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DNA found in the air may be especially 
useful to document insects such as moths.
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INSIDE

• Pigeons remember routes years later

• Experiment makes subjects feel an 
illusory sixth finger—and alters its length

• Bull runs offer a chance to study 
dangerous crowds

• Tiny parasite uses its prodigious grip  
to journey across a flying bee

GENE TIC S 

From Thin Air 
Airborne genetic material holds 
clues to Earth’s biodiversity 

Two decades ago �biologists and natural his-
torians around the world launched ambitious 
projects to create inventories of our planet’s 
biodiversity. After all, they said, you can’t 
work to save what you don’t know exists. 
Even the most optimistic estimates suggest 
only a quarter of Earth’s species are currently 
known to science, raising concerns about 
the big picture amid rising extinction rates. 

These projects have crept along because 
of the painstaking work of identifying and 
describing species—as well as, in many 
cases, collecting samples of the organisms 
for DNA sequencing. Now a new approach 
to cataloguing the world’s animals has 
emerged: vacuuming DNA out of thin air. 

The technique is a variation on one previ-
ously used in water, soil and elsewhere, 
in which scientists collect and sequence 
environmental DNA (eDNA), the genetic 
material in cells shed by local species. Pulling 
eDNA from the air could provide an exten-
sive picture of a location’s inhabitants. It may 
also prove particularly useful with organisms 
such as insects, which are notoriously hard 
to monitor (and are often killed in traditional 
DNA-sequencing practices). Analyzing 
eDNA is faster and less costly than collect-
ing and sequencing individual animals, and 
it can capture data from many species at 
once—even in hard-to-reach environments. 

Two new papers published in �Current 
Biology �put airborne eDNA to the test. One 
group of researchers worked at the Copen-
hagen Zoo and one in Hamerton Zoo Park 
in the U.K.—perfect locations to evaluate 
such sampling because the scientists knew 
exactly what species were present and how 
many individuals there were. vm
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The teams used different methods 
to vacuum or blow air through a filter 
to extract DNA. Once the DNA was 
amplified and sequenced, both teams 
detected many of the species present in 
the zoo—even those inside buildings or 
hundreds of meters from the col-
lection sites. 

The eDNA sampling also picked up 
genetic signatures of species outside the 
zoos’ walls. The U.K. group identified 
Eurasian hedgehogs, which are vulnera-
ble to extinction in the country, and the 
Denmark group found genetic traces 
from squirrels and cats. 

The researchers say eDNA is a game 
changer for monitoring biodiversity: 
other techniques require the animal to 
be physically present when scientists are 
looking. “If you have a camera trap, they 
have to walk in front of your camera—
because if they walk behind it, you’ll 
never know,” says Elizabeth Clare, a 
molecular ecologist at York University 
and a co-author on the U.K. study. “If 
you’re acoustically recording or [con-
ducting] visual surveys, the animal has 
to be there. But environmental DNA is 
more like a footprint. It’s a really funda-
mentally different type of data. The ani-
mal doesn’t physically have to be pres-
ent, and so you’re much more likely to 
catch rare stuff.” 

A recent proof-of-concept airborne 
eDNA project, presented at the confer-
ence Ecology Across Borders, took sim-
ilar techniques into the wild to identify 
insects based on air samples from three 
locations in southern Sweden. Conser-
vation scientist Fabian Roger and his 
colleagues at Lund University found 
DNA traces and matched them with  
85 species, including butterflies, beetles, 
ants and flies, as well as nine noninsect 
species such as frogs and birds. When 
compared with results from a conven-
tional survey, the eDNA process missed 
some species but found others the sur-
vey had overlooked. 

Roger, now at ETH in Zurich, says he 
was inspired to try sampling airborne 
eDNA after monitoring aquatic ecosys-
tems for new species. “It hit me how dif-
ficult it was to get good data on popula-
tions,” he says. “And with recent research 
showing a 70 percent reduction in insect 
biomass, we have a crucial lack of data.” 

