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How a fossil unearthed 
50 years ago became  
an evolutionary icon
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Since her public debut in 1978, Lucy has been on a first-
name basis with the world. Not bad for someone from  
rural Ethiopia who had been an unknown for 3.2 million 
years or so.

Paleoanthropologists Donald Johanson and Tom Gray had 
discovered Lucy’s fossilized bones a few years earlier. That spectacular moment 
50 years ago quickly upended how many scientists thought about human evolu-
tion. Until then, the history of our species was drawn as an orderly progression, 
with one member of the big-brained Homo species leading to the next. The famed 
anthropologists Louis and Mary Leakey, and later their son Richard, had spent 
decades excavating fossils that they said supported that theory. Lucy, who walked 
upright like a human but had a petite brain and other apelike features, didn’t fit 
in. Her existence proved that the story was more complicated — and much more 
interesting. 

As Bruce Bower, Science News’ behavioral sciences writer, reports in this issue, 
scientists knew of only a few hominid species when Lucy’s partial skeleton was 
discovered in 1974 (Page 18). Today, scientists recognize more than 20 hominid 
species, including Lucy’s Australopithecus afarensis. “Johanson calls that partic-
ular point in time the beginning of a golden decade in paleoanthropology,” Bower 
told me. “It was changing the way everyone thought.”

Even for those of us who have been reading about Lucy for decades, Bower’s 
retelling of the tale is a treat. Lore has it that she was named after the Beatles 
song “Lucy in the Sky with Diamonds,” which was playing on repeat at a cel-
ebration in camp the evening of her discovery. Bower, a longtime Beatles fan, 
doesn’t shirk from further invoking the Fab Four. He notes that other fossils dis-
covered nearby helped Lucy top “the hominid hit parade with a little help from 
her friends.” And he uses the lyric “I thought I knew you, what did I know?” from 
the song “I’m Looking Through You” to address hot-topic questions about Lucy, 
including whether she climbed trees, what she ate and whether she and her com-
patriots used stone tools. 

The gully where Lucy was found lies in a parched, treeless desert. But when I 
look at the photos from the 1974 dig, the people toiling away in that heat and dust 
look so happy. Perhaps the photos were taken after they found Lucy, a major dis-
covery made after weeks, months — who knows, possibly years — of fruitless toil. 
It was the day when they finally found a fossil that changed everything. Or maybe 
the photos were taken before the debut of our celebrity hominid, and those smil-
ing, dusty people were just happy to be doing the work. 

Today, scholars of human evolution have many more tools at their dis-
posal than did the crew in Ethiopia. That includes ancient DNA analysis that 
has revolutionized our ability to better identify hominid populations and 
the relationships between them, including the genetic connections between 
Neandertals and present-day humans. 

It’s not known if Lucy and her kind are among our direct distant ancestors; like 
many things in the study of human evolution, it’s debated. But she can count me 
among her many fans. — Nancy Shute, Editor in Chief

50 years on, Lucy still 
sparks our curiosity 
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Yanacocha Gold Mine, located near Lima, Peru, 
is the largest gold mine in South America and 

the fourth largest in the world. 

RGold 

� e Gold Rush of 2024

A F F O R D  T H E  E X T R A O R D I N A R Y ®

99
Impossible PriceWas $299, Now

S    
N B I S

Glimmering 24k gold 
in a tungsten setting
A h, my dear compatriots, allow me to share a tale of 

intrigue and fortune. Picture this: a venture into 
the heart of a South American goldmine, where the earth 
yields its treasures to the daring and the cunning. With 
every step as we follow Diego, our mining master, the air 
thickens with anticipation, the scent of wealth mingling 
with the thrill of the unknown.

� ere, amidst the darkness, lies the prize we seek — veins 
of gold, glimmering like stars in the night sky.

Now picture this: a ring, not just any ring, mind you, but a 
masterpiece crafted to adorn the fi ngers of the discerning. 
Crafted with meticulous care, each piece encasing ribbons 
of 24 karat gold in a Tungsten setting, whispering tales of 
luxury and prestige.

Meticulously crafted and amazingly comfortable, you will 
not fi nd anything like this in a jewelry store. As gold prices 
skyrocket, we have been able to craft this and hold the 
price under $100 making it exclusively available with only 
495 reserved for this ad. And of course we off er a 30 day 
no questions asked guarantee.

A symbol of power and sophistication. � is isn’t just a 
ring, it’s a statement. On any adventure, let this ring be 
your companion, a silent witness to your every triumph. 
Ahhh… the rush of a gold rush.

Jewelry Speci� cations:
• 24k gold embedded in black-fi nished tungsten
• Whole Size 8 -14

Men’s Gold Rush Ring 
$299  $99* + S&P Save $200

* You must use Insider Offer Code GRR164-01 to get this price.

1-800-333-2045
Your Insider Offer Code: GRR164-01

14091 Southcross Drive W. 
 Dept. GRR164-01, Burnsville, MN 55337
www.stauer.com

Rating of A+

★ ★ ★ ★ ★
“Been a Stauer customer for many 
years. I’ve never been disappointed 

in their products.”
—M.L. Port St. Lucie, FL
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There is evidence that clean 
drinking water in some 
localities may contain car-
cinogenic compounds. 
Many of the compounds 
detected contain chlo-
rine and some scientists 
think chlorine added to 
purify the water may be 
combining with organic 
substances not removed 
during filtration to form the 
dangerous substances.

50 YEARS AGO

EPA to study  
tap water

Cats may seem solid, but they’re actually 
somewhat liquid — at least according to one 
2017 theoretical physics paper inspired by 
photos of cats pouring themselves into vases 
and fitting into tight crevices. Now, one re-
searcher has taken this idea a step further, 
testing dozens of cats to see when they act 
more like liquids or solids.

Cats fluidly move through tall and narrow 
nooks but hesitate when they 
approach uncomfortably short 
holes, biologist Péter Pongrácz 
of Eötvös Loránd University 
in Budapest reports in the 
Oct. 18 iScience. The finding sug-
gests that cats are aware of their 
own body size and may form 
mental images of themselves.

Because cats tend to be reclu-
sive, they are difficult to test in 
the lab. So Pongrácz brought the 
lab to the cats. With help from colleagues, 
he built a portable lab that they set up in 
29 homes. 

In each home, the team attached two 
cardboard panels to a doorframe: one with 
five rectangular holes of the same height 
but decreasing width and another with five 
holes of the same width but decreasing 
height. An owner stood on one side of the 
panel while the cat and the experimenter 
stood on the other. For each trial, the cat 
had to squeeze from the experimenter’s side 
to the owner’s side through the holes while 
being filmed.

Once a cat oozed through the hole, the 
owner had to catch their pet and hand 
them over the panel to a researcher to 
start a new trial. But some cats hated be-
ing handled and evaded their owners.

Thirty out of 38 cats finished the 
experiment. When faced with holes 
of varying height, 22 cats hesitated to 
crawl through the shortest. When the 

holes varied in width, only 
eight cats paused before 
approaching the narrowest 
cranny. Most cats squeezed 
through slim openings 
without hesitating.

Hesitation may be a 
self-preservation tac-
tic, Pongrácz says. If a cat 
squeezes through a hole with-
out being able to see what’s on 
the other side, the cat may be 

vulnerable to potential threats. That some 
cats paused in the safety of their homes 
suggests that they also rely on their body 
size representation, or how they imagine 
their body size, to plan their approach.

Pongrácz had a lot of fun with the 
cats, but “the funniest things are how 
the people behave,” he says. Some own-
ers thought their cats were geniuses, 
only for those cats to struggle with the 
test. Other owners thought their felines 
lacked intelligence and were shocked 
when the cats easily completed the test. 
— Andrea Tamayo

UPDATE:  Those findings 

hastened the passage of the 

Safe Drinking Water Act, 

which authorized the U.S. 

Environmental Protection 

Agency to set minimum 

standards for levels of contam-

inants (SN: 3/29/75, p. 208). 

Chlorine is still used to kill 

waterborne pathogens, but 

the EPA limits levels of its by- 

products trihalomethanes and 

haloacetic acids. Long-term ex-

posure to these chemicals has 

been linked with an increased 

risk of cancer. Now, the agency 

is targeting lead and PFAS, or 

forever chemicals, which have 

been linked with myriad health 

problems (SN: 11/19/22, p. 18). 

The EPA recently set standards 

for PFAS and mandated that 

most lead pipe service lines be 

replaced within a decade.

Excerpt from the  
November 16, 1974 
issue of Science News

THE SCIENCE LIFE

One scientist put cats’ liquid nature to the test

Cats’ ability to pour 
themselves into 

containers and flow 
through tight spaces is 

well-documented.

Cats are 
aware of 

their own 
body size 
and may 

form mental 
images of 

themselves.
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SAY WHAT?

Ventography /ven-tah-gruh-fee/ n.
The study of politicizing wind for energy development
Wind ownership is up for grabs.

As an unpaid intern at an energy company in England, Emilia Groupp created 
wind maps for renewable energy development. Colleagues told Groupp to ignore 
wind blowing across British borders, saying things like, “Oh, we don’t want French 
wind,” recalls Groupp, an anthropologist of energy at Stanford University. Groupp 
dubs this politicizing of wind for energy development as “ventography” in a study 
published September 18 in Environment and Planning D: Society and Space.

Some nations are taking an old blueprint for expanding territorial claims to drill for 
fossil fuels and applying it to the sky. But if wind can be owned, it can also be stolen. 
Wind theft occurs when one entity builds turbines close to and upwind of an existing 
wind farm. That can slow wind speeds and tank power generation at the existing farm. 
To fight for control over wind resources, countries such as Greece are generating 
maps that use satellite data to “forensically trace wind currents,” Groupp writes.

Lest anyone think that wind ownership is unique, Groupp is also studying the politi-
cization of solar power but has yet to coin a word for owning the sun. — Sujata Gupta

THE –EST

Digging into the  
world’s oldest cheese
When scientists discovered the world’s 
oldest preserved cheese smeared on the 
necks of 3,600-year-old mummies in 
China, it raised a lot of questions. Now, a 
DNA analysis is answering some of them. 

Two of three curdled samples of kefir 
cheese were probably made from cow 
milk, while the third came from goat 
milk, paleontologist Qiaomei Fu of the 
Chinese Academy of Sciences in Beijing 
and colleagues report in the Oct. 17 Cell. 

A closer look at the kefir’s bacteria 
is offering new insights into the origin 
story of dairy fermentation in Asia. Kefir 
can be created only from existing cul-
tures, so bacteria in the cheese can be 
a proxy to trace the spread of fermen-
tation techniques. Fu’s team compared 
bacterial DNA from the cheese with 
modern samples to build a family tree of 
bacterial evolution. Previous work sug-
gested that kefir fermentation spread 
from Russia to Europe. But the family 
tree suggests a route from Xinjiang, 
where the tombs are, into Tibet.

What the cheese was doing on the 
mummies’ necks, however, remains a 
mystery. — Sophie Hartley

MYSTERY SOLVED

The largest arthropod to ever live now has a head
Two newly discovered fossils are helping scientists wrap their heads around the 
anatomy of the largest arthropod of all time — a millipede that grew longer than a 
king-sized bed and lived between 346 million and 290 million years ago.

Arthropleura was discovered in 1854, but no one had ever managed to find a fossil 
that included a head. “It was more than 100 years since we start trying to find a head. 
And now we finally have one,” says Mickaël Lhéritier, a paleontologist at Claude 
Bernard University Lyon 1 in France.

Micro-CT scans of the fossils, unearthed from France, reveal new details about 
the giant millipede’s anatomy, including its antennae, eyes, mandible and other feed-
ing appendages, Lhéritier and colleagues report October 9 in Science Advances.

Until now, scientists had assumed that the head of Arthropleura would be similar 
to that of modern millipedes. However, the fossils reveal a more intermediate state 
in the lineage’s evolution, Lhéritier says. “Arthropleura has the body of a millipede, 
like for example, with two pairs of legs per [body] segment, but also the head of a 
centipede,” he says. Though the mouthparts are particularly centipede-like, anatom-
ical observations and other data place Arthropleura in the millipede camp.

Though the specimens provide a wealth of information about Arthropleura, there’s 
a lot left to learn about this mighty millipede, including what it might have eaten and 
whether it walked on land, underwater or both. — Jason Bittel

A 3-D reconstruction of a fossilized juvenile 
Arthropleura reveals antennae and 
other details of the head 
(dark green).

Some of China’s Xiaohe mummies (like this 
one) were found with cheese on their necks.

5 mm
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BY ROBIN GEORGE ANDREWS

Most of Earth’s meteorites can be linked 
to just a few collisions within the asteroid 
belt between Mars and Jupiter.

The upside to this discovery, reported 
in the Oct. 17 Nature, is that it provides re-
searchers with vital context: By knowing 
the return address of meteorites, scien-
tists can more easily work out how and 
where the building blocks of planets came 
together to create the solar system we see 
today. The downside is that it may mean 
researchers have an extremely biased me-
teorite collection that can tell only a sliver 
of the story.

Meteorites frequently record the history 
of the solar system’s formative years, but 
the origins of these space rocks are often 
unknown. “It’s absolutely like a pot of gold 
at the end of a rainbow for a meteoriticist 
to know what asteroid the sample’s come 
from,” says planetary scientist Sara Russell 
of London’s Natural History Museum. 
Without that information, a meteorite is 
like a jigsaw puzzle piece without a picture 
of the full puzzle to accompany it.

Most meteorites on 
Earth are stony ones 
called ordinary chon-
drites. Two classes of 
these chondrites, H and 
L, make up 70 percent of 
all meteorite falls.

Scientists had suspected that the  
L chondrites originated from a single 
parent asteroid. Many have features in-
dicating they were shocked, scorched 
and degassed before gradually cooling, 
implying they were liberated from a giant 
asteroid at least 100 kilometers long.

Radioactive dating determined the age 
of the L chondrites and revealed that they 
first emerged from a collision that hap-
pened 470 million years ago. Astronomer 
Michaël Marsset of the European 
Southern Observatory in Santiago, Chile, 
and colleagues searched for the site of 
that destruction derby in the asteroid belt 
using the NASA Infrared Telescope Facility 
in Hawaii. They scanned many prominent 
stony-type asteroids, comparing each 
one’s mineral signatures to L chondrites’.

