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Jeremy England remembers learning about proteins and protein folding in high school and being struck
by how biology works at the molecular level, where biology, chemistry, and physics intersect. England 
graduated from Harvard University with a degree in biochemical sciences in 2003, then received a Rhodes 
Scholarship and studied physics at the University of Oxford. He then completed a PhD in physics at Stanford 
University in 2009 and worked as a postdoc at Princeton University before joining the faculty at MIT. There, 
he set his mind on studying self-copying and self-replication of cells and organisms, aiming to derive rules 
that constrain when those processes can or should happen. From this research, he pieced together a theory 
to explain the spontaneous emergence of life based on how collections of molecules learn to obtain and use 
energy more efficiently—a process he calls dissipative adaptation.

“Once you study life as a physicist and you see, from the perspective of physics, how impressive life is at 
accomplishing very complicated functional tasks using just a combination of the right physical principles 
and how they interact in some particular architecture, it’s really quite marvelous,” England says. In 2019, 
he left MIT to work at GlaxoSmithKline as one of the company’s senior directors in artificial intelligence 
and machine learning. England also maintains a research position in physics at the Georgia Institute of 
Technology. On page 57, England takes a deep dive into dissipative adaptation and reconsiders life’s origin.

Matan Shelomi was in the third grade when he learned the word “entomologist.” “I decided I needed to
memorize it,” he says, “because that’s what I wanted to be.” As a child growing up in Queens, New York, Shelomi 
didn’t have the opportunity to see many wild animals—besides the ants in his family’s apartment, he jokes—
but he did have access to Pokémon, the multimedia franchise that allows players to collect and evolve fictional 
creatures, some of which resemble real insects. In 2014, after receiving his bachelor’s degree in organismic and 
evolutionary biology at Harvard University, Shelomi completed a PhD at the University of California, Davis, 
studying the digestive physiology of stick insects. Shelomi next moved to Germany for a postdoc at the Max 
Planck Institute for Chemical Ecology before accepting a professorship at National Taiwan University in 2017.

Like most academics, Shelomi frequently receives emails from predatory journals asking to publish his 
work. Eventually, he became so frustrated that he decided to submit a fabricated, Pokémon-themed article to 
Plant Biochemistry and Physiology in 2019. Shelomi has since had almost a dozen papers accepted in nine 
predatory journals, each manuscript containing fictitious references to pop culture and directly calling out the 
journals’ bad practices. In March of this year, Shelomi published a piece claiming that SARS-CoV-2 stemmed 
from a bat-like Pokémon (see “I Published a Paper Claiming Pokémon Caused Coronavirus” on page 12) 
to demonstrate how damaging such misinformation can be, and to teach others how to spot it. “What these 
journals are doing is fraud,” Shelomi tells The Scientist. “If anyone can publish anything and call it a scientific 
paper, the door is wide open for anyone to make false claims.”

From a young age, Terese Winslow loved to draw, but she also loved science. Her mother was an art
teacher and three of her sisters graduated from art school. Winslow took a slightly different path, majoring 
in biological sciences at Mount Holyoke College in Massachusetts. Upon graduating, she worked in a lab 
at Duke University researching muscular dystrophy, and then at the Massachusetts Mental Health Center’s 
Neuropsychopharmacology Lab (while employed by Harvard University). Ultimately, she was able to combine 
her interests by enrolling in Johns Hopkins School of Medicine’s Art as Applied to Medicine program, where 
she received a master’s in medical and biological illustration in 1984. Since then, Winslow has maintained a 
medical and scientific illustration business, and her art has appeared in textbooks, journals, magazines, and 
electronic media. Winslow says she is particularly proud of her work for the National Cancer Institute, where her 
illustrations can be found on the webpage summaries for most cancers. Both of Winslow’s parents, three of her 
siblings, and ten other relatives all had cancer, she says. “I have a personal interest in helping people with cancer.”  

She admits that she often uses her family members as models for her illustrations. She’s used her son as 
a model in illustrations of head and neck cancers, for example, and her daughter for a drawing of thyroid 
cancer. “My poor husband is in colonoscopy illustrations,” Winslow says. On page 24, she illustrates how 
vaccines train innate immunity; for this infographic, she used her daughter’s neighbor as a model.
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Looming Change

In this topsy-turvy year, the world has been waylaid by a viral pan-
demic. But a larger and more intractable menace churns in the 
background, continuing to wreak havoc while humanity’s atten-

tion is diverted. Climate change remains arguably the most press-
ing threat we face as a species. And despite signs of hope earlier this 
year as lockdowns in response to the COVID-19 pandemic grounded 
airplanes, shuttered businesses, and garaged cars, the problem is not 
abating. Humanity must be able to fight disease while simultane-
ously keeping our sights trained on the persistent and snowballing 
effects of global warming. If we are not up to this task, the hell of 
2020 will pale in comparison to the challenges we’ll face.

The first few months of the pandemic provided a glimpse of 
what a planet given respite from the relentless pressure of mod-
ern human inhabitance might look like. In April, people in Pun-
jab, India, snapped photos of the Himalayas, more than 100 miles 
away, a sight usually obscured by smoggy skies. The International 
Energy Agency published a report that same month that the globe 
was on track to reduce CO2 emissions by 8 percent compared to
2019 levels—an unprecedented drop. 

All this sounded like a rare spot of good news in an otherwise 
disconcerting year. But alas, the sense that nature might be able 
to quickly heal over the scars of human activity was short-lived. As 
economies reopened, we took back to our petroleum-fueled modes 
of transportation, and fossil fuel–powered factories revved back up to 
continue their belching of greenhouse gases into the atmosphere. By 
mid-May, levels of several air pollutants in China, including ozone, sul-
fur dioxide, and fine particulate matter, had rebounded to concentra-
tions above levels recorded in April and May of last year, according to 
an analysis by the Finland-based Centre for Research on Energy and 
Clean Air. And globally, CO2 emissions have been creeping back up as
the planet’s human inhabitants return to something close to business 
as usual. By early June, global emissions had rebounded to within 5 
percent of mean 2019 levels, up from an average 17 percent reduction 
in early April, according to data published by the Integrated Carbon 
Observation System.

There have also been negative effects of the COVID-19 pan-
demic on the environment. Pre-pandemic, humans were already 
dumping an unbelievable amount of plastic—8 million metric tons 
per year—into our oceans, the eventual destination for much of our 
waste. But with the uptick in the use of products such as dispos-
able plastic packaging, bags, and cutlery as well as personal protec-
tive equipment, this year is set to outpace 2019’s outflow of plas-
tic waste by 30 percent, according to a paper published in June in 
Environmental Science & Technology.

While a pandemic the size and scope of COVID-19 demands 
immediate attention, action on climate change and other environ-
mental crises cannot be shelved. Wildfires in the western US and 
hurricanes in the South remind us that even though we’re busy try-
ing to address a pressing public health emergency, global warm-
ing isn’t put on pause. This persistent concern should inform how 
we strategically emerge from the COVID-19 pandemic and enter a 
world where we live with the chronic problem of SARS-CoV-2 and 
likely future epidemics. “Any economic recovery packages designed 
to help economies fully rebound need to focus on zero-carbon cli-
mate resilient investments that address unemployment but avoid 
locking us into a new high-carbon future,” Bob Ward, a policy direc-
tor at the Grantham Research Institute on Climate Change at the 
London School of Economics, told The Guardian in June. 

I was heartened to see that, in both the US presidential debate and 
the US vice presidential debate that have been held as of this writing, 
climate change questions were posed to the candidates, something 
that did not occur in the debates running up to the 2016 US election. 
After the worst of the COVID-19 pandemic is behind us, humanity 
must learn to navigate a world changed by the ravages of a novel virus 
at the same time that we address not-so-novel problems with how 
Homo sapiens affects our planet and the organisms we share it with. g

Editor-in-Chief
eic@the-scientist.com

FROM THE EDITOR

911.2020 | THE SCIENTIST

As the world comes to grips with the new reality wrought by COVID-19,  
the risk of catastrophe from a warming planet persists.

BY BOB GRANT
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Speaking of Science

QUOTES

ACROSS
7. Order, as of the nucleotide bases

in a DNA molecule
8. Living in a state of nature
9. Shape of a DNA package
10. Produce offspring from stocks  

not related
11. Gregor Mendel’s middle name
13. Relating to the nose
15. Cell formed by the union of two 

gametes
17. Of the vertebrae directly above  

the pelvis
18. Sudden variation in an inheritable 

characteristic
20. Niels who said “A physicist is just an 

atom’s way of looking at itself”
21. Number of classical elements or 

fundamental forces
22. Dangerous mistake in self-medication

DOWN
1. Subject of research by Masters

and Johnson
2. Zero value; like a nonfunctional allele
3. Present at nativity, as a trait
4. DNA molecule carrying foreign genetic 

material into another cell
5. Short stature by dint of achondroplasia
6. Pigment rare among animals
12. Chemist Amedeo with a constant 

named for him
14. Stage in mitosis
16. Inventor in Menlo Park
17. Connected, as traits inherited together
19. Aerial phenomena defying explanation
20. Anatomist’s study

Answer key on page 5

1 2 3 4 5 6

7 8

9 10

11 12 13 14

15 16 17

18 19 20

21 22

 

You have a deeply polarized 
electorate, an authoritarian 
president who wants to use 
the levers of government to 
give himself an advantage 
electorally and a pandemic in 
the middle of the campaign.
—Daniel Carpenter, a professor of government at 
Harvard University and an expert on the US Food 

and Drug Administration, talking to The Washington  
Post about the politicization of COVID-19 treatment  

and vaccine development (October 11)

The federal government is paying 
Dr. Bright, one of the nation’s 
leading experts in pandemic 
preparedness and response, and 
an internationally recognized 
expert in vaccine and diagnostic 
development, to sit on his hands 
during a global pandemic that has, 
to date, killed one million people 
globally and over 210,000 people 
within the United States.

—An amended whistleblower complaint filed 
by attorneys representing Rick Bright, an 

immunologist who last month (October 6) 
resigned from his post at the National  

Institutes of Health 
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CRITIC AT LARGE

I Published a Paper Claiming 
Pokémon Caused Coronavirus

On March 18, 2020, the American
Journal of Biomedical Science 
& Research published my paper 

claiming that eating a bat-like Pokémon  
sparked the spread of COVID-19. This 
paper, “Cyllage City COVID-19 outbreak  
linked to Zubat consumption,” blames a  
fictional creature for an outbreak in a fic-
tional city, cites fictional references (includ-
ing one from author Bruce Wayne in 
Gotham Forensics Quarterly on using bats 
to fight crime), and is cowritten by fictional 
authors such as Pokémon’s Nurse Joy and 
House, MD. Nonetheless, four days after 
submission, editor Catherine Nichols was 
“cheerful to inform” me via email that it had 
“received positive review comments” and 
was accepted for publication.

It’s not the only fake paper on Poké-
mon I’ve had published or accepted for 
publication, covering creatures from 
Pikachu to Porygon. Some would argue 
that editors cannot recognize Pokémon 
names, but lines in the text such as “a 
journal publishing this paper does not 
practice peer review and must therefore 
be predatory” or “this invited article is in 
a predatory journal that likely does not 
practice peer review” would have tipped 
off anyone who bothered to read the arti-
cles. These papers did not slip in under 
the radar; they were welcomed in blindly. 

The journals that accepted my papers 
are predatory. They appear legitimate, 
but practice no peer review, no editing, 
not even a reality check. Publishers such 
as BiomedGrid (which publishes American  
Jour nal of Biomedical Science & Research),  
OMICS, or Longdom Publishing will 
accept anything so long as authors 
agree to pay the open access fees, which 

range from less than $100 to several 
thousand dollars. (I have not paid a 
penny so far, as some of these journals 
publish submitted manuscripts before 
receiving payment.) Predatory journals 
are just expensive blogs, no more reli-
able as sources of scientific information 
than a celebrity’s Twitter feed, yet unfor-
tunately equally trusted in some circles. 

To make matters worse, my Pokémon- 
inspired paper on the novel coronavi-
rus has already been cited. A physicist 
based in Tunisia published “The COVID-
19 outbreak’s multiple effects,” which 
claimed that COVID-19 was human-
made and is treatable with “provincial 
herbs,” in another predatory journal,  
The International Journal of Engineering  
Research and Technology. He not only 

cited my article, but also cited one of my 
made-up references, “Signs and symp-
toms of Pokérus infection,” as the paper 
that first identified SARS-CoV-2. When I 
asked the author how this happened, he 
failed to see any problem with citing  
a paper he never read while writing a 
paper outside his field, and was unaware 
of the difference between open access 
and predatory journals. The difference—
editing and peer review—is critical: when 
it comes to public health, fake journals 
are a real danger.

While evidence shows that the major-
ity of authors publishing in predatory jour-
nals are naive researchers from develop-
ing countries, ample opportunity exists to 
use such venues deliberately to push fraud 
and misinformation. What is stopping 

In the midst of an infectious disease pandemic, a science publishing 
experiment exposes the danger of predatory publishers.

BY MATAN SHELOMI

They appear legitimate, but practice no peer review,
no editing, not even a reality check. 
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someone, using their real name or a fake 
name (or your name!), from publishing 
a paper claiming that kale juice prevents 
AIDS, that vaccines cause transsexualism, 
that certain races are inferior, or any other 

equally eroneous drivel, and then publicly 
citing that paper as evidence? The answer 
is nothing. It’s been done, with quacks pro-
moting the thoroughly debunked, fraudu-
lent, fake diagnosis of “chronic Lyme” in 
predatory and post-publication review 
journals (which accept and publish all 
manuscripts under the assumption that 
readers will review them later). One should 
not automatically trust all documents for-
matted as a scientific paper.

Don’t real journals publish fraud 
and nonsense too? Yes, but once the 
fraud is discovered, they can retract the 
paper (though far too many do not). So 
far, more than 30 articles on COVID-
19 have been retracted. My paper and 
the one citing it have not, and never 
will. Silver lining: they can be used in 
science ethics classes to educate others 
about predatory publishing, and have 
inspired some researchers, such as Car-
thage College’s Adam Larson, to write 
Pokémon papers themselves.

How, then, to catch a predator, besides 
checking Beall’s List? First, assume all 
journals or conferences that email you 
unsolicited submission invitations are 
predatory, especially if they are outside 
your field, cover overly broad subjects, 
promise rapid review, or flatter you with 
compliments such as “eminent researcher.” 
Any journal with multiple email domains 
is predatory, as are absolutely all journals 
that list the worthless “Index Copernicus” 
number on their website. 

There are no shortcuts in science. If 
you want to be taken seriously as an aca-
demic, do not give predatory journals 
your business, especially as institutes 
wise up to the problem and stop accept-
ing such articles on CVs or applications. 
Although, if any institute wants to grant 
me an honorary degree in Pokémon 
Studies for my eminence in the field, I 
would cheerfully accept. g

Matan Shelomi, who writes fake articles 
under the pseudonym Mattan Schlomi, 
is an assistant professor of entomology 
at National Taiwan University. Trade-
marks here are for the purposes of educa-
tion and parody under fair use.

Adapted from a figure that appeared in another 
paper, “Expression of the Pokemon gene and 
pikachurin protein in the pokémon Pikachu,” 
that Shelomi got published in the Academia 
Journal of Scientific Research this July.

A. Pikachurin

C. Pikachu the Pokémon

Did you know that 
more than 2 million 
people follow 
The Scientist on 
Facebook? Like 
our page to see the 
latest news, videos, 
infographics, and 
more, right in your 
news feed.

facebook.com/
TheScientistMagazine

LIKE US ON 
FACEBOOK

B. Pokemon
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Notebook

Sunken
Microbial 
Treasure

Armed with a battery-powered
underwater drill, maritime 
archaeologist Nathan Rich-

ards ducked his face into the Atlantic 
Ocean. It was a sunny afternoon in Sep-
tember 2017, and Richards was stand-
ing in waist-deep water atop a wrecked 
ship called the Pappy Lane, which ran 
aground off the coast of North Carolina 
in the 1960s. With students looking on, 
Richards peered through his mask and 
skillfully applied pressure to push the 
1.5-inch circular drill bit into the ship’s 

steel hull under his feet. As the direc-
tor of maritime studies at East Carolina 
University (ECU), Richards had studied 
hundreds of shipwrecks over the years, 
and had even drilled core samples of 
some, but this was the first time he’d 
gone in search of microbes.

Richards has been interested in this 
particular wreck for the better part of the 
past decade. His exhaustive investigation—
funded primarily by the North Carolina 
Department of Transportation because a 
planned bridge project would run right by 
the wreck—revealed it to be an amphibi-
ous assault vessel from the Second World 
War that had apparently been converted to 
an oil barge before being intentionally run 
aground to help rescue some other barges 
stranded in a storm. 

Despite having been sitting on the 
seafloor for just half a century, the wreck 
is extremely corroded compared with 
other sunken vessels in the area, Richards  
notes. Like many marine archaeologists,  
he has studied the galvanic corrosion 
known to occur on shipwrecks as the 
boats’ metals exchange electrons with 
one another once submerged in the con-
ductive seawater. “But that’s an electro-
chemical process that doesn’t really take 
into account all that much microbes. . . .  

NOVEMBER 2020

SHIPWRECK MICROBIOLOGY: Microbiologist 
Erin Field (center) holds a shipwreck core that 
maritime archaeologist Nathan Richards (left) 
drilled from the hull of the Pappy Lane, while 
Field’s student Kyra Price holds a sterile bag  
for its collection.
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And [we’ve] always known that there’s
a microbial component to corrosion.” 
So this time, Richards was drilling for 
microbes to see if he and his students 
could shed light on the Pappy Lane’s par-
ticularly rapid deterioration.

