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MASTER BUILDERS AFRICAN WEAVER ANTS
(OECOPHYLLA LONGINODA) PAY ATTENTION TO EVERY
DETAIL WHEN THEY BUILD A NEST. IF A LEAF IS TOO
LONG OR STIFF TO BE TURNED BY A SINGLE ANT
DURING NEST BUILDING, GROUPS OF WORKER ANTS
ARRANGE THEMSELVES INTO LIVING CHAINS AND
PULL TOGETHER.
WEAVER ANTS IN

BERT HÖLLDOBLER STUDIED
KENYA’S SHIMBA HILLS RESERVE.
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Hundreds of ants are housed in clear inter-

connected boxes. The ants have access to a large foraging area.
In writhing groups the ants form dark swarming masses
of organic material. They move and dart from side to side, back
and forth, up and down. All movement is visible in the stark,
well-lit laboratory room.
To the untrained eye, the ants in the tubes seem to be moving
in indiscriminate directions. There appear to be few if any guiding
principles. The ants start, they stop, they run into each other.
Look closer. As a whole, the ant colony is following a well
choreographed act that has evolved over eons. Each member
of the colony cooperates to find food. The ants mark their
paths as they gather food and then return it to the colony for
the nourishment of all. This particular ant colony exists in the
laboratories of Bert Hölldobler, a Foundation professor in
Arizona State University’s School of Life Sciences.
The ASU scientist is testing the trail marking endeavors of
several ants on this day. A white plastic runway slides into place to
connect with the foraging arena. A single “scout” ant jumps onto
the runway and starts walking up it, searching for food. The runway
slowly moves to the side to prevent other ants from jumping on.
The ant finds a drop of honey water at the end of the runway.
She imbibes as much as her “social stomach” can carry. As she
makes her way back to the nest arena, she leaves a chemical trail.
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The chemical is a recruitment signal. It will attract and allow other
nest mates to follow the route of the scout to the food.
Hölldobler says it is this kind of communication that ensures
the success of the colony as a whole. Hölldobler studies social
insects. He and scientists like him are at the cutting edge of
research aimed at understanding the evolution and ecological
significance of social systems in nature.
Their work is designed to tease out new information about
the diversity of social organizations in the animal kingdom. They
want to better understand the behavioral mechanisms that make
insect societies so successful.
Insect societies appear to be excellent models for the study of
cooperation and conf lict in nature. By studying insect societies,
researchers can better assess the various degrees of complexity
of biological social systems.
Hölldobler has traveled around the world to study ants. He
has studied ant colonies in the rain forests of Argentina, Central
America, Africa, India, and Australia. He also studies ant colonies
right here in the arid lands of the southwestern United States.
Biologists need to get into the field to study their subjects.
That is just one portion of the research. Hölldobler’s experimental analysis of social behavior takes place in the laboratory.
He uses plenty of sophisticated instruments and techniques
to do the work.
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AFRICAN GOLDEN-HAIRED POLYRHACHIS ANTS HAVE HOOK-LIKE SPINES THAT RISE FROM THEIR WAISTS. THEIR COLOR MAY ADVERTISE THESE FORMIDABLE WEAPONS.

Ants are one of this planet’s most successful life forms.
Hölldobler studies them to learn how they survive in what
often are harsh and almost always demanding environments.
He has studied how they overcome insects and other prey
much larger than themselves. He has learned how they build
their nests and how they thrive in them. But most importantly,
the ASU scientist studies how neighboring colonies of ants
compete with one another.
“To scientists, ant colonies often appear to be much like a
secret society. We want to decode their social organization and
communications systems,” he says. But Hölldobler has found
much more during his many years studying ants. His findings
hold clues to the long-term survival of ants. The insects have
inhabited Earth for more than 100 million years.
However, the ASU scientist says that buried deep within an ant
colony’s social structures are lessons for the long-term survival of
humans as well. “Ants are the most successful animals on Earth,”
Hölldobler explains. “The very nature of our planet without ants