A group of asteroids named the Massalia 
family fit the bill. Their scattered pres-
ence and current orbits could effectively 
be rewound by the scientists — and it 
looked like the asteroids all formed 
between 450 million and 500 million  
years ago after splitting from an older, 
larger asteroid. That timing suggests that 
the impact that created the L chondrites 
also created the Massalia family. One of the 
Massalia asteroids is about 140 kilometers 
long, a perfect fit for the estimated size 
range of the L chondrite parent body.

Other data, including the trajectories of 
L chondrite meteors and near-Earth aster-
oids with L chondrite–like signatures, also 
point to the Massalia family as the source 
of L chondrites. “All point at the same 
thing. There’s no doubt,” Marsset says.

That ancient impact also set the stage 
for a more recent bombardment, sending 
streams of L chondrite material tumbling 
back onto the largest asteroid remnant. 
Another impact no more than 40 million 
years ago then sent that rubble Earth’s way.

H chondrites are 5 million to 8 million 
years old and came from two different im-
pact events, it seems. Reconstructing the 
past orbits of the mineralogically match-
ing Koronis2 asteroid family suggests that 
many of those asteroids were a single 
asteroid 7.6 million years ago. Previous 
research had found that many asteroids in 
another group, the Karin family, had been 
united as a solitary asteroid 5.8 million 
years ago, just before another asteroid 
struck it. Since both families cover each 
end of the date range for the H chondrites, 
the team concluded that they are the 
source of this meteorite class.

That Earth’s meteorite collection could 
be highly biased to just a few asteroids 
is distressing, Russell says. The asteroid 
belt is home to an array of rocks, boulders 
and even a dwarf planet, each revealing 
something unique about the solar sys-
tem. “Maybe we’re only just seeing a tiny 
fraction,” she says. Future space missions 
could hunt down these rocky archives. 

PLANETARY SCIENCE

The origins of Earth’s meteorites 
Abundant chondrites hail from just three asteroid families

A brilliant 
meteor blazes 
through the 
sky over the 
Atacama Large 
Millimeter/
submillimeter 
Array in Chile.
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BY KEN CROSWELL

Astronomers have found an asteroid keep-
ing pace with Saturn in its orbit around 
the sun. Such objects, called Trojan as-
teroids, were already known for the other 
three giant planets in our solar system.

“Saturn was sort of the odd man out,” 
says Paul Wiegert, an astronomer at the 
University of Western Ontario in London, 
Canada. “Even though it’s the second 
most massive planet in the solar system, 
it didn’t have any Trojans.” 

Like Saturn, the newfound asteroid 
takes about 30 years to revolve but lies 
60 degrees ahead of the planet in its or-
bit, Wiegert and colleagues report in the 
Nov. 1 Astrophysical Journal Letters.

Most asteroids in the solar system re-
volve around the sun between the paths 
of Mars and Jupiter. In 1906, however, 
German astronomer Max Wolf discovered 
the first Trojan, named Achilles, orbiting 
the sun 60 degrees ahead of Jupiter. Since 
then, astronomers have found thousands 
of additional Trojan asteroids sharing 
Jupiter’s orbit — some are 60 degrees 
ahead of Jupiter, others are 60 degrees 
behind. Trojan asteroids also exist for 
Uranus and Neptune and even for Earth 
and Mars (SN: 2/26/22, p. 15).

After a telescope image in Hawaii cap-
tured the newly identified asteroid in 
2019, an amateur astronomer in Australia, 
Andrew Walker, suggested that the object 
might be a Saturnian Trojan — if it had the 
right orbit around the sun.

“The key to getting a good orbit for 
something in our solar system is having 
a lot of observations of it through dif-
ferent telescopes over a long period of 
time,” Wiegert says. Astronomer Man-To 
Hui of Macau University of Science and 
Technology in China looked for previ-
ous images of the asteroid and planned 
new observations as well. Measurements 
of the asteroid’s position from 2015 to 

2024 confirmed its Trojan nature. 
Named 2019 UO14, the Trojan asteroid 

is only about 13 kilometers across, the 
same size as Deimos — the smaller of Mars’ 
two moons.

Scientists have long predicted Saturnian 
Trojans, says astronomer Carlos de la 
Fuente Marcos of Complutense University 
of Madrid. But computer simulations show 
that Saturnian Trojans should have un-
stable orbits, because Saturn has giant 
planets on either side of it.

“Jupiter seems to be the culprit,” de 
la Fuente Marcos says. The simulations 
indicate that Jupiter’s great gravity grad-
ually pulls on a Saturnian Trojan, making 
its orbit around the sun more and more 

elliptical. The asteroid then wanders so 
close to Jupiter or Uranus that one of 
those giant planets yanks the small body 
out of its Trojan orbit.

By considering the gravitational pulls 
of those planets, Wiegert, Hui and col-
leagues estimate that 2019 UO14 has been 
a Trojan for about 2,000 years and will re-
main so for another 1,000 years. Before its 
affair with the ringed planet, the asteroid 
was probably a Centaur, an asteroid mov-
ing around the sun among the orbits of 
the giant planets.

2019 UO14 probably isn’t Saturn’s 
sole Trojan. “I’m quite sure there are 
more — maybe only a few, but this can’t 
be the only one,” Wiegert says. 

PLANETARY SCIENCE

Saturn boasts  
a Trojan asteroid
The companion has shared the 
planet’s orbit for 2,000 years

PLANETARY SCIENCE

The first known steam world makes its debut
This exoplanet’s atmosphere is going full steam ahead. GJ 9827d, which 
orbits a star about 100 light-years from Earth, has an atmos phere made 
almost exclusively of hot water molecules, astronomer Ryan MacDonald 
of the University of Michigan in Ann Arbor and colleagues report in the 
Oct. 10 Astrophysical Journal Letters. Using the James Webb Space Telescope, 
the team analyzed light filtering through GJ 9827d’s atmosphere as the 
planet passed in front of its star (illustrated). Combining those observations 
with Hubble Space Telescope data revealed the atmosphere is mostly water. 
At about 340° Celsius, GJ 9827d’s temperature means the water is probably 
vapor. This is the first direct evidence that steam worlds exist, MacDonald 
says. “I feel like a Star Trek explorer.” — Lisa Grossman

www.sciencenews.org | November 16, 2024  7 
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Tech companies are going big on small 
nuclear reactors.

Both Google and Amazon recently an-
nounced agreements with companies that 
are developing small modular reactors. 
These reactors, which would produce less 
power than current reactors, are touted 
for their potential to be cheaper and safer 
than conventional designs.

The announcements have amplified 
the buzz around small modular reactors, 
which have attracted attention in recent 
years, given that nuclear power doesn’t 
contribute significantly to climate change. 

A variety of companies have sprung up 
to meet the need, producing a cornucopia 
of proposed designs for small modular re-
actors. Funding from the U.S. government 
has further fed interest in these reactors.

So what’s on the horizon for this poten-
tial new nuclear generation? Science News 
breaks down some big questions about how 
and why nuclear reactors are going small.

What are small modular reactors?
A typical commercial reactor in the 
United States produces about a billion 
watts of electrical power when running 
at capacity. Each small modular reactor 
would produce less than a third of that.

Traditional nuclear plants require mas-
sive investment up front, a hurdle that 
has stalled the building of new reactors 
in the United States for decades. The 
first newly constructed reactors built in 
30 years — two in Georgia that switched 
on in 2023 and 2024 — together cost about 
$30 billion. The construction was years be-
hind schedule and billions over budget.

By pivoting to smaller reactors, compa-
nies and policy makers aim to propel the 
proliferation of nuclear power, which is 
touted as a source of reliable energy free 
from greenhouse gas emissions. Small 
modular reactors are expected to be a 

fraction of the cost of big reactors. Plus, 
for smaller reactors, less residual heat 
needs to be removed to safely shut down 
the reactor in the event of an accident, 
simplifying safety systems.

With small reactors, components could 
be built off-site in a factory and shipped 
where they’re needed, says nuclear en-
gineer Kathryn Huff of the University of 
Illinois Urbana-Champaign. “The more 
you can build these reactors like airplanes 
rather than airports, the cheaper it’s gen-
erally going to be.”

What’s fueling interest?
In the United States, nuclear power 
currently boasts support from both 
Democrats and Republicans, which has al-
lowed the sector to thrive even as political 
powers shift. “In the past 10 years, it’s been 
pretty consistent and growing support, 
and I think it’s a big deal,” says nuclear 
engineer Todd Allen of the University of 
Michigan in Ann Arbor. Nuclear energy is 
a pillar of the Biden administration’s plan 
to achieve climate goals.

Meanwhile, AI’s insatiable need for 
energy has created a problem for tech 
companies that don’t want to be seen 
as climate change baddies. Google 

announced October 14 that it would pur-
chase energy from small modular reactors 
to be built by California-based Kairos 
Power, which aims to have reactors start-
ing up in the 2030s. And on October 16, 
Amazon announced an investment in the 
Maryland-based company X-energy and 
agreements with utility companies in 
Virginia and Washington state to estab-
lish small modular reactors.

Also on October 16, the U.S. Department 
of Energy announced $900 million in 
funding for deployment of small modu-
lar reactors. And both X-energy and the  
Bill Gates–backed TerraPower, head-
quartered in Bellevue, Wash., are building 
demonstration projects with DOE support.

Traditional nuclear plants still play a role 
for the foreseeable future. In September, 
Microsoft announced a deal to restart 
the Three Mile Island power plant near 
Middletown, Pa., which shut down in 2019. 
(Yes, that Three Mile Island. After the in-
famous partial meltdown in 1979, another 
reactor at the plant continued operating.)

“Companies that traditionally shied 
away from mentioning nuclear energy 
as part of their portfolio … are coming 
forward and embracing it,” says nuclear 
engineer Koroush Shirvan of MIT.

TECHNOLOGY

Nuclear energy 
entices Big Tech
Small reactors get a boost 
from Amazon and Google

Some small modular reactor designs make use of advanced types of fuel such as TRISO, tiny 
particles of uranium that are encapsulated in multiple layers of material (shown).

1 mm
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BY BRUCE BOWER

Two high-altitude, medieval cities built 
by mobile herders along Silk Road trade 
routes in Central Asia have been hiding in 
plain sight — until now.

Mountainous regions typically have 
been seen as obstacles to trade and com-
munication. But these ancient settlements, 
located roughly 2,000 meters above sea 
level, show that herding communities 
developed a distinctive form of urban life 
where such activities thrived, archaeolo-
gists report October 23 in Nature.

“Think of these high-altitude cities as 
nodes in a network that moved power 
and trade through Asia and Europe,” says 
study coauthor Michael Frachetti of 
Washington University in St. Louis.

His team focused on two archaeolog-
ical sites in southeastern Uzbekistan: 
Tugunbulak and Tashbulak. Earthen 
mounds and pottery pieces indicate that 
Tugunbulak was occupied from the sixth 
to 10th centuries, while Tashbulak was 
first inhabited in the eighth century. But 
erosion and sediment buildup have ob-
scured the urban features of both sites 
beneath undulating grasslands. 

Researchers mapped both sites using a 
drone mounted with light detection and 
ranging, or lidar, technology. The maps 

indicate that Tugunbulak covered just 
over a square kilometer, making it one of 
the largest Central Asian cities of its time.

The more than 300 structures at 
Tugunbulak included clusters of buildings, 
narrow corridors between those clusters, 
watchtowers connected by walls along a 
ridgeline and a central fortress or cita-
del. The layout mirrored that of small and 
large lowland cities in medieval Asia. 

Tashbulak covered roughly one-eighth 
the territory of Tugunbulak but was still 
a bustling community, Frachetti says. A 
string of large defensive structures over-
looked terraced platforms, walls and 
houses. At least 98 structures resemble 
the types of buildings at Tugunbulak.

The findings highlight the ability of 
high-altitude herding groups to band 
together as early city builders, says ar-
chaeologist Michael Fisher of the Max 
Planck Institute of Geoanthropology in 
Jena, Germany. It shows that “mountain 
ranges can actually be conduits for cultural 
and economic transmission, not barriers.”

The highland pastures supported live-
stock, which could have been traded to 
lowland settlements for grains, legumes, 
fruits and more. Recent excavations sug-
gest Tugunbulak and Tashbulak produced 
iron, Frachetti says, a valuable trade item. 

ARCHAEOLOGY

Silk Road cities reached for the sky
Mountainous Central Asia may have had a medieval urban zone

A map generated from lidar data revealed the borders of structures and roads (black lines) at 
Tugunbulak, a medieval city spanning about a square kilometer in the mountains of Central Asia.

How is the technology different 
from current nuclear reactors?
Traditional nuclear reactors generally use 
the same type of uranium fuel and are 
cooled by water. But many small modular 
reactor designs break that mold.

Most reactors use uranium enriched to 
include more of the relevant variety of ura-
nium, U-235. While current reactors use 
uranium enriched to a few percent, many 
small modular reactors would use ura-
nium enriched up to 20 percent. This fuel, 
known as HALEU, allows small modular 
reactors to run more efficiently than re-
actors with conventional fuel. The United 
States doesn’t produce HALEU in large 
quantities, but efforts are revving up.

Some small reactors would use fuel 
that’s different in more obvious ways. 
X-energy and Kairos, for example, will use 
TRISO fuel: encapsulated pellets of ura-
nium contained within tennis ball–sized 
spheres of material. The fuel is “extremely 
robust to very high temperatures for very 
long times,” Huff says. 

The coolant, which transfers heat from 
the reactor to the power generation por-
tion of the plant, is a crucial choice as well. 
TerraPower uses liquid sodium, Kairos 
uses molten fluoride salt and X-energy 
uses helium gas. Different coolants can 
increase heat transfer efficiency or elim-
inate the need for pressurized vessels.

The designs also incorporate safety fea-
tures that don’t require human intervention 
to kick in, helping to ensure the reactor can 
shut down safely in an emergency. They 
harness simple physics — relying on gravity, 
pressure differences or the natural convec-
tion of liquid coolant — to cool the core.

What’s next?
The concept of small modular reactors has 
been around for many years, but previous 
attempts haven’t panned out. Now, with 
big tech companies throwing themselves 
into the mix, proponents are hopeful that 
small modular reactors will get off the 
ground soon. “You can see the momen-
tum building,” Allen says. “It doesn’t mean 
you’re going to have a new commercial 
version this year, but it’s also way more 
stuff going on that feels real than we’ve 
seen in nuclear for a very long time.” 

www.sciencenews.org | November 16, 2024  9 
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Shifting is in a river’s nature. But when 
a river breaks free of its channel and 
carves a new path across the landscape, 
devastating floods may descend upon 
communities with little to no warning.

