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Ancient cuisine  Cooked fish was on the menu 780,000 years ago
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Science of sleep 
and dreams
Discover the latest thinking about 
the science of sleep in this free 
short course. There are tips on 
how to sleep better, as well as 
video tutorials from experts in 
psychology and neuroscience. 
Plus, there is an opportunity to 
learn about sleep engineering – 
the idea that we can manipulate 
sleep to maximise its health and 
cognitive benefits. 

academy.newscientist.com

Virtual event
The best of New 
Scientist 2022
Subscribers can now register 
for this free event, in which our 
expert panel of journalists review 
the biggest scientific stories of 
the year and look forward to 
2023. There is also a chance to 
put your questions to the team. 
Join us online at 6pm GMT/1pm 
EST on 13 December. 

newscientist.com/
decevent1

Podcast
Weekly
Podcast editor Rowan Hooper 
talks to David Labonte at Imperial 
College London about Atta 
vollenweideri leaf-cutter ants, 
which have been farming fungi 
for at least 45 million years and 
have evolved a variety of special 
features to perform the task. 
There is also news of a way 
to distinguish wormholes – 
assuming they actually exist – 
from black holes. Plus, ancient 
cooking at a 780,000-year-old 
archaeological site in Israel. 

newscientist.com/nspod
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Health Check
After acquiring a cat, health 
reporter Clare Wilson discusses 
toxoplasmosis, an infection we 
can pick up when emptying a 
cat’s litter tray. Caused by the 
Toxoplasma gondii parasite, 
it may change people’s 
behaviour – but a new study 
suggests its prevalence is falling 
in high-income countries.

newscientist.com/
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Video
Thought control
On our YouTube channel this week, 
there is video footage of a person 
with paralysis of all four limbs 
testing a new system for controlling 
a wheelchair using just their 
thoughts. The technology 
involves a skullcap containing 
31 electrodes that detects brain 
activity non-invasively, then passes 
the information to an AI that 
controls the electric wheelchair. 

youtube.com/newscientist
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Sweet dreams  Pick up tips to improve the quality of your sleep

Academy

Dear reader,
For two decades, the south-west 
of North America has been in the 
grip of its worst drought for a 
thousand years. This megadrought 
has withered the region, fuelling 
severe wildfires and dramatically 
altering the landscape, perhaps 
forever. It is also changing ways 
of life for millions of people, and 
the impacts will ripple out to 
global economies too. 

Over the past two months, 
our Parched Earth series has been 
investigating what is happening 
with the megadrought: what 
caused it, how we can mitigate 
against its harms, how it will end 
and what we know and don’t know. 
The series culminates with one of 
the most important pieces yet. 
The Colorado river – known as 
the Nile of North America – carved 
the Grand Canyon millions of years 
ago. Today, it is in deep trouble, as 
Chelsea Whyte reports in this issue. 
The question is, can it be saved?

Megadroughts aren’t new, 
but the grim reality is that climate 
change is exacerbating trends, 
making drought more common 
and more severe. In some parts 
of the world, megadrought is set to 
become the new normal. Adapting 
to this devastating shift will require 
rethinking everything from how 
food is grown and what people eat 
to how water is used in daily life. 

Visit newscientist.com/
megadrought to see the entire 
Parched Earth series.

Tiffany O’Callaghan 
New Scientist US editor

A note from  
the US editor
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The leader

WHEN it comes to communicating and 
connecting with others, language is the 
most important tool we have. But it isn’t 
always a unifying force. A survey of people 
in 14 high-income countries, for example, 
found that language was considered by 
far the most critical factor in defining 
national identity, which suggests we 
tend to think people who don’t speak 
“our national language” may not belong. 

The reconstruction of prehistoric 
languages offers an intriguing antidote 
to this way of thinking. As we explore in 
a feature this week, many of the world’s 
tongues share a common history. This 
goes beyond the obvious – the similarities 
between English and German, say – and 
instead shows how languages as diverse 
as Bengali, Hungarian and Mongolian 

might ultimately all belong to the same 
vast “super-family”.

The linguists, geneticists and 
archaeologists chasing down the 
prehistoric origins of all these languages 
should be applauded. Their work not 
only reveals more about the ancient 

people who spoke this ancestral tongue, 
but also reminds us that it is scientifically 
legitimate to seek out cultural identity at 
an international level. 

Their research can be misused, of 
course. The fact that so many living 
people speak a so-called “Indo-European” 

language is because, deep in prehistory, 
the people who spoke these tongues 
migrated across the Eurasian landmass, 
carrying the languages with them. As a 
result, various languages disappeared. 
At first glance, this may seem to support 
extremist views that portray migrants 
as frightening because of their power to 
weaken “our” culture. The truth is more 
nuanced, however, with evidence that 
prehistoric communities borrowed 
cultural ideas from one another in a way 
that suggests immigrants weren’t feared.

With ongoing research, these subtler 
readings of prehistory are easier to 
detect. The challenge will be to ensure  
they are brought to the fore when today’s 
discussions about cultural identity lean 
on the prehistoric evidence.  ❚

Common language
The ancestral tongue of half the world reminds us of our shared cultural identity

“ The reconstruction of prehistoric 
languages offers an intriguing 
antidote to divisive thinking”
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DELEGATES at the COP27 climate 
summit in Sharm El Sheikh, Egypt, 
have agreed to create a global 
“loss and damage” fund to provide 
cash for vulnerable nations hit by 
the impacts of climate change.

After more than 20 years of 
campaigning by low-income 
countries battered by increasingly 
severe droughts, storms and other 
extreme weather, high-income 
nations finally backed plans for a 
compensation fund in the early 
hours of 20 November.

Details of how the fund will 
operate, including the crucial 
question of which nations will 
contribute, are still to be worked 
out. But activists and delegates 
from vulnerable nations said 
the agreement was a historic 

victory for climate justice.
Saleemul Huq at the 

Independent University in 
Bangladesh has spent decades 
pushing for a global loss and 
damage agreement. “This has 
been a demand from the most 
vulnerable countries for a long 
time and has always been blocked 
by the developed countries,” he 
says. “This time, all the developing 
countries were united under 
the leadership of Pakistan and 
managed to get the developed 
countries to finally agree to 
establish the fund for addressing 
loss and damage from human-
induced climate change.”

However, the European Union, 
the UK and other high-income 
nations were deeply unhappy with 

the final outcome of the summit. 
They argue that the overall deal 
does little to advance progress on 
cutting greenhouse gas emissions 
this decade and therefore weakens 
any chance of limiting warming 
to 1.5°C above pre-industrial 
temperatures, a target set in the 

2015 Paris Agreement. Attempts 
to push for tougher carbon cuts 
faced strong opposition from 
large, polluting nations and fossil 
fuel-rich states including Russia 
and Saudi Arabia.

COP26 president Alok Sharma 

Promise to fund nations at risk of climate impacts was overshadowed 
by a lack of progress on emissions, reports Madeleine Cuff

Mixed view on COP27 deal
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Climate change

said the UK and others “had 
to fight relentlessly to hold the 
line” on what was agreed at last 
year’s summit in Glasgow, UK, 
which saw countries urged to 
deliver more ambitious climate 
plans with faster emissions 
cuts this decade.

He expressed disappointment 
that the final agreement lacked 
any reference to ensuring that 
global emissions peak before 2025 
and to further action on phasing 
down the use of coal and phasing 
out fossil fuels.

In fact, the final text inserted 
a call for an increase in “low-
emission and renewable energy”, 
which some countries fear could 
be interpreted as allowing an 
expansion in natural gas use.

“Friends, I said in Glasgow 
that the pulse of 1.5°C was weak,” 
said Sharma. “Unfortunately, it 
remains on life support. And all 
of us need to look ourselves in 
the mirror and consider if we 
have fully risen to that challenge 
over the past two weeks.”

Without accelerating cuts to 
greenhouse gas emissions this 
decade, climate scientists warn 
it will be impossible to avoid a 
global temperature rise of more 
than 1.5°C. The EU’s climate policy 
chief, Frans Timmermans, said 
the deal “does not address the 
yawning gap between climate 
science and climate policy” and 
that “it does not bring a high 
degree of confidence”.

Despite the discontent, the 
Egyptian presidency claimed 
victory. “We rose to the occasion,” 
Sameh Shoukry, Egypt’s foreign 
minister, told delegates. “We 
worked around the clock, day 
and night, but united in working 
for one gain, one higher purpose, 
one common goal. In the end, 
we delivered. We listened to the 
calls of anguish and despair.”  ❚

The COP27 climate 
summit concluded 
on 20 November
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HOSTING a climate summit for 
40,000 people in the desert, in 
the midst of a food and energy 
crisis, is no mean feat. But 
sympathy for COP27 host Egypt 
was running thin within hours of 
the first delegates arriving at the 
main venue in Sharm El Sheikh 
earlier this month. 