Along with ECU microbiologist Erin 
Field, Richards and his students drilled a 
total of six core samples of the ship’s steel 
hull—containing both the metal structure 
itself and the concrete-like layer of bacteria 
and their secretions on either side—from 
the bow to the stern. The team also collected 
pieces of loose debris from the ship, as well 
as seawater and sediment samples, all of 
which were placed into a cooler for the trip 
back to the lab for genetic analysis. 

The data revealed pronounced dif-
ferences in microbial communities—in 
terms of both the species makeup and the 
metabolic functionalities—on the differ-
ent materials of the shipwreck and in the 
surrounding water and sediment (Front 
Microbiol, 11:1897, 2020). “I often think 
about it in terms of the human micro-
biome,” Field says. “We have microbes 
that live all over and in our bodies, but 
you won’t find the same microbes in your 
gut that you will on your skin because the 
environments are different.”

Field was particularly interested in 
how iron-oxidizing bacteria, which eat 
iron from the ship’s metal and produce 
rust as a waste product, were contribut-
ing to the Pappy Lane’s deterioration. In 
the lab, Field and her team cultured bac-
teria from the debris and core samples 
and found that iron-oxidizing bacteria 
such as Zetaproteobacteria were present 
in every sample, and particularly abun-
dant in samples with visible rust. “It’s 
possible that their presence could indi-
cate early detection for future corrosion,” 
Field says. She also notes that Zetapro-
teobacteria, as some of the first to settle 
on shipwrecks, may make the environ-
ment more hospitable to other microbes. 
For example, they deplete the immediate 

surroundings of oxygen, possibly inviting 
sulfate bacteria that grow well in anoxic 
conditions to further corrode the ship’s 
steel, Field speculates.

The findings could have implica-
tions for preservation strategies not just 
for shipwrecks, but for any aquatic steel 
structure, she notes. “Most [current] 
preservation methods are not account-
ing for the microbial role . . . so we’re 
still missing that piece of the puzzle. And 
we’re finding that microbes are definitely 

affecting the deterioration or preserva-
tion of these wrecks.”

The University of Southern Mis-
sissippi’s Leila Hamdan, who has been 
studying the microbiomes of deep-sea 
wrecks for a decade but was not involved 
in the Pappy Lane work, says that it’s 
exciting that the team was able to take 
core samples to search for microbial life 
on the shipwreck itself. “In that way, you 
can ask those really specific questions of: 
How does microbial life exist on these 
human-made surfaces?” She adds that 
she was not surprised that the micro-
bial communities varied in and around 
the wreck. “We definitely see parallels 
there,” she says of her work on deep-
sea wrecks. Analyzing samples of the  
surrounding sediment, her team recently  
found an increasing abundance of cel-
lulose- and hemicellulose-degrading  
bacteria with proximity to two newly 

We’ve always known that 
there’s a microbial component  
to corrosion.
 —Nathan Richards, East Carolina University

A BOAT FULL OF BUGS: The Pappy Lane was 
intentionally run aground in the 1960s off the 
coast of North Carolina. Now it’s home to a 
diverse community of microbes.
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discovered wooden wrecks—one around
500 meters deep and the other nearly 
1,800 meters down—in the Gulf of Mex-
ico, says Hamdan, who presented the 
data at the Ocean Sciences Meeting in 
San Diego in February.

Hamdan joins Field as one of the 
few microbiologists to focus on ship-
wrecks. In her first such project, Ham-
dan and colleagues navigated a remotely 
operated vehicle to six Gulf of Mexico 
wrecks, all located between 140 meters 
and 2,000 meters deep, to collect sam-
ples that could help them understand 
the effects of the 2010 Deepwater Hori-
zon oil spill on the microbes in and 

around the wrecks. She’s also studied 
how the shipwrecks themselves affect 
the microbial communities surrounding 
them. Most recently, she and her team 
placed pieces of wood near wrecks in the 
deep sea that they later retrieved, using 
an acoustic signal to trigger a flotation 
device to bring them to a research vessel 
at the surface, to see what microbes had 
grown on them.

The results support the idea that the 
composition of microbial communities 
changes with distance from wrecks, she 
says. “We’ve seen a . . . definitive sig-
nature of increased biodiversity in a 
ring around the shipwreck Anona,” a 

yacht that sank in the Gulf of Mexico in
1944, “and we’re also seeing this pattern 
emerge around one of the two wooden 
shipwrecks that we studied last sum-
mer.” Hamdan says these results will be 
published soon.

“Looking at microbial communities 
on shipwrecks is definitely something 
new,” says Kirstin Meyer-Kaiser, a marine 
biologist at Woods Hole Oceanographic 
Institution who studies invertebrate com-
munities that live on shipwrecks. She 
suspects that, with more research on the 
microbial communities in and around 
shipwrecks, scientists will learn about 
how those communities interact with 
invertebrates, too. Just as the material of 
the ship appears to affect which bacteria 
settle where, she speculates, perhaps the 
biofilms those bacteria form affect which 
invertebrates take up residence. 

Hamdan says it’s very likely microbes 
are playing a role in shaping macrofaunal 
communities at shipwrecks. “For you to 
be able to see any corals and tube worms 
and all of this gorgeous stuff that grows 
on shipwrecks, the microbes have to get 
there first.” 

  —Jef Akst

Spidershot
Leg over leg, a furry brownish-black spi-
der tugs on a single silk thread, tightening 
the frame of its web. It pulls and pulls, as if 
removing slack from a slingshot, and then 
it waits. Minutes pass, sometimes hours. 
Then, when an unsuspecting insect flies 
by, the spider releases the thread, spring-
ing itself and its satellite dish–shaped web 
toward its prey. All of this happens in the 
blink of an eye, with the spider and its 
web hurtling through the air at more than 
4 meters per second (9 miles per hour) 
with accelerations exceeding 130 g. That’s 
130 times the acceleration experienced in 

NOTEBOOK

UNDERWATER ACTION: Maritime 
archaeologist Nathan Richards drills a core 
from the hull of the Pappy Lane shipwreck.
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freefall, and an order of magnitude greater
than that of a sprinting cheetah.

Those eye-watering numbers led 
Georgia Tech chemical engineer Saad 
Bhamla to wonder: How the heck are 
these tiny spiders achieving such fast 
movements? Bhamla’s lab is “obsessed 
with ultra-fast motions in biology,” he 
says, so when he spotted one of these 
spiders flying past his face a few years 
ago while he was hiking through the 
Peruvian rainforest, he knew he had to 
investigate. He checked the literature 
and found only a few papers on Therid-
iosomatidae, the arachnid family com-
prising spider species that use their webs 
as slingshots. The papers were decades 

old and only described the slingshot 
motion, not the speeds or g-forces 
the spiders experienced. So Bhamla 
enlisted the help of his postdoc, Symone 
Alexander, and together they “went out 
hunting for spiders in the Amazon rain- 
forest,” Alexander says.

After locating one of the spiders, 
which measure roughly 2 millimeters 
in length, the researchers would set up 
portable high-speed cameras with mag-
nifying lenses to zoom in on and record 
their motions. Then, either Alexander 
or Bhamla would snap their fingers to 
get the spider to catapult itself through 
the air. Only later did the pair learn that 
a human finger-snap closely matches 

the frequency of a buzzing mosquito—
and that seemed to be the only fre-
quency that set the spiders’ spring off. 
“It’s just amazing that we can snap our 
fingers and get this magical thing,” 
Bhamla says. 

Analyzing the footage, Alexander 
and Bhamla could watch exactly how 
the spiders oriented themselves on the 
tension line at the front of their webs. 

The spider can usually sling-
shot itself several times 
before the web is destroyed. 
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Facing away from the web, the spider
grips its silk net with its four back legs 
and pulls itself up the tension line with 
its four front legs, bundling it up in two 
front appendages called pedipalps as 
it goes. On sensing the sounds of prey 
nearby —most likely via its web, which 
appears to act like a small antenna—
the spider releases the tension line. 
Although researchers had previously 
assumed it let go of the silk thread  
altogether, Alexander and Bhamla’s 
videos show that the spider in fact only 
releases some of the line while keeping  
hold of a part of it with its pedipalps, 
making it easier to reset its sling-
shot to trap its next victim (Curr Biol, 
30:R928–29, 2020). Again and again, 
the spider captures an insect, wraps it 
in silk for later, then “comes right back 
to that tension line and bundles it up 
again. That allows it to reset and reload 
pretty quickly,” Alexander says. The spi-
der can usually slingshot itself several 
times before the web is destroyed. 

The speeds and accelerations of this 
spider are impressive, but so is the fact 
that, unlike most web-building spiders, 
it’s actively hunting, Bhamla says. “It’s 
changed the function of its web,” he 
says. “Instead of waiting for something 
to collide with it, the spider is going 
after things . . . actually catching flying 
insects in midair.”

To see the video of this little spider 
pull on its line, load its web, sense its 
prey, and then fly through the air to trap 
it is humbling, says Sheila Patek, a biolo-
gist at Duke University who studies tiny 
spring mechanisms across the natural 
world but was not involved in this work. 

SETTING UP: Chemical engineer Saad Bhamla 
(left), postdoctoral researcher Symone 
Alexander (center), and Peruvian field guide 
Jaime Navarro adjust an ultrafast camera in 
preparation for imaging a slingshot spider.
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READY, SET... A slingshot spider prepares to 
launch its cone-shaped web at a flying insect. 
To do so, the spider will release a bundle of silk, 
catapulting both the spider and the web.



“We humans always think we’re the best 
at everything, and in the natural world, 
those spiders are doing something that’s 
pretty difficult.” Other critters, includ-
ing trap-jaw spiders and mantis shrimp, 
can move certain appendages such as 
claws or mouthparts at speeds of 30 to 
80 kilometers per hour (20 to 50 miles 
per hour), she says. But slingshot spi-
ders are using an external tool, a web, to 
snare their prey, and they’re working at 
speeds faster than their nervous systems 
can monitor, so they have to plan ahead 
and essentially let their spring and latch 
system control what happens after they 
let go of the tension thread. “It’s super-
power-type stuff,” Patek says.

Theridiosomatidae aren’ t com-
pletely unique in this respect, however. 
Spiders in the Hyptiotes genus also use 
orb webs to actively hunt. Hyptiotes 
spiders move at slower accelerations—
a mere 772.85 m/s2, compared with the
Theridiosomatidae’s 1300 m/s2—yet
they load energy in their webs simi-
larly, then rocket toward prey, unleash-
ing additional silk threads onto their 
victims to finalize the capture. When 
the spider stops itself suddenly by 
clamping down on its tension thread 
with its legs, the resulting jerk on the 
web wraps the capture threads around 
its prey from all directions (PNAS, 
116:12060–65, 2019). 

What’s fascinating is the amount of 
energy the spiders can store in their web 
and then unleash to catch their prey, 
says Sarah Han, a graduate student in 
biologist Todd Blackledge’s lab at the 
University of Akron. With Blackledge, 
she wants to investigate how the web-
bing material, typically thought to dis-
perse energy, can, in fact, store energy, 
a characteristic that might inform 
the design of synthetic silk. Han also 
recently began collaborating with Alex-
ander, who will be starting her own 
lab at Auburn University in 2021, and 
Bhamla on Theridiosomatidae, to look 
at how those spiders have evolved their 
slingshot systems. Now that high-speed 
camera footage can offer scientists a 
frame-by-frame view of what the arach-
nids are doing, Patek says, “it just opens 
up a myriad of areas of research in evo-
lution, neuroscience, materials science, 
and human engineering.”

 —Ashley Yeager

Antibodies shown: KIF14 (A300-912A) 
©2019 Bethyl Laboratories, Inc.  
All rights reserved.

Full-spectrum 
scalability
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conjugation, our proven process controls enable  
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Instead of waiting for something to collide with it, the
spider is going after things . . . actually catching flying 
insects in midair. —Saad Bhamla, Georgia Tech
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For decades, studies have found hints that some vaccines help protect against 
pathogens they weren’t designed to target. Researchers are now striving to 
understand how such inoculations might be used to save more lives. 

BY SHAWNA WILLIAMS

Vaccines 
with a Bonus

A s a physician-researcher specializ-
ing in infections in newborns, Tobi 
Kollmann is laser focused on how to 

stop babies from dying. While mortality for 
kids under five years old has dropped sub-
stantially in recent decades, he says, there has 
been little improvement in the rate of deaths 
in the first week of life. Indeed, of the 5.2 mil-
lion children under 5 years old the World 
Health Organization estimates died last year 
of preventable or treatable causes, nearly 
half—2.4 million—died before reaching 
four weeks of age, and most newborn deaths 
occurred in the first week after birth. Having 
spent time in African countries where neo-
natal mortality is common and witnessed the 
frustration of colleagues there with their lim-
ited options for preventing it, Kollmann, now 
at the Telethon Kids Institute in Perth, Aus-
tralia, says he wanted to find solutions that 
could be implemented immediately.

So when Kollmann came across a 2011 
study that found giving the tuberculosis 

vaccine (called bacille Calmette-Guérin, 
or BCG) to low-weight infants in Guinea-
Bissau at birth cut their mortality rate 
in their first four weeks of life in half—
not because of the protection it offered 
against tuberculosis itself, but by reducing 
the risk of sepsis and other infections—
it caught his attention.1 “That to me was
just unimaginable,” he says. Around 2012, 
Kollmann attended a meeting of research-
ers studying such off-target effects of vac-
cines and sat in on a talk by one of the 
authors of the 2011 study, Dutch anthro-
pologist Peter Aaby, founder of the Ban-
dim Health Project. Aaby spoke about 
the history of research on two vaccines 
linked to declines in all-cause mortality: 
BCG and the measles vaccine, which both 
incorporate live, attenuated pathogens. 
Kollmann “was just shocked how such a 
tool that could potentially be so incredibly 
effective . . . could have been kept under 
the wraps for so, so long.” 

Kollmann didn’t wait long to begin 
studying what he terms the pathogen-
agnostic effects of BCG, coauthoring sev-
eral reviews on the topic and, more recently, 
studying the mechanisms of the effects 
in animals. Other vaccines, such as the 
smallpox and live polio vaccines, have also 
yielded hints in observational studies that 
they could provide some protection, at least 
temporarily, from pathogens other than 
those they target. In recent years, some 
randomized controlled trials have provided 
more-solid evidence for such protections.

Despite decades of reports of vaccines’ 
off-target effects, however, the phenome-
non has received relatively little attention, 
and researchers have only a nascent under-
standing of the mechanisms. While critics 
argue that some of the claims made about 
pathogen-agnostic effects outstrip the avail-
able evidence, Kollmann says he thinks 
many experts have been slow to embrace 
their potential of pathogen-agnostic  

2111.2020 | THE SCIENTIST
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effects because of dogmatic thinking
about how the immune system works. “Peo-
ple think in boxes,” he says.

The question of how much protec-
tion vaccines such as BCG provide against 
off-target pathogens, and under what cir-
cumstances, has acquired more urgency 
as COVID-19 sweeps the globe. Trials are 
now underway testing the BCG vaccine in 
groups at high risk of exposure to SARS-
CoV-2 to see if it can provide partial, tem-
porary protection against the novel coro-
navirus—marking the first time a vaccine 
has been trialed against a specific pathogen  
other than the one it was designed for. “It’s 
obviously very important to emphasize  
this does not replace a corona-specific  
vaccine, because, of course, that’s what the 
world needs,” says Nigel Curtis, a clinician 
and infectious disease researcher at Mur-
doch Children’s Research Institute and the 
University of Melbourne who is leading  
a trial of BCG for COVID-19. “But this 
might provide a stopgap until one comes 
along, because it looks like it might be 
many months or years before that.”

Early hints
One of the first researchers to note the
apparent nonspecific effects of a vaccine was 
Soviet virologist Marina Voroshilova, who 
together with her husband Mikhail Chu-
makov, the director of the Polio Research 
Institute in Moscow, observed an unex-
pected benefit while spearheading large-
scale testing of a new polio vaccine begin-
ning in 1959. Unlike Jonas Salk’s famous 
vaccine, which used killed virus, the new, 
oral version, developed by Albert Sabin, 
used live, attenuated virus. Voroshilova and 
Chumakov didn’t hesitate to give the inoc-
ulation to their own children as well as to 
millions of other young people. Voroshi-
lova noticed that in addition to conferring 
lasting protection against polio, the vaccine 
also seemed to be associated with lower-

than-expected rates of influenza and other 
respiratory infections in the months after it 
was given, an effect backed up by later con-
trolled trials.2 It wasn’t clear what explained
the off-target effect, but Chumakov, Voroshi-
lova, and their colleagues found that the vac-
cine raised subjects’ blood levels of interfer-
ons, proteins that instruct immune cells to 
launch an antiviral response.

Other studies looking into the Sabin 
vaccine’s effect on diseases besides polio 
supported this observation. And as it 
turned out, the oral polio immunization 
wasn’t unique in providing nonspecific 
protection. In controlled trials of the BCG 
vaccine conducted between 1948 and 1961 
in the US and the UK, researchers found 
an average reduction in mortality from 
causes other than tuberculosis of about 
25 percent among those who received the 
shot compared with those who did not.3

BCG even proved itself an early form 
of immunotherapy after researchers at 
Queen’s University in Ontario published 
a 1976 report of nine patients with blad-
der cancer who received an injection of 
the BCG vaccine directly into the affected 
organ and had a lower-than-expected 
recurrence rate.4 The vaccine is still used
to treat bladder cancer today.