Researchers estimate that scientists 
have described only one million of the 
world’s 5.5 million insect species, so 
looking to the air to monitor biodiver-
sity is an exciting development that 
might speed up conservation efforts. 
“The time is ready for environmental 
DNA to take on this new substrate,” 
says Kristine Bohmann, an ecologist at 
the University of Copenhagen, who co-
authored the Denmark study. She adds 
that she has worked on eDNA from 
fecal samples, and others have looked 
at soil and water—and even flowers to 
discover which pollinating species have 
landed on them. 

There are still questions about air-
borne eDNA: for one, it is unclear how 
long genetic material persists in the air. 
Are researchers detecting a recent pres-
ence or one from months earlier? Studies 
have found intact DNA in permafrost up 
to 10,000 years after its source organ-
isms perished. But in other conditions, 
such as exposure to ultraviolet radiation 
from the sun, DNA may degrade quickly. 

Another big question involves abun-
dance. Does a larger signal of a species’ 
DNA indicate the presence of many 
individuals or just one that happens to 
be closer to the sampling station? This 
is one of the hottest topics in eDNA 
research circles, Clare says. “The sim-
ple answer is no,” she adds. “You can’t 
know the abundance unless you have 
extremely controlled conditions.” 

Still, the implications of using eDNA 
from the air to remotely monitor biodi-
versity are enormous. A global network 
of air-collecting stations could let farm-
ers know about invasive creatures enter-
ing their areas or inform conservation 
scientists if an endangered bird still lives 
in a specific area, the researchers say. It 
would also provide a snapshot of what 
is out there, faster and cheaper, without 
people having to do laborious sample 
collection in hard-to-reach locations. 
Bohmann once trudged through Mada-
gascar to deliberately attract leeches—
and later analyzed the DNA inside the 
bloodsuckers’ stomachs to learn about 
the forest’s inhabitants. “If I could avoid 
being human bait and get the results 
beamed to me at my computer,” she 
says, “that would be amazing.”  
� —�Katharine Gammon 

ANIM AL COGNITION 

Bird Memory 
Pigeons remember specific routes 
home after years away 

Homing pigeons combine �precise internal 
compasses and memorized landmarks to re
trace a path back to their lofts—even four years 
after the previous time they made the trip, a 
new study shows. 

Testing nonhuman memory retention is 
challenging; in research studies, “it’s rare that 
there is a gap of several years between when an 
animal stores the information and when it is 
next required to retrieve it,” says University of 
Oxford zoologist Dora Biro. For a recent study 
in the �Proceedings of the Royal Society B, �Biro and 
her colleagues compared domestic homing 
pigeons’ paths three or four years after the birds 
established routes back to their loft from a farm 
8.6 kilometers away. The study built on data 
from a 2016 experiment in which pigeons 
learned routes in different social contexts during 
several flights—on their own or with peers that 
did or did not know the way. 

Using data from GPS devices temporarily 
attached to the birds’ backs, the researchers 
compared the flight paths a cohort of pigeons 
took in 2016 with many of the same birds’ 
routes in 2019 or 2020, without the birds visiting 
the release site in between. Some birds missed 
a handful of landmarks along the way, but many 
others took “strikingly similar” routes to those 
they used in 2016, says Oxford zoologist and 
study co-author Julien Collet: “It was . . .  as if the 
last time they flew there was just the day before, 
not four years ago.” 

The team found that the pigeons remem-
bered a route just as well if they first flew it 
alone or with others and fared much better than 
those that had not made the journey in 2016. 

The result is not surprising, says Verner Bing-
man, who studies animal navigation at Bowling 
Green State University and was not involved 
with the study. But it provides new confirmation 
of homing pigeons’ remarkable memory, he 
says: “It closes the distance a little bit between 
our egocentric sense of human cognitive abilities 
and what animals can do.” � —�Robin Donovan
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