The site itself was a tangle 
of temporary marquees and 
prefabricated structures nestled 
around an existing conference 
centre. Lost delegates plodded 
around in the baking sun, 
desperately searching for signs 
of their meeting room. Many 
were loath to download the 
official conference app for 
directions amid serious 
concerns of state surveillance. 

There were long queues for 
food and water, and horror stories 
of people arriving at their hotels 

only to find their rooms double-
booked or the price hiked by 
hundreds of dollars per night. 
“Chaos” was the verdict of a 
member of the UK delegation.

The difficulties set the tone 
for a conference that often felt 
as if it was lacking a clear vision 
or narrative. One minute, 
delegates could stroll into a side 
event to watch the launch of a 
new scheme to crack down on 
misleading net-zero pledges 
that rely on offsets; the next, they 
could listen to US climate envoy 
John Kerry tout a new scheme to 
use carbon credits to allow US 
firms to meet their climate goals.

They could sit in on a press 
conference where analysts warned 
that the world risks blowing its 
climate targets because of Europe’s 
“dash for gas” while just metres 

“ COP27 delegates’ 
fortnight in the sun 
felt, at times, more 
like a test of endurance”

Field notes
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COP27 was a conference of chaos
There was precious little to cheer about at a meeting marred by long queues for food, 
expensive accommodation and a sense of stagnation, reports Madeleine Cuff

Luiz Inácio Lula da Silva 
(centre) brought a flash 
of excitement to COP27

News COP27

and Sharm El Sheikh’s sprawling 
layout contributed to the 
summit’s muted atmosphere. 
Egyptian police tried to relegate 
activists to a designated “protest 
zone” a car ride away from the 
venue, until – in an unprecedented 
move – the UN granted permission 
for a demonstration inside the 
main venue on 12 November.

As the conference went on, 
there were flashes of excitement. 
An address from US president 
Joe Biden was briefly interrupted 
by the whoops of anti-fossil 
fuel protesters, while the arrival 
of Brazil’s president-elect 
Luiz Inácio Lula da Silva on 
16 November sparked energetic 
chants of “olê, olá, Lula” through 
the pavilion halls. 

During a speech to delegates, 
Lula promised to halt deforestation 
across Brazil by 2030 and to 
expand climate-friendly farming 
methods. Carlos Nobre at the 
University of São Paulo, Brazil, 
says these promises could get 
the country to net-zero emissions 
by 2040, 10 years earlier than 

planned. “Fortunately, I was 
lucky enough to be there when 
President Lula gave his speech,” 
he says. “I was very impressed, 
it was a beautiful speech.”

Rapprochement in Bali
Meanwhile, there was relief as the 
US and China agreed to restart co-
operation on climate issues, after 
Biden met Chinese president Xi 
Jinping on the sidelines of the G20 
summit in Bali, Indonesia. Keen 
to underscore their newfound 
partnership, China’s climate envoy 
Xie Zhenhua paid a surprise visit 
to a US side event on methane at 
COP27. “Even though I currently 
have a meeting with the German 
foreign minister, I told her to wait 
a little bit so I can come and talk 
to all of you,” Xie said at the event. 

But behind the scenes, the 
formal negotiations had hit 
trouble. By 17 November, there 
were fears the summit could 
collapse altogether as countries 
butted heads over loss and 
damage financing. UN secretary-
general António Guterres jetted 
in with a stern warning for the 
bickering parties: “This is no 
time for finger-pointing,” he said. 
“The blame game is a recipe for 
mutually assured destruction.”

It didn’t stop countries 
pushing the talks to their 
limit, with fraught bargaining 
continuing well past the 
summit’s official deadline 
and even as the conference 
site itself was dismantled. 

Sharm El Sheikh is usually 
a destination for sun-seekers 
looking for a week of relaxation. 
For COP27 delegates, their 
fortnight in the sun felt, at times, 
more like a test of endurance.  ❚

away, oil and gas firms boasted 
of gas’s role as a transition fuel.

Side events designed to 
demonstrate progress since COP26 
on key areas, such as deforestation 
or fossil fuel financing, heightened 
the sense of stagnation. At last 
year’s talks in Glasgow, UK, 
145 nations promised to halt 
deforestation by 2030. But just 
26 countries joined a partnership 
launched in Sharm El Sheikh 
designed to deliver that pledge. 
In Glasgow, almost 40 nations 
committed to ending public 
financing for fossil fuel projects 
abroad, but the initiative attracted 
no new signatories in Egypt. 

Oppressive state policing 

US climate envoy 
John Kerry speaking 
at COP27 in Egypt D
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ANOTHER year, another COP, another 
failure to cut carbon emissions. 
As the COP27 climate summit in 
Sharm El Sheikh, Egypt, drew to 
a close, delegates from countries 
most vulnerable to the effects of 
global warming were celebrating the 
agreement of a “loss and damage” 
fund to compensate for the results 
of escalating climate change. But 
as the dust has settled, many see 
this victory as coming at the cost of 
securing further progress on driving 
down emissions (see page 7).

Some activists criticised the 
deal as a “cut and paste” replica 
of agreements secured at last 
year’s COP26 in Glasgow, UK, while 
technical discussions on cutting 
emissions this decade resulted in 
a weak agreement that will do little 
to push countries into setting more 
ambitious targets in an effort to 
stay below 1.5°C of warming 
above pre-industrial levels.

“We are another year into this 
critical decade, and not backsliding 
is not enough. We’re basically one 
step further towards exceeding 
1.5°C,” says Kaveh Guilanpour, a 
former climate negotiator now at 
the US-based Center for Climate 
and Energy Solutions.

With that in mind, is it time to 
rethink what the world should be 
aiming to achieve at the annual 
COP meetings?

The European Union, the UK 
and others that pushed for more 
ambitious emissions cuts in Egypt 
will be hoping that next year’s 
COP28 summit, due to be held 
in the United Arab Emirates, will 
focus more heavily on the causes 
of climate change, rather than its 
impacts. They argue – rightly – 
that without drastic reductions 
in greenhouse gas emissions, 
the bill for loss and damage will 
just keep growing.

On paper, COP28 could be a 
crucial moment for advancing 
emissions cuts. The summit 

will mark the release of the first 
“Global Stocktake”, an assessment 
of countries’ progress on their 
emissions goals, which it is hoped 
will propel nations to make bolder 
plans to cut emissions in 2025.

But lower-income countries 
are becoming exasperated 
by the constant pressure from 
higher-income nations to improve 
their climate targets, particularly 
when the financial help that has 
been promised in return has 
proven  elusive. 

At one of the final plenaries 
of COP26, India’s environment 
minister, Bhupender Yadav, told 
delegates that too much focus was 
being placed on pushing countries 
to increase their ambitions, while 
“none of the same urgency” was 

being shown in the drive to increase 
climate finance.

During COP27, those tensions 
resurfaced during technical 
discussions on the “mitigation 
work programme”, talks charged 
with scaling up climate ambition 
this decade. High-income countries 
such as Switzerland wanted major 
emitters, regardless of their 
economic status, to be called on to 
cut emissions further this decade. 
But lower-income nations, including 
India and Bolivia, argued richer 
countries with the highest historical 
emissions must take the lead in 
delivering further emissions cuts 
before expecting less well-off 
nations to do more. Bolivia’s 
chief negotiator, Diego Pacheco, 
warned the talks were “pressuring 
developing countries to enhance 
mitigation action”.

So what is the way forward? 
Guilanpour says the COP summits 

need to stop focusing so much 
on extracting ever more ambitious 
climate pledges from reluctant 
governments and concentrate 
instead on how to make nations 
actually want to decarbonise 
faster. “Having pressure only 
on target setting, while it’s 
important, increasingly it’s 
not sufficient,” he says.

That means using the annual 
climate gatherings to focus more 
on providing real-world support to 
nations rolling out electric cars or 
renewable power, for example. 
Agreements like the Just Energy 
Transition Partnership are a glimmer 
of what this could look like. The 
JET-Ps, as they are known, see richer 
nations band together to arrange 
billions of dollars of financing for 
lower-income countries to shut 
down polluting power stations 
and pivot to green energy. So far, 
two deals have been announced, 
benefiting South Africa at COP26 
and Indonesia this year at COP27.