For decades, researchers have strug-
gled to explain exactly how river channels 
become primed for such sudden diver-
sions, or avulsions. A study published in 
the Oct. 3 Nature may have finally quelled 
the debate, showing how two factors work 
together to stage the rerouting of a river. 
The researchers, building on their find-
ings, also developed an algorithm that can 
predict the new path of an avulsed river.

In some cases, “these are monumen-
tal floods, civilization-changing floods,” 
says sedimentologist Douglas Edmonds 
of Indiana University Bloomington. In 
2010, avulsions on the Indus River in 
Pakistan contributed to flooding that 
forced roughly 20 million people from 
their homes. Nonetheless, flood hazard 
models remain unable to predict where 
rivers will reroute, Edmonds say. “It’s re-
ally an invisible flood hazard.”

Avulsions require a setup and a trig-
ger, an overburdened camel’s back and 
a final straw (SN: 8/10/24, p. 15). “The 
trigger could be a flood, an earthquake, 
it could be a logjam in a river,” Edmonds 
says. The setup refers to how the depo-
sition of sediment has primed a river for 

diverting — and it’s the fundamental cause 
of avulsion, Edmonds says. “Rivers expe-
rience floods all the time, but they don’t 
avulse all the time.”

Edmonds and colleagues focused on 
defining the setup, for which there had 
been two competing hypotheses. One 
held that avulsions happen when a river 
becomes superelevated, or the deposition 
of sediment raises a river’s banks and wa-
ter level above the surrounding land. The 
other contended that avulsions occur 
when there is a slope advantage, that is, 
once the slope of a new, potential path 
becomes steeper than that of the river’s 
current path.

Using satellite data to investigate 
roughly 170 avulsions, the team noted how 
far downstream rivers tended to divert 
and found that avulsions are about three 
times as common near river mouths and 
mountain fronts as in between.

Focusing on 58 river channels for which 
high-resolution topographical data were 
available, the researchers measured the 
superelevation and slope advantage before 
avulsions. They found that super elevation 
best explained avulsions near the moun-
tains, while slope advantage best explained 
those near river mouths and deltas.

There’s so much sediment flowing out of 
the mountains that the rivers just pile it up 
until they’re superelevated and spill over, 
Edmonds says. Meanwhile in deltas, there’s 

a lot of cohesive mud that forms very steep 
natural levees around deep channels, and 
avulsions need a steep slope advantage to 
start cutting through the levee, he adds.

These two factors — slope advantage 
and superelevation — work together in an 
inverse fashion, the researchers found. 
The more superelevated a river becomes, 
the less of a slope advantage it needs to 
avulse, and vice versa. “It is the first time 
that anyone’s been able to show that with 
data,” says geologist Elizabeth Hajek of 
Penn State.

Avulsions occurred when the math-
ematical product of the two factors 
surpassed a threshold value, the scientists 
found. So long as precise topographical 
measurements of a river’s channel are 
available, which is more likely for larger 
rivers and in places with clear skies, you 
could probably use that threshold metric 
to identify where avulsions are likely to oc-
cur, says geo morphologist Vamsi Ganti of 
the University of California, Santa Barbara.

The researchers developed a computer 
algorithm that highlighted where on a 
map an avulsed river might go, factoring 
in the steepness of the terrain and mo-
mentum of the river. When tasked with 
predicting the pathways of 10 past avul-
sions, the algorithm correctly captured 
the path of each one. “It’s a really nice 
tool,” Hajek says. “It could be really, really 
helpful for identifying areas of concern.”

The plan is to develop avulsion hazard 
maps for vulnerable regions or even glob-
ally, Edmonds says. “Now that we have 
this metric, we can go measure it on riv-
ers all over the world.” 

EARTH

Why rivers abruptly change course
The answer could help communities prepare for potential floods

In 2019, the mouth of Kenya’s Turkwel River (arrow, left) moved two kilometers north (right). Such abrupt shifts can flood nearby communities.

2 km 2 km
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When Disaster Strikes,
Be Prepared!
Don’t leave home without this survival kit!

When the going gets tough, you need to be ready. Power 
outages, � oods, ice storms, hurricanes and wild� res  

have become the norm. You should always be prepared. 
Our Desert Camo Emergency Survival Kit will help you 
be up to the challenge. Having the right tool in the right 
place could save your bacon! � e powerful Overwatch 
Tactical Flashlight is super bright for when the power goes 
out. � e stainless steel Heavy Duty Multi-Tool contains 
a  knife, can opener, pliers and screwdriver. � e Survival 
Multi-Function Card has an escape rope, wrench, serrated 
edge saw and more. And when the heat goes out or the 
car is stuck in a winter storm, the  Endurance Emergency 
Blanket will help keep you warm. For knowing the where 
and when, there’s  the Pioneer Compass Chronograph 
Watch, which features a compass, temperature display, 7 
Strand 550 Paracord and � int in addition to keeping time.

� is could be your lifesaver. Secured in a handy Desert 
Camo Carrying Kit, these tools are essential for tackling 
most any disaster.

With safety at the top of everyone’s wish list, this must-
have kit is one of the fastest selling items in our company’s 
history with over 30,000 sold in the � rst 2 months. BACK 
IN STOCK for the � rst time after overwhelming demand, 
we have ONLY 733 KITS AVAILABLE for this ad and 
half have already sold! We recommend buying three: one for 
home, one for the o�  ce and one to keep in your car in case 
trouble kicks up. If this kit doesn’t meet your expectations, 
send it back for a full refund. Your move, Mother Nature.

Kit Speci� cations:

“With the right tools, you can 
survive most anything.” 

— Stauer president and founder
Mike Bisceglia

Desert Camo Emergency Survival Kit  
$199  $39* + S&P Save $150 

* You must use Insider Offer Code DCC153-01 to get this price.

1-800-333-2045
Your Insider Offer Code: DCC153-01


“Good buy. [It] has everything I need for 

getting along in the wild.”  
— says client John B., 

of Stauer’s Survival Kits
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Overwatch Tactical Flashlight
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• 100 lumens
Pioneer Compass Chrono
• Compass, Flint, Wrench
• Temperature display
• 7 Strand 550 Paracord
Endurance Emergency Blanket
• 4.25' x 6.9'

Survival 
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• Rulers for measurement
• Can opener
• Bottle opener 
• Serrated edge
Heavy Duty Multi-Tool
• Small knife
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• Pliers & Screwdriver
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BY GENNARO TOMMA

It’s one of the most massive migrations on 
Earth: a huge assortment of plankton trav-
eling from the deep sea toward the surface. 
Many phytoplankton have no limbs to pro-
pel themselves upward, so how do they 
undergo a journey that can take days?

Now, scientists have the answer for at 
least one species: It swells to six times 
its original size. By reducing density, 
the single-celled organism can then 
float upward like a helium balloon, bio-
engineer Manu Prakash and colleagues at 
Stanford University report October 17 in 
Current Biology.

“This is unique,” says Andre Visser, 
an oceanographer at the Technical 
University of Denmark in Kongens Lyngby. 
“They’ve actually made a case for a novel 
way where these cells can actually stay 
buoyant or stay near the surface.”

About 160 kilometers off the coast of 
Hawaii, the team collected water sam-
ples containing the 1-millimeter-long 

Pyrocystis noctiluca. This bioluminescent 
phytoplankton makes a once-in-a-lifetime  
trip from about 125 meters deep to about 
50 meters, where there’s more of the sun-
light needed for photosynthesis. 

On the boat and back in the lab, the 
team used microscopes that put the 
phyto plankton on a kind of hydrodynamic 
treadmill to re-create the movement of 
the cell traveling up the water column. 

“This is a little bit like a virtual reality ma-
chine for single cells,” Prakash says.

P. noctiluca is denser than seawater and 
should sink. But at the beginning of its life 
cycle, it swells, reducing its density and 
traveling up the water column, the team 
found. At the end of its seven-day life 
cycle, the cell divides into two daughter 
cells as it sinks. Then the two newborn 
cells fill up with seawater, inflating to 
about six times their original size in about 
10 minutes. And so the cycle begins again.

The researchers hypothesize that 
the cell becomes less dense and more 

buoyant as aquaporin proteins in the cell 
filter out dense salt from the incoming 
seawater. “In this way, you can have much 
less dense material flooding into the cell, 
making it able to be less dense than the 
surrounding seawater,” says Stanford bio-
engineer Adam Larson.

Inflation doesn’t just help the phyto-
plankton rise. “Getting big actually has 
huge consequences for other parts of 
their life,” Visser notes. “Bigger cells tend 
to have lower predation risk. There’s fewer 
things that can eat them.” 

Size also helps with nutrient uptake 
and photosynthesis: A bigger surface lets 
the cell capture more sunlight. 

MICROBES

Inflation is a phytoplankton’s travel tip
Unicellular marine algae balloon up to migrate from the deep

PLANTS

A fungus helps plants eat meat
Insects have plenty to beware when it comes to carnivo-
rous plants. Add an acid-loving fungus to the list of dangers. 
Sundew plants have tentacle-like leaves that curl around 
and entrap insects in a sticky secretion (shown). As stuck 
prey suffocate or die from exhaustion, the plant produces 
enzymes that dissolve the bodies into nutrients later ab-
sorbed by the leaves. But plant enzymes aren’t the whole 
story. A fungus called Acrodontium crateriforme that lives on 
the plants produces additional digestive enzymes, research-
ers report in the October Nature Microbiology. The fungus 
also makes the leaf environment more acidic, helping plant 
and fungal enzymes work more efficiently. In lab tests,  
A. crateriforme reduced digestion time: Sterile plants took 
an average of 92 hours to digest powdered ants compared 
with 73 hours for plants inoculated with the fungus. Finding 
that a specific microbe supports digestion “reshapes our un-
derstanding of plant carnivory,” says evolutionary biologist 
Jason Tsai of Academia Sinica in Taipei, Taiwan. “This opens 
up new avenues to explore other carnivorous plants and 
their potential microbial helpers.” — Erin Garcia de Jesús

This phytoplankton inflates  
to float up the water column 
(shown before and after swelling).
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BY DOUGLAS FOX

As dust from the Sahara blows thousands 
of kilometers across the Atlantic Ocean, 
it becomes progressively more nutritious 
for marine microbes.

Chemical reactions in the atmosphere 
chew on iron minerals in the dust, making 
them more water-soluble and creating a 
crucial nutrient source for the iron-starved 
seas, scientists report September 19 in 
Frontiers in Marine Science.

Dust clouds settling on the Atlantic can 
spawn phytoplankton blooms that sup-
port marine ecosystems, says Timothy 
Lyons, a biogeochemist at the University 
of California, Riverside. “Iron is incredibly 
important for life,” he says. Phytoplankton 
require it to convert carbon dioxide into 
sugars during photosynthesis.

By studying dust transport and chemi-
cal reactions in the atmosphere, scientists 
could better understand why parts of the 
oceans are biological hot spots for phyto-
plankton and fish.

Over 240 million metric tons of Saharan 
dust blow over the Atlantic Ocean each 
year. On Bermuda, the Bahamas and other 
islands, it turns soils red. But much of it 
settles on the ocean, providing a major 
source of iron to areas that are too far 
from land to receive it from rivers.

Lyons and marine geologist Jeremy 
Owens, then at UC Riverside, set out to 
answer a different dust question: Had 
the types of dust settling on the Atlantic 
changed over the last 120,000 years? The 
pair analyzed dust-derived minerals in 
four cores plucked from the seafloor in 
the eastern Atlantic near Africa and from 
farther west near North America.

What they found prompted a different 
line of inquiry.

In dust and soils around the world, 
roughly 40 percent of iron is ordinarily 
present within “reactive” minerals such 
as pyrite or carbonates. This kind of iron 

can be decomposed by weak acids and 
potentially used by life. In the core sam-
ples from the bottom of the Atlantic, only 
about 9 percent of iron in the dust min-
erals sampled from near North America 
was made up of reactive iron minerals, 
compared with about 18 percent in dust 
minerals taken from closer to Africa. That, 
Lyons says, was “the big surprise.”

During dust’s several-day transatlantic 
flight, more and more of its reactive iron is 
altered — attacked by acids and ultraviolet 
radiation, which pries apart the minerals, 
Lyons and Owens, now at Florida State 
University in Tallahassee, concluded.

“There are photochemical transforma-
tions that tend to make the iron more 
soluble” in water, Lyons says. As that 
modified iron settles into the ocean, it 
dissolves and gets devoured by phyto-
plankton. The only reactive iron that 
makes it to the seafloor is the stuff that 
isn’t altered during air transport and later 
gobbled up. The researchers’ results sug-
gest that the farther the desert dust flies, 
the less of that iron is left.

By spawning phytoplankton blooms, 
dust-derived iron may also nourish small 
fish and other animals that graze on 

plankton, as well as the predators that eat 
the grazers. A recent study suggests that 
Atlantic skipjack tuna, an important com-
mercial fish, are attracted to areas where 
Saharan dust has settled.

The new results are plausible because 
previous studies have shown that iron 
minerals react in the atmosphere, says 
atmospheric scientist Natalie Mahowald 
of Cornell University. The new conclusion 

“goes along with what I thought was hap-
pening,” she says. But Mahowald points 
out that Saharan dust isn’t the only possi-
ble source of that iron: The samples came 
from far enough north in the Atlantic that 
some of the iron could have come from 
smoke, from wildfires in North America 
over the last 120,000 years, she says.

To assess the dust’s origin, Owens, 
Lyons and colleagues measured the ra-
tios of iron to aluminum and the ratio of 
light iron atoms to heavy iron atoms in the 
samples. Both measurements were con-
sistent with the kind of dust that comes 
from the Sahara, they found. Analyzing 
sediment from more sites in the Atlantic 
could provide a clearer picture of how 
dust has blown across the ocean and 
changed chemically. 

As strong winds carry Saharan dust over the Atlantic Ocean, as shown in this satellite image from 
2022, chemical reactions can make the dust into a suitable nutrient source for marine ecosystems.

OCEANS

Saharan dust helps 
sustain ocean life
Atmospheric transport makes 
a key nutrient water-soluble
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BY SOPHIE HARTLEY

An experiment to grow new forests in 
central Mexico offers hope that the 
crucial winter habitat for millions of mi-
grating monarch butterflies could survive 
into the next century.

When deciding to plant hundreds of 
baby oyamel fir trees (Abies religiosa) 
about 100 kilometers from their native 
habitat, scientists weren’t sure how many 
trees would survive. Today, most of the 
saplings are flourishing, researchers re-
port September 17 in Frontiers in Forests 
and Global Change. Even at an altitude 
of 3,800 meters, high above where the 
trees usually grow, almost 70 percent of 
the saplings survived at least three years.

