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LAUSANNE, SWITZERLAND—Kenneth Ross 

still vividly recalls the day that Laurent 

Keller saved his life. Ross, an entomolo-

gist at the University of Georgia, had been 

so focused on looking for fi re ants in rural 

Georgia that he stepped into the 

road just as a logging truck roared 

by. Fortunately, Keller was quick 

enough to grab Ross out of the 

truck’s path. “I can still smell the 

pine rushing past,” Ross says of 

the 1993 incident. 

Keller’s quick reflexes and 

decisive actions have held him in 

good stead in his science as well. 

At the time, Keller was a young 

Swiss postdoc with poor Eng-

lish skills but a lot of enthusiasm. 

Twenty years later, at the Univer-

sity of Lausanne, he has more 

than 280 publications that tes-

tify not only to his language pro-

fi ciency but also to his ability to 

jump quickly into emerging fi elds 

and make early critical insights. 

“He always has a good feel for 

where a field is heading and is 

always at the forefront,” says 

Jürgen Liebig, a behavioral ecol-

ogist at Arizona State University, 

Tempe. That, coupled with per-

sistent attention to key problems, 

has led Keller, 52, to success on 

multiple levels, including receiv-

ing the E. O. Wilson Naturalist 

Award in 2005 from the Ameri-

can Society of Naturalists.

Almost 15 years ago, Ross 

and Keller came up with one of 

the fi rst genes underlying social 

behavior. Just a few months ago, 

Keller’s team reanalyzed that 

“gene” and showed that it is actually a large 

segment of inverted DNA that encompasses 

600 genes. In the meantime, Keller delved 

into social confl ict, crafting experiments that 

shore up key theoretical ideas about how soci-

eties work. He also teamed with engineers 

and computer programmers to build robots 

that “evolved” social behavior. That work 

“planted the seeds for a whole new approach 

to understanding social evolution,” says Gene 

Robinson, an entomologist at the Univer-

sity of Illinois, Urbana-Champaign. Most 

recently, Keller’s lab has shifted into studies 

of collective behavior in ants, using a newly 

developed tracking system that can follow up 

to 225 individual ants 24/7 for weeks at a time 

(see sidebar, p. 270). “We try to do stuff that 

[other] people don’t,” Keller says. 

Keller “has a knack of picking important 

questions, picking the right system, and hav-

ing the persistence in chasing them,” says 

Andrew Bourke, an evolutionary biologist at 

the University of East Anglia in the United 

Kingdom. And his work has relevance far 

beyond ants. “Understanding how individ-

ual behavior is specifi ed in large groups [can 

lead] to principles of social organization that 

may explain the organization of other groups, 

including humans,” says University of Laus-

anne neurobiologist Richard Benton. In ants, 

unlike humans, “you can test your hypotheses 

about how communication between individu-

als is going to affect the group as a whole,” 

Benton adds.

Tenacity 
As an undergraduate at the University of 

Lausanne, Keller knew he wanted to study 

social behavior in animals. Great 

apes were his fi rst choice, but he 

realized that there would be a low 

return per hour of fi eldwork. Zoo 

studies present an artifi cial envi-

ronment. So he settled for ants. 

He became fascinated with fi re 

ants, South American invaders 

that have spread rapidly across the 

southern United States in the past 

80 years. In particular, he wanted 

to understand why some fi re ant 

colonies support a lone queen, 

while others form supercolonies 

with multiple queens. 

He struck up a close collabo-

ration with Georgia’s Ross, at one 

point serving a joint postdoctoral 

fellowship with Ross and Harvard 

University’s famed ant researcher 

Edward O. Wilson. Several times 

during the late 1980s and 1990s, 

Ross and Keller traveled to Latin 

America, spending weeks on the 

road crisscrossing thousands of 

kilometers in search of native 

populations of fire ants. More 

than once, Keller, in his faulty 

Spanish, negotiated their way out 

of sticky situations—gauchos rid-

ing up with guns drawn, or border 

police trying to shake them down 

for bribes. He explained to all 

comers that they were legitimate 

researchers and must continue 

their work—and he got his way. 