But schemes like the JET-Ps are 
time-consuming and resource-
intensive, and they are only part of 
the answer. If high-income nations 
want faster progress on cutting 
emissions, they need to show 
other nations that “green growth”’ 
isn’t just a slogan. Despite grand 
promises of a net-zero global 
economy, the only nation in the 
world delivering climate action in 
line with a 1.5°C trajectory is Gambia.

Until high-income nations 
can demonstrate that going 
green pays off, pushing for faster 
emissions cuts will be an uphill 
struggle at COP summits. 

“It’s not the negotiations that 
are at fault,” says Guilanpour. “It’s 
the lack of political leadership.”  ❚
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Analysis  The future of COP
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Protesters at the 
COP27 summit in 
Sharm El Sheikh, Egypt

What are climate summits for?  The lack of action on cutting carbon 
emissions at COP27 has drawn criticism, but lower-income nations can 
only go green with support for economic growth, says Madeleine Cuff

“ COP summits should 
concentrate on how 
to make nations want 
to decarbonise faster”
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NASA’s Artemis I mission has 
made a close approach to the 
moon, flying within 130 kilometres 
above the farside of the lunar 
surface on 21 November.

The Orion capsule blasted off on 
top of the enormous Space Launch 
System (SLS) rocket, the most 
powerful ever launched, on 
16 November. After years of 
delays and several missed launch 
opportunities this year thwarted 
by hydrogen leaks, technical issues 
and, most recently, a hurricane 
that SLS weathered on the 
launchpad at Cape Canaveral 
in Florida, the lift-off went 
astonishingly smoothly.

“It was surprising to me that it 
went without a hitch,” says space 
analyst Laura Forczyk. “I mean, 
there were small hitches, but it 
didn’t explode!” The biggest of 
those hitches was a set of loose 
bolts that a team was sent out 
to the launchpad shortly 
before launch to tighten – it 
is extraordinarily rare to see 
anyone working on rocket 
hardware so close to lift-off.

As New Scientist went to press, 
Orion is due to enter orbit around 
the moon on 25 November. Then, 
after six days in orbit, it has got to 
come back – a part of the mission 
that is just as crucial as the launch 
itself. The craft is expected to 
return to Earth on 11 December.

“Bringing Orion back is going 
to be as big a challenge as getting 
off the Earth,” NASA associate 
administrator Thomas Zurbuchen 
told New Scientist. “The risks just 
add up… The mission is only over 
once Orion is down safely here.” 
Only then can it be considered 
safe enough to put humans 
aboard, which is the goal of the 
Artemis II mission, currently 
planned for 2024.

For that mission, NASA will have 
to be even more careful. “Humans 
are needy creatures,” says Emily 

Space exploration
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A swing around the moon
The uncrewed Artemis I mission has reached the moon and is expected to return 
to Earth on 11 December, paving the way for a crewed mission, reports Leah Crane

The Artemis I Orion capsule 
passed behind the moon on 
21 November, momentarily 
losing sight of Earth. Below: 
Orion blasted off aboard 
the Space Launch System 
rocket on 16 November
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Judd at NASA’s Langley Research 
Center in Virginia. “We have to 
have the oxygen to breathe, we 
need food, all of the life-support 
systems that are required – part 
of Artemis I is testing out those 
systems, making sure that 
everything is ready for the crew 
when they go up on Artemis II.”

Scientific goals
While Artemis I’s main purpose 
is to test the SLS and Orion 
spacecraft ahead of Artemis II, 
which will see a crewed Orion 
perform a lunar flyby, there are 
some other scientific goals as 
well. SLS carried 10 cubesats, 
which are small satellites weighing 
only about 11 kilograms each, and 
released them into space hours 
after the launch.

Four of the cubesats are 
designed to study the moon, 
including a Japanese experiment 
called Omotenashi, which is 
intended to perform a soft landing 
on the moon’s surface. This would 
make Japan only the fourth nation 
to do so, and with the smallest 
lunar lander ever. However, 

Omotenashi appears to be 
tumbling in space, which might 
prevent it from landing.

Three of the cubesats are 
intended to study radiation in 
space. Another, called NEA Scout, 
will fly via solar sail to a nearby 
asteroid, while the remaining two 
are technology demonstrations 
for improved methods of 
deep-space propulsion. According 
to a NASA press conference 
on 18 November, five of the 10 
cubesats are currently working 
as expected, while the other 
five are experiencing technical 
issues such as being unable 
to communicate with their 
operators on Earth.

Artemis I is building to the 
Artemis III mission, which is 
intended to take astronauts to 
the moon’s surface for the first 
time since Apollo 17 in 1972 – and 
inform future scientific study. 

“We have barely touched the 
surface of what we can learn – yes, 
about the moon, but also about 
Earth and about how we can 
survive on Mars,” says Forczyk. 
“The moon is the stepping stone 
to the solar system.”  ❚

130
Height of the Orion craft 
above the moon at its closest 
approach, in kilometres
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NEW names for the world’s largest 
and smallest numbers were 
confirmed by a vote at the General 
Conference on Weights and 
Measures (CGPM) in Versailles, 
France, on 18 November. The new 
prefixes for existing units ushered 
in were ronna and quetta for very 
large numbers and ronto and 
quecto for very small ones.

The International System of 
Units (SI) is a standard, agreed on 
by most scientists, that underpins 
measurements. As well as defining 
things like the kilogram and the 
metre, it sets how very large and 
small numbers should be named.

The last expansion to this 
naming scheme was in 1991, when 
numbers with 21 or 24 zeros were 
given the prefixes zetta (1021) and 
yotta (1024) for the very large and 
zepto (10-21) and yocto (10-24) for the 
very small. There were few reasons 
to use them at the time, but the 
growing amount of data generated 
by the internet makes them more 
useful now – the amount of 
information is projected to hit 
175 zettabytes by 2025.

“There’s already been quite a 
bit of speculation in the popular 

media about what could come 
above a yottabyte,” says Richard 
Brown at the National Physical 
Laboratory, the UK’s measurement 
standards centre.

For instance, brontobyte has 
been informally used by some to 
describe 1027 bytes, while Google’s 
unit converter has long changed 
1027 bytes into a hellabyte. 
However, these don’t fit with 
the SI naming scheme, because 
the letters “b” and “h” are 
already used for prefixes or are 
in common use for other units, 
says Brown, so the official 
adoption of the new prefixes 
will ensure that alternatives 
don’t get too deeply embedded 
in the scientific literature.

Brown helped draft the proposal 
that the CGPM member states 
voted for. As there were no 
objections, the two new prefixes 
for numbers with 27 and 30 zeros 
became ronna (1027) and quetta 
(1030) for large numbers, and 
ronto (10-27) and quecto (10-30) 
for small numbers.

Although they will become 
SI prefixes with immediate effect, 
it might take a while for scientists 

to adopt them in their work.
Some are sceptical of whether 

they will be helpful at all. “We tend 
to define our own units, which are 
just useful in terms of the things 
we are actually looking at,” says 
astronomer Mike Merrifield at the 
University of Nottingham, UK.

Brown suggests that ronto and 
quecto could have uses in radio 
astronomy, such as for measuring 
the very weak strength of the 

cosmic microwave background, 
radiation left over from the big 
bang. Merrifield says astronomers 
already frequently use the non-SI 
jansky for this.

However, the benefits for 
science communication are clear, 
says Brown. “You’re going to be 
able to communicate what you 
mean a lot better if you use these 
standardised approaches.”

While the names may seem 
random, they adhere to tight 
guidelines, says Brown. “R” and 
“q” were the only letters left in 
the English alphabet that were 
available for use, the middle of 
the words were loosely translated 
from the Greek or Latin term 
for how many times you need 
to multiply 1000 by to get to the 
numbers, he says, and the endings 
were because large prefixes end in 
“a” and small prefixes finish in “o”.

As for how long it might be 
before we see even larger or 
smaller prefixes, Brown thinks 
we will be waiting at least 25 years. 
“It’s very difficult to predict the 
future, but I suspect that this will 
certainly see me out, I imagine, 
for my retirement and longer.”  ❚

Measurement

Alex Wilkins
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Ronnametres and quettagrams have 
joined the ranks of scientific units

We were running out of 
words for the magnitude 
of internet data on servers

Health 

PREMATURE or low-birth-weight 
babies who are clinically unstable 
should have skin-to-skin contact, 
known as kangaroo care, before 
incubation, according to updated 
guidance from the World Health 
Organization (WHO). 

“The guidelines apply to all 
babies except those that need 
mechanical ventilation,” says 
Harish Chellani at the Vardhman 
Mahavir Medical College in India.