Another vaccine with apparent bonus 
protective effects was one designed to pre-
vent measles. In the 1970s, vaccinating 
children in very poor countries against 
measles wasn’t a priority for international 
aid groups because, some believed, the 
children who died from the disease were 
malnourished and would have died soon 
of something else. But when Aaby and his 
colleagues visited an area of Guinea-Bissau  
in 1979 to investigate this hypothesis, they 
found that the children who died of mea-

A CURIOUS CORRELATION: An oral polio
vaccine developed by Albert Sabin (left)
with live, attenuated virus appears to confer
some short-term protection against influenza
and other respiratory infections in addition
to long-lasting protection against polio.
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sles weren’t more likely to be malnour-
ished than those who survived the disease. 
After public health officials implemented 
a vaccination program with a live, atten-
uated measles inoculation in the area, 
mortality within one year among 6- to 
35-month-old children declined sharply, 
Aaby and his team found—an effect not 
fully explained by the drop in measles 
infections.5 The study was not a controlled
trial, however, so it remains impossible to 
say if the vaccine was responsible.

To examine this apparent link between 
the measles vaccine and non-measles mor-
tality in other settings, Aaby and his col-
leagues later analyzed the results of 10 
cohort and case-control studies on measles 
vaccination performed in seven developing 
countries. The drop in mortality rates after 
vaccination ranged from 30 percent to 86 
percent, outstripping the reductions that 
could be explained by measles mortality 
rates alone. “These observations suggest that 
standard titre measles vaccine may confer 
a beneficial effect which is unrelated to the 
specific protection against measles disease,” 
the authors wrote in their 1995 BMJ paper. 
They detected no such effects with two 
other, non-live vaccines, diphtheria-tetanus-
pertussis (DTP) and a polio immunization.6

It was around that time that Christine
Stabell Benn, then a medical student at Aar-
hus University, joined Aaby’s team at the Ban-
dim Health Project. She never left, and the 
pair has now studied the nonspecific effects of 
vaccines together for more than two decades, 
becoming perhaps the most visible advocates 
of those effects’ significance. Through further 
studies, largely in Guinea-Bissau, Benn and 
Aaby concluded that vaccines made of live, 
attenuated pathogens—including BCG, the 
live polio vaccine, and measles and smallpox 
immunizations—provoke beneficial nonspe-
cific responses, while vaccines that use bits 
of killed virus do not. In fact, Benn suggests 
that non-live viruses actually make some 
kids temporarily more susceptible to illnesses 
other than the one they’ve been vaccinated 
against. (See sidebar on page 26.)

Critics have questioned the existence and 
strength of nonspecific effects, both benefi-
cial and deleterious. “A lot of the evidence is 
very weak,” says Paul Fine, an epidemiologist 

at the London School of Hygiene & Tropical 
Medicine who has written letters in the past 
to journals challenging the interpretations of 
study results that indicate such effects. One 
problem with observational studies, he says, 
is that “vaccines in routine practice are not 
allocated randomly, and kids who receive vac-
cines, in any population in the world outside 
a vaccine trial, are not like the kids who don’t 
receive vaccines. That’s been a main issue” 
that can confound results, he says. 

To sort through the evidence on non-
specific effects and what implications they 
might have for vaccine schedules, the World 
Health Organization (WHO) convened a 
working group in 2013 that included Fine, 
Benn, and other experts. (The WHO for-
mulates recommendations for low- and 
middle-income regions, but each country 
develops a vaccination schedule based on 
its own disease threats and other circum-
stances.) As part of its research, the group 
commissioned an independent systematic 
review of studies on nonspecific effects of 
BCG, DTP, and the measles vaccine. The 
review identified five clinical trials of BCG, 
including the study of low birthweight 
infants in Guinea-Bissau that had caught 
Tobi Kollmann’s attention a few years ear-
lier, that found a 30 percent average reduc-
tion in mortality with the BCG vaccine. The 
review’s authors noted that “tuberculosis is 
now an infrequent cause of death in infants 
and young children, so if BCG has an effect 
on all cause mortality it is unlikely to be 
entirely due to fewer deaths from that dis-
ease.” Similarly, the review identified four 
controlled trials of the measles vaccine 
that found an average decline in mortal-
ity of 26 percent, with deaths from mea-
sles contributing negligibly to that finding, 
suggesting that the vaccine also protected 

from other causes of death. The reviewers 
found no clinical trials of nonspecific effects 
for DTP, and all of the observational studies 
addressing the question were classified as 
having a high or very high risk of bias and 
generated widely varying results.7

The working group concluded in 2014 
that “the systematic review neither excludes 
nor confirms the possibility of beneficial 
or deleterious non-specific immunological 
effects of vaccines on all cause-mortality,”  

and also noted a lack of data on what the 
mechanisms for such effects might be in 
humans.8 The authors suggested that the
WHO develop standard protocols for study-
ing nonspecific effects in an ethical and rig-
orous way, but it’s unclear what the current 
status of that effort is. A WHO official told 
The Scientist in July that she would look into 
the matter but never provided the informa-
tion despite several follow-up inquiries.

Recent developments
New studies on nonspecific effects have been
published since the working group con-
cluded, but a full picture of the phenome-
non has not yet come into focus. In a 2017 
study of low–birth weight infants in Guinea-
Bissau, Benn and her colleagues found a 43 
percent reduction in the mortality rate from 
infectious disease in the first 28 days of life 
among babies who received BCG soon after 
birth compared with those who got it at 
around six weeks of age, on the typical local 
schedule.9 Meanwhile, a study comparing
the effects of live and non-live polio vaccine 
on toddlers in Bangladesh found that chil-
dren who received the live vaccine experi-
enced fewer episodes of diarrhea over the 
following year than did those who received 
the killed version.10 And this September,
infectious diseases specialist Mihai Netea 

Trials are now underway testing the BCG vaccine to see 
if it can provide partial, temporary protection against 
COVID-19—marking the first time a vaccine has been 
trialed against a specific patho gen other than the one it 
was designed for. 
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HOW VACCINES TRAIN 
INNATE IMMUNITY
While researchers have observed for decades that certain vaccines seem to help recipients ward off more than just the target pathogen,  
only in recent years have they identified possible mechanisms for these bonus benefits. For example, in a study published this year 
(depicted here), researchers examined immune cells from the blood and bone marrow of healthy adults before and after they received  
a live tuberculosis vaccine known as bacille Calmette-Guérin, or BCG (Cell Host Microbe, 28:322–334.e5, 2020).
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Myeloid cells

In the bone marrow post-vaccination, genes are expressed that trigger hematopoietic  
stem and progenitor cells to differentiate into monocytes, neutrophils, and other  
so-called myeloid cells. In a separate analysis of the effects of BCG in newborns,  
the researchers found that the vaccine ramped up the number of neutrophils in 
babies’ blood compared with unvaccinated infants.

Genes associated with differentiation into 
myeloid cells expressed
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Monocytes from the blood displayed epigenetic changes after vaccination that opened 
chromatin harboring multiple genes involved in driving an inflammatory response,  
making them more accessible for transcription. Meanwhile, chromatin closed around 
genes associated with immune tolerance. 

When exposed to the fungal pathogen Candida albicans in vitro, immune cells  
sampled from patients’ blood 90 days after vaccination released more of the cytokine 
interleukin 1β, which mediates inflammation, than did cells from blood drawn from  
the same individuals before vaccination. 

BLOOD MONOCYTE

Interleukin 1β

Closed chromatin

Open chromatin

Expression of immune tolerance genes presumed suppressed

Inflammatory response genes presumed expressed

of Radboud University in the Netherlands 
and colleagues published interim results of 
a randomized trial of BCG in elderly peo-
ple in Greece that showed that people who 
received the vaccine were less likely than 
controls to develop infections of any kind in 
the following year; BCG appeared to be most 
protective against respiratory viruses.11

Other results complicate the case for 
nonspecific effects. In a Danish trial of BCG 
also led by Benn, there was no difference 
between babies who received the vaccine 
at birth and those who didn’t get it at all 
in terms of hospitalization rates for infec-
tion over the first 15 months of life—except 
among BCG-vaccinated children whose 
mothers had also been BCG-vaccinated at 
some point prior to their pregnancies; these 
babies had a 35 percent lower hospitaliza-
tion rate than their non-vaccinated peers.12

And two trials of a different strain of the 
BCG vaccine in low–birth weight infants in 
India, one of which administered BCG along 
with live polio vaccine, found no effect on 
mortality in the first 28 days after birth.13

Nonspecific effects have garnered some 
high-profile attention as a potential near-
term tool for fighting COVID-19. Robert 
Gallo, best known for his role in identify-
ing HIV as the cause of AIDS in the 1980s, 
joined with Aaby, Benn, and other authors to 
pen an opinion article in a June issue of Sci-
ence calling for studies to determine whether 
the live polio vaccine could protect against 
COVID-19.14 (In rare cases, one of the three
viral strains can mutate and cause disease, 
but Gallo suggests this could be avoided by 
only using the other two strains.) Gallo, a 
cofounder of both the Institute of Human 
Virology at the University of Maryland School 
of Medicine and the Global Virus Network, 
wasn’t successful in persuading the National 
Institutes of Health to back such trials, he 
says, but he’s working with partners on clini-
cal studies outside the US, chiefly in India. 
Netea says he knows of 15 current trials test-
ing BCG against COVID-19, and two each of 
the oral polio and the measles, mumps, and 
rubella (MMR) vaccines. 

If ongoing trials demonstrate that BCG 
reduces the incidence or severity of COVID-
19, that finding could have implications 
beyond the current pandemic, says Curtis. 

Candida albicans
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GOOD NEWS, BAD NEWS
As a growing number of studies—epidemiological, clinical, and mechanistic—suggests that some vaccines arm the immune system for battle 
against pathogens other than the ones they were designed to target, a smaller and less rigorous body of evidence indicates that in some 
circumstances, other vaccines may do the opposite. Studies by Christine Stabell Benn and Peter Aaby of the Bandim Health Project and their 
colleagues point to non-live vaccines such as the diphtheria-tetanus-pertussis (DTP) shot possibly making girls—though not boys—temporarily 
more susceptible to illnesses other than the ones they’d been vaccinated against, Benn says. In a 2012 cohort study in Guinea-Bissau, for 
example, the researchers found that the group of girls who received DTP when they were two months old had more than twice the mortality 
rate between two and six months of age of those who hadn’t been vaccinated (Arch Dis Child, 97:685–91). But this study and others that have 
found a risk of increased all-cause mortality following non-live vaccines have drawn criticism for being observational, and—due to ethics concerns 
about delaying vaccination for experimental reasons, Benn says—no controlled trials have been published on whether such an effect exists.

In a recent study, Benn and her colleagues compared the activity of immune cells from women in the Netherlands whose most recent vaccine 
was DTP with those whose most recent vaccine was the tuberculosis vaccine (called bacille Calmette-Guérin, or BCG), which consists of live, 
attenuated bacteria and has been linked to protection against a range of infections. The cells from the former group were less responsive to non-
target pathogens than the cells from women who’s had the BCG vaccine, they found, leading Benn to suspect that while live vaccines train the 
immune system to go after any threat more effectively, non-live vaccines train it to instead tolerate invaders other than the vaccine’s target (Clin 
Infect Dis, 70:455–63, 2020). She doesn’t advocate for doing away with DTP and other non-live vaccines, but argues that girls, at least, should 
receive a live vaccine shortly after non-live jabs to retune their immune systems. “What all these studies suggest is that it would be very wise to 
design different vaccination programs for boys and girls,” she says.

Such potentially deleterious nonspecific effects received some attention last year with the rollout of a new malaria vaccine in a pilot program 
in three African countries, Malawi, Ghana, and Kenya. Benn and Aaby have voiced concerns that the vaccine, which is non-live, could increase 
all-cause mortality rates in girls, and they point to a post-hoc analysis of data from a Phase 3 trial that showed a higher mortality rate in infant 
girls who received the vaccine compared with those who didn’t (mBio,  7:e00514-16, 2016). Kate O’Brien, the director of the World Health 
Organization’s (WHO) Department of Immunization, Vaccines and Biologicals, says that study wasn’t designed to test all-cause mortality,  
and notes in an email to The Scientist that “the female mortality in the [malaria] vaccine arm was similar to male mortality in the control and . . . 
vaccine arms.” The finding of higher all-cause mortality among girls was likely due to chance, she says. Nevertheless, the WHO is monitoring all-
cause mortality in the ongoing trial of the vaccine, and so far the data indicate that there is no mortality increase associated with it, O’Brien notes.

It would indicate that the inoculation could 
also serve as a ready-made stopgap against 
future outbreaks of new viruses, he notes. 
He adds that his current study is examin-
ing whether BCG affects rates not just of 
COVID-19, but also of more-familiar respi-
ratory infections such as the flu. If so, BCG 
“might be something you would just use in 
population groups like the elderly that are 
more susceptible” to infection.

How it works
While observations of nonspecific effects
are decades old, hints about the mecha-
nisms that might explain the phenomenon 
have only begun to emerge. Vaccines are 
designed to train the adaptive immune sys-
tem—that is, primarily the T cells that rec-
ognize and kill specific pathogens and the 
B cells that make antibodies—to fight off a 
particular infection. To do this, vaccines typ-
ically include components of the pathogen 
they aim to protect against, or live viruses 

or bacteria that are closely related to the 
target pathogen but don’t cause illness. So 
it seems counterintuitive that their effects 
would extend beyond that target pathogen. 

Netea, who collaborates with Benn, 
Aaby, and Curtis, says he thinks the lack 
of a mechanistic explanation for the non- 
specific effects seen in early stud-
ies led people to “kind of forget about 
it.” He himself only learned about 
the existing literature on such effects 
about a decade ago, when a student 
working in his lab was testing the 
immune response to the tuberculosis- 
causing bacterium after BCG vaccina-
tion. The student had used exposure to 
a pathogenic fungus as a control, and 
Netea was surprised to see that BCG 
helped the cells drawn from human vol-
unteers who received the vaccine mount 
an immune response not only against 
Mycobacterium tuberculosis, but the 
fungus as well.

To find out why this was, Netea led 
a larger study in which he and his col-
leagues again tested the blood of healthy 
volunteers before and after they were 
inoculated with BCG. Isolating patho-
gen-chomping innate immune cells 
known as monocytes and exposing 
them to a variety of pathogens in vitro, 
the team found that monocytes drawn 
after inoculation released 50 percent to 
100 percent more of the immune cell–
stimulating cytokines TNF and IL-1β. 
The researchers also identified specific 
post-inoculation changes to the methyl 
and acetyl tags on histones packaging 
the monocytes’ DNA. The authors con-
cluded that BCG trains innate immunity 
via epigenetic alterations.15 “It’s like put-
ting marks on the genes that are neces-
sary for host defense,” Netea says. “Then, 
when you get an infection . . . those genes 
are marked by certain chemical modi-
fications of the histones, and then the 



transcription factors can bind easier,”
ramping up gene transcription to sup-
port a more robust immune response. 

His and other groups have since elu-
cidated similar processes in other com-
ponents of the innate immune system, 
such as natural killer cells, Netea adds. 
And in a study published earlier this year, 
he and colleagues found that BCG vac-
cination in adults appears to shift gene 
transcription patterns in immune pre-
cursor cells in the bone marrow to a pro-
gram needed to form a class of leukocytes 
known as myeloid cells. Similarly, BCG-
vaccinated newborns quickly boost pro-
duction of neutrophils, a type of myeloid 
cell, relative to their unvaccinated peers.16

(See illustration on page 24.) 
Why would an infant’s immune cells 

need to be trained, rather than having the 
epigenetic marks for a robust immune 
response from the start? Netea says he sus-
pects that the answer to that question has to 
do with the requirements of human preg-
nancy—namely, that the parent’s body not 
reject the fetus. Tamping down the parent’s 
immune system during pregnancy could 
also affect the fetus’s, he suggests, leading to 
babies born vulnerable to infection. 

That early vulnerability, counteracted 
by live-vaccine immune training, may help 
explain the dramatic lowering of all-cause 
mortality found with early BCG vaccination 
in Guinea-Bissau. But epigenetic effects don’t 
appear to be the full story on how BCG—and 
potentially other live vaccines—provide non-
specific protections, at least in neonates. 

In a study published earlier this year, 
a team led by Kollmann and Telethon 
Kids Institute researcher Nelly Ame-
nyogbe (and also including Aaby and 

Benn) treated some newborn mice with
BCG and then injected fecal bacteria 
into their abdomens, and into the abdo-
mens of control animals, to simulate 
sepsis. They found that BCG initiated a 
process known as emergency granulopoi-
esis, which ramped up the production of 
neutrophils in the bone marrow. These 
cells “sit in the bone marrow, waiting . . .  
to gobble up bacteria and many other 
things,” Kollmann says. “And then, the 
moment we induce sepsis in these mice 
that have received BCG, [the neutrophils 
are] released, go to the site of infection 
. . . and knock off these bacteria within 
hours of the infectious process starting.”17

What most struck Kollmann was the
timeline for the emergency granulopoiesis-
based protection: the process began within 
hours of BCG inoculation, and the peak of the 
neutrophil-based protection came three days 
later. It was fast, and it lined up with the find-
ings in the 2011 study that had first drawn 
his attention to pathogen-agnostic effects. 
The speed of the nonspecific protection also 
meshed with results from two other trials that 
compared the effects of giving BCG at birth 
versus later—namely, that the vaccine pro-
vides dramatic protection that begins almost 
immediately after inoculation. 

Kollmann says he hopes that the find-
ing of a mechanism to back up the clini-
cal trial data will lead to a more uniform 
practice of giving BCG to babies in high-
risk settings immediately after birth. 
Longer term, he adds, more research is 
needed to better understand BCG’s bene-
ficial effects. “We need to figure out: What 
is it about BCG that makes this happen? 
Can we formulate this, can we optimize 
this, can we make it better, faster?” g
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For the past two years, the charismatic marine mammals 
have been washing up on Pacific shores in record numbers, 
spurring scientists to investigate.