“He’s like a bulldog, he doesn’t 

give up,” Ross says. “He does the same thing 

with his science—he’s tenacious.”

One example of that tenacity is his and 

Ross’s 15-year quest to understand the 

genetic basis underlying the multiqueen fi re 

ant colonies. In 1997, lacking the technology 

to look for DNA differences, Ross had fi n-

gered a protein called Gp-9 that seemed to 

differ in ants from the two types of colonies. 

Chasing Ants—and Robots—to 
Understand How Societies Evolve 
Laurent Keller’s passions go far beyond ants as he taps genomics, robots, 
and other approaches to answer evolutionary questions 

P R O F I L E :  L AU R E NT  K E L L E R

Social scientist. Laurent Keller is serious about his research on social behavior 

in insects, but colleagues say he also is fun to be with. 
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In 1998, he and Keller showed that the still 

unidentifi ed gene for Gp-9 had both a domi-

nant and a recessive version, or allele. Work-

ers with both versions of the allele accepted 

multiple queens, provided those queens also 

had both alleles. Otherwise the workers killed 

the extra queen.   

Gp-9 is an odor molecule found 

all over an ant’s surface. Yet, the dif-

ferent versions of the gene seemed 

to also determine worker behavior, 

the colony’s social organization, and 

even the size of the queen. “It started 

to become diffi cult to think that it was 

a single gene for all of those traits,” 

Keller recalls. But at the time, Ross 

and Keller didn’t have the technology 

to explore further. 

Still, they kept the problem in 

mind. When the revolution in DNA 

sequencing put the genomes of many 

organisms within easy reach, Keller 

acted. In 2008, he helped organize 

the effort to decipher the genome of 

the fi re ant Solenopsis invicta. Pub-

lished in 2011, the genome paved 

the way for Keller to fi nd out about 

Gp-9. Sequencing doesn’t physically 

place genes on chromosomes, so 

Keller used a technique called RAD-

sequencing (Science, 25 February 

2011, p. 1006), which generates thou-

sands of landmarks on chromosomes, 

to pinpoint Gp-9. Thus, he could see 

which genes were linked to it, as those linked 

genes might also be involved in prompting 

tolerance of multiple queens. 

To his team’s surprise, they found a 

13-million-base block around the Gp-9 gene 

that was passed down to offspring as a sin-

gle unit—essentially a “supergene.” During 

reproduction, matching chromosomes from 

the male and female usually cross over and 

recombine to create new mixtures of alleles, 

but this doesn’t happen with this stretch of 

DNA. As the team reported in the 31 Janu-

ary issue of Nature, the block, which contains 

more than 600 genes, is inverted with respect 

to the DNA on the matching chromosome, 

thereby preventing recombination. Thus, each 

parent’s contribution remains unchanged as it 

passes on to the next generation. “I was sur-

prised it was so big,” says Keller, who dubbed 

the DNA a “social chromosome.” 

The discovery “opens an entirely new 

area of research for this system,” says 

Mathieu Joron, an evolutionary geneticist 

at the National Museum of Natural History 

in Paris. One challenge now is to determine 

which of those 600 genes set the stage for 

multiqueen colonies. 

The Private Lives of Ants

Danielle Mersch’s ants have no privacy. Six years ago as a graduate student in Laurent Keller’s 
lab at the University of Lausanne in Switzerland, she had wanted to study circadian rhythms 
in ants but hadn’t wanted to spend all day and night keeping track of them. So she and Keller 
teamed up with Alessandro Crespi, an engineer at the Swiss Federal Institute of Technology in 

Lausanne to develop a 24/7 surveillance sys-
tem that promises to revolutionize their study 
of collective behavior in these insects. “It’s 
groundbreaking technology,” says Iain Couzin, 
a system biologist at Princeton University. 

Online this week in Science (http://scim.ag/
DPMersch), Mersch, Crespi, and Keller describe 
using this system to reveal that ants cluster into 
cliques: Nurses that tend the queen and brood 
hang out in one part of the colony, while for-
agers stick close to the nest entrance, with the 
two groups rarely interacting. Some organization 
was expected, but “I was surprised that they have 
such a strong spatial structure,” Mersch says. 