Around 15 to 20 per cent of 
newborns globally are premature – 
born before 37 weeks – or 
have a low birth weight, below 
2.5 kilograms, which can make 
them clinically unstable. This 
is partly defined as needing 
intravenous fluids or having an 
unhealthy breathing or heart rate.

Since 2015, the WHO had 
recommended that such babies 
were incubated until they became 

clinically stable and only then 
receive kangaroo care. This was 
based on research that examined 
the care of newborns in hospital, 
with the results suggesting 
that having kangaroo care 
post-incubation cuts the risk of 
death by 40 per cent compared 
with incubation alone. 

The new advice follows a trial 
with more than 3200 low-birth-
weight infants and their mothers 
who gave birth in hospitals in 
five African or Asian countries. 

Chellani and his colleagues 
compared babies who received 
immediate, prolonged kangaroo 

care before incubation with those 
who had limited skin-to-skin 
contact after incubation. 

The babies who had immediate 
kangaroo care that continued for 
about 17 hours a day until they 
were discharged were 25 per cent 
less likely to die within one month 
than those who were incubated first 
(NEJM, doi.org/gj7nz2). This 25 per 
cent drop occurred on top of the 
previously mentioned 40 per cent 
fall. Outside this 17-hour window, 
the babies were in an incubator. 

Kangaroo care may boost a 
baby’s immunity and lower stress.  ❚

WHO reverses its 
advice on ‘kangaroo 
care’ for newborns

“ The new guidelines 
apply to all babies 
except those that need 
mechanical ventilation” Carissa Wong
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AROUND 50,000 years ago, 
a new X chromosome appears 
to have been introduced into 
modern humans that had not 
long left Africa. 

There was probably 
exceptionally strong selection 
for parts of this chromosome 
because, today, most people 
of less-recent African ancestry 
have inherited those regions.

Kasper Munch Terkelsen at 
Aarhus University in Denmark, 
who led the research, thinks 
these regions may contain bits 
of so-called selfish DNA that 
promote their own spread 
by killing sperm that carry 
Y chromosomes. Such sperm 
lead to male offspring if they 
fertilise an egg. The selfish DNA 
may therefore result in the birth 
of more daughters. Exactly when 
this “killing” occurs is unclear.

All this would lead to a higher 
proportion of people inheriting 
the X chromosome that carries 
the selfish DNA, causing it to 
spread rapidly in a population, 
in an example of meiotic drive, 
a kind of gene drive.

“For some reason, there’s 
a reluctance to entertain the 
thought that meiotic drive is a 
thing in humans,” says Terkelsen. 
Yet meiotic drives are being found 
in all the organisms we study 
closely, he says.

Terkelsen and his colleagues 
analysed X chromosomes from 
male humans in a database of 
genomes from around the world. 

They found that people with 
long-standing African ancestry 
have an even diversity across their 
X chromosomes, meaning their 
DNA is a mix of genetic material 
from many different ancestors. 

But in people without recent 
African ancestry, there are regions 
that are tens of thousands of 
DNA letters long with hardly any 
diversity. This suggests that each 

“ For some reason, there’s 
a reluctance to entertain 
the thought that this ‘gene 
drive’ is a thing in humans”

Genetics
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Selfish DNA in X chromosome
Among people without recent African ancestry, the X chromosome may have evolved to kill 
sperm that carry Y chromosomes, leading to more female offspring, says Michael Le Page

Micrograph of X (top) 
and Y chromosomes 
in a human male

News

region derives from a single 
ancestor. Five of the regions were 
found in more than 75 per cent 
of people without recent African 
ancestry (bioRxiv, doi.org/jm4c).

“The X chromosome is crazily 
enriched in these low-diversity 
regions,” says Terkelsen.

These X chromosome regions 
are also present in the genome 
of the Ust’-Ishim man, a modern 
human who lived in what is now 
Siberia around 45,000 years ago. 

The team also found that 
the regions displaced bits of 
Neanderthal DNA that entered 
the population to which the 
Ust’-Ishim man belonged around 
10,000 years before his birth. 
This means these regions spread 
55,000 to 45,000 years ago. 

Terkelsen thinks the source of 
the regions was an X chromosome 
that arose in an east Asian 
population. This group may have 
then bred with the Ust’-Ishim 
man’s ancestors around this time.

The reason why the regions 
spread so rapidly could be to do 
with a lack of defence mechanisms 
on the Y chromosomes of the 
Ust’-Ishim people, says Terkelsen. 
Meiotic drives result in an 

evolutionary battle between 
the sexes or, more specifically, 
the sex chromosomes.

The cells that give rise to sperm 
divide by a process called meiosis, 
which should result in half the 
sperm carrying an X chromosome 
and half a Y chromosome. But 
genetic variants can skew this 
and result in a greater or smaller 
number of boys or girls being 
born. In other words, a meiotic 
drive comes about because X or 
Y chromosomes selfishly favour 
their own survival, even if those 
variants are detrimental to the 
population as whole.

X and Y chromosomes can 
evolve mechanisms to counter 
the effects of meiotic drives on 
rival chromosomes, resulting in 
a more even balance of sons and 
daughters being born over time, 
which may be the case now 
among modern humans. But 
when a chromosome with a 
strong meiotic drive enters a 
new population with no counter 
mechanisms, that chromosome 
can rapidly spread.

This is just speculation, 
however, as Terkelsen makes 
clear. “This paper does not show 
anything other than a striking, 
puzzling observation,” he says.

“[Meoitic] drive seems like 
quite a reasonable hypothesis,” 
says SaraH Zanders at the Stowers 
Institute for Medical Research in 
Missouri. “Drive does lead to these 
type of sweep signatures.”

Several mechanisms that can 
lead to meiotic drive in humans 
have already been identified, says 
Zanders, at least one of which is 
linked to male infertility. 

Future studies should look 
at whether the X chromosome 
regions the team identified are 
linked with male infertility, says 
Terkelsen, which would provide 
more evidence that these regions 
harbour a meiotic drive.  ❚

50,000
Approximate number of years 
since the new X chromosome 
was introduced

5
X chromosome regions with little 
diversity are found in most people 
without recent African ancestry
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Jason Arunn Murugesu

FIVE genetic variants have 
been identified that may 
raise the risk of myopia when 
combined with an individual 
being educated to university 
level. The discovery could help 
to identify children who are 
more likely to develop the eye 
condition so that interventions 
can be put in place to help 
prevent its onset, such as by 
spending more time outdoors.

Myopia, also known as 
short-sightedness, is a common 
condition that affects a person’s 
ability to see distant objects.

Prior to this study, genetic 
and non-genetic factors, such 
as time spent in education, were 
thought to affect our risk of 
myopia. Rosie Clark at Cardiff 
University, UK, and her team 
wanted to better understand 
how these factors interact to 
influence the condition’s onset.

The team did a genome-wide 
association study on people 
with European ancestry. These 
look for variations associated 
with a particular condition.

The researchers first looked 
for variants linked to myopia 
in more than 88,000 adults, 
assessing whether the 

participants had the condition 
according to a standard eye test.

They identified 19 variants 
linked to different severities of 
myopia when they interact with 
certain environmental factors 
or other genes.

Finally, the team analysed 
these variants in more than 
250,000 people who wore 
glasses. “We generally took 
people who said they started 
wearing glasses before 25 
as a sign they had myopia,” 

says Clark. It is among the most 
common causes of wearing 
glasses in younger people.

The researchers were 
particularly interested in 
a potential three-way link 
between genetic variants, 
education level and myopia.

They therefore also looked at 
whether the participants went 
to university. “Many studies 
have shown the link between 
education and myopia,” says 
Clark. More time in education 

is usually linked to more time 
indoors, she says. We know from 
other research that frequently 
spending time outdoors may 
prevent myopia’s onset or stop 
it worsening.

The results suggest five 
of the 19 genetic variants are 
affected by education level. 
If you have these five genetic 
variants and the non-genetic 
factor of university education, 
the team found you will be more 
susceptible to myopia (PLoS 
Genetics, doi.org/gq82kj).

Two of the variants were 
identified in a previous study 
looking at myopia in people of 
east Asian ancestry. Some of the 
five variants are linked to the 
visual system, but it is unclear 
how they may cause myopia, 
says Clark. In fact, why it occurs 
at all isn’t entirely clear.

The findings may not apply 
to people of non-European 
descent, says Clark. About 
30 per cent of children in the 
West develop myopia compared 
with 80 per cent of children in 
east Asia, she says.

