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Ants are one of evolution’s great 
success stories. Arising in the 
mid-Cretaceous about 120 million 
years ago, they now comprise a 
diverse assemblage of 
approximately 20,000 species and 
have colonized most of the 
world’s terrestrial biomes. They 
impose a strong ecological 
footprint in many communities in 
their varied roles as scavengers, 
predators, granivores, and 
herbivores. In some tropical 
forests the biomass of ants 
exceeds that of terrestrial 
vertebrates by a factor of four, 
and their soil-turning activities 
dwarf those of earthworms. There 
is a word for ‘ant’ in most 
languages, reflecting their 
ubiquity and distinctiveness to 
humans. The ecological 
dominance and conspicuous 
social behavior of ants have long 
engaged the attention of natural 
historians. In terms of their 
species diversity, relative 
abundance, ecological impact 
and social habits, ants emerge as 
one of the most prominent groups 
of arthropods. 
There is impressive breadth in 
the ecological characteristics of 
ants and in the range of 
environments to which they have 
adapted. From deserts to tropical 
rainforests, from grasslands to 
mangrove swamps, most 
terrestrial habitats are tenanted by 
ants, and usually in moderate to 
high densities. Ants are entirely 
absent only from polar regions 
and poorly insolated high altitude 
locations (for example, tropical 
cloud forests above 2400 meters). 
Nests are situated in a wide 
variety of sites from high in the 
forest canopy to deep 
underground. While most ant 
species are rather generalized 
scavengers, others have become 
specialized predators, seed
harvesters, and fungus-growers. 
Many species avidly tend 
honeydew-producing 
hemipterans, imbibing liquids 
processed through the gut of 
these plant-feeding insects, and 
thereby acting as indirect 
herbivores (as well as mutualists 
with their hosts). 

A legion of other arthropods has 
become intimately associated with 
ant colonies, exploiting the rich 
concentration of resources 
therein. Relationships range from 
parasitic to mutualistic. One of the 
more striking symbioses is the 
coevolved association between 
attine ants and certain 
Figure 1. In most ant species the worker caste is monomorphic as in this myrmicine 
ant, Monomorium sydneyense. In this species the egg-laying queen (right of center) is 
distinctly larger than the workers, but in other species the differences may be less 
marked. Clusters of pale larvae are also visible. Photograph courtesy of Alex Wild 
(www.myrmecos.net). 
basidiomycete fungi which they 
culture in their nests. This 
relationship is now known to 
involve additional participants, 
including a mutualistic bacterium 
that helps the ants suppress 
unwanted parasitic fungi. 
Mutualistic interactions between 
ants and vascular plants are also 
common, with many plants 
supplying rewards to ants in the 
form of food and/or shelter in 
return for protection against 
herbivores. 

Nearly all ant species are 
eusocial, that is, they live in 
perennial colonies with 
overlapping generations, 
cooperative care of the brood, and 
— crucially — reproductive 
division of labor, such that most 
colony members belong to a non
reproductive (worker) caste. The 
only exceptions are a few socially 
parasitic species which have 
secondarily lost the worker caste 
and rely on labor supplied by 
workers of their host ants. It is 
reasonable to assume that the 
most recent common ancestor of 
ants was eusocial, and that 
subsequent evolution has involved 
elaborations of that trait. This is in 
contrast to bees and wasps in 
which worker-based societies 
have evolved several times from 
solitary ancestors. 

Because they are fully social, 
ants do not tell us a great deal 
about the transition from solitary 
to eusocial behavior. Nevertheless 
the ontogeny of ant colonies — 
with queens of most species 
founding colonies on their own 
and single-handedly rearing the 
first brood of workers — suggests 
that eusociality in ants was 
achieved via the so-called 
subsocial route, in which 
extended parent-offspring contact 
led to overlap of generations and 
was then followed by the origin of 
non-reproductive workers. 
Regardless of the details of this 
sequence of events, which of 
course was played out long ago, 
contemporary ants offer abundant 
opportunity for comparative 
studies of colony life after the 
eusocial threshold has been 
crossed. There is substantial 
variation among ant species in 
such traits as the number of 
queens per colony, mating 
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frequency, sex ratio, male 
parentage and the extent to which 
workers and queens have 
diverged morphologically and 
behaviorally. This provides fertile 
material for studies of intra-colony 
conflict, caste evolution and other 
aspects of advanced eusocial life. 