While moving a whole forest may sound 
drastic, “desperate times call for desper-
ate measures,” says Karen Oberhauser, a 
conservation biologist at the University of 
Wisconsin-Madison who wasn’t involved 
in the project. “If we don’t help organisms 
move around, we’re just going to lose a lot 
of ecosystems.”

Each fall, after many monarchs (Danaus 

plexippus) migrate from as far 
north as the milkweed-laden 
meadows of southern Canada 
to the mountains of central 
Mexico, they hibernate 
exclusively on the oyamel 
fir. Thousands might clus-
ter on a single branch, causing 
it to droop under their collec-
tive weight. But the forests — and 
the hibernating butterflies — are at risk. 
Monarch butterfly populations continue 
to decline. And climate change projections 
predict that oyamel firs will vanish almost 
entirely by 2090.

“I know that this sounds crazy, but we 
need to move the forests to a higher ele-
vation,” says forest geneticist Cuauhtémoc 
Sáenz-Romero of the Universidad 
Michoacana de San Nicolás de Hidalgo in 
Morelia, Mexico. Oyamel firs, which grow 
at altitudes of about 2,400 to 3,500 meters,  
need cold mountain air to survive. The 
high-elevation chill also works to slow 
the metabolism of butterflies, allowing 
them to survive the long winter. As cen-
tral Mexico gets warmer, new generations 
of oyamel firs will probably creep higher 
up their native slopes but could soon run 
out of mountain to climb.

Sáenz-Romero wants to move the 
trees to taller mountains, but he’s aware 
that they won’t get there by themselves. 

“Unfortunately, the scene in The Lord of 

the Rings, where the trees are 
walking toward battle — it’s just 
fiction. It doesn’t happen.”

His team collected oyamel fir 
seeds from inside the Monarch 
Butterfly Biosphere Reserve, 
located about 100 kilometers 

northwest of Mexico City, and 
grew them in a tree nursery. Then in 

2021, in partnership with the Indigenous 
community in Calimaya, the team re-
planted about 750 trees at four different 
elevations in the community’s forest on the 
Nevado de Toluca volcano.

Some seedlings were planted at 
3,400 meters — similar to typical oyamel 
firs that live inside the butterfly preserve. 
But Sáenz-Romero wanted to determine 
just how much altitude an oyamel could 
take. Other trees were planted higher, 
in colder climates, at 3,600 meters, 
3,800 meters and 4,000 meters above 
sea level.

If the firs could take root at higher el-
evations, the trees might thrive there 
in the future as temperatures rise, 
Sáenz-Romero hoped.

Three years later, he and colleagues 
found that young fir trees were smaller 
and shorter the higher they sat on Nevado 
de Toluca. Still, many made it past the 
first year, which can indicate long-term 
survival. Across elevations, an average 
of 80 percent of the seedlings that were 
planted in locations that were 2.3 degrees 
Celsius lower than their home regions 
survived at least three years.

Turning Sáenz-Romero’s dream of 
growing new forests into reality would re-
quire getting community and government 
support. And even if the trees can survive 
longer term, another question remains: 
Will the monarch butterflies find them?

During the winter of 2023–24, some 
monarch colonies didn’t hibernate within 
the Monarch Butterfly Biosphere Reserve. 
They flew to other forests. “My guess is 
that monarchs are already searching for 
colder places,” Sáenz-Romero says. 

ENVIRONMENT

Planting trees may 
help monarchs
Climate change threatens the 
butterflies’ overwintering spot

Foresters from the Indigenous community 
in Calimaya plant young oyamel fir trees on 
the Nevado de Toluca volcano in Mexico. The 
trees are at a higher, colder elevation than their 
normal habitat.
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Elephant trunk wrinkles tell tales
There’s a Sherlock Holmes story in here 
somewhere: A clever observer could 
check wrinkles and whiskers on an el-
ephant trunk to catch a left-trunker 
pachyderm perp masquerading as a righty, 
thanks to a study of trunk skin wrinkles.

Rather like people grabbing a pen with 
the preferred hand, an individual elephant 
tends to bend its trunk toward the left or 
right when scooping up an object of desire. 
Trunk whiskers on the opposite side of the 
curl get scuffed against the ground, and so 
become shorter and sparser, mechanical 
engineer Andrew Schulz and colleagues 
report in the October Royal Society Open 
Science. And trunk skin gets a bit wrinklier 
on the curled-in side over the years as 
more little creases form with the bending.

Clues to this trunkedness are 
just some of the novel details of ele-
phant skin wrinkles that Schulz, of the 
Max Planck Institute for Intelligent 
Systems in Stuttgart, Germany, and 
colleagues describe.

A trunk’s roughly 40,000 muscles form 
a hydrostat, a boneless tube that easily 
changes shape. The thick outer skin puts 
limits on the trunk’s movement. Still, that 
skin is stretchier on the trunk’s upper 
surface than underneath.

Looking at preserved tissue, the team 
tracked how wrinkles start forming in 
utero, doubling about every 20 days 
during an early, rapid-wrinkle stage.

Trunks get wrinklier with age. For in-
stance, in African elephants (Loxodonta 
africana), newborns averaged 87 while 
adults averaged 109. These wrinkles are 
key to making an elephant an elephant. 
They help protect the hydrostat and allow 
for shape change, Schulz says, especially 
when gripping heavy objects with the 
underside of the trunk. — Susan Milius

NEUROSCIENCE

The brain can perceive odor 
changes in a single sniff
Human sniffs last between one and 
three seconds, but whether people can 
perceive odor changes within that time 

frame has been an open question.
Now, research shows that people can 
perceive odor changes in fractions of 
a second.

Psychology researcher Wen Zhou 
of the Chinese Academy of Sciences in 
Beijing and colleagues created a device 
that uses changes in nasal pressure 
to detect the beginning of a sniff and 
then triggers the release of two odors 
with millisecond precision. More than 
200 participants were exposed to a se-
quence of two chemical odors in a single 
sniff. Some scents smelled like apples or 
flowers, while others smelled like onions 
or lemon. Participants reported which 
order of odors they perceived. 

Test subjects discerned different se-
quences with above-chance accuracy, 
even when the odors were delivered just 
60 milliseconds apart, the team reports 
October 14 in Nature Human Behaviour.

Next, the scientists want to investigate 
what’s going on from sniff to sniff, given 
that the nose can detect more than a 
trillion odors. — Nora Bradford
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Life with diabetes usually includes many 
injections of the blood sugar–controlling 
hormone insulin. Recent research sug-
gests that a once-weekly shot might help 
lessen that burden a bit for some with 
the disease.

Two pharmaceutical companies have 
developed weekly insulin formulations 
and have tested the drugs in clinical trials.

Efsitora, from Eli Lilly, worked as well as 
a once-daily formulation for adults with 
type 2 diabetes, scientists reported in 
September in the New England Journal of 
Medicine. With type 2 diabetes, the body 
doesn’t make enough insulin or doesn’t 
respond to insulin effectively.

But a trial of adults with type 1 diabe-
tes, reported in September in the Lancet, 
found there were more episodes of dan-
gerously low blood sugar in the group on 
efsitora than in the group taking a once-
daily insulin shot. Type 1 diabetes is an 
autoimmune disease that destroys the 
cells that make insulin.

Meanwhile icodec, from Novo Nordisk, 
has received approval for use in adults 
with diabetes by the European Union and 
Canada and a few other countries. But 
the U.S. Food and Drug Administration 
announced in July that it is not ready to 

approve icodec. An FDA advisory commit-
tee raised concerns about the increased 
risk of hypoglycemia (blood sugar that’s 
too low) for adults with type 1.

An estimated 38 million people have 
diabetes in the United States, according 
to the U.S. Centers for Disease Control 
and Prevention. Close to 2 million of 
those have type 1. Managing diabetes 
means monitoring blood sugar levels 
throughout the day and, for those with 
type 1 and some with type 2, figuring out 
how much insulin to take. 

If an insulin dose is too high, blood sugar 
drops too much. The effects can include 
shakiness, nausea, fatigue and dizziness, 
among other symptoms. If blood sugar 
levels become severely low, a person can 
become confused, have difficulty walking 
and even lose consciousness. Severe hypo- 
glycemia is a medical emergency.

With diabetes, there’s “a lot of thinking 
about food and thinking about numbers,” 
says endocrinologist Laura Young of 
the University of North Carolina School 
of Medicine in Chapel Hill. “It doesn’t 
ever stop.”

People with type 1 diabetes and some 
with type 2 can face multiple daily in-
jections. Short-acting insulin covers the 
spike in glucose that comes with meals. 

Long-acting insulin, which can last about 
24 hours, manages the time between 
meals. Covering three meals and the rest 
of the day and night adds up to “at least 
four shots, and that’s probably the mini-
mum,” Young says.

In the body, special cells in the pan-
creas, called beta cells, make insulin. 
These cells detect glucose in the blood 
and secrete the needed amount of insulin, 
responding to changes in glucose due to 
meals, exercise, illness and stress. 

There’s “continuous regulation to keep 
sugar in a good range, even if we don’t 
eat,” says endocrinologist Giulio Romeo 
of Harvard Medical School and the Joslin 
Diabetes Center in Boston. “It’s hard to 
replicate our body’s ability to fine tune” 
this process, he says. 

Once-weekly insulin is meant to take 
the place of a once-daily long-acting 
shot. It could make a difference for peo-
ple’s quality of life “to have to take one 
less shot a day,” Young says. But the key, 
she says, will be making sure that it’s the 
right dose. With a once-daily shot, if the 
dose is too high, “it’s a lot easier to deal 
with hypoglycemia for that period of time 
versus the whole entire week.”

In the clinical trials of the two weekly 
formulations, there were more episodes 
of severe hypoglycemia in participants 
with type 1 diabetes taking once-weekly 
insulin compared with those taking once-
daily. This wasn’t an issue in participants 
with type 2.

People with type 2 diabetes may have 
a lower risk of developing hypoglycemia 
than people with type 1 because they 

“still make a little bit of their own insulin,” 
Young says, and “for the most part, have 
lower variability in their blood sugar.”

Weekly insulin is certainly promising for 
managing type 2 diabetes, Young says. For 
type 1, researchers need to “show some 
more data and be a little more precise” 
about which people with type 1 might 
benefit, she says.

It’s harder to make needed adjust-
ments to a medication that is injected 
once a week, Romeo says. People with 
type 1 need a “level of fine-tuning on a 
day-to-day basis that makes the weekly 
insulin possibly not the best option.” 

HEALTH & MEDICINE

Weekly insulin shots show promise
For type 2 diabetes, a weekly may work as well as a daily shot

A woman injects insulin at her  
home in New York. A weekly 
shot might reduce the number of 
injections for some people with 
diabetes, clinical trials suggest.
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Discovered 50 years ago, Lucy 
remains an evolutionary icon

Superstar 
Fossil

By Bruce Bower
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1978, enough evidence had accumulated to establish Lucy as 
the founding member of a previously unrecognized species, 
Australopithecus afarensis.

On the 50th anniversary of her partial skeleton’s discovery, 
Lucy commands much more name recognition than other fossils 
from humankind’s evolutionary family, known as hominids or, 
increasingly, hominins (SN: 9/25/21, p. 20). A look back at Lucy’s 
story reveals how she has remained atop the hominid A list. In 
this case, geologic good fortune, skilled scientific scrutiny and 
an inspired musical reference helped to turn an ancient relative 

into a household name.

Get buried but not too deep
Paleoanthropologist Donald Johanson and grad-
uate student Tom Gray spent the morning of 
November 24, 1974, mapping and surveying possible 
fossil-bearing spots in a desolate region of Ethiopia. 
Walking back to their Land Rover through a gully at 
a site known as Hadar, Johanson noticed a forearm 
bone sticking out of the ground. A closer look con-
firmed that the bone came from a hominid.

Johanson and Gray gingerly removed several more 
skeletal pieces from loose soil nearby. After two 

more weeks, the researchers and their colleagues had uncov-
ered several hundred bone fragments — a big haul considering 
finding one ancient hominid skullcap or partial jaw can require 
weeks or months of careful excavation.

From those finds, the team pieced together 47 fossil bones 
to form a small fossil skeleton about 40 percent complete. It 
was the most complete early hominid skeleton at that time — by  
a lot (SN: 1/4/75, p. 4).

Geology had worked in Johanson and Gray’s favor. Lucy’s 
remains were not found where she died. Flooding had carried 
her body, probably shortly after death, into a sandy channel 
where a lake quickly formed. The burial under moist lake sed-
iment kept her fossilized bones in relatively good shape. And 
the fossils were near enough to the surface that, much later, 
after the lake had dried up, they began to emerge from eroding, 
sandy sediment.

Scientists continue to debate how Lucy died (SN: 9/17/16, p. 16) 
and whether scavenging by hyenas and other animals, trampling 
or other factors explain her skeleton’s missing pieces. But what 
remained popped out just enough from Hadar’s surface to get 
the fossil party started.

The Lucy skeleton 
(a cast shown) 

belonged to an 
individual who lived 
more than 3 million 

years ago and 
possessed a mix of 

human- and apelike 
characteristics.

I
nside a specially constructed safe at the National Museum 
of Ethiopia in Addis Ababa sit the fragile remains of the 
world’s most celebrated human ancestor. She was once 
a hardy survivor in an unforgiving environment, but now 

her partial skeleton receives round-the-clock protection in a 
temperature-controlled setting.

In her prime, nearly 3.2 million years ago, this ancient female 
roamed East Africa’s landscape. Standing a bit over 1 meter tall 
and weighing no more than about 30 kilograms — slightly taller 
and lighter than an average adult female bonobo chimp — she 
was not physically imposing.

But her evolutionary stature and cross-cultural appeal are 
huge. Today, half a century after the discovery of her partial 
skeleton, people everywhere know Lucy.

Discovering Lucy ushered in a new way of thinking about hu-
man evolution among late-20th century paleoanthropologists. At 
that time, many viewed human evolution as having proceeded 
along a straight line, with one ancient Homo species leading di-
rectly to the next until the emergence of present-day people.

But Lucy’s blend of humanlike features, such as a curved spine, 
with apelike traits, including a brain no larger than 
a chimp’s and long arms, pointed to a more treelike 
picture of human evolution. In that scheme, myriad 
species branched off in different directions, some 
dying out and others leading to the Homo genus 
and eventually to us.