Nevertheless, identifying 
these variants could one day 
help us determine a child’s 
myopia risk and take action. 
“Maybe the child could learn 
outdoors or we’re going to make 
sure the child takes regular 
breaks and has time [during the 
school day] outside,” says Clark.

Ian Morgan at the Australian 
National University in Canberra 
isn’t sure the research has 
practical applications. “This 
adds to our understanding, but 
the bottom line is that it is not 
clear that genetic analysis is 
leading to useful interventions 
to control myopia,” he says.  ❚

Myopia risk linked to genetic 
variants and doing a degree
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Myopia is a key reason 
why people need to 
wear glasses

30%
Proportion of children in the West 
who develop short-sightedness 

Technology

Matthew Sparkes

CONNECTING Apple computers 
together may effectively create 
a supercomputer, enabling people 
to do demanding computational 
tasks more cheaply.

Researchers who need powerful 
computers to run experiments have 
been moving away from monolithic 
supercomputers. Instead, they often 
prefer clusters of cheaper graphics 
processing units (GPUs), but high 
demand has pushed up GPU prices.

Now, Collin Capano and 
Connor Kenyon at the University 
of Massachusetts, Dartmouth, have 
found that a stack of Apple laptops 
may work as an alternative.

Apple’s latest laptops, desktops 
and iPads use M1 chips. Each chip 
integrates almost all the functions 
needed to create a computer, rather 
than having them spread across 
numerous chips.

Capano and Kenyon compared 
Apple’s M1 and M1 Ultra chips with 
state-of-the-art GPUs, including 
several NVIDIA ones, some of 
which are being used by Facebook’s 
parent company Meta to build the 
world’s most powerful AI-specific 
supercomputer. Both Apple chips 
beat three versions of the NVIDIA 
GPU in benchmark tests. 

The NVIDIA chips can be 
bought as individual components, 
whereas you need to buy Apple 
computers containing M1 chips 
rather than being able to get the 
chips standalone. Despite this, the 
cost of getting hold of the M1 chips 
was still competitive (arxiv.org/
abs/2211.00720).

One remaining hurdle to creating 
a supercomputer this way is the 
proprietary tech on the M1 devices. 
“This means having to write code 
specifically for these processors, 
which is kind of a pain,” says 
Capano. For the gravitational wave 
astronomy his team does, it means 
using Apple’s Metal language, which 
is used to communicate with 
graphics hardware, he says.  ❚

Stack of Apple 
laptops could work 
as a supercomputer
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Chemistry

We finally know 
in detail how salt 
dissolves in water

A LONG-STANDING mystery 
about how salt dissolves in 
water has finally been solved, 
thanks to machine learning.

Understanding the complete 
process of how sodium chloride, 
or salt, dissolves in water is 
important for a range of scientific 
disciplines, from accurate climate 
models to making batteries.

Researchers have tried to work 
out what happens on a molecular 

level using computer simulations 
that start with a configuration 
of salt crystals in water, but 
the large number of complex 
interactions between the salt 
and water molecules makes it 
computationally infeasible to go 
any further than the initial stages.

Now, Niamh O’Neill at the 
University of Cambridge and her 
colleagues have used a machine 
learning model to better predict 
these complex interactions, which 
means the model can peer further 
ahead in the dissolution process 
(arXiv, doi.org/jmvg).

Much of the mystery about the 

later stages of dissolution revolved 
around whether the salt crystal 
broke down into smaller and smaller 
crystals or suddenly dissolved into 
individual ions all at once – but 
O’Neill and her team’s model has 
shown it is a sort of crumbling.

“We initially get some of the 
ions slowly dissolving off, step  
by step, and then the crystal gets  
to some point where it gets quite 
unstable, and then it just really 

rapidly disintegrates or crumbles,” 
says O’Neill.

The neural network was able to 
predict these complex interactions 
because it was fed a large data set 
of smaller examples of how salt 
ions and water molecules interact 
and the forces between them, 
which are easier to calculate 
accurately, says O’Neill.

The quality of the data fed 
into the model and the large 
number of simulations are key 
to the model’s success, says Jiri 
Klimes at Charles University in 
Prague, Czech Republic.  ❚
Alex Wilkins

“ The crystal gets to some 
point where it gets quite 
unstable, and then it just 
rapidly crumbles”

A QUANTUM computer has run 
the largest quantum program yet. 
The computer made errors, but 
researchers were able to extract 
a meaningful result anyway using 
a mathematical error mitigation 
technique.  The approach could 
help quantum computers become 
more useful than their imperfect 
hardware would otherwise allow 
them to be.

Quantum computers have the 
potential to solve problems that 
even the best conventional 
supercomputers can’t. Yet, except 
for in a few cases, most existing 
quantum computers are either too 
small or make too many errors to 
achieve this. Youngseok Kim at 
IBM and his colleagues have made 
progress on both fronts.

Physicists write quantum 
computer programs by working 
out so-called quantum circuits. 
A circuit’s size is defined by how 
many operations, like turning a 0 
into a 1, it contains and how many 
qubits, or quantum bits, it uses. 
The larger it is the more complex 
a problem the associated program 
can solve. But there are also more 
chances for errors to creep in.

Previously, the team’s largest 
meaningful quantum circuit used 
26 qubits and contained 1080 
individual operations. Now, the 
researchers have run a quantum 
circuit with 127 qubits and over 
1700 individual operations.

The researchers developed this 
circuit to calculate what happens 
to a chain of electron-like particles 
when they are abruptly forced  
to interact with each other.  

They chose this problem because 
conventional computers can solve 
only some versions of it but must 
approximate solutions for most.

The IBM team’s quantum 
computer had qubits made from 
tiny wires that conduct electricity 
perfectly – meaning they don’t 
lose energy to electrical resistance. 
Such superconducting qubits are 
programmed by being hit with a 
sequence of microwave pulses.

Having many qubits doesn’t 
guarantee useful computation 
results because quantum 
computers often make errors, 

says IBM team member Abhinav 
Kandala. The team couldn’t 
eliminate them all because 
some come from the computer’s 
hardware. Instead, the researchers 
worked out how to convert the 
error-laden answer to a clear one.

The trick was to repeat the 
calculation with pulses adjusted 
in such a way that the errors 
increase every time. By doing this, 
they learned how the result of the 
computation changes and how to 
mathematically reverse the errors. 
This reversal then produced a 
solution equivalent to what a 
computer that makes no errors 
would have calculated. It matched 
approximations made by 
conventional computers. Kim 
presented the work at the IBM 
Quantum Summit in New York 
City on 9 November.

To fully realise the promise of 
quantum computing, researchers 
will have to develop computers 
that correct their own errors as 
they go, but for now, error 
mitigation is a necessity if existing 
machines are to be useful, says 
Christine Muschik at the University 
of Waterloo in Canada.  ❚

Karmela Padavic-Callaghan
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IBM sets quantum computing record
A quantum program that required over 1700 operations is the largest ever run

IBM’s quantum computers 
are programmed with 
pulses of microwaves

News
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A NEW kind of therapy that 
could delay the onset of type 1 
diabetes in children by up to 
three years has been approved 
for use in the US.

The treatment, called 
teplizumab, partially blocks 
the immune system’s attack 
on insulin-making cells in the 
pancreas and is thought to be 
the first to postpone the start 
of any autoimmune condition.

Delaying the onset of type 1 
diabetes should make it easier 
for children to cope with the 
condition and reduce its toll 
on their health, says Kevan 
Herold at Yale University, 
who was involved in the 
drug’s development.

Type 1 diabetes tends to start 
in children and young adults. 
Those affected must inject 
insulin with their meals to 
maintain healthy blood sugar 
levels, as well as frequently 
measuring their blood sugar 
levels and controlling their diet. 

“This is a 24/7 disease – you 
don’t go to sleep, you don’t eat, 
without consideration of the 
disease. Any time without it 
is of value,” says Herold.

The immune attack happens 
over several years and involves 

many aspects of the immune 
system. If a child is suspected to 
be at risk, they can be monitored 
with blood tests for antibodies 
that damage pancreas cells.

Teplizumab, made by 
New Jersey-based firm 
Proventionbio, has been 
approved for people aged 8 and 
over who have these antibodies 

but don’t yet have blood sugar 
levels so high that they are 
classed as having diabetes.

The drug is thought to 
lower the activity of a subset 
of immune cells called T-cells, 
which are involved in killing the 
insulin-making pancreas cells. It 
is given by infusions in hospital 
once a day for two weeks.