BY ASHLEY YEAGER
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luish-tinged tongue
lolling out, the gray 
whale lay in near 
silence on the sand of 
Long Beach, Wash-
ington. The rhythmic 
whap, whap, whap of 
small waves lapping 

its belly punctuated the silence. An oily, 
rotten odor surrounded the behemoth, 
which tipped the scales at 2,200 kilo-
grams, the equivalent of four heavy-
duty SUVs. It was April of 2019, and 
this whale was one of 34 that Jessie 
Huggins, who coordinates responses to 
marine mammal strandings in Washing-
ton State, helped to photograph, dissect, 
and discard that year. Finding a few gray 
whales washed up on the coast each year 
is common, she says, but last year 215 of 
them washed up along the marine mam-
mal’s migration route between Alaska 
and Baja. And so far this year, there have 
been more than 160 strandings. 

“Something’s clearly going on,” says 
Sue Moore, an ecologist at the Univer-
sity of Washington who has studied gray 
whales for decades. “You’ve got a big 
uptick in the number of animals that we’re 
seeing dead on the beach.”

Startled by the rapid rise in deaths, 
Moore and a team of scientists from the 
US, Mexico, and Canada have begun col-
lating data from decades of past research 
on the species, Eschrichtius robustus. 
They’re also collecting and analyzing sam-
ples from stranded individuals, tracking 
booms and busts in the gray whale popula-
tion, and studying changes in the animal’s 
feeding habitats, determined to identify 
what exactly is killing the marine giants.

In addition to possibly helping to save 
the whales, says biologist John Calamboki-
dis, one of the founders of the nonprofit Cas-
cadia Research Collective where Huggins 
works, understanding their deaths could be 
an “incredibly key indicator of . . . changing 
conditions in our whole global environment.”

Prime suspects
A changing climate is one of a handful
of leading factors that Moore, Calam-
bokidis, and their collaborators are pos-

iting as causes of the gray whale deaths. 
Ship strikes, entanglement in fishing 
gear, killer whale attacks, and the fact 
that the gray whale population may 
have hit its carrying capacity—meaning 
it’s outstripped the available food sup-
ply—are the others. As if solving a clas-
sic murder mystery, the team is working 
to rule out these suspects one by one.

One of the first steps in the investiga-
tion is to examine the body of each gray 
whale that washes up on a beach. When 
researchers arrive at a stranding, they 
conduct a thorough external exam, mea-
suring the girth of the individual, deter-
mining its sex, and looking for markings 
on the whale’s body that could point to 
possible causes of death. There may be 
fishing line or netting wrapped around 
the animal’s mouth, body, or fins, for 
example, or visible bruising that may be 
a sign that the whale was hit by a boat. 
Bruises that surround open gashes or 
rake marks in the flesh are clues that 
the animal was attacked by killer whales 
(Orcinus orca).

Orcas are gray whales’ number one 
predator, often targeting their calves. 
Youngsters, and sometimes adults, 
have washed ashore along the grays’ 
12,000-mile spring migration route 
from Baja to Alaska with signs of such 
attacks. (See map on page 34.) Hunt-
ing the whales in packs, orcas will ram, 
harass, and bite the baby to separate it 
from its mother. Then, the orcas let their 
own young make the kill. In addition to 
telltale injuries on a gray whale’s body, 
death by killer whale is also evidenced 
by the absence of a gray whale’s tongue 
and jaw, which the predators typically 
devour, leaving the rest of it to rot. 

Analyzing the autopsy data of 50 mostly 
young whales that stranded on the Pacific 
beaches of the United States and Can-
ada in 2019, Calambokidis and his col-
leagues found evidence that 19 of the ani-
mals were killed by orcas; an additional 
eight had rake marks indicating they’d 
been attacked.1 Recent acoustic record-
ings detected more orca vocalizations near 
the Bering Strait, where many grays go 
for the summer to feed, than recordings  

from previous decades did.2 These acous-
tic detections could mean there are more 
orcas in the gray whales’ feeding habitat, 
Moore explains. Or it could mean there are 
the same number of orcas but they have 
become more vocally active during the peri-
ods that the gray whales are in the Arctic.  

Recent aerial surveys did not show 
an uptick in orca numbers, however, and 
“there have always been killer whales up 
in that region,” explains Moore, who says 
there’s no strong evidence that orca num-
bers have gone up significantly. As a result, 
she and others reason, it’s unlikely that 
orcas are solely to blame for the recent 
spate of gray whale deaths.

More likely, according to Calamboki-
dis, is that the whale population had hit 
its carrying capacity and there wasn’t 
enough food to go around. Whale counts 
and population modeling suggest the 
species has recently seen a huge surge 
in numbers, from an estimated 19,000 
in 20073 to 27,000 in 2017.4 “That was
pretty eye-popping,” Moore says. “That’s 
a big population of gray whales.” And 
now, the whales washing up on the 
beach seem to be exceptionally skinny, 
even taking into account that the ani-
mals have typically fasted for three to 
four months in the winter. Of the 53 
whales necropsied along the west coast 
of North America in 2019, 38 were con-
sidered emaciated.

The findings are reminiscent of the last 
uptick in whale strandings, which started 
in 1999. That year, at least 273 gray whales 
washed up on the Pacific beaches of North 
America; the next year, there were 361 
recorded strandings. Many of those dead 
whales were also emaciated, seemingly 
suffering from nutritional stress, or pos-
sibly starvation.5 As with the recent spike
in deaths, researchers suspected the whale 
population had hit its carrying capacity,6

having recently rebounded from overhunt-
ing earlier in the century, when the ani-
mals’ numbers had dropped to as few as 
1,000 from perhaps as large, at one point, 
as 100,000.7 With international protec-
tions that went into effect in the 1940s,8

along with the added security provided 
by the 1972 Marine Mammal Protection 
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Act, the population rebounded so well 
that gray whales were removed from the 
endangered species list in 1994. Then 
came the exceptional number of dead 
whales washing ashore.

The similar pattern now unfolding, 
with an uptick in deaths following a pop-
ulation boom, fingers carrying capacity as 
a prime suspect. But, Calambokidis notes, 
it’s too soon to close the case on the recent 
gray whale deaths. That’s because the car-
rying capacity argument doesn’t address 
some key unknowns about the food sup-
ply, such as whether the whales’ diet is 
changing due to “the dramatic changes 
that are occurring in the Arctic environ-
ment,” he says.

Moore agrees that warming temper-
atures and melting sea ice in the Arc-
tic have to be considered. “The reason 
I have a little problem with [the argu-
ment that] all these whales are starving 
because they’ve hit this hard carrying 
capacity,” she says, “is that gray whales 
are very adept at eating a lot of different 
things.” They particularly like to chow 
down on amphipods during the sum-
mer months in the Arctic, and also eat 
krill and other small crustaceans as well 

as herring roe while migrating along the 
North American coast.

Arctic warming as a possible killer
For more clues to what’s killing gray 
whales, researchers are slicing deeper 
into the animals that have washed 
ashore. If a beached whale has been dead 
for a day or less, scientists can cut into 
the animal’s skin and blubber to mea-
sure the thickness of the fatty layer and 
take samples to analyze its lipid levels. 
“How thick the blubber is and, more 
importantly . . . the level of oil and lipids 
in the blubber and some internal body 
cavities tell you about the health of the 
animal,” Calambokidis says. 

While the blubber thickness has 
been seemingly similar across the years, 
whales that have washed ashore recently 
have less oily blubber and more watery 
blubber compared with whales autopsied 
prior to 2019, he says. “We’ve had cases 
where the blubber layer is still thick, 
but we’ll cut, and we can see it’s dry and 
fibrousy.” He says it’s “like all the oil and 
material has been . . . sucked out of it.”

In nine emaciated whales studied last 
year, the researchers also noticed that the 

animals’ blubber was discolored, appear-
ing as a washed-out pink rather than the 
more rosy color of healthy blubber. An 
analysis of the discolored blubber under 
the microscope revealed a disproportion-
ate increase in collagen fibers relative to 
fat cells, along with structural changes 
to some of the fat cells themselves. The 
results suggested that the whales weren’t 
getting the nutrition needed to maintain 
healthy blubber, leading some research-
ers to suspect that the marine mammals’ 
diet could be changing, becoming less 
nutritious. “Polar seas are warming twice 
as fast as in other places, and we know 
that that is changing aspects of the eco-
system,” says Moore. 

Gray whales dine on small, shrimp-
like crustaceans called amphipods 
that they siphon off the bottom of the 

Recently stranded whales 
have less oily blubber 
and more watery blubber 
compared with whales 
autopsied prior to 2019.

BEACHED: An adult female gray whale measuring more than 
12 meters long washed up at California’s Point Reyes National 
Seashore in April 2019.



Without sea ice to collect algae, which would normally fall to the seafloor  
when the ice melts seasonally, shrimp-like crustaceans called amphipods 
that use the algae as a source of carbon become less nutritious food for gray whales,  
affecting mammals’ ability to pack on blubber for the winter. 

HOW CLIMATE CHANGE PUTS 
WHALES AT RISK
Over the past two years, hundreds of gray whales have washed ashore along North America’s west coast. Researchers 
are learning that the answer to the question of why these whales are dying is complex, but likely involves warming 
ocean waters and melting Arctic sea ice brought on by climate change. So far, the evidence is circumstantial,  
and scientists are still seeking more-definitive data about what’s killing the marine giants.

Malnourished whales are probably not as good at fending off orca 
attacks, toxins, and maladies that make them more vulnerable to death.



Having less ice opens more-northern territories for 
whales to feed. Reduced ice also leads to an increase  
in commercial shipping along the Northern Sea Route,  
raising chances for ships to collide with whales.

The whales may ingest toxins, such as the neurotoxin  
domoic acid, from the sediment as they filter feed,  
which could be damaging to animals that are unhealthy  
as a result of warming waters.
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Bering Sea and the Chukchi Sea in
the Arctic. Warming seas mean less 
sea ice, which in some ways could be 
seen as good for the whales because it 
opens up wider swaths of Arctic sea-
floor for a longer period to graze. 
But the growth of bottom-dwelling  
amphipods relies on the ice, and par-
ticularly on the algae that grow under-
neath it. When the sea ice melts at the 
beginning of summer, the algae sink to 
the seafloor, feeding amphipod popula-
tions. With warming, Moore explains, 
that sea ice pattern has been very differ-

ent, with “the extreme surprise of win-
ter sea ice really being absent in 2018 
and 2019.” That means algae didn’t col-
lect on the ice or sink to the seafloor, 
and that the amphipods didn’t get the 
carbon they needed to thrive. Without 
those algae, the crustaceans may fail to 

bulk up on lipids, the very type of mol-
ecule that’s depleted from the dead gray 
whales’ blubber.

The link between less-healthy amphi-
pods and lower lipid levels in gray whales 
is circumstantial at this point, but whales 
might be emaciated because they are eating  

We’re still really struggling to try to understand what is 
going on with this population.

—Sue Moore, University of Washington

DEATH MAP
To investigate the deaths of gray whales, researchers have been tracking where they wash ashore along their migration route from Mexico to Alaska. The 
whales spend summers in the Arctic, where they dine on crustaceans called amphipods that live at the seafloor. Each whale can consume more than 
2,000 pounds of food a day, amassing fat to fuel their yearly migration down to warmer waters off the Baja Peninsula, where they spend winters breeding 
and giving birth. During their 24,000-mile roundtrip journey, the whales eat almost nothing. Only occasionally along the way will they stop at snacking 
stations, skimming surface sea waters for squid, krill, crab larvae, and herring roe. Those snacks can often be enough for a whale to survive its yearlong fast, 
but may “not be enough for a pregnant female to bring a calf to term,” Moore says, or produce enough nutritious milk to support the growth of the baby’s 
blubber before making the trek back north. Sure enough, yearlings and adolescents accounted for most of the 2019 strandings. accounted accounted accounted for most most for most for  of of of the the of the of
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N amphipods that have less lipids, making
them less calorie-dense than the algae-fat-
tened amphipods that the whales are used 
to feasting on. The whales may also be eat-
ing other critters with lower calorie counts 
than the algae-fed amphipods. When 
Calambokidis, Huggins, and others exam-
ined the guts of whales that washed ashore 
in Washington State, they found rem-
nants of wood chips, bark, eel grass, kelp, 
and certain crustaceans that gray whales 
don’t normally eat, suggesting the animals 
were so hungry they may have been forag-
ing for suboptimal food. “Another line of 
research I’d like to see . . . is what is the rel-
ative caloric value of those . . . amphipods, 
which we know store a lot of lipid, versus 
something like a krill or a mysid, which is 
another type of invertebrate but not as lipid 
rich,” Moore says. Krill and mysid are other 
favorite foods of gray whales that might give 
them sustenance, but quite possibly not the 
fat they need to survive yearly fasts during 
their migrations.

“When you really start getting into 
the ecology, and the nutritional value 
of different types of prey that we know 

these animals eat, the story gets a little 
bit more complex than, ‘There’s a lot of 
whales [and] they’re all starving, because 
they’ve eaten their way through their food 
supply,’” Moore says. 

Calambokidis agrees that identifying 
a single cause of death for gray whales is 
unlikely. Any climate-driven changes in 
their diet might not kill the grays directly, 
but could make them more vulnerable 
to killer whale attacks, toxins, and ship 
strikes, for example. Indeed, compared to 
the 1999–2000 die-offs, there have been 
more recorded ship strikes and entangle-
ments among stranded whales in the last 
two years. The whales are now feeding in 
different areas, including in shipping lanes 
near Seattle, San Francisco, and Los Ange-
les, and also in areas where there’s more 
fishing and crabbing gear, explains Fran-
ces Gulland, a marine mammal veterinar-
ian at the University of California, Davis. 

The pattern of deaths is also differ-
ent this time around, she notes. “It’s been 
very spotty, and there are dead whales, 
but it’s not the continuous elevated mor-
tality that we saw in 2000.” Because of the 

lack of continuity in the deaths, Gulland
agrees with the others that what’s killing 
gray whales is multifaceted, with climate 
change acting as an accomplice. “I think 
the mistake is to be looking for just one 
thing,” she says. 

 “We’re still really struggling to try to 
understand what is going on with this pop-
ulation,” Moore says. And determining 
what’s killing them is essential, not only 
for the whales, but also for surveying the 
health of the ocean. Gray whales “are great 
oceanographers,” she says. “They reflect 
back to us what’s going on in the water. 
They are our ocean sentinels.” g
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SLENDER PROFILE: When examining a 
stranded whale, researchers consider the 
depth of the dip behind the whales head.  
If the whale has a significant dip (top), it is 
considered skinny and in poor health, but if 
there is no dip (bottom), the whale is in  
good condition.
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Can reintroducing apex predators reinvigorate damaged ecosystems?

BY KATARINA ZIMMER

T
he jaguars don’t know it yet, but soon they’ll be free to
roam Argentina’s Iberá wetlands, becoming the first 
apex predators to do so in a century. Three adults and 
the two-year-olds Amarí and Mbareté currently live in 
an enclosure on San Alonso, a patch of high ground in 

Iberá’s patchwork of flooded wilderness, lagoons, jungle, and 
grasslands. Once a pristine habitat, the region has lost much of 
its wildlife since the early 20th century, when ranchers moved 
into the area. People killed off native predators to protect live-
stock, and many species were decimated to satisfy a burgeoning 
market for fur, leather, and feathers.

Now, wildlife is making a comeback in Iberá, thanks to 
an ecological restoration effort spearheaded by the nonprofit 
Rewilding Argentina Foundation. Because of the region’s now-
protected status and the reintroduction of locally extirpated spe-
cies to reconstruct ecological communities, the area is thriv-
ing with pampas deer and marsh deer, capybaras, caimans, and 
diverse bird and insect life. Yellow anacondas have also been 
spotted. By the end of this year, conservationists hope to install 
one of the final missing ecological pieces—an apex predator—
with the release of the jaguars. 

To Emiliano Donadio, the foundation’s scientific director, the 
release not only is crucial to rebuilding Iberá’s ancient ecosystem, 
but is a scientific experiment that will provide a rare glimpse of how 
the return of one of the world’s largest carnivores could transform 
an ecosystem. Scientists know that losing large predators can have 
far-reaching, disruptive effects on ecosystems through cascading 
forces that reverberate from predators at high trophic levels—the 
top of the food web—to their prey and beyond, even sculpting the 
abundance and structure of plant life. The loss of jaguars (Panthera 
onca), pumas (Felis concolor), and other predators from fragments 
of the Venezuelan rainforest after the construction of a hydro- 
electric dam, for instance, is thought to be a key factor in triggering 
an explosive proliferation of herbivores including monkeys, which 
ravaged the vegetation and caused what researchers described as 
an “ecological meltdown.”1 But seldom do ecologists get to inves-
tigate whether those negative effects can be reversed by restoring 
predators. “We think that an ecosystem devoid of predators will be 
in better shape when the predators come back,” Donadio says, but 
that supposition remains largely untested. 

Part of the problem is, while it’s well accepted that large 
carnivores play vital ecological roles, just how they shape eco- 

Rewilding 
With Teeth
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systems through cascading effects in different environments 
isn’t well understood. In addition, predator reintroductions 
such as the ongoing project in Iberá are extremely rare and have 
lagged greatly behind herbivore rewilding projects, in large part 
because releasing animals capable of killing people and live-
stock is so controversial. “We only have so many natural experi-
ments,” notes wildlife ecologist Justine Smith of the University 
of California, Davis. 

