandoned the baits.

P. diversus take many seeds from the ground where they fall, but they
collect others directly from plants. Commonly harvested Singapore
plants include the grasses Axonopus compressus and Paspalum conju-
gatum and the sedge Cyperus kyllingia. The ants climb up stalks of fruit-
ing grass but rarely ascend adjacent vegetation to the same height; this
suggests that the ants recognize these food sources. Minors are the first
ants to climb the stalks; but as time passes, medias and small majors
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Figure 7. A media worker of Pheido-
logeton diversus extracts a seed from

a fruiting grass stalk. (~ % 16)
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Figure 8. Pheidologeton diversyg
workers transport an earthworm
back to the nest entire. (~ x 0.8)
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(Figure 3G) Join the minors and eventually become dlSPI‘}())Pto;l ?:irrlle fﬁ}_l
abundant (Table 1, no. 5). Minors gnaw and pull on seeds le:ll ki -
cient at freeing them from the stalks, while nonmlr_lors ui‘uﬂqeyspikele H
in pulling out seeds (or rarely chopping free sections C; ol i
within a few seconds (Figure 7). Often minc?r workers in terd sI;edS; e
before the larger ants can leave the stalks with the l:laI'VeS % forrited o8
result medias often remain on stalks for long per‘vlfgls (10 m

ore) to pull out seeds which the minors carry a . a
mWo)rkeIg of all sizes c,an mill seeds (i.e., chop open seeds so (t)}rlléli; flz_
contents can be eaten). For example, in India, workelrs CorSnlrIIlle ek
moved seeds from the composite Ageratum conpzoides. OGrOUPS .-
were carried down the stalks, but most fell from the plants.und sl
workers of all sizes gathered to mill the fallen seeds on the g‘i‘o e e
the plants. In contrast, in the Malay Peninsula, seeds were a Hcime el
ably milled only after being carried to the nest. Howe\'/er, ES) 62). Minor
thrown out into the midden entire, can germinate (Oquias 11 lallge —
workers can mill only small, delicate seeds; presumably only
jors successfully mill the toughest seeds.

Harvesting Bulky Foods

Massive items such as carcasses and fruits can be harvested OVS:isk;I:‘g
periods of time. Palm nuts, bananas, figs, potatoes, a_nd ((:iaca(; 1}t) sail O
among the many items consumed. Minors and medias epoover i
large moist foods (Figure 3H) and often build soil COYC{S i1s). Covers
(much as described for the construction of soil covers over tr 3; d rams.
can be as much as 27 cm in diameter and weigh several hunf ed (gwhich
Often covers consist of two layers, an inner shell next to F}-lef %?i) and an
the ants apparently climb on as scaffolding to reach m(ﬁ_ﬁtho Cotects the
outer shell separated from the first by a narrow gap (which p es can be
ants from disturbance). Fruits and the softer tissue ﬁ‘om_COT If’s s
torn up for transport to the nest, but workers often drink fro
foods on the spot. in
Large amotf)nts of bait in the form of sugar water, vegetable ggicr)rljflzﬁ
oil, and fresh prawns were placed near the trunk trail of -the.exgrﬁona te
tal colony to simulate food bonanzas. These aﬁract(_fd adispr Og ange of
number of nonminors (Table 1, no. 6-8), including a bro:a s i
medias that drank from them or (in the case of the prawns) aided in
ing them apart (Fj re 3, L). st re-
gI‘he antszome(zﬁrg:s eagthe outer, living layers of tree b?ll‘k (:"‘S fei; f;l;fy
ported by Pham [1924]) or bamboo shoots, When they fee'd IE‘P ainacd
on certain trees, the surface of the bark can be scarred. ManI steh s
bits of these plant Mmaterials and rotate them between their mou tIs) i
and foretarsi. Since fhe pieces shrink during this process the anai d at
probably extracting their liquid contents, Nonminors of all SIZ(ES £y
tearing the plant surfaces, Such plant tissues are usually hal"es; it
ing periods when relatively little other food is taken, Workers aba
bark when meat or a pile of seeds is provided.