For reasons that are not fully 
understood there are remarkable 
discrepancies in the complexity of 
colony organization among 
different groups of ants. The 
popular imagination is excited by 
stories of army ants, leaf-cutter 
ants, mound-building wood ants 
and other species with populous 
colonies, dense foraging trails, 
specialized worker subcastes and 
complex systems of chemical 
communication. Yet at the same 
time many ant species, occurring 
in the same communities as these 
ecological dominants, have small 
colony sizes, show limited worker
queen differentiation, and exhibit 
much more modest capabilities of 
foraging, recruitment and 
communication. 

Despite apparent advantages at 
the colony level of having 
specially adapted worker 
subcastes, most species of ants 
have workers that are 
morphologically uniform in size 
and shape (Figure 1). Only a 
minority of ant species have 
workers with pronounced 
polymorphism (Figure 2), although 
a division of labor based on age is 
nearly universal. The point to 
emphasize is that since their 
divergence from a common 
ancestor in the Cretaceous, some 
ant lineages — such as the iconic 
army ants and leaf-cutting ants — 
have evolved quite complex 
societies while others, such as the 
‘primitive’ bulldog ants of 
Australia, have remained at a 
much less advanced level. The 
factors responsible for such 
heterogeneity in the rate of social 
evolution have been little 
explored, and will require a careful 
analysis of ecological and 
phylogenetic influences. 

Hymenopteran heritage 
Ants are treated as a single family, 
Formicidae, in the order 
Hymenoptera, a large and diverse 
group of holometabolous insects. 
The earliest hymenopterans were 
Figure 2. An example of 
worker polymorphism in 
ants. In these workers of 
Camponotus sansabeanus 
there is distinct variation in 
size and body proportions, 
especially head shape. 
Since the workers are 
genetically similar such vari
ation reflects the outcome 
of divergent developmental 
pathways. Photograph 
courtesy of Alex Wild. 
herbivores, with caterpillar-like 
larvae that fed on plant tissues. 
Some of these phytophagous 
lineages survive to the present 
day. But most extant 
Hymenoptera are parasitoids or 
predators belonging to a 
distinctive clade known as the 
Apocrita, in which the first 
segment of the abdomen has 
become fused to the thorax, and 
is separated from the remainder 
of the abdomen by a strong 
constriction. Morphologists use 
the term tagma (plural tagmata) to 
refer to a functionally integrated 
set of body segments. Insects are 
classically considered to have 
three tagmata: head, thorax and 
abdomen. Apocritan Hymenoptera 
exhibit a unique reorganization of 
the body parts in which the 
middle tagma is composed of the 
thorax plus abdominal segment 1, 
while the posterior tagma 
comprises the remaining 
abdominal segments. It is unclear 
how this evolutionary novelty 
arose, but one apparent 
consequence is that additional 
constrictions, involving abdominal 
segments 2–4, evolved in some 
apocritans, giving them 
exceptional dexterity of 
abdominal movement. 

This takes on added 
significance when we consider 
another important development 
that occurred within one group of 
Apocrita: the ovipositor was 
modified into a stinging device, 
used to inject paralyzing venom 
into hosts or prey. The sting also 
became a potent defensive 
weapon in those species caring 
for young in a nest. The stinging 
Hymenoptera, or Aculeata, 
include both parasitoids and 
predators, but the latter are 
predominant and show an 
illuminating array of nesting 
behaviors. Some species simply 
cache prey items in a crude 
cavity, lay eggs and depart, while 
others construct nests of varying 
degrees of elaboration, 
sometimes providing parental 
care of offspring. It is within this 
group of nesting, stinging 
Hymenoptera that ants evolved. 

Another important heritage that 
ants share with all other 
hymenopterans is haplodiploidy, a 
genetic system in which males are 
haploid and arise from unfertilized 
eggs, while females are diploid 
and develop from zygotes. 
Haplodiploidy yields unusual 
asymmetries of genetic 
relatedness, with females being 
more closely related to their 
sisters (0.75) than to their brothers 
(0.25). It has been proposed that 
this underpins a universal feature 
of social hymenopterans: the 
workers are female only, with 
males showing little or no helping 
behavior. This is in contrast to the 
other major group of eusocial 
insects, the diploid termites, in 
which workers are drawn from 
both sexes. An additional, and 
perhaps co-acting, constraint on 
male aculeate hymenopterans is 
that they do not possess a sting, 
limiting their ability to adopt 
worker-like roles. 