In the absence of firm evidence, conservationists have been eager 
to interpret early predator reintroduction studies—largely based on 
the purported regenerative ecological effects of returning gray wolves 
(Canis lupus) to Yellowstone National Park in the mid-1990s—as a 
rationale for bringing predators back to many parts of the globe. In 
Colorado, for instance, conservation organizations have been using 
such findings to push for the approval of a bill on the November bal-
lot that would effectively mandate wolf reintroduction in the state to 
restore the ecosystem’s “natural balance.” But some ecologists cau-
tion that the ecological outcomes of such projects are unclear. (See 
“Where the Wild Things Were,” The Scientist, May 2014.)

In search of answers, scientists are employing novel 
approaches to study the ecological roles of large carnivores, from 
the African savannah and the Andean plateau to the ocean, and 
to understand how ecosystems change as they are lost or rein-
troduced. What they’re finding is that predators have powerful, 
yet nuanced and complex effects that ripple through food webs 
in what are known as trophic cascades—effects that depend not 
only on the nature of the hunter itself, but also on characteristics 
of its prey and the habitat the animals share. 

“There’s still good reason to believe that trophic cascades will . . . 
occur in many systems,” Smith says. “It’s just that we don’t really have 
all the data yet to understand exactly when, where, and why.”

A green new world
Modern predator ecology began in principle with a simple ques-
tion: “Why is the world green?” In the late 1950s, when ecologists 
Nelson Hairston, Frederick Smith, and Lawrence Slobodkin were 
pondering this question, the prevailing notion was that the abun-
dances of animals that inhabit ecosystems depend solely on the 
amount of plants and nutrients at the bottom of the food web. 
Herbivore numbers were determined by the abundance of veg-
etation, and predator numbers by herbivore abundance. But the 
three University of Michigan scientists suggested in a 1960 paper 
in The American Naturalist that herbivore numbers weren’t con-
trolled by the availability of plants alone, because predators were 
also playing a key role, and that by managing herbivore popula-
tions, predators indirectly protected vegetation.2 This idea was 
quickly met with fierce criticism, and to be fair, there wasn’t any 
robust evidence for their hypothesis at the time. 

That was a gap that one of Smith’s students, Robert Paine, was 
determined to fill. In the early 1960s, Paine regularly ventured out 
to Washington State’s Makah Bay and its vibrant community of bar-
nacles, mussels, limpets, and the predatory starfish Pisaster ochra-
ceus to conduct an experiment that would become one of ecology’s 

most famous.3 From a 25-foot-long stretch of rock, he pried off the
starfish and flung them into the ocean, while leaving another stretch 
unaltered. Over the course of a year, Paine noticed that life on the 
starfish-less rock transformed. The starfish’s main prey, the barna-
cle Balanus glandula, began to take over, followed by fast-growing 
mussel species, crowding out other organisms. The intertidal com-
munity of 15 invertebrate species dwindled to 8. Paine concluded 
that by keeping its prey in check, the Pisaster starfish was helping to 
maintain biodiversity. Despite being small in number, the five-legged 
predator was performing a crucial ecological function that earned its 
recognition as the first ever “keystone species.” 

Paine’s belief that predators are ecologically important, and 
his recognition that their roles are best understood by studying 
animal communities that have been perturbed, inspired ecolo-
gist Jim Estes, then a PhD student at the University of Arizona 
observing the sea otters (Enhydra lutris) inhabiting the lush 
kelp forests around the Alaskan island of Amchitka. After a brief 
meeting with Paine in 1971, Estes decided to visit nearby islands 
where otters had been wiped out during the fur trade and imme-
diately noticed a difference. “When I looked down at the sea-
floor, I was stunned by the vast numbers of urchins and absence 
of kelp,” Estes, who is now at the University of California, Santa 
Cruz, wrote in a 2016 memoir about his work. Like Pisaster star-
fish, otters around Amchitka were playing a key ecological role, 
he observed: by keeping urchins in check, the marine mammals 
limited the invertebrates’ consumption of kelp, thereby regulat-
ing the abundance of life-giving plants at the bottom of the food 
web.4 In a 1979 lecture, Paine coined the term trophic cascades
to describe these indirect effects. 

Estes’s observations were quickly followed by a series of obser-
vations from other researchers that pointed to the existence of tro-
phic cascades in other aquatic ecosystems, such as those in lakes 
and rivers. In the 1990s, Os Schmitz, an ecologist at Yale School of 
the Environment, discovered that a terrestrial predator, the nursery 
web spider Pisaurina mira, could similarly create a trophic cascade, 
although in this case he uncovered an entirely different mechanism.5

It turns out that the spiders didn’t have to kill their prey to affect the 
ecosystem; they just had to scare them into skipping a meal.

Schmitz placed leaf-chewing grasshoppers, specifically Mela-
noplus femurrubrum, in a small, grass- and herb-filled enclosure, 
and observed that the vegetation flourished after he added nursery 

While it’s well accepted that large 
carnivores play vital ecological roles, 
just how they shape ecosystems isn’t 
well understood. 
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web hunting spiders, even without any immediate change in grass-
hopper numbers. Then, in a series of experiments in which Schmitz 
glued the spiders’ mouthparts shut so they could still instill fear 
but not consume their prey, he demonstrated that their mere pres-
ence was enough to allow grasses to flourish, as grasshoppers would 
forgo a meal to avoid becoming one. (See “Lessons About Fear from 
Our Deep Past,” The Scientist, October 2020.) Biologists now call 
such fear-driven effects behaviorally mediated trophic cascades, 
distinguishing them from density-mediated ones that involve the 
predators’ consumption of their prey. 

These behavioral effects come at a long-term cost to prey that 
can ultimately lead to declines in population densities. Avoiding 
the spiders caused some of Schmitz’s grasshoppers to starve, and 
their populations eventually dwindled. In a menagerie of animals, 
the sheer fear of predation can affect prey species’ metabolism, 
stress hormone levels, neurophysiology, and reproduction. In the 
forests of the southern Gulf Islands off the coast of British Colum-
bia, Canada, for instance, Western University ecologist Liana 
Zanette and her colleagues have shown that hearing the sounds 
of predatory birds and raccoons throughout a breeding season can 

cause song sparrows (Melospiza melodia) to reduce the number of 
young they produce by 40 percent.6 “The role of predators is way 
greater than we ever previously imagined,” she says. 

What remains unclear is how common such trophic cascades 
are in nature, Estes notes. “What I think is probably one of the 
biggest outstanding questions in this part of ecology [is] just how 
repeatable, how generalizable, these phenomena are.” 

The gray wolf: An American hero? 
A major challenge in studying the ecological role of large terrestrial 
carnivores is that the vast majority of them are in decline. Much 
knowledge of their influence comes from studies of local extinc-
tions. One remarkably common effect is that smaller predators—
which are often held in check by apex predators—take over and 
wreak havoc. As coyote populations (Canis latrans) declined in 

 Colum-
 Liana

 sounds
 can

RETURN OF THE JAGUAR: Key to restoring the second-
largest wetland in the world is the reintroduction of its 
ancient predator. To that end, a jaguar breeding program 
is underway. The resulting cubs will be released along 
with three adults into the wild. 
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Southern California with the increasing expansion of human settle-
ments in the 1990s, for example, the number of raccoons, skunks, 
and cats decimated reptile, bird, and small mammal populations.7

Herbivores can also experience population booms when a pred-
ator is lost. In Yellowstone National Park, after federal officials had 
killed off most of the park’s wolves by 1926 as part of a national wolf 
control program, elk numbers surged, with particularly destruc-
tive effects on woody vegetation around the park’s streams. Then, 
in the winters of 1994, ’95, and ’96, Yellowstone officials released 
41 wolves into the park’s interior and northern range. It was one of 
the first and remains one of the few intentional reintroductions of 
a large carnivore to part of its historical distribution, and research-
ers were eager to study the effects. 

Six years later, ecologists William Ripple and Robert Beschta 
of Oregon State University and others reported that aspen trees 
were taller and elk droppings less abundant in streamside areas 
frequented by wolves compared with places where wolves were 
seldom seen.8 The researchers have since gathered a wealth of cor-
relative evidence that the wolves created a “landscape of fear” for 
elk (Cervus elaphus) that prevented them from browsing the foli-
age along the park’s northern creeks and rivers. This supported 
the growth of aspen, cottonwood, and willow on their banks, and 
even improved the structure and function of particular water-
ways, Beschta and Ripple proposed last year.9 

In no small part due to an immensely popular 2014 YouTube
video narrated by The Guardian columnist George Monbiot 
titled “How Wolves Change Rivers,” Yellowstone’s canine preda-
tors became internationally famous for single-handedly repairing 
Yellowstone’s broken landscape. Yet the video’s narrative conceals 
a stark disagreement among ecologists about the relative contri-
bution of wolves to the decline in elk, as well as the role of fear in 
the ecological changes observed. 

Utah State University ecologist Dan MacNulty questions 
whether adult elk, which are large and thus difficult for wolves to 
kill, would be so afraid of wolves as to miss out on a good meal, 
he says. Indeed, he and his colleagues have tracked wolves and elk 
with radio collars and found that elk often don’t avoid areas fre-
quented by the predators, and that the ungulates seem to be more 

concerned with avoiding cougars (another name for pumas, Felis 
concolor).10,11 To Schmitz, this makes sense, given pumas’ sit-and-
wait hunting strategy. As he’s learned from comparing spiders 
with different hunting styles, predators that tend to ambush their 
prey are more likely to create behaviorally mediated cascades.12

The wolves at Yellowstone typically hunt by chasing elk across the 
landscape. Because the elk can often see them coming from a dis-
tance, Schmitz explains, there’s no point avoiding certain areas. 

Ecologist Tom Hobbs of Colorado State University says he 
doubts that the reintroduction of wolves was enough to repair some 
of the damages caused by wiping them out decades ago. In their 
absence, an expanding elk population decimated streamside wil-
lows (Salix spp.), prime dam-building material for beavers. With 
fewer dams, the streams flowed faster, cutting deeper into the 
ground. That caused the water table to drop, making it harder for 
willows to drink and grow, experiments by Hobbs and colleagues 
in the park’s northern range have shown.13 Reintroducing wolves
alone is unlikely to reverse such changes to the physical landscape 
anytime soon, he says. “Predators are so important, their removal 
has such long-lasting effects, that it’s naive to think that you can 
quickly reverse the effects of their absence by restoration.” 

Doug Smith, a senior wildlife biologist in Yellowstone who has 
collaborated with all three research teams, says there’s an element 
of truth to the trophic cascade, although the effect was probably 
more density-mediated than fear-driven. In addition, the cause 
of Yellowstone’s elk declines wasn’t just wolves but rather a suite 
of factors, including the fact that cougars and bears increased 
in abundance around the same time that the wolves were intro-
duced. And while collectively these predators helped to regener-
ate parts of Yellowstone, Smith agrees with Hobbs that the park 
is “not restored to what it [once] was. That might never happen.” 

Beyond Yellowstone
Outside Yellowstone, Iberá will soon be one of a few locations
where a predator has been intentionally reintroduced and its eco-
logical effects intensively studied. This time, researchers hope to 
overcome some of the challenges in deciphering cause and effect 
by collecting baseline data before the predators arrive. In several 
locations within Iberá’s 1.3 million–hectare protected area, biolo-
gists with specialties in entomology, ornithology, predator ecol-
ogy, and animal behavior are busy characterizing various facets 
of the ecosystem that they suspect the jaguars might influence. 

Populations of oversized rodents called capybaras (Hydro-
choerus hydrochaeris) might plummet after the predators’ 
arrival, and their behavior may radically change, PhD stu-
dent Belén Avila of Argentina’s Institute of Subtropical Biol-
ogy hypothesizes. Right now, the capybaras are acting fear-
lessly, Donadio says, even dozing on the paths cutting through 
the area. But once they realize there are killers lurking about, 
individuals are likely to become more cautious and vigilant, 
which means they’ll spend less time eating, possibly affecting 
grass abundance. The jaguars could also reduce the number 
of smaller predators such as pampas and crab-eating foxes, 

Predators are so important, their removal 
has such long-lasting effects, that it’s naive 
to think that you can quickly reverse the 
effects of their absence by restoration. 
 —Tom Hobbs, Colorado State University
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which are abundant at the moment, and in doing so protect 
the endangered birds that the foxes sometimes eat. As the 
researchers track these and other outcomes over the coming 
years, Donadio says, “it’s going to provide really, really good 
information when it comes to the importance of large preda-
tors on landscapes and biodiversity.” 

Even without reintroducing predators into the wild, research-
ers elsewhere are using experimental approaches to detect tro-
phic cascades already in action. In 2008, in the rugged Andean 
terrain of San Guillermo National Park in Argentina, Donadio 

wanted to understand how pumas influenced their prey, llama 
relatives known as vicuñas (Vicugna vicugna). He noticed that, in 
open grasslands where they’d easily see a predator approaching, 
the vicuñas’ heads were usually buried in the grass eating, only 
occasionally popping up to look around. In meadows with taller 
grasses and canyon areas where pumas could lurk behind rocky 
outcroppings, on the other hand, the vicuñas spent less time eat-
ing and more time on watch. To test the effects of these behav-
ioral differences on vegetation, Donadio constructed a number 
of 20-meter-by-20-meter exclosures—fenced areas intended to 

LESSONS FROM PAST REINTRODUCTIONS
In the mid-1990s, officials at Yellowstone National Park released gray wolves from areas in Canada and Montana into the park; it had been more than 
half a century since the predators last roamed the park. Researchers tracking the revolutionary experiment published results that they say point to the 
reintroduction’s role in revitalizing the once-degraded ecosystem, with the wolves’ predatory behavior indirectly supporting the growth of  
vegetation and even improving the health of the park’s waterways. But a heated debate rages on concerning the effects the wolves had on their envi-
ronment, especially relative to roles of other members of Yellowstone’s rich carnivore community.

Although they suffer less browsing pressure since the 
predator increases in the 1990s, willows have not fully 
recovered, according to some researchers. And without 
willows, the recovery of streams has been limited.

Yellowstone, Wyoming, US
41 gray wolves reintroduced in the mid-1990s
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Following wolf reintroduction, elk numbers dropped dramatically—
from nearly 20,000 in 1994 to just 8,300 in 2000—but wolves are 
likely not the only carnivore that contributed to that decline; black 
bear, grizzly, and cougar populations surged around the time of the 
wolf reintroduction. 

Initial studies proposed that elk stay away from streamside areas where they 
could more easily fall prey to wolves, but new research suggests that elk only 
avoid these regions in the morning and at dusk. The herbivores also appear to have 
altered their behavior to avoid cougar-patrolled forested areas at night. 

Ecologists first posited that by keeping elk away from 
streams, wolves were indirectly allowing aspen trees  
to flourish. Although the trees increased in height in 
certain areas, their overall abundance changed little. 



keep the vicuñas out, though the herbivores (as well as the pumas) 
could still frequent the general area. Sure enough, he observed 
that the growth of grass inside the exclosures in the grasslands 
shot up compared with grass in surrounding control plots, while 
grass growth in the canyon and meadow exclosures did not, sug-
gesting that vicuñas were indeed sacrificing grazing opportunities 
there to avoid an ambush.14 

This behaviorally mediated cascade is created by the complex-
ity of the animals’ habitat, Donadio says, and in turn, it helps 
shape the environment. If the pumas weren’t there, “the vegeta-
tion in the canyons [and meadows] would look exactly like the 

vegetation in the plains.” By enhancing the diversity of habitats in 
San Guillermo, pumas may be creating new niches for other spe-
cies, he explains, and in doing so, enhancing biodiversity. 

Princeton University ecologist Robert Pringle and his col-
leagues have also used exclosures in their search for trophic cas-
cades in Kenya’s Laikipia Plateau, which was recolonized by 
African wild dogs (Lycaon pictus) in the 1990s. The research-
ers didn’t find any difference in grazing pressure exerted on local 
plants by the dogs’ prey—small antelopes known as dik-diks  
(Madoqua guentheri)—before and after the arrival of wild dogs, 
even though the antelopes declined in abundance.15 Pringle sug-

Iberá, Argentina 
Five jaguars to be reintroduced in 2020/2021

Ecologists hypothesize that the jaguars’ presence could 
increase the abundance of certain scavenger species 
such as vultures and enhance the diversity of beetles 
that live off carcasses left behind by the predators.

Researchers expect numbers of deer and capybaras, the jaguars’ 
prey, to drop once the cats are reintroduced. By reconfiguring capybara 
population structure, the jaguars might reduce the spread of mange between 
the rodents. 

Ecologists suspect that the capybaras’ behavior will change in 
response to the presence of the jaguars, becoming more vigilant 
and cautious. If the capybaras spend more time watching for  
predators than eating, that could allow grassy vegeta tion to flourish  
in certain areas.Jaguars could kill or change the behavior  

of local foxes and in doing so indirectly 
boost numbers of the endangered birds  
that the foxes are known to eat.

PLANNING FOR FUTURE REINTRODUCTIONS
The release of predators into the wild is controversial, and for years Yellowstone remained one of the only sites of such a bold reintroduction.
But now, similar efforts are in the works around the world. In the Iberá wetlands of Argentina, for example, conservationists will soon release 
their first jaguars, and hypothesize that a variety of ecological changes will occur across the landscape. And in Mozambique’s Gorongosa 
National Park, where a reintroduction project involving wild dogs and leopards is ongoing, a study is underway using state-of-the-art tools  
to track the predators’ ecological effects.
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Gorongosa National Park, Mozambique 
Dozens of African wild dogs introduced in 2018/2019; leopard reintroductions slated for 2021

Ecologists are using GPS collars and 
camera-trap data to monitor the 
behavior of different antelope species. 