Other Foods

. . 5 . ated
Occasionally minoy workers were found tending scale mse.ctsciocs oy
near trunk trails; ope sample of Malaysian scales was identified a

4 iet-
tracoelostoma sp, (Margarodidae). Pham (1924) reported from Vie
ham that P. diversys

* €an tend aphids. 1 dung
Workers rarely transported bird excrement to the nest. Mamma.
was raided for mg

ggots but was probably not eaten. d
The ants sometimes carried parts of small flowers (sepals, petals, a

MOFFETT



-]\.ﬂ"ll‘k W. Mofletl
rts showed up ont middens apparently

Pistils) to the nest, and flower pa
after the ants gnawed on them.

Food T ‘

R OP \ varies from
The percentage of nest-bound ants o ﬁanilpoell; Eﬁzzate erratical-
about 1 to 80% (most commonly 1010 40%),and C

A Kers’
ly even in the course of a day (addi tippa fo%(li 1i fo(;“;)q rllrlla}zgéli/ely
€rops). Medias id in cartying <L 0, (Taht oo [18921) (Figure 3K).
rarely transport burdens (as noted by Wroug (? R i,
Items smaller than a minor worker are usually cart - en{a ¢ of burdens
Wwhile bulkier items are carried by ) Tbe pf?tlc 1bogut 25% of the
Cal:'ied iy o commontly 5 togiooxj/;), g:rlllsi)zrte 1Ebcoth figums vary
ants carryi icipate in : :

Widely)l,r}(’)l‘r,lg ff&? a?igncag work together 0 transport massive booty

(Figure 8). Often, besides the ants that &

nors) are perched on top of the food. Nonminors ne

ctually lift the food, ants (mi-
ver ride on food.
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Figure 9. A major worker hoists an
obstruction from a trail (~ X 11). See
page 270 for a rare instance of a me-
dia hoisting an obstruction by using
its forelegs instead of its head.




40 minutes

Theophilus Britt Griswold
Figure 10. Arcade construction,
Dark brown indicgtes the path taken
by ants moving along the trail. Min.
utes are time elapsed sinee the old
cover was torn away by the author.
(Based on a serips of photographs.)

Figure 11. Trynj trails: top, a trail
on the ground surface (~ X 0.3); bot.-
lom, a sunken tyg) with periodic ex-
iLs to the surface (~ x ¢.3),
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Trunk Trail Construction

; iently transported from the raid front to
AT S qmczli(il(}i,eadn;r:iﬁ;lg; t})lle trunlf: trails. Exceptfor t}.le minpn
o neSt-’da Iz}l;zfsisiginate directly from a m:j: entrlance, all food is carried
ity of raids ) S Tre it
dt(};wn o bé'lsal COIEmr;c?ZI?i;:éC});Oa well-developed physical structure,
G arwide smooth surface bordered with walls of soil
e Kl 3_Cn?1_ cove;. Workers of all sizes participate in the con-
Sk compleff? o ance of trails. Trail building is most inten_se dur-
SthﬁO.n and' mamte;lr;n large numbers of ants are involved. During dry
ing moist periods, Wau but ceases, even though ants continue to move
ey ﬁoftq?scnggder such conditions trails become dilapidated, and
along the trails.

i]’ rface.
debris accumulates on the trail’s su

i ails ' . . _
Clearing (;I‘I' ajors are constantly involved in trail maintenance. Yet
Medias and m

: H ing the initial stages of trunk-trail con-
thiep ) arncularlf}ffiéci Lf{lovvi (l'isuf{::(;guenﬂy impeded by obstructions. Ob-
Sy s tt:aﬂ are carried or dragged in the mandibles of th€§€
JesiSi ping) o - hadro them at trail borders (very rarely groups of mi-
largen Anis, witls b'ectsof similar size). Medias and majors also stop for
e awaylo Jinutes to gnaw at obstructions that cannot be moved,
25 AngEmEaya i ing in the trail’s path, or rootlets crossing the trgll
ke geggzlgl(;};c% objects are removed (or at least made level with

rface. Ev 3
f}llle surrounding ground) (Figure 3C).