Lucy’s anatomical potpourri also sparked new 
questions about how two-legged walking evolved 
and the origin of humans’ large brains.

Perhaps most importantly, Lucy’s discov-
ery foreshadowed a series of fossil finds that 
filled in the scientific picture of her species. By 

Geologic good 
fortune, skilled 

scientific 
scrutiny and an 
inspired musical 

reference 
made Lucy a 

household 
name.
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Stay close to fossil comrades
Part one of the geologic good fortune involved Lucy’s skeleton. 
Part two ushered her species mates into view.

Lucy was found on land that, although not evident at first, 
preserved bones of many of her contemporaries. Fossils un-
earthed from 1973 to 1977, including a knee joint that predated 
Lucy’s discovery but was only later recognized as part of her 
species, cemented Lucy’s membership in a larger A. afarensis 
population (SN: 1/20/79, p. 36). Those finds enabled scientists to 
distinguish between Lucy’s East African species and a previously 
identified species of South African hominid in the same genus, 
Australopithecus africanus.

Other generally accepted hominid species known at the time 
mostly belonged to the Homo genus — including Homo habilis, 
Homo erectus and Homo neanderthalensis.

As evidence for A. afarensis grew, Lucy came to symbolize the 
entire species.

Fossils from several East African sites, some excavated as 
early as the 1930s, have since been incorporated into A. afarensis.   
Hadar has yielded about 90 percent of the nearly 600 fossils so 
far attributed to the species.

Hadar’s geology also gave Lucy a big advantage in the an-
cient dating game. The three Hadar sediment formations with   
A. afarensis remains each contain layers of volcanic matter and 
ash. Measures of the decay of radioactive argon into related 
forms in that volcanic material provided age estimates for the 
fossils. The ability to narrow down Lucy’s evolutionary age in 
this way shortly after her discovery reinforced her status as an 
especially early hominid — the oldest known at that time — with 
an exceptionally preserved skeleton.

While Lucy lived an estimated 3.2 million years ago, her spe-
cies at Hadar and elsewhere existed from about 3.9 million to 

3 million years ago, making her a flag bearer for a hominid spe-
cies that had a 900,000-year run.

To paraphrase an old Beatles song, Lucy topped the hominid 
hit parade with a little help from her friends.

Names matter
Another Beatles song advanced Lucy’s worldwide fame by pro-
viding a catchy, memorable name.

After the initial Hadar discovery, when Johanson and Gray 
returned to camp for the night with what looked like pieces of 
a hominid skeleton, they joined the rest of the team in a cele-
bration. A tape recorder played the song “Lucy in the Sky with 
Diamonds” over and over during the festivities. The tune’s psy-
chedelic lyrics echoed the surreal events of that day. Joyous 
partyers started calling the newfound fossil Lucy.

With that thoroughly modern moniker, familiar to people 
around the world, Lucy from the gully in Hadar received a big 
boost toward fossil stardom.

The origin of Lucy’s nickname was far more raucous and spon-
taneous than is typical for fossil hominid specimens, which often 
get named for the place where they were found. Consider the 
Taung Child, a 3-year-old’s fossil skull uncovered by miners at 
South Africa’s Taung quarry in 1924. Researchers generally agree 
that the discovery of the Taung Child — which may have lived 
anywhere from around 3.7 million to 2 million years ago, de-
pending on age-estimation methods — launched the modern era 
of fossil hominid studies.

The Taung skull turned researchers’ attention away from Asia 
and toward Africa as the birthplace of hominids. In 1925, anat-
omist and anthropologist Raymond Dart assigned the find to 
Australopithecus africanus, a new species that he considered a 
direct ancestor of the Homo line.
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The position of the ancient child’s skull opening for the spinal 
cord showed that the head rested directly above the spine, a 
hallmark of the ability to walk upright. Though the South African 
skull hinted that early hominids had adopted a two-legged gait 
before big brains, some researchers suspected that Taung would 
have developed into a chimplike, knuckle-walking adult.

The Taung Child certainly deserves recognition in this centen-
nial year of its discovery. But the fossilized Hadar female named 
for a trippy rock song has gained far more public acclaim than 
the ancient kid named after a quarry.

Lucy goes by other names. Her 
formal designation, rarely used out-
side academic journals and scientific 
meetings, is AL 288-1. And Ethiopians 
today refer to the remains as Dinknesh, 
a word that in a regional language 
means “you are marvelous.” On the 
world stage, though, the Hadar female 
answers only to Lucy.

Inspire big evolutionary debates
Lucy would have appreciated the  
lyrics of another Beatles song that 
opens with: “I’m looking through you, 
where did you go? I thought I knew 
you, what did I know?”

Her partial skeleton revealed 
enough anatomy to reshape debates 
about hominid evolution without sup-
plying easy answers. Five decades later, 
those disputes continue.

At the time of the Hadar find, the 

fossil discoveries and evolutionary ideas 
of Louis and Mary Leakey and their son 
Richard dominated anthropology. Louis 
Leakey regarded human evolution as 
having occurred solely within the Homo 
genus. Probably starting with H. habilis, 
he argued, one Homo species led to the 
next without any branching into dead-end 
lines. South African australopithecines, 
such as the Taung Child, represented ex-
tinct ape species, from his perspective.

Big brains powered the rise of the Homo 
genus and eventually people today, starting in Africa perhaps 
3 million years ago, the Leakeys argued.

Lucy, with a body built for humanlike walking topped by an ape-
like brain, challenged that idea. Johanson placed Lucy’s kind at the 
center of a dramatic split in hominid evolution, with A. afarensis  
evolving in one direction into later australopithecines and in 
another direction into the Homo genus. That view is still held by 
Johanson and many others today.

At a minimum, Lucy’s partial skeleton strengthened the  
argument — until then based on the tiny Taung skull — that a 
two-legged stride arrived before the emergence of big brains 
in human evolution.

Lucy’s lower-body design triggered a related dispute. Her 
spine and legs were adapted for an upright gait, which would 
reinforce her proposed status as a direct Homo ancestor. But 
relatively long arms and curved fingers resembled those of a 
tree-climbing ape. After Lucy’s discovery, researchers debated 
whether the species divided its time between the trees and the 
ground, or mainly stayed on the ground despite retaining skel-

etal traits of tree-climbing ancestors.
Lucy’s preferred mode of get-

ting around remains a hot topic (SN: 
12/1/12, p. 16). Frequent tree climbing, 
possibly linked to exceptional up-
per-body strength, would support a 
controversial proposal that she fell to 
her death from high up in a tree. If an 
efficient two-legged stance kept Lucy 
grounded, as suggested by another 
A. afarensis fossil find (SN: 7/17/10,  
p. 5), then she probably died from 
some other cause.

Crucial questions also concern 
her species’s diet and possible stone 
tool use (SN: 9/11/10, p. 8). In 2000 at 
another Ethiopian site, researchers 
discovered the nearly complete fos-
sil skeleton of a 3-year-old girl from 
Lucy’s species, which they named 
Selam. Later evidence from that site 
suggests that A. afarensis used stone 
tools to obtain marrow, meat and fat 

Family ties  Donald Johanson and Tim White 
published this hominid family tree in 1979 
(numbers show how many millions of years ago 
each species lived; hatched lines show boundar-
ies between species). Australopithecus afarensis is 
shown as the direct ancestor of the genus Homo 
and a side branch of other australopithecines.

Lucy was discovered 
in Ethiopia at a site 
called Hadar (far 
left) by paleoan-
thropologist Donald 
Johanson (middle) 
and graduate student 
Tom Gray in 1974. 
In all, the Hadar 
field team that year 
(near left) excavated 
hundreds of fossil 
fragments belonging 
to Lucy’s skeleton.
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Johanson thrived in a role as scientific popularizer. His 
1981 book Lucy: The Beginnings of Humankind, coauthored with 
writer and naturalist Maitland Edey, brought her worldwide 
attention. In the same year, newscaster Walter Cronkite mod-
erated a nationally televised debate between Richard Leakey 
and Johanson.

Though fieldwork stopped in 1977 due to an increasingly vio-
lent Ethiopian Civil War, in 1981 Johanson met an anthropology 
graduate student who would direct a second wave of Hadar ex-
cavations. William Kimbel started out by analyzing braincase 
remains of A. afarensis. In the early 1980s, Kimbel worked with 
Johanson and White to detail why A. afarensis and A. africanus 
were different species.

Kimbel took charge of a new phase of fieldwork in 1990 as the 
civil war neared its official end the next year. He raised funds 
for, organized and directed A. afarensis excavations for the next 
three decades. During the 1990s, he helped lead a movement to 
understand different species concepts and their implications 
for primate evolution.

Lucy’s kind had no better Homo sapiens friend than the paleo-
anthropologist everyone called Bill. Paleoanthropology suffered 
an enormous loss in 2022 when Kimbel, who also directed the 
Institute of Human Origins at Arizona State University from 
2009 to 2021, died of abdominal cancer at age 68.

Kimbel, like Lucy’s discoverers, had argued that she is a direct 
ancestor of the Homo genus, a proposal that remains controver-
sial. To this day, few early Homo fossils exist for comparison with  
A. afarensis. Kimbel contributed to the analysis of one 
such find, a roughly 2.8-million-year-old Homo jaw found 
near Hadar. In his view, traits of that fossil indicate that one 
branch of Lucy’s species evolved into the first members 
of the genus Homo, and eventually gave rise to H. sapiens  

(SN: 4/4/15, p. 8).
During the televised debate be-

tween Johanson and Richard Leakey, 
Johanson presented a drawing of his 
proposed hominid family tree. Leakey 
scrawled a question mark over it. 
Decades later, Lucy and her Hadar 
crowd still elude scientific consensus.

But no matter how this pivotal evo-
lutionary issue plays out, Lucy’s trip 
from a Hadar gully to an Ethiopian mu-
seum vault has been eventful for her 
species and anyone interested in the 
origins of humankind. Fifty years after 
stopping a couple of fossil hunters in 
their tracks, Lucy’s star power shines 
bright. 

Explore more
� Learn more about Lucy’s story 

from the Institute of Human 
Origins: bit.ly/LucyAnniversary

from animal carcasses. If those findings hold up, then meat 
eating did not rapidly lead to bigger hominid brains, as many 
researchers have assumed.

Make the right scientific friends
Lucy attracted big-time researchers from the moment Johanson 
and Gray started retrieving parts of her skeleton. The evolu-
tionary status of the ancient Hadar hominid and her kind 
soared thanks to her newfound admirers’ collaborative efforts 
and publications.

Johanson, Lucy’s first champion, arrived at Hadar in 1972 as 
part of an international fossil-hunting expedition. His colleagues 
included three already distinguished researchers, all now de-
ceased: paleoanthropologist Yves Coppens, geologist Jon Kalb 
and geologist Maurice Taieb, who had discovered the Hadar 
Formation in 1968 and organized the expedition. The team be-
came immersed in excavating more Hadar fossils, with a first 
wave of fieldwork running through 1977.

Johanson recruited a young paleoanthropologist who would 
go on to have a bright future in fossil hunting and analysis, Tim 
White, to help analyze the growing trove of ancient bones. It 
was in a 1978 paper that Johanson, White and Coppens identi-
fied Lucy and other fossil hominids at Hadar and another East 
African site, Laetoli, as a new species.

White added a keen eye and voluminous knowledge of bones 
to the early studies of Lucy and her kind. In 1991, White pub-
lished Human Osteology, a classic book on how to analyze human 
skeletons that is still in print. The next year, he published an 
influential book on how to recognize signs of cannibalism on 
human bones (SN: 1/2/93, p. 12). He later directed excavations 
of a 4.4-million-year-old partial hominid skeleton known as Ardi 
that also shook up the human family tree (SN: 1/16/10, p. 22).

Lucy is so 
renowned that 
then-President 
Barack Obama 

viewed the bones 
during a trip to 

Ethiopia in 2015.
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O
n a warm, sunny day in April, biolo-
gists David Duffy and Jessica Farrell 
prepare to motor down the Matanzas 
River on a small boat to catalog the ar-

ea’s aquatic life. Ripples signal the river’s lazy flow 
along Florida’s northeastern coast. Birds fly over-
head, some settling onto mangroves occupying the 
river’s edge. The muddy-brown waters obscure 
most signs of any life in the river. 

But then a pod of bottlenose dolphins appears. 
The sleek critters break through the water to take 
a breath as they swim against the current. The 
team will cross paths with many more of these 
cetaceans as the boat traverses the river and con-
necting waterways. A few dolphins toss a fish in the 
air, seemingly playing catch with their food. Others 
pass alongside the research vessel as underwater 
shadows. 

Dolphins are hardly the river’s only inhabitants. 
It’s just that some species are harder to spot. 

Sea turtles poke their heads above the water in 
occasional blink-and-you’ll-miss-it events. Diving 
manatees produce swirls on the surface that only 
a trained eye knows to look for. 

But even the rarest, hardest-to-spot fauna — and 
flora — leave behind molecular traces of their 
presence. And that’s what Farrell and Duffy are 
searching for: DNA. 

All living beings constantly shed bits of DNA, left 
behind from skin, scales, hair, urine, feces, pollen 
and more. This environmental DNA, or eDNA, has 

“changed everything” about how scientists study 
biodiversity and conservation, says molecular ecol-
ogist Elizabeth Clare of York University in Toronto.

Traditionally, conservation research and moni-
toring have required a physical presence, perhaps 

a person who keeps watch over monkeys, or a  
motion-sensitive camera that documents a passing 
mountain lion, or a light trap that collects moths. 

“These are excellent confirmations that something 
was there,” Clare says. But “if the animal walks be-
hind your camera trap, you miss it. No record.” 

That’s not a problem with eDNA. “eDNA is more 
like a footprint, and footprints last longer than 
the animal or the plant,” Clare says. “The marvel-
ous thing about it is it widens your time window 
of detection.… It’s like having eyes on the back of  
your head.” 

eDNA is particularly useful for biodiversity sur-
veys, sleuthing out even elusive species that rarely 
cross paths with humans. Samples taken from re-
mote areas and brought to the lab for analysis can 
help researchers track the spread of invasive spe-
cies, say, or identify species thought to be extinct. 
But even as conservationists discover new ways to 
put eDNA to use or new places to look for it, they 
must overcome challenges in how to interpret the 
genetic material they find. 

Getting a handle on uncertainties is worth it, says 
Melania Cristescu, an evolutionary biologist and 
ecologist at McGill University in Montreal. “These 
[genetic-monitoring] tools are going to make biodi-
versity programs possible at the global level, so that 
we have a way of monitoring biodiversity the way 
we monitor our weather, with consistency.” 