An ongoing trial of 76 people 
was the basis for the approval. 
In the trial, teplizumab is given 
to around half the people, who 
are aged between 8 and 49 and 
don’t have type 1 diabetes, but 
have a relative with it and have 
the tell-tale antibodies. Among 
the participants who have 

developed type 1 diabetes  
so far, teplizumab delayed the 
condition’s onset by nearly three 
years, compared with those 
receiving placebo infusions.

Teplizumab has caused a 
higher rate of mild side effects 
than the placebo infusions. 
Despite teplizumab targeting 
immune cells, the number of 
everyday infections is similar 
between the two groups.

In separate trials, the drug 
was given to people with newly 
diagnosed type 1 diabetes to 
determine whether it reduces 
the condition’s severity. The US 
Food and Drug Administration 
has only approved teplizumab 
for delaying type 1 diabetes 
among people who don’t yet 
have the condition, however.

“No one is saying this is the 
final word,” says Herold. “Maybe 
we could give this drug followed 
by something else.”

The trials didn’t recruit 
people who develop type 1 
diabetes but don’t have an 
affected relative. Other screening 
methods are being investigated, 
including genetic tests. 

“If you use multiple genes, 
you are going to capture a lot 
more children and adults who 
are at risk of developing type 1 
diabetes,” says Rachel Besser 
at the University of Oxford. 
Screening programmes mean 
children can be diagnosed 
and start insulin injections 
earlier. This would prevent 
hospitalisations, she says.

Teplizumab is under review 
by drug regulators in the UK 
and the European Union 
under fast-track pathways 
for particularly innovative 
new medicines.  ❚

A person with 
diabetes measures 
their blood sugar

Health

Clare Wilson
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3
The number of years the drug 
could delay type 1 diabetes by

Drug that delays onset of type 1 
diabetes gets approval in US

A FACE-GENERATING artificial 
intelligence system lets you hide 
your identity in other people’s 
photos on social media.

Platforms such as Facebook 
and Instagram let users decide 
whether they are tagged, or 
identified, in photos. However, 
there is no way to stop other 
users sharing those photos, which 
means your image is more publicly 
visible than you might want. This 
is a problem given the growing 
power of face-recognition AI 
technology, which can search the 
web for photos of any individual.

“Even if you untag your face,  
[the pictures] are online forever,” 
says Ilke Demir at Intel Labs. “Faces 
are the most important biodata, and 
we need to have control over it.”

Demir and her team have 
devised a method that uses 
deepfakes – fake faces generated  
by artificial intelligence – to obscure 
a person’s appearance on social 
media depending on who 
views the photo.

The system, called My Face 
My Choice, stores a digital 
representation of a person’s face 
and generates a synthetic version 
according to that person’s privacy 
settings. The synthetic face can be 
modified to make it more or less 
similar to a person’s real face 
(arXiv, doi.org/jmt7).

The tool is intended to give 
people anonymity by hiding their 
faces from anyone they don’t 
want to see them. By giving each 
individual many different faces, 
it could also undermine face-
recognition programs that harvest 
photos online by drastically 
increasing the number of faces 
they need to deal with, says Demir.

Using deepfakes as a privacy 
enhancing tool is a significant idea, 
says Lewis Griffin at University 
College London. “I think the results 
in the paper show that it’s 
achievable,” he says.  ❚

Technology

Alex Wilkins

AI-generated fake 
faces could help 
protect privacy
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A PERFECT storm of health issues 
could be facing children in the UK 
this winter. 

While UK children went fully 
back to in-person schooling in 2021, 
after covid-19 lockdowns in 2020, 
the country is approaching its first 
winter in years where people of 
all ages can mix freely, with no 
restrictions, enforced isolation 
or official encouragement to 
work from home. 

Covid-19 is usually mild in 
children. However, waning 
immunity combined with 
huddling indoors amid the 
cold weather means that rates 
of the infection are set to rise 
across all age groups.

And covid-19 isn’t the only 
infection that the UK is set to 
contend with. Rates of flu and 
respiratory syncytial virus (RSV) 
are also expected to soar, with 
children being both among the 
worst affected and the biggest 
drivers of viral transmission. 

In addition, uptake of the 
childhood vaccination against 
measles, mumps and rubella 
(MMR) has fallen in England. 

The emotional toll of the 
pandemic on children may also 
be coming to light, while the UK’s 
cost-of-living crisis could already 
be affecting some children’s 
physical and mental health.

All things considered, 
children’s health may be a 
particular concern this winter, 
but how big an issue could it be? 

Waning immunity
According to Helen Bedford 
at University College London, 
both children and adults will have 
lower immunity to seasonal flu 
this winter, compared with pre-
pandemic immunity levels. 

While children rarely become 
seriously ill with flu, they drive 
the majority of its transmission. 

During the height of the 
pandemic’s restrictions, flu 
rates dropped dramatically 
as lockdowns limited social 
interaction.

In 2019, the year before the  
SARS-CoV-2 coronavirus arrived 
in the UK, 30 people aged 19 and 
under died from flu in England 
and Wales. In 2021, when covid-19 
restrictions were broadly in place, 
seven people aged 0 to 19 died 
from flu. 

With covid-19 being more 
transmissible than flu, social 
distancing protected against 
both infections. “[Now,] 
children are mixing normally 
again,” says Bedford.

Australia’s winter flu season 
is usually a good indicator of 
how flu will play out in the UK, 
says Bedford. Pre-pandemic, flu 
cases would start rising in June 
in Australia. This year, its flu-
related hospitalisations began 

to increase in April, probably 
due to lower levels of immunity 
in the population. 

In England, flu-related 
hospitalisations were highest for 
children under 5, compared with 
other age groups, at the end of 
October. Similarly, Scotland’s 
 flu-related hospitalisations were 
highest among children aged 1 to 4 
in early November. Figures aren’t 
available for the rest of the UK, 
and nor are figures for flu-related 
deaths in children. 

Ian Sinha at Alder Hey Children’s 
Hospital in Liverpool, UK, says he 
has seen an increase in the number 
of children with flu-related chest 
infections and pneumonia this 
autumn, compared with previous 
years. “We normally come across 
kids like this now and again, but 
more often than not these days, 
we’re referred a child with 
pneumonia that’s been quite 
complicated to resolve.”

Children are able to 
mix freely with others 
in the UK this winter

Health
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Children in UK at risk this winter
Seasonal infections are set to spike, while the cost-of-living crisis is also 
expected to affect children’s health, reports Jason Arunn Murugesu

7
Flu deaths in people under 20 
in England and Wales in 2021

85.7%
Uptake of second MMR vaccine 
dose in young children in England

95%
The World Health Organization’s 
MMR vaccine uptake target
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“ Never before have I seen 
social inequalities impact 
children’s health so visibly 
on the ground”

A transmission electron 
micrograph of respiratory 
syncytial virus

are relatively low throughout 
the UK. In the week ending 
6 November, the equivalent of 
0.22 per 100,000 children aged 
5 to 14 were hospitalised with 
the coronavirus in England.

“The risk is not zero, but 
we’re more worried about 
flu and RSV,” says Absoud.

The UK’s cost-of-living crisis is 
also expected to affect children’s 
health this winter, says Sinha.

The high cost of energy may 
discourage people from heating 
their homes, leading to damp, says 
Sinha. Damp exposure is linked to  
a higher risk of developing asthma 
and having asthma attacks. 

Cold and damp homes are 
also more likely to have mould, 
which can cause fungal infections. 
“If a child with a compromised 
immune system is living in a 
house surrounded by fungal 
spores, that can lead to chest 
infections,” says Sinha.

The financial worries that 
many families are facing may 
affect some children’s mental 
health, too.

“Children are hugely affected 
by the health and well-being and 
functioning of the adults in their 
lives,” says Elaine Lockhart at the 
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RSV is another concern, says 
Michael Absoud at Evelina London 
Children’s Hospital. Although 
usually mild, the virus is a leading 
cause of pneumonia in babies and 
can cause severe chest infections 
in children, especially among those 
with underlying health conditions. 

“We’re expecting a big RSV 
wave,” says Absoud. As with flu, 
any immunity that children built 

up in pre-pandemic years will 
have declined amid the prolonged 
period of restrictions. By 2 years 
old, most children have usually 
caught RSV and therefore have 
some immunity.

According to Absoud, a key 
issue is that the surges in these 
seasonal infections will hit the 
National Health Service (NHS) at 
the same time, alongside measles, 
which is also a rising threat due 
to falling vaccination rates. 

From the start of 2021 to 
September 2022, just 85.7 per 
cent of children in England had 
received their second dose of 
the MMR vaccine by their fifth 
birthday. This is down slightly 
from 86.6 per cent the previous 
year and consistently below the 
World Health Organization’s 
target of at least 95 per cent.