Researchers will be analyzing 
antelope scat using fecal DNA 
barcoding, alongside studies of 
the predators’ feces, to track the 
animals’ diets. 

Scientists plan to use high-resolution  
satellite imagery—including LiDAR, 
which captures the height of trees  
and grasses—to assess changes in 
vegetation structure. 

gests that, among other factors, perhaps the timeframe of the 
study wasn’t long enough to detect a trophic cascade, given that 
trees take a long time to grow. Pringle did, however, find evidence 
of cascading interactions between other species in the same eco-
system.16 In clearings where impala (Aepyceros melampus) gather 
to avoid being ambushed by leopards (Panthera pardus), the 
researchers noticed an abundance of acacia trees (Acacia etbaica), 
which carry thorns to defend against intense herbivory. In other 
areas where the bush was thicker—areas less frequented by the 
impala, probably due to fear of predation—“there were a bunch of 
plants that actually tend to be much more palatable,” Pringle says. 

Similar approaches have also revealed such behavior-
driven dynamics in marine ecosystems. In seagrass meadows 
in Shark Bay in Western Australia, for example, research-
ers have found that setting up small exclosures in areas fre-
quently patrolled by tiger sharks (Galeocerdo cuvier)—risky 
areas for grazers such as dugongs (Dugong dugon) and sea 
turtles (Chelonia mydas)—doesn’t have much of an effect, 
because the grazers were already kept away from these areas 
by the sharks.17 In low-risk areas, on the other hand, when 
“you put the cages out, it goes from this very sparse seagrass 
to just a giant salad bowl” of marine vegetation, says Florida 
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International University marine ecologist Mike Heithaus. “At 
its core, oceans and land are the same because animals are 
making the same kind of trade-offs—they’re trying to opti-
mize food versus risk.” 

Broadcasting predator vocalizations is another approach to 
interrogate predator trophic cascades, one that can more directly 
assess the effects of fear on prey. Upon playing recordings of bark-
ing dogs in the intertidal zone on Canada’s west coast beaches, for 

instance, Zanette’s team found that raccoons (Procyon lotor) spent 
less time foraging, allowing crabs and fishes to increase in abun-
dance—a behaviorally mediated trophic cascade that extended 
from a terrestrial habitat into the ocean.18 Similar studies have 
reported that underwater playbacks of mammal-eating killer 
whales (Orcinus orca), but not of local fish-eating killer whales, 
trigger harbor seals (Phoca vitulina) to dive to safer depths.19 

In Mozambique’s Gorongosa National Park, researchers have 
sought to understand the historic impacts of losing nearly an 
entire guild of top carnivores. Decades ago, the area had become 
a battlefield during the country’s civil war, decimating popula-
tions of large animals, including leopards, wild dogs, and lions. 
In 2019, Pringle, Princeton postdoc Justine Atkins, and their 
colleagues reported that in the absence of these carnivores, the 
typically forest-dwelling bushbuck (Tragelaphus sylvaticus) had typically forest-dwellingtypically forest-dwellingtypically  bushbuck ( bushbuck ( bushbuck Tragelaphus sylvaticus) had

44 THE SCIENTIST | the-scientist.com the-scientist.com

ECOSYSTEM EFFECTS: The Iberá wetlands in Argentina lost most 
of their wildlife during the 19th century as people moved into the 
remote area, but the region’s native species, including capybaras (top), 
maned wolves (bottom left), and pampas deer (bottom right), are now 
recovering, thanks in part to an ambitious ecological restoration effort. 
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spilled out into the open floodplains, where they appear to be sup-
pressing certain plant species.20 But when Pringle’s team played
recordings of leopards, the bushbucks retreated into the forest. 
Pringle is now studying how the recent return of wild dogs to 
the park will reconfigure the ecosystem, and Gorongosa officials 
just obtained permission to bring in several leopards, says Paola 
Bouley, who directs the park’s carnivore introduction program. “I 
think Gorongosa is going to be a classic case of rewilding.”

Learning from rewilding
With these experiments only just now getting underway, it’s not
clear how exactly such rewilding projects will play out. Mac-
Nulty is unconvinced that Pringle’s data on bushbuck behavior 
are strong enough to demonstrate a trophic cascade in Gorong-
osa. “Evidence [for such phenomena] can be hard to produce 
in some of these complicated systems,” he says. Moreover, the 
effects that predators have on ecosystems can be unpredictable. 
For example, in another study of Pringle’s in which he released 
predatory curly-tailed lizards (Leiocephalus carinatus) onto 
Bahamian islands, the reptilian predators appeared to intensify 
competition between prey species and limit their ability to coex-
ist, rather than maintain biodiversity.21

Without a clearer understanding of the species interactions
at play, the ecological benefits of rewilding predators remain 
unresolved. While several researchers argue that restoring 
an environment’s lost predatory dynamics will generally be a 
positive thing, others caution that it won’t be a “quick fix” for 
degraded ecosystems. And “when it has been in this new preda-
tor-free equilibrium for a long time,” says marine ecologist Boris 
Worm of Dalhousie University in Canada, “we really don’t know 
what the outcome will be once we add predators back in.”  

Outcomes of rewilding are even more uncertain in areas that are 
populated by people, not least because predators are often aggres-
sively persecuted in those areas. Large carnivores can also be fearful 
of humans. In California, for instance, Zanette and Justine Smith 
have observed that cougars stop eating and even abandon entire 
kills when they hear the sound of people talking.22 Such findings 
raise the question of whether predators can influence their environ-
ment through trophic cascades in landscapes dominated by people, 
remarks University of Washington wildlife biologist Laura Prugh. 

This problem also preoccupied Paine of the famous starfish 
experiments toward the end of his career. In an opinion article 

he wrote with Worm that was coincidentally published online 
the day Paine died, June 13, 2016, the two argued that humans 
are such pervasive ecological influencers that they should be 
considered a “hyperkeystone” species, with an even bigger 
influence than apex carnivores.23 Rather than treating humans 
as external to the natural world, ecologists should integrate 
studies of human behavior into food-web theory, they argued. 
In other words, understanding ecosystems in their entirety, 
and the ability of predators to restore them, will require under-
standing people. “It’s not just about other species,” Worm says. 
“It’s first and foremost about ourselves.” g

References
1. J. Terborgh et al., “Ecological meltdown in predator-free forest fragments,” 

Science, 294:1923–26, 2001. 
2. N.G. Hairston et al., “Community structure, population control, and 

competition,” Am Nat, 94:421–25, 1960. 
3. R.T. Paine, “Food web complexity and species diversity,” Am Nat, 100:65–75, 1966. 
4. J.A. Estes, D.O. Duggins, “Sea otters and kelp forests in Alaska: Generality and 

variation in a community ecological paradigm,” Ecol Monogr, 65:75–100, 1995. 
5. A.P. Beckerman et al., “Experimental evidence for a behavior-mediated trophic 

cascade in a terrestrial food chain,” Proc Natl Acad Sci, 94:10735–38, 1997. 
6. L.Y. Zanette et al., “Perceived predation risk reduces the number of offspring 

songbirds produce per year,” Science, 334:1398–401, 2011. 
7. K.R. Crooks, M.E. Soulé, “Mesopredator release and avifaunal extinctions in a 

fragmented system,” Nature, 400:563–66, 1999. 
8. W.J. Ripple et al., “Trophic cascades among wolves, elk and aspen on 

Yellowstone National Park’s northern range,” Biol Conserv, 102:227–34, 2001. 
9. R.L. Beschta, W.J. Ripple, “Can large carnivores change streams via a trophic 

cascade?” Ecohydrology, 12:e2048, 2019.  
10. J.J. Cusack et al., “Weak spatiotemporal response of prey to predation risk in a 

freely interacting system,” J Anim Ecol, 89:120–31, 2019. 
11.  M.T. Kohl et al., “Do prey select for vacant hunting domains to minimize a 

multi-predator threat?” Ecol Lett, 22:1724–33, 2019. 
12. O.J. Schmitz, “Effects of predator hunting mode on grassland ecosystem 

function,” Science, 319:952–54, 2008. 
13. E.C. Wolf et al., “Hydrologic regime and herbivory stabilize an alternative state 

in Yellowstone National Park,” Ecol Appl, 17:1572–87, 2007. 
14. E. Donadio, S.W. Buskirk, “Linking predation risk, ungulate antipredator responses, 

and patterns of vegetation in the high Andes,” J Mammal, 97:966–77, 2016. 
15. A.T. Ford et al., “Recovery of African wild dogs suppresses prey but does not 

trigger a trophic cascade,” Ecology, 96:2705–14, 2015. 
16. A.T. Ford et al., “Large carnivores make savanna tree communities less thorny,” 

Science, 346:346–49, 2014. 
17. D.A. Burkholder et al., “Patterns of top-down control in a seagrass ecosystem: 

could a roving apex predator induce a behavior-mediated trophic cascade?” J 
Anim Ecol, 82:1192–1202, 2013. 

18. J.P. Suraci et al., “Fear of large carnivores causes a trophic cascade,” Nat 
Commun, 7:10698, 2016. 

19. V.B. Deecke et al., “Selective habituation shapes acoustic predator recognition 
in harbor seals,” Nature, 420:171–73, 2002. 

20.  J.L. Atkins et al., “Cascading impacts of large-carnivore extirpation in an 
African ecosystem,” Science, 364:173–77, 2019. 

21. P.M. Pringle et al., “Predator-induced collapse of niche structure and species 
coexistence,” Nature, 570:58–64, 2019.

22. J.A. Smith et al., “Fear of the human ‘super predator’ reduces feeding time in 
large carnivores,” Proc Royal Soc B, 284:20170433, 2017. 

23. B. Worm, R.T. Paine, “Humans as a hyperkeystone species,” Trends Ecol Evol, 
31:600–607, 2016.

Understanding ecosystems in their entirety, 
and the ability of predators to restore them, 
will require understanding people. 



SARS-CoV-2 is characterized by its rapid spread and significant human-to-human transmission. With no approved vaccines or treatments yet available, 
researchers are exploring various medical interventions, including neutralizing monoclonal antibodies (mAbs), to control the global COVID-19 pandemic.  
The SARS-CoV-2 spike (S) glycoprotein, which promotes entry into host cells, is the main target of neutralizing antibodies. In this multisponsored webinar  
by The Scientist, a panel of researchers will discuss potential neutralizing antibodies currently under investigation for COVID-19 treatment.

JAMES E. CROWE, JR., MD
Director, Vanderbilt Vaccine Center
Professor, Pediatrics and Pathology, Microbiology  
    and Immunology
Ann Scott Carrell Chair

DEVIN SOK, PHD
Senior Director, Antibody Discovery and Development
IAVI

WATCH NOW! 
www.the-scientist.com/putting-the-brakes-on-sars-cov-2

TOPICS COVERED

• Human monoclonal antibodies for SARS-CoV-2

• SARS-CoV-2 neutralizing antibodies for global access

ORIGINALLY AIRED  
TUESDAY, JULY 28, 2020 

ONDEMAND Putting the Brakes on SARS-CoV-2: Neutralizing Antibodies

WEBINAR SPONSORED BY

Hematopoietic stem and progenitor cells (HSPCs) are capable of generating a large diversity of blood cells throughout the human lifespan. Although these 
cells have been extensively evaluated, there remains significant uncertainty in the degree of heterogeneity within HSPC subpopulations and their associated 
differentiation trajectories. Identifying HSPC phenotypic diversity is important for better understanding the pathogenesis of numerous blood disorders, including 
hematologic malignancies. In this webinar sponsored by BD Biosciences, Margaret Nakamoto will introduce the BD Rhapsody™ Single-Cell Analysis System, and 
Ravi Majeti will discuss how he and his team used concurrent RNA and BD® AbSeq Antibody-oligo multiplexed surface marker analysis  
to improve HSPC clustering and characterize specific phenotypic states along unique hematopoietic differentiation trajectories.

MARGARET NAKAMOTO, PHD
Manager, Genomics
BD Biosciences

RAVI MAJETI, MD, PHD
Professor of Medicine
Chief, Division of Hematology
Institute for Stem Cell Biology and Regenerative Medicine
Stanford University School of Medicine

WATCH NOW! 
https://www.the-scientist.com/HSPCSingleCellAbseq

TOPICS COVERED

• Application of single-cell multiomics to healthy bone 
marrow mononuclear cells (BMMCs)

• Identification of cell type clusters and surface marker 
associations using combined single-cell whole transcriptome 
amplification and surface marker analysis

•  Correlation of cell types with both canonical and novel 
surface markers and how deconvolution analysis provides 
preliminary insights into their potential clinical relevance in 
acute myeloid leukemia (AML)

ORIGINALLY AIRED  
THURSDAY, AUGUST 13, 2020

ONDEMAND Multiomic Single-Cell Analysis Identifies a Unique Stem  
and Progenitor Population

WEBINAR SPONSORED BY



Researchers require innovative solutions to ensure that their biobanking projects are a success. From initial sample collection to storage 
and use in downstream applications, precious biospecimens should be handled with care. Precision medicine research in particular relies on 
sophisticated biobanking systems to maintain sample integrity and streamline workflows. In this webinar, sponsored by Thermo Fisher Scientific, 
Erik Steinfelder and Bogi Eliasen will examine the importance of biobanking in precision medicine, from early-stage research to diagnostics and 
treatments.

ERIK STEINFELDER
Biobanking Market Development Director
Thermo Fisher Scientific

BOGI ELIASEN
Director of Health, Copenhagen Institute for Future Studies
Chair of Danish Unesco Bioethical Committee
HIMSS Global Achievement Award winner 2019

WATCH NOW! 
https://www.the-scientist.com/biobanking-precision-medicine

TOPICS COVERED

• Why biobanking is essential for precision medicine 
research

• Assessing real-world genomics data

• Data management needs for precision medicine success

ORIGINALLY AIRED  
TUESDAY, SEPTEMBER 1, 2020

ONDEMAND Biobanking and the Future of Precision Medicine

WEBINAR SPONSORED BY

For years, virologists predicted that coronaviruses would jump from animals to humans, causing new diseases. Unfortunately, those fears have been realized 
and SARS-CoV-2 has spread across the globe. Due to the COVID-19 pandemic, research on the origins and spread of coronaviruses is taking center stage. In 
this multisponsored webinar brought to you by The Scientist, coronavirus experts will describe how SARS-CoV-2 came to infect humans. Linda Saif will give 
a historical overview of SARS spillovers from animals to humans, and Neville Sanjana will describe recent work on a SARS-CoV-2 spike protein variant that 
increases human infectivity.

LINDA J. SAIF, PHD
Distinguished University Professor, Food Animal Health Research 
Program and the College of Veterinary Medicine, Ohio State University
Co-Director, Virus and Emerging Pathogens Program
Infectious Disease Institute

WATCH NOW! 
www.the-scientist.com/SARS-CoV-2-origins-spread

TOPICS COVERED

• A historical overview of coronavirus spillovers from 
animals to humans

• The Spike D614G mutation increases SARS-CoV-2 
infection of multiple human cell types

ORIGINALLY AIRED  
FRIDAY, AUGUST 14, 2020

ONDEMAND A Ticking Time Bomb: Tracing the Origin and Spread of SARS-CoV-2

WEBINAR SPONSORED BY

NEVILLE SANJANA, PHD
Core Faculty Member, New York Genome Center
Assistant Professor of Biology, New York University
Assistant Professor of Neuroscience and  
    Physiology, NYU School of Medicine



THE PAPER

E. le Roux et al., “Animal body size distri-
bution influences the ratios of nutrients 
supplied to plants,” PNAS, doi:10.1073/
pnas.2003269117, 2020.

Animals eat plants. Animals poop. Poop nour-
ishes plants. It may sound simple, but it’s not.
Elizabeth le Roux, an ecologist and New-
ton International Fellow at the University of
Oxford, studies this complex cycle in the South 
African savanna, particularly as it relates to 
larger animals and how they differ from small 
species in their effects on ecosystems.

As a graduate student at Nelson Mandela
University in South Africa, le Roux began 
investigating how animal dung varies across 
the grassy plains of Hluhluwe-iMfolozi 
Park and whether that variation influences 
the local plant life. At 15 sites, she and her  
colleagues assessed the density of the veg-
etation, used camera traps to record how 
many of each animal species frequented a 
particular area and how long they stayed, 
surveyed the amount of dung and noted 
what species it came from, and sampled 
dung, soil, and plants to assess nitrogen 
and phosphorus levels. 

The team hypothesized that vegetation-
dense, low-visibility areas would be fre-
quented by large animals, which are less likely 
to be targets for lions and other predators that 
sneak up in the foliage. Indeed, camera traps 
showed that smaller grazers such as impala 
stick mainly to open areas, while elephants 
and rhinos often graze at denser sites. (See 
“Rewilding with Teeth” on page 36.)

When it came to the animals’ dung, the 
team predicted that larger animals would 
excrete proportionally less phosphorus. 
That’s because larger animals have relatively 
larger skeletons, le Roux says, and thus may 
require more phosphorus from their food. 

This hypothesis, too, was supported by the 
data—phosphorus was scarcer in larger 
animals’ dung, both as a proportion of dung 
mass and relative to nitrogen content. 

The researchers also analyzed the grasses 
at their sites to see if dung nutrient differ-
ences were reflected in plant tissue. Here, 
the data hinted that phosphorus:nitrogen 
ratios may be lower in grasses in vegetation-
dense areas frequented by large herbivores, 
but the effect was weak. That’s not surpris-
ing, le Roux says, as plant nutrient ratios are 
influenced by factors other than dung, such 
as soil microbes and fire.