Who’s there?
Farrell and Duffy, who both work at the University of 
Florida’s Whitney Laboratory for Marine Bioscience 
in St. Augustine, reach their first stop of the day, 
Dolphin Creek, an offshoot of the Matanzas. 

Into the waist-high water, Farrell slips a long, 

DNA left behind by wildlife is 
revolutionizing conservation biology
By Erin Garcia de Jesús

In pursuit 
of eDNA
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metal pole with a 1-liter plastic bottle on the end 
and fills it with water. She pulls out the bottle and 
caps it with gloved hands — a precaution to avoid 
contaminating the sample — and plops it into a 
white cooler for transport. Back at the lab, the 
team will filter out any DNA for analysis and search 
genetic databases for potential matches to ID the 
species. 

Duffy, meanwhile, is testing a method that could 
eliminate the need to lug around heavy bottles 
of water. On the boat’s deck, he sets up a porta-
ble pump and attaches it to a tube that pulls water 
through a pinkie-sized filter encased in plastic and 
submerged in the creek. After about five minutes, 
the once-white filter is now tinged light brown and 
hopefully loaded with DNA.

The idea of trawling water for genetic material 
goes back to the mid-1980s, when researchers used 
DNA to detect bacteria inhabiting marine sediments. 
Then in the early 2000s, scientists discovered that 
some sediments could preserve DNA from extinct 
animals. Woolly mammoth DNA was found deep in 
Siberian permafrost, and sediment from a cave in 
Arizona contained genetic material from an ancient 
giant ground sloth. These discoveries showed that 
DNA could persist for thousands of years. 

Modern signs of life were present, too. The 

researchers working in Siberia, led by geneticist 
Eske Willerslev of the University of Copenhagen, 
pulled DNA belonging to present-day flowering 
plants and mosses from surface soil.

Clare credits Willerslev for inspiring conserva-
tionists to use such molecular traces to monitor 
biodiversity. His work with frozen sediments “re-
ally started the field,” she says, “and then it quickly 
went to the water.” In 2008, researchers in France 
used eDNA to detect invasive American bullfrogs 
(Lithobates catesbeianus) in natural ponds. Then in 
2011, another team pointed to eDNA to suggest that 
two invasive Asian carp species were swimming in 
waters connected to Lake Michigan. 

Back in Dolphin Creek, it’s not hard to guess one 
animal that will appear in Farrell and Duffy’s sam-
ples. “We do get dolphin DNA,” Duffy confirms.

With so many dolphins swimming by, some of the 
eDNA is guaranteed to be recent. But the Matanzas 
sampling illustrates one of the difficulties in inter-
preting eDNA. Unlike a time-stamped photo from 
a camera trap, it’s hard to know exactly when an 
animal left behind its genetic calling card.

Studies show that eDNA can persist for hours to 
weeks in the water column, says ecologist Kristy 
Deiner of ETH Zurich. After that, “you’ll find it 
sometimes and not other times.” Inconsistent de-
tections in samples collected on the same day or 
over a few days provide a hint that an animal is long 
gone, or that the DNA traveled there from some-
where else. 

How long eDNA sticks around in water depends 
on several factors. For instance, eDNA decays faster 
as temperatures increase above 20° Celsius, Deiner 
and colleagues reported in a 2022 meta-analysis. 
How DNA exists in the environment could also in-
fluence its staying power.  

“We know DNA exists inside a nucleus, inside of a 
cell, inside of a big multicellular organism,” Deiner 
says. “But what are we actually detecting when we 
take a water sample? We don’t know if it’s the cell or 
coming from an organelle [a structure within a cell] 
or dissolved DNA floating around.” It’s unclear how 
these different states of eDNA might affect whether 
the molecule is detected or how it moves through 
a water system.

Also unknown is how water chemistry impacts 
eDNA degradation, or how the water it’s flowing 
in affects it. eDNA from a fast, glacier-fed river 
might behave differently than eDNA from the slow- 
moving Amazon River. “We haven’t done enough 
studies around the world to know that it’s context 
dependent or if there are universal equations that 
would predict [eDNA’s] behavior,” Deiner says. 

Jessica Farrell labels a 
water sample collected 
from the Matanzas River 
in Florida. Back in the 
lab, any DNA retrieved 
from the samples will be 
analyzed to determine 
which species are pres-
ent in the river.
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But eDNA’s movement through the water might 
bring benefits. For instance, river water often ends 
up in lakes, which might act as a “biodiversity ac-
cumulator,” Deiner says. A single lake could be a 
repository of all the life in an entire watershed. 

To test that idea, earlier this year in May, Deiner 
and colleagues asked citizen scientists globally to 
sample water from about 400 lakes, including in 
Africa and Southeast Asia, locations that are under-
represented in eDNA studies. By analyzing hundreds 
of samples, the team hopes to capture what or-
ganisms inhabit connecting waters, as well as the 
terrestrial species that live in the surrounding area. 

Such a massive analysis of biodiversity wouldn’t 
be possible without eDNA, Deiner says. “It just al-
lows you to think much bigger and much larger.”

Where’d you go?
In the moments before sunrise, the Florida sky is on 
fire. Red, orange and yellow hues blend into light 
blue as waves crash onto a sandy beach. Few people 
are out this early, but the steady growl of two utility 
task vehicles breaks the calm. 

It’s the second day of the sea turtle patrol sea-
son, when volunteers come together at Mickler’s 
Landing, a beach north of St. Augustine, to comb 
for sea turtle nests. One task on this chilly April 
morning is to collect sand from nests to harvest 
DNA that turtles leave behind.

Unfortunately, it’s early in the season and there 
are no nests. But volunteer Lucas Meers explains the 
sampling process if a nest were present. He would 
kneel down, pull out a tube about the size of a toi-
let paper tube from his backpack and take up short, 
delicate scoops of sand. If turtle tracks were present, 
Meers says, he would also scoop samples from where 
the turtle’s flippers touched sand and where the tur-
tle’s body scraped across the beach (and probably left 
behind secretions from laying eggs). Far away from 
the tracks, Meers would collect a control sample that 
should test negative for sea turtle DNA. 

As with the Matanzas River samples, eDNA pulled 
out of the sand helps Duffy, Farrell and colleagues 
identify which turtle species are present, such 
as green turtles (Chelonia mydas), loggerheads 
(Caretta caretta) or leatherbacks (Dermochelys  
coriacea). The team also checks for the presence of 
a tumor-causing virus that’s infecting turtles around 
the globe, providing a window into sea turtle health. 

Genetic analyses can also go beyond which 
species are present, Duffy says, and reveal where 
animals go.  

By identifying the genetic fingerprint of a pop-
ulation and looking for that signature in eDNA, 

researchers may be able to pinpoint where groups 
of animals travel by gathering samples in multiple 
places. As a proof of concept, loggerhead turtle 
DNA found at Mickler’s Landing and other Florida 
beaches belonged to animals known to lay their 
nests in the southeastern United States, Duffy, 
Farrell and colleagues reported in 2022 in Molecular 
Ecology Resources. Using DNA to follow paths of 
travel could be helpful in making decisions about 
which habitats to protect. 

“If you’re trying to conserve [a species] based 
on just protecting one portion of the habitat they 
need during life, that’s going to have limited suc-
cess,” Duffy says. “If you can start to understand 
where those animals are coming from, then you get 
a much better idea of their range and what needs 
to be protected.”

Singling out the genetic signal of a single individ-
ual in a population might even be possible, allowing 
researchers to forgo tagging endangered species. In 
a 2023 study in eLife, for instance, scientists could 
discern some of the members of a highly studied 
kākāpō parrot population in New Zealand that left 
behind traces of DNA in soil samples. But it’s cur-
rently difficult to parse out specific individuals from 
eDNA unless their genetic material dominates the 
sample, giving researchers more material to work 
with to make a match. Most samples are a jumble 
of many individuals.

But an example from humans further demon-
strates the possibility of tracking individuals. Duffy 
and colleagues have inadvertently collected snippets 
of human DNA in the environment that are intact 
enough to reveal genetic ancestry and even disease 
susceptibility. With targeted analyses, the collected 
material could be enough to identify people, the 
team reported in 2023 in Nature Ecology & Evolution.

While the possibility raises ethical concerns 

David Duffy tests a 
method of sampling 
eDNA in water. A small 
filter encased in plastic 
is placed in the water. 
The attached tube con-
nects to a portable pump 
on the boat that pulls 
water over the filter. The 
filters, which turn brown 
after sampling, are easier 
to carry around and 
store than heavy bottles 
of river water.
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about privacy, conservationists typically take ac-
tive steps to avoid analyzing human DNA from field 
samples in favor of other species. 

Still, “if you translate [the human findings] in the 
future out to other species,” Duffy says, “that’s po-
tentially a game changer in terms of the amount of 
information you can obtain.” 

What’s in the air?
Like the innumerable chunks of DNA that float in 
water or settle in sand, researchers are discovering 
that with a vacuum in hand they can suck up eDNA 
from a new frontier: the air. 

Wind gusts haul tree pollen and fungal spores 
the way people get swept up in a crowd. Fur and 
skin cells from animals can catch rides in dust. This 
immense repository of DNA is all around us, just 
as water surrounds aquatic creatures. Analyzing 
airborne eDNA faces many of the same interpreta-
tion challenges that water and soil samples do, and 
for now, just a handful of labs worldwide, including 
Clare’s at York University, 
are harvesting airborne 
eDNA to survey life’s gamut. 

In the past, researchers 
focused on picking up DNA 
from microbes, spores and 
pollen — obvious targets in 
the air. On the animal side, 
Clare found very little, including a report from two 
Japanese high school students who picked up star-
ling and owl DNA from the air for a science project. 

Then in 2022, Clare’s team and a separate group 
independently reported experiments pulling ani-
mal DNA out of thin air at zoos — confirmation that 
a whiff of air could reveal the area’s animal roster 
(SN: 2/26/22, p. 4). Thanks to those demonstrations, 
interest in airborne eDNA is expanding. The abun-
dance of such DNA, Duffy says, “opens up whole 
new ways of measuring biodiversity.” 

That abundance helps scientists easily collect 
hundreds of air samples from the same area over 
and over again, says Clare, who studies both eDNA 
and bat ecology. “Me alone, I can sit there and 
watch one cave. But I can put 100 [air] samplers 
in 100 caves and do it every night for a week and 
suddenly understand neotropical roosting ecology.”

Scientists might even be able to collect genetic 
samples from existing infrastructure. Air pollution– 
monitoring stations, for instance, can be hidden 
warehouses for eDNA, Clare and colleagues re-
ported in 2023 in Current Biology. Facilities 
worldwide collect daily or weekly samples to keep 
tabs on pollution. Some facilities store the samples 

for decades, meaning such stations could help re-
searchers track biodiversity at a larger scale than 
ever before.  

“Now we found a method that fits the surveillance 
system we already have,” Clare says. 

But collecting genetic material from the air 
comes with uncertainties. Whether airborne DNA 
detects only local species or picks up ones that are 
many kilometers away is unclear. Also unknown is 
how long the signal lasts and what the overall abun-
dance of DNA from one species in a sample means 
for how plentiful it is in nature. 

The amount of eDNA in a sample of air — or soil 
or water — is roughly correlated with how many of 
that plant or animal are in the area, Clare says. “But 
there’s so much that can go wrong with that, that 
[abundance estimates are] difficult to use in any 
real way.” 

For one, some organisms might shed more DNA 
than others, with furry animals perhaps popping 
up at higher rates than scaly critters by virtue of 

the “fluffiness factor.” And 
researchers themselves 
sometimes influence results 
without even knowing it. 

While studying bats in 
Belize, Clare and her team 
harvested airborne eDNA 
from a classroom where 

they had brought bats into the room in cloth bags. 
The aim was to figure out how well vacuumed DNA 
identified different bat species and if it could pick 
up how many there were. While much of the genetic 
material from the room’s air matched the number 
of each kind of bat present, Clare says, “there were 
wild exceptions.” 

Some bats were overrepresented and others  
underrepresented. “It took us ages to work out why,” 
she says. “And apparently I was quoting Taylor Swift 
every time I say this: The problem was me.” 

Clare had to identify each bat. Some species 
are hard to classify, and because she spent time 
closely examining these bats’ bodies and teeth, they 
shed lots of DNA into the air. Vampire bats, on the 
other hand, made a distinct sound when someone 
touched the bag, so Clare didn’t need to open it to 
know what was inside. That may be why very lit-
tle vampire bat DNA turned up in the experiment, 
Clare’s team reported in 2023 in Environmental DNA.

Still, airborne eDNA offers similar opportuni-
ties to monitor terrestrial species the way streams 
and oceans ferry DNA from water-living creatures. 
Depending on how far eDNA travels in the air, re-
searchers could ask questions that encompass large 

“These [genetic-monitoring] 
tools are going to make 
biodiversity programs 

possible at the global level.”
MELANIA CRISTESCU
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swaths of land, especially compared with soil sam-
ples from many spots over a vast landscape. For 
example, “if we are installing solar panel farms in 
New Mexico,” Duffy asks, “what is the effect of that 
on the local biodiversity?” 

What’s here right now?
Repeat collections give researchers more confi-
dence in how to interpret eDNA findings. But new 
methods based on DNA’s molecular cousin, RNA, 
may help pinpoint which life-forms were most re-
cently in a place.

RNA turns DNA’s genetic instructions into pro-
teins. Compared with DNA, RNA offers a clearer 
sign that an animal was recently in an area because 
RNA breaks down much sooner. That fragility ini-
tially prompted scientists to assume that it would 
degrade too quickly for sampling, but emerging re-
search shows there is a detection window. After an 
organism releases RNA into the environment, most 
of the RNA molecules are gone within three to five 
hours, Cristescu says, though studies suggest that 
eRNA may be detectable for up to 72 hours. Any 
eRNA found in a sample therefore implies that the 
organism that left it behind was in the area within 
the last few days.   

The molecule offers other advantages, too. 
“What’s beautiful about RNA,” Cristescu says, “is that 
you can get a lot of ecological information that you 
cannot get with DNA.”

RNAs churned by individuals vary by factors like 
sex or environmental stress. By collecting eRNA, 
researchers can also largely distinguish between 
living and dead organisms, as well as adults and 
juveniles. 

In a study of American bullfrog ponds in Idaho, 
water samples contained RNA that revealed when 
tadpoles were present, researchers reported in the 
May Molecular Ecology Resources. 