-

L ] w5 ar B

both, Mark W. Motfert
Sometimes a stick or leaf projecting over a trail lies too near the trail’s
surface to permit ready passage of bopty. Medjia or ma'jor Workexjs pass-
ing beneath such an object often raise themselves high on their legs,
heaving the object upward with a quick shove of the head (Figure 9).
The object usually settles into a position farther fx‘om the ground than be-
fore, or is knocked partially or entirely off the traj], This “hoisting” be-
havior is usually accomplished by majors (Figure 3E), and possibly
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represents the most important role played by large majors (head width
>'4.0 mm) outside the nest. Such majors are normally rare on trails
(Figure 3A), but it is perhaps only necessary for them to come out as sel-
dom as once every few hours to keep a trail clear.

Covered Ways and Sunken Trails

Minors and medias remove loose debris from trail surfaces and further
smooth the trail by prying bits of soil from the ground (Figure 3D). (The
same castes are similarly involved in nest excavation.) The soil —as
well as sand, leaf fragments, and other debris —is positioned along trail
borders. Most of this material originates from the adjacent trail surface,
but workers sometimes deposit material collected at distant points along
a trail or out from the sides of the trail. In other cases soil is taken from
short, blind-ended tunnels excavated by the ants along the trail. These
are “mining operations,” in that the ants appear to use the tunnels solely
as a source of building materials.

The ants preferentially deposit soil and debris onto soil clumps laid
down previously. Uninterrupted walls form at trail borders as soil accu-
mulates. When the ground is not too dry these walls often rise and then
arch toward each other until a complete cover is formed (Figure 10).
The ants are apparently not orienting their building activities solely with
respect to the far wall: a wall will continue to arch over a trail even when
the opposite wall is never allowed to develop. Vegetation and leaf litter
serve as structural supports for cover construction and thus generally aid
in the building process.

Medias and majors sometimes push their heads upward against the
cover of a trunk trail, which could explain why the interior surface of ar-
cades is much smoother than the exterior. This tamping behavior is most
frequently directed at low or sagging covers. Indeed, both in hoisting ob-
structions and in tamping arcades the workers appear to be responding
to pressure against their heads as they pass through cramped spaces.
Tamping probably raises sagging covers and conceivably often in-
creases the structural integrity of arcades by binding the soil particles
closer together, even though covers can break during this activity.

DIVISION OF LABOR IN ANTS
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Figure 12. Fighting Pheidologeton di-
versus: left, area of intense conspecif-
ic fighting (~ X 5.5); right, minor at
the right is pulling on the neck of one
of the original combatants (~ X 15).
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Tamping is apparently the behavior observed by Rothney (1889), which
led Bingham (1903:162) to suggest that majors “may be the trowels and
rammers of the Ants’ Public Works Department.”

The walls and covers are fragile and must be maintained continuous-
ly. They are destroyed by rain but are quickly reconstructed afterward.
When the ground becomes dry the construction and maintenance of ar-
cades ceases because the bits of soil must be moist to adhere; typically
the soil edifices crumble and eventually disappear.

Some trunk trails sink relative to the surrounding ground. This occurs
most often in the first few meters of trail out from the nest, and is appar-
ently due to workers’ continually removing soil from the trail surface.
Some trails become completely submerged, with thick soil roofs lying
flush with the ground and periodic exits to the surface (Figure 11). Such
trails are relatively impervious to rain and other disturbances.