Ecologist Harry Olde Venterink of 
Vrije Universiteit Brussel praises the study 
for its innovative use of camera traps to  
collect quantitative data on animal behav-
ior, and says it provides good evidence that 
larger animals are using sites differently 
than smaller ones and may be influencing 
nutrient availability via their dung. His team 

recently showed that herbivore dung qual-
ity in Europe influences plant community 
diversity (Sci Rep, 9:5675, 2019), and he 
says the new study is a further step toward 
deciphering how animals influence nutri-
ent cycles.

However, Venterink questions some of 
the study’s assertions—in particular, the idea 
that species with larger skeletons need more 
phosphorus, a connection le Roux agrees 
isn’t well established. Venterink suggests 
that differences in dung nutrients could sim-
ply reflect differences in animals’ diets. 

Le Roux says the findings could help 
researchers understand the effects of add-
ing or removing larger species from eco-
systems. As humans influence wild animal  
populations, often “we’re changing the aver-
age [body] size of the herbivore community,” 
she says. “We need to understand: What are 
the consequences?”

 —Catherine Offord ©
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Dung Cycle

BIG DUNG: Areas with denser vegetation and thus lower visibility (left) are more likely to be frequented by
larger animals—which have less to fear from predators—than by smaller animals, according to a recent study.
Compared with smaller herbivores such as impala, large herbivores such as elephants and rhinos produce
dung with relatively lower phosphorus content. These differences in dung are associated with variable
availability of nutrients for plants growing in the savanna, the researchers found, suggesting that the animals’
body sizes could influence ecosystem functioning.
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OUTTA MY WAY: The front set of legs of centipedes such as Scolopendra 
subspinipes have evolved into venom-injecting pincers.

CELL & MOLECULAR BIOLOGY

Receptor Deflector
THE PAPER

S. Yang et al., “Target switch of centipede toxins for antagonistic
switch,” Sci Adv, 6:eabb5734, 2020.

While it’s handy to be able to neutralize prey or would-be 
predators with a bite or sting, being a venomous animal can be 
dangerous. Usually critters avoid the effects of their own venom 
“by keeping it in glands where it doesn’t go into the bloodstream 
and doesn’t affect them,” explains evolutionary biologist 
Kevin Arbuckle of Swansea University in the UK. But because 
accidents happen, it’s also advantageous to be able to survive 
exposure to one’s own toxic concoction—often by lacking the 
receptors the venom’s components bind to.

The centipede Scolopendra subspinipes both kills prey with 
its venom and uses it to temporarily stun conspecifics during 
fights for dominance. Ren Lai of the Kunming Institute of 
Zoology in China writes in an email to The Scientist that he and 
his colleagues wanted to understand why prey and conspecifics 
react differently.

In several of the centipede’s prey species, including mice, a 
venom component known as spooky toxin binds to potassium 
channels, including one called shaker, wreaking havoc on the 
nerves that control breathing and heartbeat. Lai’s team found 
the shaker channel in S. subspinipes cells carries a single amino 
acid change that protects the species from the worst effects 
of the venom. Injecting the centipedes with venom from 
other S. subspinipes, Lai and his colleagues confirmed that the 
arthropods were only temporarily immobilized; they recovered 
within 10 minutes. Cell culture experiments revealed that 
spooky toxin inhibited the shal channel, which affects both 
neurons and the vascular system and most likely explains the 
centipedes’ immobilization.

The experiments, says Arbuckle, who was not involved in the 
study, are “a really cool integration” of molecular-level work on 
venom and observations of the different purposes for which it’s used. 
 —Shawna Williams

NO NEST, NO PROBLEM: Long-lived tropical bird species such as the 
indigo flycatcher (Eumyias indigo) reduce their reproduction rate during  
a drought and up their chances of survival, a study finds.

ECOLOGY & ENVIRONMENT

Barren Birds
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T.E. Martin, J.C. Mouton, “Longer-lived tropical songbirds reduce
breeding activity as they buffer impacts of drought,” Nat Clim 
Change, doi:10.1038/s41558-020-0864-3, 2020.

Thomas Martin was studying parenting behavior among wild birds 
in Venezuela when a drought hit in 2008. In one species, the gray-
breasted wood wren (Henicorhina leucophrys), the number of active 
nests in his team’s study area declined from 65 in 2007 to just 7 
during the drought, the University of Montana wildlife biologist says. 

Reproduction comes at a cost, because animals must expend 
energy producing and caring for their young, so Martin wondered 
what effect this temporary drop in reproduction might have on the 
adult birds’ survival rates. To find out, he set up another experiment 
in 2009, this one in the forests of Borneo. With then–graduate 
student James Mouton and their field assistants, Martin caught and 
banded birds, and began to record nest locations and bird sightings. 
Seven years later, a drought hit.

It wasn’t as severe as the one in Venezuela in 2008, where 
there was a more than 50 percent average reduction in nests across 
18 species, and Martin suspects that’s why the effects he and his 
team saw in Borneo weren’t as extreme. Still, the 20 bird species 
studied in Borneo reduced the number of nests in which they laid 
eggs by an average of 36 percent compared with the year before. 
The level of reduction varied among species, with long-lived birds—
those with average lifespans of about 10 or more years—reducing 
their reproduction the most. And in contrast to past studies that 
indicated that birds’ survival drops during droughts, survival rates 
increased in the species that were most inclined to hold off on 
having offspring.

“The contrast between long-lived and short-lived species in how 
they cope with a stressful environment is striking,” writes Rosemary 
Grant, an emeritus biologist at Princeton University who was not 
involved in the study, in an email to The Scientist. The research, she 
says, “provides a good example of the value of long-term studies.” 
 —Shawna Williams
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Chelsea Wood once imagined she’d
study dolphins, so it was a surprise, she 
says, to realize “there were much more 

charismatic things living inside the dolphins.” 
As an undergraduate at Dartmouth University,

Wood worked alongside James Byers, an ecolo-
gist then at the University of New Hampshire,
who encouraged her to study parasites. 
“I went to his lab like a little mercenary trying
to get marine biology experience, having little
to no interest in the parasites,” Wood says.
But along the way, she recognized how beauti-
ful the freeloading organisms could be. For her
undergraduate thesis, Wood studied how infec-
tion with a parasitic flatworm (Cryptocotyle
lingua) changed the grazing habits of the
marine snail Littorina littorea, and how those 
effects rippled through the local ecosystem.

After earning her bachelor’s degree in 
2006, Wood spent two years as an editor of 
Frontiers in Ecology and the Environment, where 
she realized that she most enjoyed reading 
papers about parasitology. She decided to pur-
sue the topic for her graduate research. 

Wood began her PhD at Stanford University’s
Hopkins Marine Station in 2008, focusing on
how fishing affects fish parasites. Studying 
communities off the coast of Chile and around 
the Line Islands, south of Hawaii, she showed 
that parasite assemblages largely track their 
hosts in abundance and diversity—in heavily 
fished areas, many parasites are, like their fish 
hosts, less abundant and diverse (J Anim Ecol, 
82:1276–87, 2013; Ecology, 96:1383–98, 2015). 
However, certain parasites fared better than 
others. Species that spread through direct 
contact were more abundant than ones with 
complex, multi-host life cycles.

As Wood was completing her dissertation,
her undergraduate work on  L. littorea caught the 
attention of Pieter Johnson, a disease ecologist at 
the University of Colorado Boulder who studies 
how parasites structure aquatic communities.
It was rare to see work that looked holistically 
at multiple organisms, as Wood’s did, Johnson 
says. After meeting Wood at a conference, “I 

essentially headhunted her,” he tells The Scientist, 
encouraging Wood to join his lab for a postdoc. 
When she showed up in Boulder in 2013 and 
began working in new ecosystems, Johnson  
says, Wood “was just fearless,” attacking her 
research “like a dynamo.” Together, the two 
studied how aquatic bird diversity affects para-
site diversity. Wood and Johnson added perches, 
nesting material, and bird decoys to attract a 
greater variety of bird species to some ponds 
while leaving others as controls; two years later, 
they looked at the parasites in each pond. As 
she’d observed in fish, more-diverse bird popula-
tions correlated with more-diverse parasites, but 
again, the effects were different across species 
(Biol Conserv, 248:108683, 2020). 

After wrapping up her postdoc in 2014, 
Wood completed a fellowship at the University 
of Michigan, where she studied a group of flat-
worms called schistosomes that infect humans 
through a snail host and cause a disease called 
schistosomiasis. Wood used drones to search 
for areas where the snails’ preferred habitat—
submerged water plants—bordered on human 
settlements in Senegal, helping to identify com-
munities at the greatest risk of schistosomiasis 
outbreaks (PNAS, 116:23182–91, 2019).

In 2016, Wood accepted a faculty  
position at the University of Washington,  
where she now runs her own parasite  
ecology lab. Several of her current initia-
tives involve historical ecology: delving 
into museum specimens and historical  
records to track parasites over time. 
Wood’s first publication using museum 
data followed a species of nematode 
worm (Clavinema mariae) infecting  
English sole (Parophrys vetulus) in 
the Puget Sound between 1930 
and 2016 (J Appl Ecol, 56:190–200, 
2019). During that time, she found, 
the number of nematodes per fish 
increased eightfold. Her ongoing work 
will reconstruct a broader assemblage 
of parasites that have infected 10 
economically important fish species, 

including herring, hake, and rockfish, over  
the last century.

“There is an amazing treasure trove of infor-
mation hidden away in our natural [history] 
museums,” Katrina Lohan, a parasite ecologist 
with the Smithsonian’s Environmental Research 
Center, tells The Scientist. Without historical 
data, researchers can only estimate how dis-
ease outbreaks might change in the future, says 
Lohan, who praises Wood’s creative method of 
using museum specimens to answer pressing 
questions. “I’m really excited to see what [she 
and her team] come up with,” Lohan says.

One of Wood’s current priorities is convincing
societies around the globe to prevent parasite  
extinction (Biol Conserv, doi:10.1016/j.biocon. 
2020.108596, 2020). It’s not an easy sell, she  
concedes; most people’s interactions with para-
sites are unpleasant. To others, parasites are “not 
beautiful, they’re not cute, they’re not charismatic, 
but they . . . are vitally ecologically important,” 
Wood says. “If we want functioning ecosystems, 
we have to decide to conserve parasites.” g
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Chelsea Wood: Parasite Hunter 
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Assistant Professor in the School of Aquatic and Fishery Sciences, University of Washington
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CAREERS

Back in 2015, academic publisher
Dan Morgan, then of  the University  
of California Press, took to Medium  

to argue that a foundational assump-
tion of his industry—that experts should 
volunteer their time as peer reviewers—
is flawed. “I am fairly sure I have never 
volunteered my time but then had a 
3rd party charge a commercial, profit- 
generating price for it,” he wrote. “[W]e 
all know that some publishers are getting 
very, very rich, while nothing tangible is 
making its way back to the primary vol-
unteers making this happen.” 

In return for their labor, Morgan 
asserted, reviewers for commercial pub-
lishers should have a say over the use of 
some portion of the revenue from pub-
lished papers. As an example, he cited 
the model of an open access journal he’d 
cofounded the previous year, Collabra: 
Psychology. Reviewers for that journal 
earn credits that give them control over a 
portion of the quarterly revenue from the 
article processing charges (APCs) charged 
to authors: they can choose to direct the 
money to an APC waiver fund, which 
enables researchers who don’t have funds 
budgeted for APCs to publish in the jour-
nal, or to their own institution’s budget 
for open access–related costs, or they can 
pocket the money themselves.

The idea was: “Let’s test [whether we 
can] set up a system whereby the value 
that gets created in the scholarly pub-
lishing system could not just all go to 
publishers, but could also be hard-coded 
to circulate and return back to the aca-
demic community,” explains Morgan, 
who left UC Press for PLOS in 2018. 

Collabra: Psychology represents 
a rare example of a journal that gives 
reviewers the option of monetary com-
pensation. Although the idea that peer 
reviewers should be paid for their work 
crops up periodically in online discus-

sions and opinion articles, the Collabra: 
Psychology model hasn’t elicited interest 
among other scientific publishers who 
responded to The Scientist. Still, there is 
a widespread sentiment among publish-
ers and reviewers alike that some stron-
ger form of peer reviewer recognition is 
needed—and some initiatives are taking 
steps in that direction.

Making the case
Like Morgan, academics who think they
should receive compensation for review-
ing—at least from commercial publishers—
often cite the perceived unfairness of per-
forming free labor in service of companies’ 
profits. “If academic work is to be commod-
ified and turned into a source of profit for 
shareholders and for the 1 percent of the 

Should peer reviewers be paid for their work? 

BY SHAWNA WILLIAMS

Show Me the Money
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publishing world, then we should give up
our archaic notions of unpaid craft labor 
and insist on professional compensation for 
our expertise, just as doctors, lawyers, and 
accountants do,” wrote George Mason Uni-
versity anthropologist Hugh Gusterson in 
a 2012 opinion article for The Chronicle of 
Higher Education. Academics should con-
tinue to review as volunteers for nonprofit 
publishers, he argued, but should “just say 
no” to requests from for-profit publishers 
that don’t offer payment.

Similar arguments appear regularly 
on Twitter and elsewhere online. “Hey 
academic publishers! Your profit mar-
gin is like 30%,” wrote urban planning 
researcher Natalie Osborne of Griffith 
University in Australia in a 2018 tweet. 
“If you want to ‘recognise me’ for peer 
review, pay me! Pay everyone who 
reviews for you!” Earlier this year, con-
sultant and former academic James 
Heathers began a Twitter account dedi-
cated to lobbying for peer review to be 
paid for like any commercial transaction. 
“I review academic literature during 
peer review for very, very large com-
panies, and it is one of their revenue 
streams. When I do this, I want them to 
pay me four hundred and fifty dollars. 
No, I am not joking,” Heathers wrote in 
the account’s first tweet.

This fairness argument resonates with 
Mick Watson, a computational biologist at 
the University of Edinburgh’s Roslin Insti-
tute, but he also cites more-pragmatic rea-
sons for why he thinks publishers should 
pay for peer review. In addition to peer 
review requests from journals, he receives 
offers to serve on funders’ grant commit-
tees—work that he’s compensated for, he 
notes. “If I’ve only got so much time to 
spend on reviewing, then I’m going to pri-
oritize the things that are going to bring 
in some money rather than the things that 
aren’t.” Having served as an unpaid aca-
demic editor at several journals, where he 
was tasked with seeing submitted papers 
through peer review, Watson knows he’s 
not alone in declining peer review requests 
due to competing priorities. As an editor, 
“you’re sending ten, twenty, thirty invites 
into the ether,” he recalls. “And you just 

either hear nothing, or you get instant 
rejections back from people saying they 
won’t review the paper.” 

Not catching on
Of eight scientific publishers con-
tacted by The Scientist, only one, PLOS, 
expressed enthusiasm for the concept 
of paid peer review. “We’d love to com-
pensate our more than 9,000 Editorial 
Board members and more than 100,000 
reviewers in a given year, but that scope 
is not sustainable for a publisher our 
size,” the organization says in a state-
ment. PLOS is a nonprofit organiza-
tion funded through authors’ APCs, the 
statement notes. Morgan says he doesn’t 
anticipate PLOS journals reconsidering 
such payments, absent an attitude shift 
in the industry as a whole.

Such a shift does not appear to be in 
the cards, at least for now. Apart from 
PLOS and UC Press, none of the pub-
lishers contacted by The Scientist said 
they’d so much as considered paying peer 
reviewers. Nancy Winchester, the Director 
of Publications for the American Society 
of Plant Biologists (which publishes The 
Plant Cell and Plant Physiology), writes 
in an email to The Scientist, “We have not 
considered paying peer reviewers. This is 
not something that the Publications Com-
mittee and editorial boards anticipate tak-
ing up anytime soon”—although she notes 
that reviewers earn points they can redeem 
for society memberships or merchandise. 

The Science family of journals simi-
larly has no plans to pay peer reviewers, a 
spokesperson wrote in a statement to The 
Scientist, adding, “Thankfully for us all, 
many reviewers feel a sense of obligation 

to participate, and that is a tradition that 
has served science well.” In its own state-
ment, Springer Nature cited its efforts to 
improve the peer review process, such 
as a recent trial initiative to recognize 
reviewers in published papers, but did 
not address paid peer review. The Society 
for Neuroscience (publisher of the Jour-
nal of Neuroscience and eNeuro) declined 
to comment, and publishing giant Else-
vier had not provided comment by the 
time this article went to print.

Despite the calls for change from 
Gusterson and others, it’s not clear that 
many academics support payments for 
peer reviewers either. In 2018, Publons, a 
site that enables researchers to track their 
publications and other activities in online 
profiles, conducted a survey of more than 
15,000 researchers in the social and nat-
ural sciences and engineering, and found 
that a little more than 17 percent selected 
“cash or in-kind payments from journals” 
as a factor that would make them more 
likely to accept review requests. “Dis-
counts on publisher’s products or ser-
vices” was a factor for even fewer of the 
respondents, just 4.5 percent, while 11.6 
percent selected “personal access to jour-
nal content.” (Each respondent could 
choose up to two factors.) In a separate 
question about respondents’ reasons for 
serving as peer reviewers, the most pop-
ular answer was: “It is part of my job as a 
researcher,” followed by “I want to do my 
fair share/reciprocate for reviews of my 
work,” then “To keep up to date on the 
latest research trends in my field,” and 
“To ensure the quality and integrity of 
research published in my field.” 

It’s similarly been UC Press’s expe-
rience that the potential for compensa-
tion isn’t a significant motivator for peer 
reviewers at Collabra: Psychology or Ele-
menta: Science of the Anthropocene, which 
uses the same reviewer-payment model, 
says Erich van Rijn, the publisher’s Direc-
tor of Publications and Open Access. 
The editors of those journals “didn’t feel 
that the opportunity to be paid as a peer 
reviewer was something that was moti-
vating a lot of peer reviewers to work for 
either of the journals,” he says.