Additional tests looking for long-toed salamander 
(Ambystoma macrodactylum) larvae came up nega-
tive in ponds when only adults were around. Adults 
lay their eggs in the spring and leave, so adults and 
offspring aren’t in the ponds at the same time. Just 
three months later, after the eggs had hatched, the 
team detected larva-specific RNA.   

For now, samples must make it all the way back 
to the lab from the field, sometimes taking weeks, 
and undergo hours of processing before research-
ers can get a glimpse of the species detected in 
them. But biologist Ravi Nagarajan of the University 
of California, Davis says that eRNA might one day 
be analyzed in the field. 

Such technology is already in development for 

eDNA. Using the molecular scissors CRISPR, sci-
entists hope to design field tests that take less 
than an hour to detect DNA for a single or multiple 
species in water samples. This real-time sampling 
technique, dubbed SHERLOCK, could uncover pre-
liminary signals for species of interest, pinpointing 
which sites require more thorough sampling, says 
Nagarajan, who has used SHERLOCK to scan an es-
tuary in California for endangered fish. It could also 
help allocate a lab’s limited resources to spots with 
the most potential to answer questions.

SHERLOCK could be adapted to work for eRNA, 
Nagarajan says. By harvesting RNAs that become 
active in certain conditions from the environment, 
SHERLOCK could provide an immediate hint that 
an ecosystem is stressed. Such tests could also in-
dicate the threat, whether organisms are imperiled 
because of chemical contaminants in the water or 
a massive heat wave, Nagarajan says. “There’s huge 
potential there.”

As species dwindle or go extinct amid stressors 
like climate change and other human influences, it 
has become all the more important to have a global 
approach to cataloging what’s out there, Cristescu 
says. “Not having a good understanding of biodiver-
sity puts us in a very bad position of understanding 
what we are losing.” 

Explore more
 � Jessica A. Farrell, Liam Whitmore and 

David J. Duffy. “The promise and pitfalls of 
environmental DNA and RNA approaches for 
the monitoring of human and animal pathogens 
from aquatic sources.” BioScience. June 2021. 

Nina Garrett, a Ph.D. 
student in Elizabeth 
Clare’s lab, sets up a 
handheld air filter inside 
a bat roost to collect 
airborne eDNA.
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to understand our changing ocean. Our founder, Silicon Valley 
innovator and philanthropist David Packard, created MBARI 
as a new kind of research institute, one that brought together 
science, engineering and marine operations and access to 
the ocean. We work in collaborative teams to bring together 
different perspectives, technologies and approaches to 
understanding the ocean. 

Many might say, “I have this tool, what can I do with it?” 
Instead, we can say, “I have this question, how do I address it?” 
Even if the tools to answer the questions aren’t available yet, 
we work together to come up with the ways to get us there. 
A lot of my work involves developing new technologies and 
new approaches to getting sonars, cameras and other sensors 
into the ocean. 

In your research, you’ve developed innovative acoustic 
techniques to study the behavior of deep-sea organisms. 
How do these methods work, and what are their advantages 
over traditional observation methods?
Most of my work involves using sonar — we transmit a very 
short pulse of sound and then listen to how it reflects off things 
in the environment. Because fish don’t reflect sonar well, it is 
a difficult technology to use to figure out what is happening 
in the ocean. I develop tools and figure out how to get them 
into the ocean so that we can use sound to map life. We want 
to understand where food is, where predators are and how 
organisms interact with each other in areas that we can’t see. 
That’s the advantage. Even with a lot of light, a camera can only 
see about 10 feet in the ocean. By using sound, we can “see” 
hundreds or maybe even thousands of meters.

What are your favorite memories from ISEF? I believe 
your project title was “Sounds Created by Captive Female 
Bottlenose Dolphins.”
My favorite memories were about meeting different people 
from around the country and the world. Up to that point,  
I really hadn’t had the opportunity to travel. ISEF exposed me 
to different cultures and opportunities that I hadn’t thought 
about previously. It was really exciting. Before attending ISEF, 
I had been accepted to Brown University, and I was excited 
to meet other finalists who would be studying there as well. 

I won a special award from the Acoustical Society of 
America, and one of the judges I met went on to be a mentor 
during my undergraduate career. Today, I am on the board of 
the Acoustical Society of America.

ISEF provided me with opportunities that I didn’t know at 
the time were going to be opportunities. As I look back, I see 
how much of a foundation ISEF helped me to build. As a first-
generation college student, I didn’t have connections that I 
could rely on. ISEF really helped.

What inspired you to pursue a career in marine biology?
When I was in fourth grade, I visited a marine park where I 
learned about echolocation, which is when animals locate 
objects through reflected sound. The idea that some animals 
perceive their worlds in completely different ways than we do 
was fascinating. That is what inspired my ISEF project and has 
been an important part of my career.  

You have been at MBARI since 2016. What makes it unique?
MBARI’s mission is to advance marine science and technology 

CONVERSATIONS  
WITH 

MAYA KELLY BENOIT-BIRD  
Senior Scientist and Science Chair at the Monterey Bay 
Aquarium Research Institute
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What is one of the most surprising findings from your work 
in the deep ocean?
One of the very first behavior-focused topics I studied was 
diel vertical migration, which is the daily movement of marine 
animals between the ocean’s surface and its deeper layers. 
Ocean animals hide in deep, dark waters during the day and 
then go up to the surface at night where there’s enough food 
to survive. As the sun starts to rise, they migrate back down. 
We tended to think about this as a totally light-driven process, 
where animals just move up at night and move down during 
the day. End of story. But we’ve learned that the animals aren’t 
preprogrammed to do this. They are very sensitive to benefits 
and risks. If there aren’t any predators around, they feed at the 
surface and don’t go deep. If predators are present, we can 
see that they respond very quickly. And if there is no food at 
the surface, they stay deep because it’s not worth taking the 
risk of going to the surface. 

What do you feel is the most misunderstood aspect of 
climate change as it relates to the ocean? 
I think most people don’t understand how much work the 
ocean has already done for us, in terms of protecting the 
planet from the worst consequences of climate change. 
The planet would be much warmer and atmospheric carbon 
dioxide would be twice as high today if it wasn’t for the ocean. 
It takes up about a quarter of the carbon emissions we put in 
the atmosphere each and every year. 

From competing at ISEF to being a first-generation college 
student to becoming an expert and leader in your field, you 
are a trailblazer. What advice do you have for young people 
just beginning their STEM journey?
Always stay focused on what’s exciting to you. It’s easy to get 
distracted by what other people say is important, but you do 
better if you come back to your own curiosity. That is how I 
have focused my career. 

A lot of folks think about STEM as a stuffy, white lab coat kind 
of science, right? I don’t. Science is a creative pursuit, and I 
don’t know any scientist who doesn’t have a creative outlet 
in their life that they have incorporated into their science. I 
recommend that today’s students bring their whole selves to 
their science — all of the skills and strengths that they have will 
be valuable to working in STEM. 

You received the MacArthur Fellowship in 2010.  
How did that impact your life? 
It was life-altering. The freedom it afforded me was 
transformative. For five years, they provided me with funding 
that was the equivalent of my salary. Instead of saying, “I have 
to take this project because I need the funding,” I was able to 
follow my passion. I could decide what questions were the 
most interesting without the stress of failure hanging over me. 

I ended up realizing how important that was for the way 
that I wanted to do science. I wanted to take risks. That was 

part of the reason that I moved to MBARI — risk-taking is part 
of our DNA here.

What books are you reading, and what books inspired you 
when you were young?
When I was young, I read absolutely everything I could get 
my hands on. I loved to be exposed to things I didn’t even 
know I could be interested in. I also really loved Nancy Drew 
books. I still enjoy reading books in series and mysteries. At 
the moment, I am reading An Immense World by Ed Yong, 
which is all about the different ways that animals perceive 
their environments. It’s always fun to be a consumer of science 
communication.

There are many challenges facing the world today.  
What’s keeping you up at night?
I think what’s keeping me up at night is inertia. Can we come 
up with the willpower and the desire to move forward on issues 
that are really threatening all of us, like climate change? Are we 
going to move fast enough to keep us from experiencing the 
absolute worst possible impacts? 

It’s an interesting problem because it’s not something 
that I feel like I can do much about, and maybe that’s why it 
keeps me up, right? This isn’t a science question. The science 
has been answered. This is a political question. Our goal as 
scientists is to provide information and to share it in a way that 
can be understood. MBARI shares our research, technology 
and data outside our walls so policy makers and resource 
managers can make informed decisions about the ocean and 
our big blue planet.

Kelly Benoit-Bird uses advanced underwater robots to learn 
more about the close connection between deep-sea animals 
and our climate. 



A mysterious neurological disease was 
killing women and children in the Eastern 
Highlands of Papua New Guinea. Patients 
in the final stages experienced uncon-
trollable outbursts of laughter, earning 
the disease the macabre nickname “the 
laughing death.”

Autopsies revealed tiny holes in the 
victims’ brains, giving the tissue a char-
acteristic spongy look. It was the 1950s, 
and scientists knew of only a few other 

diseases that pinprick the brain in such a way. All caused bi-
zarre and frequently devastating symptoms in affected animals 
or people. And all, scientists later learned, could be blamed on 
infectious proteins — prions. 

These malevolent molecules, first identified in 1982, are the 
subject of neurovirologist Michel Brahic’s pint-size new book, 
The Power of Prions. Brahic, a consulting professor at Stanford 
University, took to writing after his wife convinced him to turn 
his lectures into a book. The process, he writes, “transformed 
a dreaded retirement into an exciting adventure.” 

The book jumps headfirst into the molecular biology of 
disease-causing prions, proteins that fold incorrectly and 
then force normal proteins to do the same. These misfolded 
proteins can arise naturally in the body or enter via consump-
tion of infected tissue. In the brain, the abnormal proteins 
stack together “like a pile of soup dishes in the kitchen cab-
inet,” Brahic writes. The buildup can cause neurological 
trouble, such as memory loss, trouble speaking and jerky 
movements. If the protein stacks break 
apart, the resulting pieces can seed other 
areas of the brain, transforming healthy 
proteins into misfolded ones and sprouting 
new stacks. That’s how prions spread like 
an infection.

Brahic takes readers on a tour of prion 
diseases, with stops at scrapie (which 
makes sheep scrape incessantly against 
fence posts), mad cow disease and kuru, 
the illness that plagued those people 
in Papua New Guinea. Kuru spread via 
cannibalism, scientists figured out; eat-
ing brain tissue containing prions was 
enough to cause infection. (Some scientists 
think the cannibalism was a cultural ritual, 
others, a way to give women and children 
protein since animal meat was saved for 
men.) Once cannibalism ceased, so did new 
kuru cases. 

At less than 200 pages, Brahic has packed 
his lectures into an astonishingly tiny tome. 

But class is clearly in session. Though he’s writing for non-
scientists, Brahic’s book is not for the casual reader. It’s for 
people who want to dig into prion biology. 

Brahic writes succinctly about the science, and with feel-
ing about people harmed by prion diseases. They’re far less 
rare than one might think. Scientists now believe prions 
may play a role in many neurological diseases, including 
Alzheimer’s, Parkinson’s and Huntington’s (SN: 10/17/15, p. 12; 
SN: 2/24/24, p. 6). 

In Alzheimer’s, some research suggests that a buildup of 
prion proteins in the brain may contribute to the devastating 
loss of short- and long-term memory. “Long-term memory 
shapes our personality, makes us who we are,” Brahic writes. 

“By erasing the past it robs us of our identity.”
By this point in the story, you’d be forgiven for thinking all 

prions are mutinous molecules of disease. But Brahic touches 
on “good” prions too — noninfectious proteins that stack up 
just like the bad ones but perform necessary jobs in the body, 
like helping preserve long-term memories. 

An efficient vehicle for delivering science, The Power of 
Prions also includes bits of narrative that help propel the 
story. But prion-curious readers may want more information 
about the people affected by these diseases and the scientists 
studying them.  

Either way, with its CliffsNotes-style chapter summaries 
and glossary of biological terms, Brahic’s book may find a 
place on people’s shelves as a quick reference guide to a field 
he calls “young, fast-moving and not devoid of controversy.” 
— Meghan Rosen

BOOKSHELF

The good, the bad and the ugly of prions 

The Power of Prions
Michel Brahic
PRINCETON UNIV., 

$24.95

Bovine spongiform encephalopathy, commonly known as mad cow disease, is a fatal disease 
caused by prions. The infectious proteins are the subject of a new book. S
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Stauer, 14091 Southcross Drive W., Dept. RGW292-01, Burnsville, MN 55337 www.stauer.com

1-800-333-2045
Your Insider Offer Code: RGW292-01  

A F F O R D  T H E  E X T R A O R D I N A R Y

99
Impossible PriceONLY

1920s Style for a 1920s Price
It was a warm summer afternoon and my wife and I 

were mingling with the best of them. The occasion 
was a 1920s-themed party, and everyone was dressed to 
the nines. Parked on the manse’s circular driveway was 
a beautiful classic convertible. It was here that I got the 
idea for our new 1920s Retrograde Watch. 

Never ones to miss an opportunity, we carefully steadied 
our glasses of bubbly and climbed into the car’s long front 
seat. Among the many opulent features on display was a 
series of dashboard dials that accentuated the car’s lavish 
aura. One of those dials inspired our 1920s Retrograde 
Watch, a genuinely unique timepiece that marries 
timeless style with modern technology. 

With its remarkable retrograde hour and 
minute indicators, sunburst guilloche face and 
precision movement, this design is truly one of 
a kind. What does retrograde mean? Instead of 
displaying the hands rotating on an axis like 
most watches, the hands sweep in a semicircle, 
then return to their starting point and begin all 
over again.

Retrograde watches by the big brands can set 
you back thousands; one recent offering from a big 
French fashion house is selling for more than $150,000! 
But because we’ve designed the 1920s Retrograde Watch 
in-house, we can offer it to you for just $99! 

This watch is so wildly popular with our customers that 
we’re actually concerned about running out; we only 
have 937 729 left for this ad! 

Watch Specifications:
• Precision movement
• Stainless steel case, caseback and crown
• Retrograde hour and minute indicators
• Water-resistant to 5 ATM
• Brown genuine leather band
• Fits wrists up to 8"

1920s Retrograde Watch 
 $399   $99* + S&P Save $300
* Special price only for customers using the offer code.

“An elegant and exciting timepiece that 
every collector will love.” 

— George � omas, internationally 
renowned watch expert

“[A] unique and 
beautiful timepiece.”