Ants differ from social bees and 
wasps in one important respect: 
the workers of ants are entirely 
wingless. This places constraints 
on their foraging behavior and has 
probably spurred the evolution of 
complex chemical communication 
systems, such as trail and 
recruitment pheromones, designed 
for terrestrial (as opposed to aerial) 
movement. It also makes the 
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Figure 3. A predatory 
poneroid ant. The workers 
of this species, Amblyo
pone oregonensis, prey 
largely on geophilomorph 
centipedes. Photograph 
courtesy of Alex Wild. 
analogy between ant colonies and 
perennial plants especially striking. 
Both are long-lived, sessile 
organisms that are limited spatially 
in their ability to reach out and 
procure resources. Additional 
similarities include their modular 
construction (referring to colonies, 
not individual ants), phenotypic 
plasticity, and varied chemical 
strategies for territorial defense. 

Origin of ants 
There is little doubt that ants are a 
monophyletic group. They share a 
distinctive suite of morphological 
features, including geniculate 
(elbowed) antennae, a prognathous 
(forward-projecting) head, a 
characteristic configuration of the 
foretibial antenna cleaner, 
modification of the second 
abdominal segment to form a 
node-like petiole, and several 
unique exocrine glands. Yet the 
closest living relatives of ants have 
not been unequivocally identified. 
Several other families of aculeate 
Hymenoptera, in a subgroup 
known as the Vespoidea, have 
been touted as possible sister 
groups of ants including Tiphiidae, 
Bradynobaenidae and the 
combination of Vespidae plus 
Scoliidae. It is a measure of the 
incompleteness of our 
phylogenetic knowledge that none 
of these alternatives has 
particularly strong support. In 
many respects the summary 
cladogram published by Fredrik 
Ronquist in 1999, which depicted 
most vespoid families emerging 
out of an unresolved bush, still 
applies today. 

The fossil record helps to 
explain this impasse. Most 
families of aculeate wasps appear 
rather suddenly in the early 
Cretaceous, suggesting that there 
was a rapid burst of diversification 
once the sting had evolved. Ants 
make their appearance a little 
later, about 100 million years ago. 
The first discovered and most 
famous of Cretaceous ants is 
Sphecomyrma, described almost 
40 years ago from two wonderfully 
preserved worker specimens in 92 
million-year-old New Jersey 
amber. Sphecomyrma bears a 
tantalizing mix of ant- and wasp
like traits. In fact it exhibits most, 
but not all, of the diagnostic 
features of modern ants, 
indicating that it is a stem-group 
formicid. In other words, it is more 
closely related to ants than to any 
other extant organisms, but the 
most recent common ancestor of 
living ants and their descendants 
(the crown-group formicids) are 
more closely related to one 
another than to Sphecomyrma. 

A more extensive series of fossil 
ants has now been documented 
from the Cretaceous. The fossils 
range in age from about 78 to 100 
million years, and they include 
some undoubted crown-group 
taxa. Among the more spectacular 
finds are additional well preserved 
specimens from New Jersey 
amber, including representatives 
of the modern subfamily 
Formicinae, as well as fossils from 
Canada, Eurasia, and southern 
Africa. This taxonomic diversity 
and geographic spread indicates 
that crown-group ants arose 
some time before this period, 
perhaps as long ago as 120 
million years. The prevalence of 
northern hemisphere fossils 
suggests an origin in the northern 
supercontinent of Laurasia, 
followed by dispersal to 
Gondwana. Ant-like fossils placed 
in the extinct family Armaniidae 
are known first from northern mid
Cretaceous deposits, and are 
considered to be early stem
group formicids, probably the 
next closest relatives of crown
group ants after the 
sphecomyrmines. 

The ant ‘tree of life’ 
One might expect that the 
phylogenetic relationships among 
living representatives of 
Formicidae have been reasonably 
well clarified. In fact many 
uncertainties persist here too, and 
this is an area of active 
investigation and debate. 
Morphological studies have been 
helpful in circumscribing the major 
lineages (subfamilies) of ants, but 
the relationships among them 
have largely eluded confident 
resolution. 

Molecular data, in the form of 
DNA sequences from multiple 
nuclear genes, are just now being 
applied to the problem. Such data 
confirm the monophyly of nearly 
all of the subfamilies, but they 
also reveal a number of novel and 
unexpected groupings. For 
example, most ants belong to a 
well supported clade, the 
formicoid group, which contains 
about 90% of all living ant species 
and encompasses 14 of the 20 
extant subfamilies. Most ants 
encountered by the casual human 
observer belong to this group. It is 
unclear if the remaining lineages 
— the so-called poneroids — are 
a clade or a grade. That is to say, 
they might form their own unitary 
lineage or, more likely, they 
represent the group within which 
the formicoids originated. Many of 
the poneroids (Figure 3) are 
considered to have undergone 
less morphological and behavioral 
change than other ants, but some 
formicoids (such as the afore
mentioned bulldog ants, subfamily 
Myrmeciinae) retain relatively 
simple colony structure and 
communication systems as well. 