Thankfully for us all, many 
reviewers feel a sense of 
obli gation to participate,  
and that is a tradi tion that 
has served science well.

—Science journals spokesperson



CAREERS

Practical concerns
There are other barriers that may help 
explain why paid peer review hasn’t 
caught on. For one, the money would have 
to come from somewhere, and Stephen 
Heard, an ecology researcher at the Uni-
versity of New Brunswick in Canada, sus-
pects that publishers would pass the costs 
along to users rather than letting their 

profits take a hit. “Normally, if you make 
something more expensive to produce 
then that something gets more expensive,” 
he says. “So presumably, if we paid review-
ers, then either subscription rates or arti-
cle processing fees would have to go up.” 
Jason Hoyt, the CEO of open-access pub-
lisher PeerJ, estimates that paying peer 
reviewers would increase the overall costs 

of publishing papers by 10 percent to 20 
percent “for the entire publishing ecosys-
tem,” even at a modest $50 to $100 per 
review. “I think people would prefer to 
have cheaper publishing, not more expen-
sive publishing,” he says.

There’s also a concern that offering 
money to peer reviewers could intro-
duce real or perceived conflicts of inter-

PERCENTAGE OF RESPONDENTS

More explicit recognition of peer review contributions 
from universities/funders

An online record of my peer review history, certificates, 
and metrics across all journals

If papers I was asked to review were more aligned 
with my expertise/interest

Personal access to journal content

Cash or in-kind payments from journals

More information about what happens to the 
paper I reviewed

Discounts on publisher’s products or services

Editorial feedback on the quality of my review

Nothing

Other/Write In
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WHAT REVIEWERS WANT
Although scientists often take on reviewing assignments for altruistic reasons, many would like more recognition for the work, according 
to a 2018 survey by the reviewing website Publons. Of nearly 12,000 people who responded to a question about incentives for reviewers, 85 
percent agreed with the statement that “institutions should more explicitly require and recognize peer review contributions.” Asked in a separate 
question to choose up to two factors that would make them more likely to accept an invitation to peer review (shown below), close to 
half of respondents selected “more explicit recognition of peer review contributions from universities/funders.”

Select up to 2 of the following that 
would make you more likely to accept 
an invitation to peer review
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est (COIs) into the reviewing process.
For example, a journal might be able to 
influence a paid reviewer to recommend 
acceptance of a particular paper, sug-
gests Aparna Hegde, an oncologist and 
researcher at the University of Alabama 
at Birmingham. Morgan says whether 
such conflicts would arise is “an open 
question,” although he acknowledges that 
the perception of COIs can be damaging 
even in the absence of any real influence.

Another difficulty is the administra-
tive cost and effort in managing peer 
reviewer compensation. At Collabra: 
Psychology, the amount of money each 
reviewer controls from the quarterly pot 
varies but is fairly small—around $50, 
Morgan and van Rijn estimate. Van Rijn 
says only about 15 percent of reviewers 
opt to take the cash themselves, and an 
even smaller percentage direct it toward 
supporting open access at their own insti-
tutions, while the majority elect to sup-
port the waiver fund. Because of the 
time and effort needed to administer 
the reviewer-directed pot of money, and 
because its model doesn’t seem to be a 
motivating factor for reviewers, UC Press 
is now phasing out its model of revenue-
sharing, doing away with the reviewer- 
compensation option in favor of auto- 
matically directing a portion of each APC 
into the waiver fund, van Rijn says.

Alternative incentives
Despite general agreement that many
reviewers are primarily motivated by 
altruism, some publishers and research-
ers do see a need for more concrete 
rewards for peer reviewers, if not in the 
form of hard cash. PeerJ offers a $200 
discount on a future APC in exchange 
for each peer review, and Hoyt says 17 
percent of submissions come from past 
reviewers. Jon Tennant, an open science 
advocate who died earlier this year in a 
traffic accident, proposed that in lieu of 
paying individual researchers, publish-
ers should include peer reviewing ser-
vices in their agreements with academic 
institutions. “[U]niversities could agree 
that their staff will provide a certain 
number of reviews for a publisher in 

exchange for a commensurate discount 
on subscriptions or [the APCs charged by 
open access journals]. . . . If publishers  
do not lower their costs and provide 
financial reimbursement, then univer-
sities can stop those publishers from 
exploiting their staff for free labour,” he 
wrote in a preprint.

Others propose that employers and 
funders should formally consider peer 
review activities alongside research 
accomplishments and other factors 
when they make hiring, promotion, or 
grant decisions. “I absolutely think that 
. . . much more recognition in general by 
the community of the important work of 
reviewers is still needed,” says Morgan. 

Two organizations, Publons and ORCID, 
now enable journals to report peer 
reviews, so that researchers can include 
these contributions in online profiles of 
their work. For Watson, an additional 
step needed to make this reporting a true 
incentive on par with direct payments 
from journals would be “if the rest of the 
academic community—the hiring com-
mittees or promotional committees, the 
funders—all got on board and said, ‘You 
know what, we’re going to pay attention 
to those review databases when we make 
our decisions.’”

Such a movement would be in keep-
ing with what Ana Heredia, the regional 
director for Latin America at ORCID, 
sees as a trend toward more quantifica-
tion in academia, such as study authors 
using standard categories to clas-
sify their contributions to a published 
paper. (ORCID added peer review to 
its researcher profiles last year.) “Time 
is very short today,” she says, so when 
it comes to peer review and other types 
of work researchers are expected to do, 
“you want to be recognized, at least.” g

Presumably, if we paid review-
ers, then either subscription 
rates or arti cle processing 
fees would have to go up.
 —Jason Hoyt, PeerJ
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READING FRAMES

The idea that proteins can self-assemble into molecular machines 
may shift our view of life’s origin.

BY JEREMY ENGLAND

Whenever a living organism is
good at something, there’s 
the understandable tempta-

tion to explain matters by invoking nat-
ural selection. The insight that organ-
isms are more likely to pass on traits to 
offspring if those traits help with surviv-
ing and reproducing sheds light on many 
aspects of biological form and function, 
from quirks of anatomy down to the fine 
points of how proteins are assembled.

It is a little bit dangerous, though, 
to get in the habit of telling these stories 
about every bit of biology. 

As I wrote in my new book, Every Life 
Is on Fire, recent theoretical progress 
warns against such a rush to judgment. 
What is becoming increasingly clear is 
that interacting collectives of “dumb”  
particles can evolve into specialized  
structures with fine-tuned relationships to 
their environment even in circumstances 
where there is no self-copying entity in  
the system to enable natural selection.  
This dissipative adaptation is a broadly 
applicable physical mechanism based on 
the simple idea that energy both helps 
collections of particles to change their 
state of assembly, and is processed differ-
ently by a system depending on its cur-
rent state of assembly. The combination 
of these two facts leads to a feedback loop, 
whereby a set of building blocks can per-
form an exploration of possible combina-
tions guided by how well each combina-
tion absorbs energy.

Already, researchers have identified 
examples of dissipative adaptation that 
lead to a range of energy-harvesting or 
computing-like behaviors in disorderly 
material collectives that are subject to 
patterned sources of energy in their envi-
ronment. A network of entangled masses 
and springs, for example, can “learn” to 

resonate at the particular frequency of an 
oscillating force from the environment, 
so that the rate of energy absorption 
increases over time. 

Many, if not most, proteins must be 
thought of as metastable tangles whose 
conformational changes and mobility 
are a function both of what else they are 
bound to and of how much ATP or other 
energy-bearing substrate is being pro-
cessed in their particular configuration. 
Many proteins function in a state that is 
highly managed by the activity of ATPase 
molecular chaperones that burn through 
chemical fuel as they chomp down on 
substrate proteins until those proteins 
are knocked into the right shape. What 
emerges is a vivid picture of the cell as a 
self-organizing machine capable of adap-
tive emergence that may reflect complex 
“learned” responses to recent environmen-
tal patterns of energy input.

Understanding how fine-tuned adap-
tive relationships between system and 
environment can arise without natural 
selection potentially restructures science’s 
vision of the ingredients needed for life 
to come together. Initially uncoordinated 
molecules can form a society of sorts that 
already looks like it is making accurate 
predictions about its surrounding world 
or optimizing access to sources of energy. 
This system, then, has a richer toolbox to 
work with than the naive “random soup” 
often imagined as primordial conditions.

Furthermore, there are practical 
implications in the present-day study 
of living things that we can also derive 
from the same physics. An emerging lit-
erature in experimental cell biology has 
revealed many membraneless cellular 
compartments that seem to self-organize 
in response to a wide variety of stress con-
ditions and other environmental changes. 

We tend to think of organelles as being 
genetically programmed, fixed features of 
architecture that form according to static 
rules. But there appears to be a spectrum 
of organelle-like subcellular structures 
that can come together as needed under a 
wide variety of conditions. 

So how much of what is going on had to 
be carefully optimized by the slow process of 
Darwinian selection, and how much might 
have been available in some first-draft ver-
sion just from the self-organizing properties 
of a motley mixture of fuel-burning protein 
complexes? Although experimental science  
is just beginning to open up the necessary 
frontier for this discussion, it is exciting to 
consider that there may be a great deal of 
plasticity and intelligence in the compo-
nents of life. Perhaps some cells or mole-
cules automatically respond to stimuli based 
on how they are built. Developing a coher-
ent understanding of the physics of such 
systems could help us ask questions that will 
make detecting such phenomena possible. g

Jeremy England is senior director in
artificial intelligence at GlaxoSmithKline, 
principal research scientist at Georgia 
Tech, and the former Thomas D. and  
Virginia W. Cabot career development 
associate professor of physics at MIT. 
Read an excerpt of Every Life Is on Fire 
at the-scientist.com.

Basic Books, September 2020

The Fire Beneath Evolution
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BIO-RAD LABORATORIES
www.bio-rad.com

LEINCO TECHNOLOGIES 
www.leinco.com

ELISA-Based Assay
COVID-19 ImmunoRank™ Neutralization  
MICRO-ELISA
• A game changer for evaluating 

convalescent plasma, antibody 
therapies, and determining the 
effectiveness of vaccines for COVID-19

• Intended for use as an aid in identifying 
individuals with an adaptive immune 
response to SARS-CoV-2

• Offers an effective tool for monitoring vaccine responses  
and for selection of high titer convalescent plasma units  
for treatment of COVID-19

CRISPR Validation Service
• Provides in-depth validation of  

CRISPR-engineered samples by  
the Xdrop™ experts

• Service team receives, handles,  
and manages samples of engineered 
genomes

• Uses Xdrop™ Indirect Sequence Capture 
to enrich long DNA fragments that contain  
a carefully designed detection sequence placed 5–10 kb from  
the CRISPR edited site

• Enriched DNA is then sequenced to reconstruct in detail any 
structural rearrangements, SNPs, or other unintended modifications

SAMPLIX
www.samplix.com
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CONFERENCE & EXPO

VIRTUAL

INSPIRING  
PRESENTATIONS 
from world-renowned 
experts presenting 
cutting-edge science

SPONSORED TALKS
by leading technology  and service 
providers showcasing new offerings

RESEARCH POSTERS engage with researchers 
presenting the latest developments in biotherapeutics

EXHIBIT HALL 
connect with providers, attend a product 
demo, explore innovative technologies

ON DEMAND
LIBRARY 
receive an archive of 
presentations to access 
on your  own time

INTERACTIVE
NETWORKING
live Q&A sessions, breakout  
groups, chat with exhibitors, 
sponsors and fellow delegates

CHI-PepTalk.com

The ProTein Science and ProducTion week

JANUARY 19-21, 2021 Pacific Standard Time

REGISTER  
EARLY FOR 

SAVINGS UP  
TO $400

Group Rates and On-Demand 
Options Available

Keycode O75

Visit The Scientist’s careers portal to find the best postdoc positions,  

explore alternative career opportunities, or simply keep up to date on  

the postings in your area.

careers.the-scientist.com 

twitter.com/CareersTS

linkedin.com/company/the-scientist

facebook.com/TheScientistCareers
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BY JEF AKST

The Paper Nautilus, 300 BC–present

They were said to float atop the
sea surface using their shells 
as gracile vessels, and to lift 

two of their eight arms as sails that 
would catch the wind and propel them 
through the water while the other 
arms served as oars. This legend, 
which traces back to Aristotle around 
300 BC, describes unique octopuses 
called argonauts, referencing the 
sailors of the Argo from Greek 
mythology. But while argonauts are 
one of a handful of octopus groups 
that have left the seafloor to adopt a 
pelagic lifestyle, they do not, in fact, 
sail the water’s surface. 

From Aristotle’s time on, “the story 
got more and more embellished,” 
says Julian Finn, a curator of marine 
invertebrates at Museums Victoria in 
Australia and an expert on argonaut 
taxonomy, biology, and lore. “And then 
people started drawing them based on 
the story,” eventually getting to “this 
argonaut sailing high above the surface.”

Myths about argonauts (family 
Argonautidae) continued to flourish 
thanks in part to the fact that the 
octopuses are elusive, fostering 
misconceptions about their biology and 
leaving many fundamental questions 
unanswered for millennia. In the early 
19th century, for example, zoologist 
Georges Cuvier mistook the detached 
arms of tiny (1- to 2-centimeter-long), 
shell-less male argonauts for parasitic 
worms when he found them inside 
female octopuses. In fact, researchers 
later learned that when a male 
encounters a potential mate, it releases 
an arm loaded with sperm that can 
crawl into the female’s mantle cavity. 
In the 1830s, French marine biologist 
Jeanne Villepreux-Power put to bed an 
age-old rumor that female argonauts 
steal their shells from other animals, 
confirming that they make their own 
and use it as a brood case for their eggs.  

Adding to the aura of mystery around 
argonauts is the fact that, every so often, 
thousands or even tens of thousands of 
them wash up on a beach. Some people 
had speculated that air gets trapped in the 
animals’ shells and causes them to float 
and wash ashore, but no one had ever 
documented the argonauts’ behavior in their 
natural environment to find out whether air 
bubbles in shells present an issue. 

So in December 2005 and January 
2006, Finn, then a PhD student, went 
with fishermen off Shimane Peninsula 
in the Sea of Japan each morning in 
the hopes that they would see a female 
greater argonaut (Argonauta argo). 
Before long, Finn had scooped up a 
total of three female argonauts. He 
transported them to a nearby harbor, 
where he would remove all air from the 
shell of one of the argonauts before he 

released it just above the seafloor and 
observed its behavior. 

“Straight away, it floundered around 
and you could see that it just didn’t have 
stability underwater,” Finn says. But then 
the argonaut would jet up to the surface and 
rock back and forth with its shell sticking 
out of the water to capture air. The octopus 
would use one arm to contain the air in the 
shell before it dove to a depth where the 
animal became neutrally buoyant (Proc Roy 
Soc B, 277:2967–71, 2010). “And then it just 
shot off. . . . It went from being this animal 
that was struggling underwater to being a 
perfect submarine—it was so graceful.” 

So air in an argonaut’s shell is 
probably not what leads to the animal’s 
untimely demise, Finn reasons. The 
cause of the mass argonaut strandings, 
along with much else about these storied 
creatures, remains a mystery. g

SETTING SAIL: This illustration of Argonauta argo by William Daniell comes from William Wood’s 
1807 natural history text Zoography. Wood writes that the bizarre octopus, often called a paper 
nautilus, “is supplied with eight arms, two of which are furnished at their extremity with an oval 
membrane that serves for a sail, while the other six, hanging over the sides of the boat, are employed as 
oars, and occasionally serve to steer by.” This illustration was likely copied from an earlier one, 
according to Julian Finn of Museums Victoria; both illustrations incorrectly show the octopus’s 
“sails”—actually membranous webs on its top arms—projecting outward from the arms like flags. In 
reality, the argonaut’s webs do not have an open end, but are fully surrounded by the animal’s arms, 
and often stretch out over the sides of their shells.
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For more information, visit www.cisbio.eu  |  www.perkinelmer.com

For time-resolved FRET studies, fast, no-wash, easy-to-use HTRF® technology 
delivers just the right balance of stability and specificity. It’s perfect for repetitive, 
longitudinal studies and measurements where stability is key. And the inherent 
structure of HTRF reagents makes it highly resistant to most experimental 
conditions, including additives, chelates, DMSO, ionic strength, challenging 
cations, cell-culture media, and more. Plus, it’s ideal for low- to high-affinity 
interactions and is highly scalable. 
HTRF technology: Meet the gold standard for time-resolved FRET. 

HTRF
TIME-RESOLVED 
FRET DONE

RIGHT



Bind. Wash. Elute.
Single-spin DNA and RNA purifi cation.
Traditional silica-based nucleic acid purifi cation spin 
prep kits require multiple, tedious wash and spin steps 
with lots of hands-on tube manipulation and little 
downtime. 

There’s a better way – GenElute™-E Single Spin 
Purifi cation Kits.
•  Purifi cation in one spin for a simplifi ed workfl ow
•  No chaotropic salts or organic solvents for fewer 

chemical impurities 
• Reduced shearing of genomic DNA
• 55% less plastic waste for a better environment

Using a negative chromatography method 
dependent on size exclusion to separate and 
purify large nucleic acid molecules from samples, 
GenElute™-E DNA and RNA purifi cation kits deliver 
high yield, high concentration, and better-quality DNA 
and RNA preps compared to silica-based bind-wash-
elute spin prep kits. 

Better results. Fewer steps. Just elute.
Learn more at SigmaAldrich.com/singlespin 
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