Defensive Behaviors

Conspecific Fighting

P. diversus territories are spatiotemporal. Conspecific fights break out
when a raid front collides with either a raid or a trail of another colony.
Small clusters of fighting workers develop, and usually raids soon drain
away from the area of conflict. However, the ants do not retreat if food
(seeds, for example) is at stake; instead aggression intensifies, and a
band of fighting workers demarcates the boundary between the areas
controlled by the different colonies. Fighting ceases after one colony
drives the other from the site or when the food is depleted. Outbreaks of
fighting occur frequently wherever a trail of one colony crosses that of
another (via vegetation or the soil cover of the lower trail).

During fights minor workers from different colonies examine each
other, often for periods of minutes. Combat begins when two ants grap-
ple (usually interlocking mandibles). Ants often remain locked together
for five to 15 minutes or more before disengaging and maneuvering for
position again. Most injuries occur after other minors join a fighting
pair, pulling on the limbs, neck, or waist of the combatants (F igure 12).
Fighting ants often tuck their gasters partially beneath their trunks, mak-
ing it difficult for other ants to grasp them at the waist. The gasters are
waved frequently in apparent stridulation. Workers killed in fights show
avariety of wounds (commonly missing appendages), although in some
there is little or no sign of external damage.

Thl(\;ledias and majorsldo not take an active role in conspecific fighting.

y are not common in areas of active combat, and usually do not inter-
act with other ants when they enter such areas. The author never found
dead media and major workers among the ant corpses following a fi ght
Howeyer, during intense fights at seed bait there were three instances o%
nqnmmors’ (head widths, 1.4, 3.4, and 4.4 mm) curling into a ball ag
minor workers pulled on them; the larger ants did not try to defend
themselves, but in each case successfully escaped after several attempts

The slowly unfolding combat behavior characteristic of minor wo k.
€rs contrasts sharply with their behavior during prey capture, when trh .
mmor§ are quick to pin down victims, and media and major w,orker ‘g
in tearing the prey apart. Most combatants survive (although h ds =
of dead can accumulate where fighting continues for da s) Hun 955
the c-o!on){ that recruits the largest army to a contested fooﬁ b'ait (():::\i/er,
ér:i(r)lbtl}l:::e tl)fs :‘E)ponent by .engaging opponent workers in fights, andmit

y eventually drive the other colony off the food.
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Other Defensive Behaviors

Trail systems of P. diversus cut through the home ranges of numerous
ant colonies. Loose rows of workers form along trail borders where dis-
turbances from other ant species are frequent. They jab at approaching
intruders, keeping them at bay but rarely assaulting them. Most guard
ants are minors, but both medias and majors also show this behavior.
Often guards are wounded or exceptionally dark-colored (old).

Workers attack when an ant (or other intruder) actually blunders into
the midst of the trail. In this case food traffic is often disrupted, since
some or all of the ants carrying food usually reverse direction upon
reaching the disturbed area. Minors rush at the intruder, which in most
cases escapes them by running from the trail. However, if the workers
succeed in pinning their adversary to the ground, medias and majors kill
it with repeated crushing blows (Figure 13) (illustrated fully in Moffett
1986). These activities resemble prey capture at raid fronts, except that
ant corpses are seldom carried to the nest. Common casualties include
Diacamma and Odontoponera workers.

Trail disturbances of a larger scale (for instance stepping on a trail)
can set off reactions of even greater intensity. Workers of all sizes attack
the source of the disturbance (Table 1, no. 10). The flow of food to the
nest completely ceases, while unburdened ants of all sizes rush out from
the trail as far as 20 to 60 cm from the point of disturbance. Most ants re-
treat back to the trail within a few minutes, although occasionally major
workers wander away from trails by themselves for as long as 20 min-
utes. After repeated disturbances a number of majors and large medias
are commonly found roaming near a trail. These workers can bite hu-
mans. They also drive ants and other insects away from the trail, but are
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Figure 13. Nonminors (Pheidologe-
ton diversus) attacking a Diacamma
rugosum worker that blundered onto
a trail. (~ X 11)