Although usually mild, 
measles can cause serious 
complications if it spreads to 
the lungs or brain. It is also one 
of the world’s most contagious 
infections. Each person with 
measles generally infects 
another 15 people, says Bedford.

Overall, covid-19 is less of a 
concern for children’s health 
than flu, RSV and measles, says 
Absoud. Rates of covid-19-related 
hospital admissions for children 

Royal College of Psychiatrists, UK. 
“Parents may be struggling with 
their own mental health or may 
be stressed about having to work 
more hours. It becomes a really 
vicious cycle.”

Social inequalities
The mental health impact of the 
pandemic and its aftermath on 
children may also be becoming 
more apparent. 

NHS Digital figures show that 
from July 2021 to July 2022, nearly 
700,000 children and young 
people accessed mental health 
services in England alone – 
an 11 per cent increase on the 
previous year. While other factors 
could be at play, many people at 
least partly blame the pandemic. 

Speaking anecdotally, Lockhart 
says that since the pandemic 
began, she has seen an increase 
in the severity of mental health 
issues that some children are 
experiencing. Those with less 
urgent symptoms may therefore 
have to wait longer for treatment. 
Conditions such as mild anxiety 
and mild depression can often be 
eased relatively quickly if a person 
is treated early, says Lockhart.

“Child mental health 
colleagues are completely 
stretched,” says Absoud.

All the heightened issues 
that children in the UK may 
face this winter will probably 
be exacerbated if they come 
from a deprived socioeconomic 
background. These children may 
live in crowded housing, which 
could raise their risk of respiratory 
infections, says Sinha. They may 
also be more affected by the cost-
of-living crisis, both physically 
and mentally, says Absoud. 

“I’ve been in the NHS 22 years,” 
he says. “Never have I seen social 
inequalities impact health so 
visibly on the ground.”  ❚S
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Not many children 
are hospitalised with 
covid-19 in the UK
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News

THIS beautiful hourglass of light 
contains a baby star. It is about 
450 light years away, embedded in 
a dark cloud of dust and gas called 
L1527. The fluffy young star is only 
about 100,000 years old. Over 
the next few million years, it will 
compress under its own gravity and 
begin to fuse hydrogen into helium 
and become a fully fledged star.

At the centre of the hourglass, 
captured by the James Webb Space 
Telescope (JWST), the protostar is 
hidden behind a disc of dust and gas 
from which it will feed as it grows, 
and may eventually form a system 
of planets. This disc, which is about 
the size of our solar system, looks 
like a line across the hourglass’s 
“neck”, with light from the nascent 
star shining above and below it to 
form the hourglass shape.

That light is infrared, so it 
wouldn’t be visible to the naked  
eye, but it fits neatly into the 
wavelength range used by JWST.  ❚

Space

Leah Crane

The light of a baby star
The James Webb Space Telescope has spotted a star that hasn’t yet finished forming
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Geology

Air pressure changes can trigger landslides
SMALL changes in atmospheric 
pressure can start a landslide 
in certain weather conditions. 
Understanding why will help 
us to assess which slopes are 
at most risk of failing.

Just over a decade ago, there 
was huge surprise when it was 
discovered that the intermittent 
sliding of the Slumgullion 
landslide in the San Juan 
mountains of south-west 
Colorado was triggered by 
changesin atmospheric pressure. 

We knew that landslides are 
initiated by earthquakes or 
heavy rains, but the Slumgullion 
findings raised the possibility 
that changes in atmospheric 
pressure could be setting hillsides 

on the move in other places too.
Now, Lucas Pelascini at the 

University of Rennes in France 
and his colleagues have fed 
weather and landslide data from 
Taiwan – where steep hillsides 
and typhoons are a recipe for 
frequent landslides – into a 
landslide model. 

They found that typhoon events 
can prime hillsides by bringing 
heavy rain and increasing the 
water pressure in the pores 
between grains in the sediment, 
but the timing and triggering of 
landslides depends on the weather 
over the preceding months.

The model showed that heavy 
rain after a dry spell pushes the 
water table up suddenly, causing 

a large and rapid change in 
pore pressure and triggering 
an immediate landslide.

A typhoon’s rain falling 
onto already saturated ground, 
however, didn’t alter pore 
pressure enough to trigger a slide. 

A subsequent change in 
atmospheric pressure – as the 
eye of the storm passes over, for 
example – was then enough to 
set things in motion (Natural 
Hazards and Earth System 
Sciences, doi.org/gq3wbx). 

“The atmospheric effect will 

only provide the last push when 
rainfall can’t infiltrate any more, 
or when it is faster and affects 
the slope before the rainfall 
does,” says Pelascini.

The findings help to explain 
why some landslide events don’t 
occur until hours or even days 
after heavy rain has fallen. 

They also explain why Typhoon 
Morakot in 2009 – Taiwan’s 
deadliest typhoon in recorded 
history – was so catastrophic. 
The dry period before the typhoon 
meant the water table was low 
and resulted in a large and very 
sudden change in pore pressure, 
which instantaneously triggered 
multiple landslides.  ❚
Kate Ravilious

“The atmospheric effect 
will only provide the last 
push when rainfall can’t 
infiltrate any more”
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Electric pulse lines 
cut shark bycatch

Attaching an electrified 
device to fishing lines could 
cut the bycatch of sharks 
and rays. SharkGuard emits 
pulses of electricity and 
saw the accidental catch of 
blue sharks fall by 91 per 
cent and pelagic rays by 
71 per cent when used on 
longlines on boats (Current 
Biology, DOI: 10.1016/j.
cub.2022.09.003).

Wet pet food has 
higher emissions

The production of wet 
food for dogs and cats 
creates nearly eight times 
more greenhouse gas 
emissions than making dry 
kibble. For a 10-kilogram 
dog eating wet food, this 
could mean an annual 
dietary carbon “pawprint” 
equal to that of a human’s 
food footprint (Scientific 
Reports, doi.org/jmt6).

Leprosy bacteria 
can help livers grow

The bacterium that causes 
leprosy – Mycobacterium 
leprae – can reprogramme 
liver cells to grow new 
tissue, an ability that may 
help to develop treatments 
for ailing livers. Armadillos, 
the natural host of leprosy 
bacteria, grew larger livers 
with more immature cells 
after infection (Cell Reports 
Medicine, doi.org/jmp6).
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Really brief 
Palaeontology 

AN ANCIENT species of turtle 
whose remains have been found 
in Spain is the largest marine 
turtle discovered in Europe.

The reptile, Leviathanochelys 
aenigmatica, lived between 
72.1 million and 83.6 million years 
ago and was up to 3.74 metres long. 
Fragments of the fossil were first 
found by a hiker in 2016 in the 
Catalonia region. The remains 
were then dug up and collected 
by local government and 
museum officials.

In 2021, Àngel Luján at the 
Autonomous University of 
Barcelona and his colleagues 
conducted more excavations of 
the area and discovered that the 
fossil actually belonged to a new 
species of turtle (Scientific Reports, 
doi.org/jmvb). It is the second-
largest marine turtle ever found.  
Jason Arunn Murugesu

Mega turtle used to 
roam Europe’s seas

Health 

CHILDREN and teenagers who 
were exposed to pre-eclampsia 
in the uterus may be more likely 
to have either a stroke or heart 
disease by around 19 years old.

Previous studies suggest that 
such children tend to have higher 
blood pressure. To learn more 
about outcomes, Fen Yang and her 
team at the Karolinska Institute 
in Sweden used health records 
of nearly 8.5 million people in 
Finland, Denmark and Sweden.

Overall, the number of stroke 
events and coronary heart disease 
diagnoses were very low. However, 
those prenatally exposed to pre-
eclampsia were 33 per cent more 
likely to develop coronary heart 
disease and 34 per cent more 
likely to have had a stroke by 19, 
on average, compared with those 
with no prenatal pre-eclampsia 
exposure (JAMA Network Open, 
doi.org/gq8s9j).  Carissa Wong

Pre-eclampsia link 
to risk of early stroke

THE space rocks that bombarded 
Mars during the early days of the 
inner solar system may have 
carried enough water to create 
a 300-metre-deep ocean there.

Martin Bizzarro at the University 
of Copenhagen in Denmark and his 
team analysed the concentration 
of a rare chromium isotope, known 
as chromium-54, in samples of 
meteorites that have come to Earth 
from Mars. This allows an estimate 
of how much water was deposited 
on the Red Planet by asteroids.