Another insight to emerge from 
molecular phylogenetic analyses 
of ants is that there has been 
profound morphological 
convergence in some aspects of 
worker morphology, to the extent 
that it misled earlier phylogenetic 
inferences. For example, a 
constriction between abdominal 
segments 3 and 4, and the 
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Figure 4. Aphid-tending 
formicoid ants. These are 
workers of Formica aerata, 
guarding aphids on willow. 
Photograph courtesy of Alex 
Wild. 
formation of a second node-like 
structure (a postpetiole), has 
evolved repeatedly in ants. Some 
subfamilies which share this 
characteristic, such as the 
formicoid Myrmicinae and the 
poneroid Agroecomyrmecinae, 
had been placed erroneously 
together in earlier morphology
based studies. 

The new phylogenetic 
estimates, combined with fossil
calibrated molecular dating 
analyses, suggest that the history 
of ants involves a series of 
sequential diversifications: 
evolution of sphecomyrmine and 
poneroid-like lineages in the early 
Cretaceous, about 100–120 million 
years ago, followed by a more 
exuberant diversification of 
formicoids beginning about 100 
million years ago and continuing 
into the Paleogene. The fossil 
record provides some added 
perspective: even though the 
molecular data indicate that most 
of the major lineages of ants 
(subfamilies) arose in the late 
Mesozoic, ants are sparse as 
Cretaceous fossils, making up 
less than 1% of all insect 
specimens. They show a marked 
increase in abundance from the 
Eocene (approximately 50 million 
years ago) onward and comprise 
a much larger fraction of all insect 
fossils from these later periods. 
Moreover most of the Tertiary ant 
fossils have been assigned to 
modern (extant) genera, while 
none of the Cretaceous fossils 
has been so classified. In short, 
while the stem lineages of modern 
ant subfamilies were present 
before the K–T boundary, the 
ecological dominance and range 
of diversity that we associate with 
modern ants did not arise until 
later in the Tertiary, about 60–70 
million years after ants first 
evolved. 

Why are ants so successful? 
Several commentators have 
argued compellingly that the 
social behavior of ants is 
responsible at least in part for 
their evolutionary success and 
ecological dominance. Eusociality 
confers marked advantages in 
terms of resource acquisition, 
defense against enemies, and 
buffering of environmental 
variation. The division of labor and 
flexibility of task allocation that 
are the hallmarks of advanced 
social insects enable them to 
meet contingencies and exploit 
opportunities much more 
efficiently than solitary insects. 

But this cannot be the entire 
story. Even among social insects 
ants are especially notable for 
their abundance and diversity, so 
additional factors must be 
invoked to explain their particular 
prominence. One possibility is 
historical preemption: the fossil 
record indicates ants were the 
second insects (after termites) to 
develop eusociality, and the first 
group of predacious insects to do 
so. They may have effectively 
occupied much of the niche space 
available for social insect 
predators just as, in an earlier 
phase of earth history and at a 
larger scale, the first crustaceans 
to colonize land — ancestors of 
today’s insects — probably 
inhibited later invasions of 
terrestrial habitats by other 
crustaceans. 

Finally, we have seen that ants 
did not achieve ecological 
dominance until 60–70 million 
years after they arose, so neither 
eusociality nor historical 
precedence are sufficient 
explanations for their ascendancy. 
A key change that occurred in the 
Cenozoic was an expansion and 
modification of diet from the 
original predatory habits that ants 
inherited from their aculeate 
forebears. In particular ants began 
to exploit the rich carbohydrate 
resources available in the form of 
honeydew secreted by plant
feeding hemipterans (Figure 4). 
Others became specialized as 
seed-harvesters and (in one 
instance) fungus-cultivators. 
These dietary shifts occurred 
multiple times but were restricted 
almost exclusively to the 
formicoids. For the most part the 
poneroid lineages retained their 
predatory ways. So the success of 
ants rests largely on the shoulders 
of the formicoids. One can imagine 
that if formicoids had not evolved, 
ants would be perceived as a 
modest group of tropical wingless 
wasps (with no vernacular term 
reserved for them), as opposed to 
the near-ubiquitous ecological 
dominants that we know today. 
But, then again, maybe another 
poneroid would have stepped in to 
fill the void. 
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