297




Figure 14. Minor workers riding
nonminors. The proportion of medi-
as and majors of different sizes car-
1ying given numbers of minors is
based on a sample of 2000 nonmin.-
ors on the trunk trail of the experi-
mental colony.

ccessfully attack them while on their own.
generally t}(l)O ﬁgiﬁ{ iéoaggndoned.)’,rhey likewise reject any other food,
Anyth1ngt eyts the view that their function is purely defensive.
Wthh'supgoii arture of alates, large numbers of nonminors surround

Duringt de esIt) entrances. Otherwise defensive contingents of ants are
the enlal‘gft3 trfn trances. However, pounding on the ground above a nest
nOfP}:I N 3ok es the exodus of numerous aggressive ants, often includ-
gluglcreglg; when nests are located very c.lose to the ground surface. The
proportions of different ant sizes responding to nest disturbances appear
to correspond closely to those for the colony as a wh.ole.

Defensive reactions to humans at nests or along _traxls contrast sharply
with the behavior during a raid. Stgppm ginto a raided ax:ea often causes
araid to retreat. Documenting a ral('i’S [rogens Can.b? difficult because
of the likelihood of at some point disturbing the raiding ants.

Function of Riders on Food -

; s riding on transported booty apparently seldom gnaw on
i\ggggx Oolizlgciégibl% funcn'onpthey serve is to defend booty from Benga-
lia flies (Calliphoridae), which steal fpod from ant‘s (Bequaert 1922,
Maschwitz & Schoénegge 1980). Species of Bengalla_‘fVEFf! obserYed
along trails of P. diversus in Malaysia, Indlal3 apd the Philippines during
this study; and Jacobson (1910) recorded thl.s in Java. Mar.ly attenglpts at
thievery were foiled by riders. In three cases in Malaysia, riders Chml?ed
onto the fly before it grasped the food; the fly then hovered, buzzing
loudly, in an attempt to force the ants off. Twice one fly stole booty, but
instantly dropped it away from the trail. The ants on the bqoty rushed
away, leaving the booty unprotected. The fly (which had alighted on a
nearby plant) then flew off with its food.

D e

Riding Media and Major Workers

Minors ride on top of many of the media and major workers outside the
nest. The number of riders is correlated with carrier size (Figure 14),
and can reach 20 or more for large majors (Figure 15), Oddly, medias
(head width < 2.9 mm) more often have riders when returning to the
nest than when leaving the nest (p <0.001, ¥z test), while the reverse
may be true for larger ants (difference not significant with datain Figure
14). Minors climb off (or are knocked from) carriers that run very quick-
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ly (e.g., in response to a disturbance), or that squeeze through cramped
spaces. Riders can accumulate on carriers when the larger ants are im-
mobile (e.g., while a major gnaws on a twig impeding a trail). Specific
riders have been observed for up to 20 minutes on the same ant, and
probably most riders stay with their carrier for long periods of time.

Riders position themselves with their heads near the body surface and
mandibles open, and often with their hind legs flailing in the air. They
apparently seldom groom the carrier ant. This is true even for soiled ma-
jors, which also have no more riders on average than do relatively clean
majors. Riders show no response when their carrier is disturbed by be-
ing poked with a stick. However, when riders are disturbed directly they
rush off the carrier or attempt to bite the stick.

Division of Labor

Midden Work

Most workers on middens have highly contracted (nonreplete) gasters
and are wounded, or are very darkly pigmented (indicating they are old-
er individuals), or both. Both minors and medias carry out the refuse,
but majors are sometimes also found on middens.