The paper’s most signifi cant advance, how-
ever, may be the setup itself. Mersch struggled 

to fi nd a suitable marker that would let a computer follow 
each ant and take data frequently. Many ant researchers 
paint colors on the ants’ abdomens to uniquely identify each 
one, but colors are hard to incorporate into an automated 
tracking system, especially one that has to operate in the 
dark. Radio tags don’t provide enough spatial resolution, 
Mersch says. Other automated trackers record data at long 
intervals, leaving gaps in coverage. 

Mersch settled on a set of 225 barcodes developed for 
video game developers and glued a barcode to each ant’s 
back; the ants seem to get used to their signboards. High-
resolution cameras mounted above the ants’ home—a 
shoebox-sized nest box and foraging area connected by a 
tunnel—is synced with infrared lights that fl ash on twice 
a second. The digital images are immediately relayed to a 

computer, where software analyzes each ant’s position relative to other ants and computes their 
trajectories. Thus, Mersch can watch ants move in real time or days later. 

Typically, she starts with 200 ants and has the system observe them for 40 days. So far, she 
and her colleagues have spied on fi ve species of ants. “It’s very important information when you 
want to investigate the dynamics within societies,” says systems biologist Guy Theraulaz of CNRS, 
the French national research agency, in Toulouse. 

About one-third of the colony works with the brood in one corner of the container as nurses; 
another third forages. Foragers turn out to have a daily rhythm, temporarily leaving the nest by 
night, but nurses don’t. Many of the rest may be housecleaners. Over time, nurses are likely to 
become housecleaners and, eventually, foragers, moving further out into the world as they age. 
“There’s a clear behavioral trajectory,” Mersch says. Next, she plans on manipulating the social 
structure of the colony, say, by removing all the nurses, to see which ants take their places. 

“Until now, biologists have looked at the colony level,” Couzin says. “Now they can look at the 
life history of every individual in the colony. This offers a remarkable way of relating individual 
properties to collective properties.” –E. P.

Against the grain 
But Keller likes challenges. Although he says 

that he doesn’t take himself too seriously, 

beneath his broad smile and welcoming eyes 

is an intense, strongly opinionated man who 

doesn’t hesitate to speak his mind or criticize 

those around him. “He never seems to get 

angry, but will state very plainly and in a non-

emotional way, ‘This is worthless,’ ” says his 

postdoctoral fellow Eric Lucas. Keller signs 

his reviews, so colleagues know whose blunt 

words helped make or break a paper. “Some 

Ants at a glance. Ants wear-
ing barcodes are tracked by over-
head cameras that record the ants’ 
positions in their homes (bottom).
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people are rubbed the wrong way,” Ross says.

Several lines of inquiry in his lab have 

gone against the grain, including work on 

how insect caste is determined. “He’s really 

been looking at a variety of different species 

that get us thinking outside the box about 

ways to maintain different castes,” 

explains Andrew Suarez, an ant 

ecologist at the University of Illi-

nois, Urbana-Champaign. 

Researchers had long assumed 

that environmental factors deter-

mined whether a female social 

insect became a queen or a worker, 

as both types have the same set of 

genes. That’s how it works in honey 

bees. But in the mid-2000s, sev-

eral exceptions emerged in ants. In 

each case, Keller’s group or others 

noticed unexpected genetic differ-

ences, for example between queens 

and males. With such strange data, 

“most people would have given up,” 

says evolutionary biologist Daniel 

Kronauer of Rockefeller Univer-

sity in New York City. “[Keller] 

noticed what was going on and 

what the implications would be.” 

Through a series of experi-

ments, Keller’s team showed that 

these ants have an unusual reproductive biol-

ogy. In one case, for example, workers were 

sexually produced—a combination of male 

and queen genetic material. But queens were 

parthenogenic and were clones of each other. 

And the queen’s DNA was discarded in male 

offspring, making all males clones of each 

other. “It’s as if you had two species’ genomes 

that only come together in the sterile worker,” 

Keller explains. 

In these cases, genetics, not environ-

ment, determines caste, and Keller thinks 

that there may be many more such examples 

among social insects. But he says it’s taken a 

decade for his colleagues to accept this idea. 

