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Dominance Hierarchies in Leptothorax Ants

Abstract. The social organization of Leptothorax allardycei is unique among ant
species thus far studied. The workers form linear dominance hierarchies character-
ized by routine displays of dominance, avoidance behavior, and even fighting. The
high-ranking ants are favored in liquid food exchange, have greater ovarian
development, and produce 20 percent of the eggs.

The typical social system of ant spe-
cies is based on a strict division of labor:
the queen is specialized for reproduction
and the workers gather food, rear proge-
ny, and defend the colony (I, 2). My
research on Leptothorax (= Macromis-
cha) allardycei has revealed that the so-
cial behavior of this neotropical myrmi-
cine differs from that of all other known
species of ants. Reproductive competi-
tion among the workers is resolved
through the formation of a dominance
hierarchy involving routine displays of
dominance, avoidance behavior, and
even fighting.

An agonistic encounter between two
workers of L. allardycei begins with the
dominant ant touching the submissive
ant with its antennae (3). There is brief
pause before the dominant either rapidly
turns or lunges toward the subordinate
(Fig. "I)—It then pummels the gaster,
_thorax, or head of the subordinate with

its mandibles. The encounter may con-
tinue, with the dominant ant advancing
onto the top of the subordinate, some-
times climbing clear of the nest floor and
standing on the subordinate. The typical
response of the subordinate is to crouch
and freeze, with the antennae drawn
back to the sides of the head. It stays in
this position until the dominant moves
away.

Newly eclosed adults do not always
conform to the above generalizations,
and sometimes their responses result in
fights. The intensity of these encounters
can cause the combatants to fall and
struggle on the nest floor. However,
injuries have not been observed as a
result of these encounters. Leptothorax
allardycei workers possess a well-devel-
oped sting but do not use it in dominance
encounters.

The ants also exhibit avoidance behav-
ior. In my examination of this phenome-

non, a behavioral sequence was labeled
avoidance only if an individual stopped
abruptly while moving through the nest,
directed its antennae toward a particular
ant, and then darted away in the direc-
tion from which it came. In each such
instance a lower ranking worker was
avoiding a higher ranking worker (P <
.001, modified binomial test; N = 24).

Tables 1 and 2 show examples of dom-
inance hierarchies in two colonies of L.
allardycei. In general the hierarchies are
almost perfectly linear. Less than 0.5
percent of the interactions are reversals.
The only change in rank results from the
assimilation of newly eclosed workers
into the hierarchy (4). Dominance activi-
ty parallels rank (5). The highest ranking
worker accounted for 43 percent of all
displays of dominance and the second
ranking worker accounted for 28 per-
cent.

High-ranking workers gain a twofold
advantage from their domination of co-
workers: they receive more liquid food
from nest mates and they gain a repro-
ductive advantage by laying male-pro-
ducing eggs.

It is typical for liquid food to be mutu-
ally exchanged among workers of social
insect colonies (6). However, in L. allar-
dycei food transfer is unidirectional;
high-ranking workers receive food from
low-ranking workers but do not recipro-
cate (7). From observations of liquid
food transfer between workers of known
rank, I calculated that the probability
that rank is not associated with direction
of food transfer is .0012 (Kendall’s rank
correlation). While this trophic advan-
tage is an important feature of the social
structure, there is no fitness advantage
to the worker unless it is translated into
egg laying.

A fitness advantage to unfertilized,

Table 1. Dominance hierarchy constructed from observation of 200 interactions in a queenright colony over 18.2 hours. Each entry is the number
of times an interaction occurred between the ants indicated. )

Dominant

Subordinate ants

ants oe he po sa

lo mi Ip pa da ch fa

Total
do li bl le ri

oe - 43 19 18
he - 45 20
po - 3
sa -
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high-ranking workers can be expressed
only through the production of males.
Because of the haplodiploid sex-deter-
mining system, unfertilized eggs produce
males and fertilized eggs produce fe-
males (8). If reproduction is restricted to
high-ranking workers, ovarian develop-
ment should be greatest in the highest
ranking workers. The probability that
ovarian development is not associated
with rank is .024 (Kendall’s rank correla-
tion).

Dissection showed that the high-rank-
ing workers do have substantially greater
ovarian development (9). To ascertain
whether they make a significant repro-

ductive contribution to the colony, the
ovaries of the living workers were
stained with Sudan Black while the
queen was left unstained (10). Thus eggs
laid by the workers were blue and eggs
laid by the queen were white. The per-
centage of worker-laid eggs in the colony
was 21.8 (I1). These eggs underwent
apparently normal development and pro-
duced males.

Thus the division of reproductive ef-
fort is considerably more complicated in
Leptothorax allardycei than in other spe-
cies of ants. It can be argued that there
are two reproductive castes: the queen,
who is responsible for production of all

Table 2. Dominance hierarchy constructed from observation of 361 interactions in a queenless
colony over 14.8 hours. Interactions are 2.2 times as frequent in the queenless colony as in the

queenright colony.

Subordinate ants

ants ca me st po ¢ cll sq ta u ro an ni sl
ca - 34 53 33 14 9 1 1 145
me - 31 22 7 11 62
st - 23 17 2 1 1 62
po - 36 27 1 1 65
cl - 6 1 3 1 1 1 13
cll - 3 3 3 3 1 1 14
sq -
ta -
u -
ro -
an -
ni -
sl -
Fig. 1. Display of
dominance in Lep-

tothorax allardycei.
The dominant is on
the left (note the ex-
tended antennae) and
the subordinate is on
the right (note the re-
tracted antennae and
crouching posture).

the females, and the high-ranking work-
ers, who account for at least a significant
proportion of male production. Aggres-
sive competition among the workers is
resolved through the formation of a dom-
inance hierarchy in which dominant ants
enjoy both nutritive and reproductive
benefits.

The evolutionary significance of this
social organization is that it has charac-
teristics intermediate between those of
the supposed nonsocial ancestors of ants
and those of advanced eusocial species.
Consideration of the social organization
of this species must alter the conception
of the reproductive options available to
the worker caste of social insects.

BLAINE J. COLE
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02138
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