Division Within the Minor Worker Caste

To document any division of labor within the minor worker caste, sam-
ples of minors were collected from the experimental colony while they
participated in a number of extranidal activities; a sample of workers
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Figure 15. Pheidologeton diversus
major worlker laden with minor
worker riders. (~ X 11)




leaving the nest served as the control. The results are presented in Table
2. Minors in most behavioral categories more frequently had replete
crops than did those leaving the nest. In at least the case of minor work-
ers there was no apparent division of labor between workers returning
to the nest with solid food and those carrying liquids (in replete crops),
as documented by Gotwald (1974) for Anomma army ants. Minors with
a slightly lighter pigmentation (presumably relatively young ants)
formed about 4% of the minor population outside the nest and were not
exceptionally frequent in any of the behavioral categories (Table 2: in-
variably p > 0.01). However, light minors were more often replete than
others (p < 0.01, x> test; data combined from all samples except drink-

ing from oil or honey baits).

Table 2. Size, Repletion, and Color Differences Between P. diversus Minor Workers Engaged in Different Tasks

Head Width
Task (mm X 100) . .
n (x = SD) Replete (%) Light (%)
1. Control sample (leaving nest) 112 63.1 2.1 6.3 3.6
2. Walk to nest unburdened 52 62.7 + 2.1 42.3, p <0.001 13.5, p <0.05
3. Solitary food transport 50 61.6 = 2.0, p <0.001 40.0, p <0.001 4.0, .
4. Group transport of food 50 61.8 % 2.2, p <0.001 28.0, p <0.001 2.0
5. R{de food carried by one to four minors 54 61.3 + 2.2, p <0.001 18.5, p <0.01 5.9
6. R{de food carried by =10 minors 72 62.5 + 2.5 18.1, p <0.05 5.4
g- Ilgge worker away from nest 32 62.1 + 2.8, p<0.05 28.1, p <0.001 6.3
9: Carfy“;zli"{(er toward nest gg g;g + i’(;, P : gggi 2,2.2, p<0.01 1.8
¥ Rt . 3.
10. Attack author’s finger on trail 53 63.1 x 2.0’ P 2.0 138’ p=0.05
1. Attack ant on trail 36 62.3 = 2.0, p <0.05 25.0, p<0.01 0.0
i‘;“ g”n’“lz sugar-water bait 60 61.5 + 1.9, p <0.001 93.3: p< 0:001 6'7
. T ve: t -0 . .
14 Goaw pr%liv zlrl:){)ea;)tll bait 68 61.5 f 2.0, p : 0.001 90.0, p <0.001 11.7
15‘. Put soil on sugar-water bait 20 g;g -T- zg, i < 3821 (:EE’ i : 88(1)1 o7
16. Put soil on vegetable-oil bait 32 62.6 - 2'1, P ' 34.2, p < ) 75
17. Attack large prey Py P =001 0.0
18. Harvest arass sceds 3:% 61.4 + 1.7, p<0.001 23.5, p<0.01 0.0
19, At raid fons 45 61,6 * 1.8, p <0.001 15.9 44
20, Guard trag 44 62.5 f 2.1 22.7, p<0.01 2.3
21, Refuse midden, 32 62.6 + 2.4 0.0 0.0
42 62.2 + 1.9, p <0.05 0.0 0.0

Difference:
iffe es from control sample were evaluated using z-statistic or x* tests.
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Minors vary little in size: head widths ranged from 0.56 to 0.69 mm in
a sample of 1200 minors from the experimental colony. Yet the mean
sizes of minors engaged in a variety of tasks did differ from the control
sample (Table 2). In many cases this could be attributable to competi-
tion for space: smaller workers may have less trouble insinuating th%m-
selves at food or on majors. This would explain, for example, wh
minors riding on small burdens were smaller on average thanpthgse "
%a.rge burdens (p < 0.01, comparing tasks 5 and 6 in Table 2). Howe 0%1
Itis unclear why smaller minors predominated among the ants ca ing
food unassisted or minors harvesting grass seeds. s