would be very different than a world without humans.
“Without humans, culture, art, and music would vanish.
But nature would recover,” he says. “Without ants, however, the
Earth would lose one of its most integrated and useful life forms.
The planet would be significantly altered. Many natural habitats
would go extinct, including many of the plant and animal species
living today.”º
Ants are found in virtually every terrestrial environment (not
to mention the kitchen). They live on the tundra, in the rain
forests, and in the deserts. Ants live on every continent except
Antarctica.
Looked at individually, ants are tiny creatures. But added
together, their total collective mass on the planet rivals that
of humans. Hölldobler estimates there are about ten thousand
trillion (10 x 1015) ants living on Earth at this moment. There are
11,000 known ant species. Hölldobler thinks that there may be
a total of 20,000 species. In the life-rich Amazon, for example,
ants make up a third of the total animal biomass.
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AN AFRICAN POLYRHACHIS WORKER OF ANOTHER
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SPECIES CARRIES A PIECE OF TWIG TO THE NEST
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OF HER COLONY.

THIS TWIG FELL INTO A HONEY-BAIT

USED BY US TO ELICIT RECRUITMENT BEHAVIOR
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IN THE ANTS.

THE SWEET TASTING TWIG WAS

AN UNUSUAL PIECE OF BOOTY FOR THIS ANT.
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A LARGE MOUND OF THE RED WOOD ANT FORMICA POLYCTENA IN THE PRIMEVAL
FOREST OF FINLAND. THIS MOUND IS OVER 2 METERS HIGH.

Most city dwellers consider ants to be pests that are best
stomped or sprayed. However, ants play a critical role in many
ecosystems. Ants are the primary predators of other insects.
A single colony of ants can consume as many as 10 million insects
per year. Ants also are a major force in processing and turning the
soil. And they are one of nature’s main distributors of nutrients
and plant seeds.
The many thousands of ant species are highly specialized.
Ants eat everything from aphid secretions to plant and
animal materials to fungus (which they farm themselves).
Hölldobler says that the tremendous ecological significance
and evolutionary success of the ants is based on the diversity
of their social organizations.
“We learn from the ants that division of labor makes any animal
species superior to solitary or less well organized animal species,”
Hölldobler says. “But division of labor can only function by means
of communication. Communication is the key to social life.”
Ants communicate primarily by using chemical signals called

pheromones. “Ants are walking batteries of glands that are
constantly excreting chemical signals,” he adds. “They are walking
chemical factories.”
In his office, Hölldobler keeps an extensive library of ant
specimens on specially prepared microscope slides. The ants are
sliced in many directions and stained with different media to
highlight various structures. Using these histological preparations,
researchers can map the location of numerous glands on an ant’s
body that produce pheromones.
Holding a cross section of an ant on a glass slide, Hölldobler
explains how he and his collaborators dissect the glands from
an ant. They make a chemical extract from the glandular secretions
that they then test in behavioral experiments.
Hölldobler wants to know exactly which chemicals inf luence
ant behavior. To do that, he and his colleagues recreate the
chemicals on a molecular level. Just as a human’s life is highly
visual, the ASU team has found that an ant’s life is highly scent
or chemical driven.
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AGGRESSIVE THREAT
DISPLAY OF THE WEAVER
ANT

OECOPHYLLA. THIS

ANT HAS ACUTE VISION AND
SEES THE PHOTOGRAPHER.

SHE DEFENDS HER TERRITORY
WITH WIDELY OPENED JAWS.

SOCIAL FOOD SHARING BY REGURGITATION ARE ALTRUISTIC ACTS ALMOST
UNIVERSAL IN ANT SOCIETIES. THEY ARE DISPLAYED HERE BY WORKERS
OF THE SOUTH AMERICAN ANT DACETON ARMIGERUM.