— Carlos C., Los Banos, CA

Join more than 1  smart 
people who love stauer watches

A D V E R T I S E M E N T
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Experimenting with food
Mayonnaise’s texture is perfect for  
mimicking what a fuel capsule goes 
through when it’s blasted with lasers to ig-
nite nuclear fusion, Emily Conover reported 
in “Mayonnaise may shed light on nuclear 
fusion experiments” (SN: 10/5/24, p. 5).
Reader Linda Ferrazzara wondered if 
mayo qualifies as a non-Newtonian fluid, 
one whose viscosity changes depending 
on the stress applied to it. If so, could 
researchers instead use oobleck — a 
non-Newtonian fluid made from corn-
starch and water  — as a stand-in for 
nuclear fuel capsules in experiments? 
Ferrazzara asked. Oobleck might be 
easier to keep consistent between exper-
iments than mayo, which has different 
formulations depending on the brand.

Mayonnaise is a non-Newtonian fluid, 
says mechanical engineer Arindam 
Banerjee of Lehigh University in 
Bethlehem, Pa. But oobleck would not 
work for fusion experiments. The sub-
stance gets thicker, or more viscous, 
when hit by an outside force — a 
phenomenon called shear thickening. 
So it “would freeze up when we spin our 
experiment,” Banerjee says. Mayo is the 
opposite: It gets less viscous.

Repeatability is crucial to the team’s 
scientific process, so the materials 
used in each experiment need to 
be well-characterized and consis-
tent, Banerjee says. “We have used 
Hellmann’s Real Mayonnaise for the 
last 12 years. We measure properties of 
each batch and have found them to be 
remarkably consistent. We do not make 
our own mayonnaise,” he says. “Prior to 
picking mayonnaise, we tried yogurt. 
But my students at that time were not 
able to replicate the yogurt consis-
tency and thus the properties were 
different, leading to large variations in 
observed behavior.”

Machines make mistakes
A quantum computer improved its results 
by repeatedly correcting its mistakes mid-
calculation, Emily Conover reported in  

“A quantum computer fixes its errors”  
(SN: 10/5/24, p. 6).
X user @Lightning456243 asked how 

a quantum computer can identify its 
own errors.

“Quantum computers correct their 
own errors by inserting some redun-
dancy in their data and periodically 
checking whether the information is still 
self-consistent,” Conover says. 

Classical computers do this too by 
copying bits, which have a value of ei-
ther 0 or 1. For instance, 1 can be copied 
three times to become 111. If one of those 
bits gets unintentionally flipped (say, 
111 becomes 110), the mismatch between 
the three bits would indicate an error. 
By looking at which value is the major-
ity, the computer can identify which bit 
needs fixing.

The complexities of quantum physics 
complicate this process, but quantum 
computers likewise encode information 
redundantly, Conover says. Rather than 
directly copying individual quantum 
bits, however, the computers spread 
the information between multiple 
quantum bits that are entangled, or 
linked (SN: 6/20/20, p. 18).

  

Abstract 
The Fundamentals First Fund, an ETF, is part 
owner of approximately 100 publicly traded 
worthy companies, and it owns publicly 
traded debt. These worldwide companies are 
vital, important, useful, or just plain nice to 
have around, and most have been pursuing 
their business course for decades. We 
individually select these companies with 
care and in a manner as to spread our risk 
so that no single company event can cause 
more than a bruise. Mason Capital has 
managed money this way for more than 
three decades. If you are more specifically 
interested in who we are, how we do it, and 
how you might participate, read on. 
 

www.FundamentalsFirstFund.com 
 

 
 
 
 
 
 

Investors should consider the investment objectives, risks, 
charges and expenses carefully before investing. For a 
prospectus or summary prospectus with this and other 

information about the Fund, please call 617-228-5190 or visit 
our website at www.fundamentalsfirstfund.com 

Investments involve risk. Principal loss is possible. 
Quasar Distributors LLC. 

 

An ETF 
Symbol KNOW 

 

Your money 
Carefully managed 

 

Fundamentals 
First Fund 

2/21/24 IPO Market Open: $10.00 
9/30/24 Market Close:  $10.87 
Dividends Paid:   $   0.10 

Move over,  
Simone Biles!
A globular springtail can back-
flip (shown below) at a rate of 
368 spins per second, Jonathan 
Lambert reported in “How an 
arthropod does the world’s fastest 
backflip” (SN: 10/5/24, p. 4). X user 
@FluronaVirus wrote: “That’s 
incredible! The agility of globular 
springtails is truly remarkable. 
High-speed camera footage 
capturing their spin rate is a fas-
cinating insight into their aerial 
abilities. Nature never ceases to 
amaze with its wonders.”
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GovMint Announces the Limited Mintage 
of an Extraordinary Silver Proof—
the FIRST United States $100 Bill 

Struck in One Ounce of Pure Silver 
With a Hefty Copper Core. 

This extraordinary piece features one troy 
ounce of 99.9% pure silver covering 11.89 
ounces of copper to create a surface area 
that exceeds 15 square inches and weighs 
over 3/4 of a pound!

The initial reaction when folks hold these 
silver proof weighing over 3/4 pound has 
been astonishment. Now, for the first time 
ever, we’ve layered the silver ounce over 
a 11.89-ounce copper core, a move that 
not only allows for elevated design ele-
ments BUT also adds real heft. The new 
2025-dated Silver Franklin $100 bill is an 
impressive collectible—and it’s available 
from GovMint for just $99!

Exquisite Detail
The 2025 $100 Silver Proof is an exquisite 
adaptation of the United States Treasury’s 
recently redesigned $100 Federal Reserve 
Note—only the third new $100 bill design 
in 100 years. It’s a true artistic masterpiece 
that will always be treasured by numisma-
tists, history enthusiasts, and artists alike.

One Ounce of 99.9% Silver
Best of all, this stunning Silver Proof is 
even more beautiful than the original 
because it’s struck in precious silver 
that covers 11.89 ounces of copper! A 
landmark of proof minting, it combines 
unprecedented weight with extraordinary 
dimension. Just look at these unparalleled 
specifications:

  Struck from one ounce of 99.9% fine 
silver and 11.89 ounces of copper

  Surface area exceeds 15 square inches

  31.10 grams of pure silver; 
370 grams of copper

  Individually registered and comes with 
a numbered Certificate of Authenticity

  Fully encapsulated to protect its 
mirror-finish for a lifetime

  Features a large portrait of Benjamin 
Franklin on the front and a vignette 
of Independence Hall on the back

For a limited time, you have the special 
opportunity to acquire this giant silver 
proof for just $99 each! 

Buy More and 
Save More!

Substantial additional 
discounts are available for 
serious collectors who wish 
to acquire more than one of these 
exquisite Silver Proofs. Ask for details.

Plus FREE SHIPPING!
For a limited time only, FREE domestic 
shipping with every order. Not valid on 
previous purchases.

Only 9,999 Available
GovMint will limit striking to only 9,999 
One Troy Ounce Silver Proofs for the year 
2025. Once the edition is sold out, no more 
2025 silver proofs will be struck. We urge 
you to call today. Don’t miss out on this 
historic and massive silver masterpiece!

2025 $100 Silver Proof  $129
Special Offer: $99 ea. + s/h   
FREE SHIPPING!

Call today toll-free for fastest service

1-888-870-6351
Offer Code FSP272-05
Please mention this code when you call.

GovMint® is a brand of Asset Marketing Services, LLC (AMS). AMS is a retail distributor of coin and currency issues and is not a�  liated with the U.S. government. � e collectible coin market is 
unregulated, highly speculative and involves risk. Prices, facts, � gures and populations deemed accurate as of the date of publication but may change signi� cantly over time. All purchases are expressly 
conditioned upon your acceptance of our Terms and Conditions (www.amsi-corp.com/terms-conditions); to decline, return your purchase pursuant to our 30 day Return Policy (www.amsi-corp.com/
product-return-policy). ©2024 Asset Marketing Services, LLC.
This product was minted privately and is not legal tender in the U.S.

GovMint • 1300 Corporate Center Curve, Dept. FSP272-05, Eagan, MN 55121

Collectible 
2025 date

Larger Franklin 
portrait

Minted in one Troy ounce 
of 99.9% fine silver and 
11.89 ounces of copper

Mirrored proof 
background

Actual size is 
6 x 2.5 x .26 in.

Liberty Bell, quill pen 
& July 4th date

WORLD’S FIRST
2025 $100 SILVER PROOFS

Limited Mintage Striking...

WORLD’S FIRST
OOFS

JUST
RELEASED!

 SPECIAL CALL-IN ONLY OFFER

Collectible Larger Franklin Minted in one Troy ounce Mirrored proof Actual size is Liberty Bell, quill pen 

to acquire more than one of these 

WEIGHS 
OVER 

3/4 OF A 
POUND!

BUY MOREBUY MORE
SAVESAVE   MORE!MORE!

BUY  MOREBUY MORE
SAVESAVE   MORE!MORE!
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With the snap of a camera shutter — and a microscope — what 
was once small can become grand.

A closeup peek at mouse brain tumor cells won first place 
in the 2024 Nikon Small World photomicrography contest. 
Neuroscientist Bruno Cisterna of Augusta University in Georgia 
snapped the photo (above) using a high-resolution microscopy 
technique as part of research to understand how neurodegen-
erative diseases such as Alzheimer’s and ALS develop.

These tumor cells, shown at 100 times magnification, are 
nerve cells that are growing uncontrollably. The nucleus (ma-
genta) of each cell is surrounded by actin proteins (white) 
that give the cell shape. Rodlike microtubules (green) connect 
some cells and also transport organelles within cells such as 
mitochondria, which generate much of a cell’s energy.

 Earlier this year, Cisterna and colleagues included similar 
images of individual cells in a study that found that the protein 

PFN1 helps the microtubules function properly. Without 
enough PFN1, the team reported, the cell’s microtubules trans-
port more mitochondria faster around the cell, causing it to die.

There’s a “delicate equilibrium” to how fast mitochondria can 
move around a cell and how many get transported, Cisterna 
says. Using images like the winning photo to track cellular 
structures can help reveal abnormalities that might be linked 
to cell death and neurodegeneration. 

Cisterna says his favorite thing about this image is that it 
shows both mature, spindly nerve cells and their round, im-
mature precursors  before they’ve morphed into full-fledged 
neurons. It’s not easy to find both, he says. Once he found the 
cells under the microscope, he spent two hours taking images. 

“They look beautiful.”
The resulting photo is one of 88 recognized October 17 in the 

50th year of this annual contest. — Erin Garcia de Jesús

Zooming in on mouse brain tumor cells
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Arizona is a geologist’s play-
ground, with a scientifi cally 
intriguing story behind every 
rocky outcrop, dry playa, and 
sparkling spring. Arizona 
Rocks! tells the stories of 44 of 
the best geologic sites in the 
state. Not only will you learn 
about well-known places, such 
as Barringer Meteorite Crater 
and Petrifi ed Forest National 
Park, but you’ll also discover 
lesser-known sites, including 
Hopi Buttes, which formed 
from steam-driven explosions; 
Peridot Mesa, where gemstones 
from the Earth’s interior are 
found, and Montezuma Well, 
a limestone sinkhole with a 
perennial supply of water. Ample 
color photographs compliment 
the text, and maps help get you 
where you need to be. Arizona 
Rocks! is the second book in the 
state-by-state Geology Rocks! 
series, which introduces readers 
to some of the most compelling 
and accessible geologic sites in 
each state.

T. SCOTT BRYAN

AR I Z O N A

ROCKS!
Lees Ferry

Horseshoe Bend

Tuba City
Dinosaur Tracks

Grand Canyon
National Park

Sunset Crater
Volcano National
Monument

Wupatki National
Monument

Meteor Crater

National Park

Pinta Dome
Helium Field

St. Johns
Helium Field

Canyon de Chelly
National Monument

Monument Valley

Sedona
Red Rocks

Granite Dells
Montezuma Well

Tonto Natural Bridge
State Park

Superstition
Mountain

Caldera
Malpais Hill
Zeolites

Peridot
Mesa

Morenci
Mine

Bouse Formation

Vulture Mountains
and Mine

Burro
Creek Canyon

Papago Park and
Camelback Mountain

Sentinel Plain
Volcanic Field

Earth
Fissures

Picacho
Peak
State
Park Catalina

State
Park Saguaro

National
Park East

Mineral
Discovery

Center and
Mission

Mine

Kitt
Peak

Saguaro
National Park West

University of Arizona
Mineral Museum

Organ Pipe
Cactus National

Monument
Kartchner

Caverns
State Park

Cochise
Stronghold

Willcox
Playa

Fort
Bowie
National
Historic
Site

Chiricahua
National

Monument
Tombstone

Murray Springs
Clovis Site

Bisbee

San
Bernardino
Volcanic Field

Hopi Buttes
Volcanic Field
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T. SCOTT BRYAN

$18.00
P.O. Box 2399 • Missoula, MT 59806 • 406-728-1900

800-234-5308 • info@mtnpress.com
www.mountain-press.com
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GEOLOGY / TRAVEL

A GUIDE TO
GEOLOGIC SITES

IN THE GRAND
CANYON STATE

GEOLOGY
ROCKS!

INDIANA ROCKS!
$18.00 paper

ISBN 978-0-87842-687-4

VIRGINIA ROCKS!
$18.00 paper

ISBN 978-0-87842-688-1

WISCONSIN ROCKS!
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DEATH VALLEY ROCKS!
Amazing Geologic Sites in America's Hott est Park

M���� B. M�����
Whether you’re an iti nerant traveler, a seasoned geol-
ogist, or simply someone who appreciates the beauty 
of the natural world, Death Valley Rocks! is your key 
to unlocking the mysteries of Death Valley Nati onal 
Park, one of the most enigmati c places on the planet. 
This guidebook presents forty sites that testi fy to the 
awe-inspiring power of Earth’s geological processes 
and lengthy history. Recent volcanic erupti ons, shift ing 
fault zones, and the sculpti ng power of gravity, water 
and wind combined to form Death Valley, the lowest 
point in North America. The featured sites, each care-
fully selected for their geologic impact, are accessible 
by vehicle except for the towering Telescope Peak, 
which can be seen from just about everywhere. Each 
site is presented with stunning photography by the au-
thor, insightf ul commentary, and directi ons for visitors, 
making this book an indispensable resource for both 
armchair geologists and adventurous explorers alike.
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Hands-on books designed to get people out of 
their cars to explore the world around them.

NEW MEXICO

ROCKS!
A Guide to Geologic Sites in the Land of Enchantment
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