Discussion

Division of Labor

This rese;arch has confirmed that a very complex division of ] b

companies the extreme worker polymorphism of P, diversus ?’ (1)1‘ b
lsm occurs in all stages of foraging and food harvesting, in cox; t . yefh-
activities and defensive interactions, and during Withiil—nest :cguvftt:ssrl
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Four physical castes can be distinguished among P. diversus workers
based on task performance: minors (head widths < 0.8 mm: conspecific
fighting, pinning down prey); nonreplete medias (head widths 1.0 t0 2.6
mm: food carrying, excavating, building arcades — roles shared with
minors); nonreplete majors (head widths > 2.6 mm: hoisting obstruc-
tions and “tamping” soil covers on trails); and repletes (nonminors serv-
ing as food reservoirs). In addition, there are three temporal castes, at
least for minor workers. Callows (very young workers) stay inside nests,
and at least minor worker-callows aid in tending brood. Also, excep-
tionally dark (presumably old) minor and media workers (as well as
wounded individuals of these sizes) are unusually common among the
ants on middens and those that “guard” trails.

Media and (especially) major workers generally specialize in Hercu-
lean labors that smaller ants could not possibly perform. However, un-
like species of Atta (Wilson 1980), workers cannot be divided into
numerous narrow size-categories on the basis of tasks they always per-
form (except for certain roles specific to the minor worker caste). For ex-
ample, medias and majors of all sizes dismember prey or dissect large
fruits. Yet even here a form of polyethism does exist. Larger ants more
successfully attack less tractable parts of food, such as the tougher fibers
of fruit or more massive prey limbs, while minors and medias reach ar-
eas not accessible to ants larger than themselves. Similarly, tough seeds
most likely are milled only by majors, and only majors successfully re-
move the bulkiest obstructions on the trail. In each case there is a corre-
Jation between some characteristic of a given task and the size of the
workers that perform it; these then can be called “flexible tasks” (Wilson
1980). Presumably the varied diet of P. diversus has set limits on the de-
velopment of specialized castes.

Minor workers carry out most tasks that involve a high risk of mortal-
ity. Thus only minors participate in conspecific fights, and usually only
minors pile onto struggling prey in raids (or onto intruders on trails) and
pin them to the ground. Nonminors generally arrive at prey only after it
is secure. Minors, most likely, being both extremely numerous and pre-
sumably very cheap to replace, represent a “disposable caste” (Porter &
Jorgensen 1981), so that high-risk tasks can be carried out with minimal
cost to the colony. However, nonminor workers (and even repletes)
commonly become involved in more dangerous defensive activities
when the stakes are high; for instance, they are commonly at the scene
during severe disturbances to the nest or trails.

Early naturalists have often noted the minor workers that ride on the
medias and majors of P. diversus (e.g., Bingham 1903, Pham 1924). A
similar behavior occurs in some Atta species, where minors ride on the
leaf burdens carried by larger ants: these “parasol ants” appear to de-
fend their carriers from parasitic flies (Eibl-Eibesfeldt & Eibl-Eibesfeldt
1967). Similarly, diversus minors riding on food burdens can defend the
food from thieving Bengalia flies. However, Bengalia flies apparently
distinguish food items from ants and so never attack media or major
workers. Still, riders on these workers could have a defensive function,
since on rare occasions a tiny flying insect (possibly a moth or fly) has
been observed to alight on majors without rider ants. Whether thiswas a
parasite is not known. Riding on nonminors could also represent a net
energy savings to the colony, because the cost of transport declines with
increasing size in ants (Jensen & Holm-Jensen 1980).

A conspicuous feature of P. diversus behavior is the intensity of activi-
ties relating to trunk-trail construction and maintenance, and the po-
lyethism associated with these activities. The value of medias and
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(especially) majors in clearing trails of large obstructions is obvious
from the traffic jams that result when obstructions are not removed. The
significance of cover construction on trails is less apparent. In some ants,
such as species of Anomma (Gotwald 1982), covered trails are thought
to protect workers from desiccation. However, the covers of diversus
trails break apart during dry weather (as in Anomma; Cohic 1948), even
though the ants continue to forage on the surface. The investment made
by diversus ants in arcade construction is probably paid off largely by
protection from disturbance. Covered trails do not attract Bengalia flies.
Also, disturbances from other insects are reduced when trails are cov-
ered. Ants of P. diversus or other species can cross trunk trails where
covers occur, usually without disturbing the activity on the trail.