Ants use scent to recognize nest-mates and to identify
intruders. They also use scent to distinguish dominant from
subordinate individuals, to mark their territories, and to send
out alarm and rescue signals. Chemical markers are used to
recruit and direct nest-mates to newly discovered food sources,
as well as to organize a territorial raid against neighbors.
Hölldobler’s group has made many discoveries related to each
of these types of chemical communication.
Scent is important, but the scientists have learned that ants do
not entirely depend on chemical communication. Consider the
leaf cutter ants, which are deaf. Hölldobler’s group discovered
why leaf cutter ants “sing” when they find high quality food.
The noise they make is not “heard” by others of their species.
However, vibrations from the noise are sensed in the legs of
other leaf cutter ants. They might be up to one meter away.
The vibrations make an effective mechanical signal to summon
nest-mates to a harvesting site of high quality.
Many ant species can walk on smooth, slippery plant surfaces
without falling off. Hölldobler’s group found out why in a series
of tests with weaver ants. A weaver ant can hang upside down
from a glass plate and hold a piece of metal with its jaws that is
100 times the ant’s weight. The scientists found that the source
of such strength is a microscopic film that spreads between the
ant’s feet and the glass.
Hölldobler’s interest in ants goes well beyond their ecological
importance. His scientific focus is on the real reason for their
success — their highly evolved social behavior.

w

or

ld

wo
ul
dn
’t e
.”
xist anymore

Like their cousins — bees and wasps — ants were among the
first organisms to develop true social organizations. They did
this more than 100 million years ago. Hölldobler says that ants
have taken social organization to levels that rival the sophistication of ancient human societies. Of course, ant societies are
almost entirely based on biology. Modern human societies are
mainly cultural constructs built on a biological blueprint.
Social insects are important objects of study for naturalists,
ecologists, and entomologists. But they also are favorites for any
researcher interested in social behavior.
“We can learn a lot by studying social insect behavior,”
Hölldobler says. “In the 1980s, I wrote a paper called Territorial
Strategies in Ant Societies. I was amazed by all the places from which
I got requests for reprints. I heard from researchers at Harvard’s
Kennedy School of Government as well as from the Pentagon.
I wondered, ‘Why do they want to know about this?’
“A Harvard researcher told me: ‘We are interested in how,
through evolution, territorial strategies have been optimized.’”
“Ants have very, very aggressive societies,” Hölldobler
continues. “If they had the atomic bomb, the world wouldn’t
exist anymore.
“Or perhaps it would,” he says. “The way that ants conduct
warfare depends very much on resource distribution. And
depending on that, they have very different kinds of territorial
strategies. No colony really invests more energy in territorial
defense than they get back in resources. It’s a cost-benefit
relationship, even in conducting warfare.”
Hölldobler does not want to be seen as someone who
compares human societies and ant societies. He does not see
ants as little humans. “Ant societies and human societies are
totally different things,” Hölldobler explains.
“However, we can learn a lot by studying the biodiversity
of animal societies. We learn that there are certain common
principles that evolved independently. These include division
of labor, social hierarchies, social networks, communication
systems, kin recognition, and helping behavior. Helping behavior
can be strikingly similar to altruism in human societies,” he adds.
“No ant species is solitary. All ants are social,” Hölldobler says
as he gets to the core of his research. “Ants are great at employing
the principle of sacrificing one life for the life of the group.
A single ant’s life is not any more important than that of the group.
They act collectively as a ‘super organism.’”
With a smile, the ASU scientist adds, “Karl Marx was right;
he just chose the wrong species.”
RESEARCH ON ANTS AT ASU IS SUPPORTED BY THE NATIONAL SCIENCE FOUNDATION, THE GERMAN
SCIENCE FOUNDATION, AND THE KRUPP FOUNDATION. FOR MORE INFORMATION, CONTACT BERT
HÖLLDOBLER, PH.D. SCHOOL OF LIFE SCIENCES, 480.727.8415. SEND E-MAIL TO: BHOLLDOB@ASU.EDU
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