“Many people are bad scientists,” he says 

bluntly. “When they get data that doesn’t fi t, 

they do everything they can to throw out the 

interesting stuff.”

Still, some others suspect that environ-

mental factors, not genetics, are the key 

to caste most of the time. “It’s up in the air 

whether [genetic caste determination] is 

extremely rare or just occasional,” says evo-

lutionary biologist Francis Ratnieks of the 

University of Sussex in the United Kingdom. 

Robotic stand-ins

Some of his ideas defy current wisdom, but 

Keller, who is well established in an envi-

able position in Lausanne, is not worried 

about controversy. His offi ce looks out on 

deep blue Lake Geneva, with the Alps as a 

backdrop. He’s never had a Swiss National 

Science Foundation grant proposal rejected, 

and with the money he has in hand right 

now—including €2.5 million for 5 years 

from the European Research Council—

he can afford to take on risky projects and 

keep his 15 postdocs and students employed 

indefi nitely. Just 50 kilometers away is his 

chalet, where he spends winter weekends 

skiing, sometimes with his two teenage chil-

dren or members of his lab. Colleagues rave 

about how fun he is at meetings; several 

have photos of him dancing on a bar table 

late one night in Japan.  

That solid standing has helped Keller 

start unusual collaborations. Although his 

lab is adept at manipulating ants to under-

stand their society, the researchers have been 

hard-pressed to come up with ant experi-

ments that address how sociality arises in 

the fi rst place. So a decade ago, Keller went 

across campus to the Swiss Federal Institute 

of Technology in Lausanne and teamed up 

with roboticist Dario Floreano. Together, 

they and their students harnessed robots and 

computer simulations to look at the early 

evolution of cooperation and communica-

tion. “The robots are really valuable for 

understanding limits and constraints on evo-

lutionary processes,” says Melanie Moses, a 

computer scientist at the University of New 

Mexico, Albuquerque. 

Each robot is built with a slightly differ-

ent neural network connecting its infrared 

and vision sensors to its moving wheels. 

These variations, surrogates for genetic 

differences, cause the robots to have slightly 

different behaviors. The researchers score 

the robots for how well they do retriev-

ing large and small disks, and the most 

effi cient ones are selected to continue and 

“reproduce”: In each successive 

round, the researchers increase 

the proportion of the best robots 

in the mix, adding clones that 

have slight variations refl ective 

of what might happen during 

reproduction. 

At fi rst, movements and disk-

retrieval are random, but within 

150 generations the selection 

process leads to robots that excel 

at working together to retrieve 

large disks, the team reported in 

2010. The next year, 

they demonstrated 

that the robots even 

evolve  a l t r u ism 

toward their closest 

relatives. The work 

showed how easy it 

is for cooperation 

to emerge in organ-

isms lacking much 

of a brain.   

It doesn’t take much of a brain to evolve 

communication either, according to other 

work by the team. In these experiments, the 

robots have the ability to fl ash blue or red 

when they encounter “food.” Within 10 gen-

erations, different sets of robots adopt dif-

ferent signaling strategies—flashing one 

color to signal that they have found food, 

or using combinations of colors to signal 

food or no food. The simple system is more 

effi cient when there is no competition. But 

when competing robots try to read the sig-

nals, the complex codes are harder to break 

and thus more useful, the Lausanne team 

reported on 3 January 2012 in the Proceed-

ings of the National Academy of Sciences. 

“[Keller] showed how a complex strategy 

can evolve and could beat simpler strate-

gies,” Moses says.

Floreano and Keller are coming up with 

ever more complicated ideas to test with 

robots and simulations, but Keller is most 

excited now about the new ability to fol-

low individual ants in colonies. Even with 

genomics, robots, and a new tracking sys-

tem under his belt, however, Keller says he 

still feels like a rolling stone whose direc-

tion is not yet determined. “I hope in 5 years 

I’m starting to do new stuff that I am not 

even thinking about today.” 

–ELIZABETH PENNISI

Communication 101. In 
this evolution experiment, 
robots (glowing blue, 
above) move (inset) to 
fi nd the “food” and signal 
other robots.
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