Convergences with Army Ants
One similarity between P. diversus and driver ants (tribe Dorylini) is the
inability to sting (Gotwald 1978; Kugler 1978, 1979). Loss of sting func-
tion is probably a result of total dependence on coordinated group at-
tacks in the capture of difficult prey. Worker mandibles among the
Dorylini are adapted for efficiently cutting and piercing prey during
such attacks. In contrast, the mandibles of diversus minors are little
changed from the generalized form typical of Solenopsis and many other
myrmicine groups. Such mandibles are adequate for pinning prey to the
ground but are incapable of inflicting serious damage to most prey. P.
diversus relies primarily on the massive mandibles of nonminors to
crush and tear prey. These mandibles function equally well in other
roles such as milling seeds, and indeed are very similar to the mandibles
of specialized miller castes in certain myrmicine ants such as Pheidole.
There are some other behaviors that are convergent with those of
army ants. For example, along trails both the defensive “guard ants” and
the soil arcades have strikingly similar counterparts in Anomma
(Gotwald 1982:fig. 12). Generally, to the extent that P. diversus shows
army ant characteristics, this species approximates the Old World driver
ants (Anomma spp.) more closely than the New World army ants (Eci-
toninae), which have been the focus of most of the army ant research.
However, other diversus characteristics, such as seed milling and the re-
plete caste, are at variance with the behaviors of army ants and clearly
reveal this species’ myrmicine affinities.

Raiding Behavior and Diet Breadth

The diet. of swarm-raiding army ants tends to be broader than that of col-
umn.-raldmg ants. Indeed there are records of certain swarm-raiding

species (especially Anomma) that collect many foods other than pre
.(G(_)twa!d 1982). P. diversus (which raids both in swarms and colunlljns))’
is likewise a tropic generalist. This species could in fact represent a more
extreme generalist than any doryline or ecitonine species, at least to the
extent that a greater variety of food categories (such as seeds, prey, and

massive or bulky food items like fruit) form a significant porﬁon)gf th
diet and they are regularly included among the booty. For example ne
plant material was found by Gotwald (1974) among the 1357 igce’s (;“
?(S)?nt)lr i;halt he; C(zlllectedlfrom 19 colonies of three Anomma specigs, whi(l)e

arly sized sam i i

versity of};egetable n{)a:ztgf. P. diversus booty would usually contain a di-

F}lrthennox:e, the specialized behaviors shown by P. diversus work.
ers in harvesting seeds, which they often collect directly from fru‘tir ,
plants, .cIearly demonstrate that seeds are not simply an incidentall .
of the diet. Seed specialists are common in the Myrmicinae (for examI;llg t
b
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Messor, Pogonomyremex, and Veromessor, although most species also
accept dead insects). At least some harvesting species climb plants to
collect seeds, for example, Messor galla (Lévieux & Diomande 1978).

Schneirla (1971:77) states that “the main body of a swarm raid, in
contrast [to a column raid], acts as a dragnet, flushing out a far greater
variety of prey along a much broader front.” Yet the greater prey diversi-
ty taken by swarm raids cannot be explained by differences in the rates
atwhich different foods are discovered (“flushed out”). Consider, for ex-
ample, that most column-raiding army ants form a branching network
of narrow raids. Presumably one swarm raid as wide as the combined
widths of all the advancing termini of this network would uncover vari-
ous foods at rates no different from the column network. Yetin one sense
swarm raids do act as a dragnet: prey that rush about within the swarm
while trying to escape become more and more entangled within attack-
ing ants until they can no longer move. At least in P. diversus, fewer
(and less diverse) prey are successfully captured in column raids, in
large part because it is easier for struggling prey to break free of the nar-
row raided area before they can be overwhelmed.
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