The uppermost layer of Mars 
contains the chemical signatures of 
carbonaceous, or C-type, meteorites 
that bombarded it as its crust 
solidified some 4.5 billion years ago.

Because Mars isn’t made up of 

Solar system 

large tectonic plates that move 
around, causing material in the 
planet’s interior and surface to 
churn, this chemical signature from 
the meteorites should be preserved 
in the rocks of the planet’s crust.  
But the rocks from the mantle  
below should still show what Mars 
was like before the bombardment.

By looking at the difference 
between the amount of 
chromium-54 in samples of 
meteorites on Earth that have 
come from either the surface or 
mantle of Mars, the researchers 
could estimate the total mass of 
the asteroids that originally collided 
with Mars (Science Advances,  
doi.org/gq8zj9).

If the original bombarding 
asteroids were just 10 per cent 
water, the lower limit for C-type 
meteorites, they would have 
deposited enough of it to create a 
global ocean (illustrated above), say 
the researchers. If spread out over 
the whole planet, the water would 
form a layer 300 metres deep.  
Jacklin Kwan
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Asteroids may 
have created 
an ocean on 
the Red Planet

News In brief





T
he landscape for the life sciences 

industry is changing. The COVID-19 

pandemic, Brexit and the increasingly 

volatile geopolitical situation relating to the 

war in Ukraine are influencing the ability to 

develop, manufacture and distribute 

therapeutics. 

The science is changing too. An improved 

understanding of disease mechanisms at the 

molecular level is shifting therapeutic focus 

from symptoms to underlying causes, moving 

from treatment to prevention and cure. 

At the same time, the digital 

transformation of healthcare is encouraging 

new kinds of innovation and attracting 

technology companies. 

All these factors have created numerous 

challenges for life sciences companies in the 

risks they face, in managing regulatory affairs, 

securing supply chains and demonstrating the 

value of their therapeutics. 

But periods of great change bring 

opportunities too as new products and 

approaches emerge and markets evolve.  

A recent New Scientist Debate on The Future 

of the Life Sciences sponsored by KPMG 

discussed the forces buffeting the 

pharmaceutical and biotech industries as well 

as the challenges and opportunities arising. 

One lessons from the pandemic is that, 

given the right conditions, the development 

and delivery of healthcare solutions can be 

dramatically accelerated. “The pandemic has 

shown the industry’s amazing resilience in its 

ability to bring both vaccines and covid-19 

therapeutics to the market very quickly,” said 

Alan Morrison, Vice President of International 

Regulatory Affairs at MSD. “That has been a 

partnership with regulators and researchers 

and shows society at its best.”

But, he adds, it brings a challenge: can 

The future for 
life sciences
In a rapidly changing world, the pharmaceutical and 
biotech industries are navigating complex challenges – 
and emerging opportunities
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people and organisations continue to 

perform at that level? Expectations should be 

tempered, Morrison reckons: COVID-19 was a 

unique problem with the entire industry 

operating on an emergency footing. Today, 

the systems to bring other innovations 

through so quickly are not in place.

Indeed, some side effects of tackling the 

pandemic are dragging the industry, For 

example, clinical trials are a crucial part of 

drug development and require significant 

cooperation with Britain’s National Health 

The panellists  

(clockwise from top left):  

Anusha Foy KPMG 

Richard Torbett Association of the  

British Pharmaceutical Industry 

Alan Morrison MSD 

Nigel Blackburn Cancer Research UK
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ACCESS  
FOR ALL

In an age of expensive medical  

solutions, how do we ensure that 

everyone can benefit, regardless of 

income and geography?

It’s an important question, according  

to Anusha Foy. “Access to medicines is 

one of the greatest challenges that the  

life sciences industry is facing,” she said. 

“Even in the western world it’s not 

possible to pay for a treatment that  

costs £1.8 million for every patient. 

Governments will need to balance the  

risk benefits and the costs.”

Richard Torbett agrees but believes 

there are reasons to be optimistic — 

especially when it comes to vaccines.  

“I’m yet to meet anyone in the 

pharmaceutical industry who isn’t 

dedicated to making vaccines available to 

patients that need them,” he said. But he 

pointed out that many challenges are 

beyond the remit of the pharmaceutical 

industry alone. For example, in some 

areas of the world, the infrastructure for 

storing and delivering vaccines efficiently 

and effectively is lacking.

When it comes to expensive drug 

treatments, or cell therapy and gene 

therapy, there are few easy answers. “We 

want to make sure that the prices of these 

therapies are reflective of the value they 

are delivering to patients,” Torbett said. 

This value can be challenging to calculate. 

There’s no way, for instance, to prove  

that a new treatment will add 50 years  

to a child’s life until those 50 years have 

passed. “We have to develop novel 

payment mechanisms,” Torbett said.

“ AI will help  

us bring down  

the cost of drug 

development”

important role in diagnosis, drug discovery 

and management of treatment. It is already 

having an impact in cancer research, said 

Blackburn. “I believe AI will help us bring 

down the cost of drug discovery,” he says.  

He points to the Galleri trial running in  

the UK, in which AI-based algorithms  

analyse blood samples to potentially provide 

early diagnosis of up to 50 different kinds  

of cancer.

The growing sources of healthcare data 

provide other opportunities. “We’re living 

through incredibly exciting times on this,” 

said Richard Torbett, Chief Executive of the 

Association of the British Pharmaceutical 

Industry. But, he pointed out, there are 

challenges, such as issues concerning  

data-protection and transparency. “The 

challenge for the regulators is to stay on top 

of the developments in science while creating 

the right regulatory framework. That way, 

innovation is still able to flourish but society 

is still able to have confidence and trust in the 

work people do,” Torbett said.

A similar challenge is emerging in the era 

of “omics” technologies—genomics, 

proteomics metabolomics and so on—that 

analyse biological samples at the molecular 

level looking for associations between those 

molecules and disease pathways. These 

technologies are already leading to 

personalised therapies such as gene therapy 

— interventions that replace a faulty or 

absent gene with a working copy — or cell 

therapy, where diseased or damaged cells 

are replaced by healthy ones. While exciting, 

this too requires careful regulation and data 

protection innovations. 

They are also expensive and healthcare 

providers must solve the problem of making 

sure innovations are available to everyone, 

not just to wealthy individuals or those living 

in rich countries (see box). 

But in general the future looks promising. 

“The pace of change in development of  

new biotherapeutics puts us in an exciting 

period of time for the life sciences sector,” 

Morrison said. 

Torbett agrees. “We’re in a golden era right 

now,” he said. “From discovery science to the 

way we do clinical development and even the 

way we manage affordability and access: 

these things really have been accelerated 

through the pandemic and I think they can 

help us bring through the next generation of 

biotherapeutics.”

More information at: tinyurl.com/mtknjned

Service. But various hangovers from the 

pandemic mean this process is now painfully 

slow and unable to cope with the sheer 

volume of clinical trials that need to be done, 

said Nigel Blackburn, Director of Drug 

Development at Cancer Research UK. 

That said, one emerging benefit is 

increased global partnerships. “There were 

so many great examples of collaboration and 

there are some good signals coming through 

as global regulators and governments 

coordinate their activities now,” said Anusha 

Foy, Head of Life Sciences Biotech 

Regulatory Solutions Practice at KPMG.  

She cites Project Orbis, which aims to  

allow patients all over the world access  

to emerging cancer treatment options, as a 

good example.

Another accelerated success is in the use 

of digital technology. It happened in a wide 

range of contexts during the pandemic: 

access to GPs via online platforms such as 

Zoom; “virtual” clinical trials, where use of 

digital technologies meant that subjects 

could enrol for programmes that were 

centred far from their own geographical 

location; sharing of trial data and even use  

of artificial intelligence-based technologies 

for diagnosis.

Indeed, AI is playing an increasingly 
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author. Her new book 
is Superspy Science 
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S
IXTY years ago, Sean 
Connery first introduced 
himself as Bond, James 

Bond. The 007 franchise has seen a 
lot of changes over the intervening 
decades, but a constant theme, 
alongside the cocktails and quips, 
is science and technology. From 
lasers to space shuttles, the Bond 
films have showcased some of 
the latest technological advances. 
Where might the next instalment 
take us, scientifically speaking?

The world of Bond has been 
reinvented many times over the 
years. A View to a Kill is a reworking 
of Goldfinger, with Max Zorin 
trying to increase the value of his 
microchips instead of his gold. A 
lethal, highly contagious pathogen 
is deployed in the form of the 
“virus omega” in On Her Majesty’s 
Secret Service and as nanobots 
in No Time to Die. With the world 
in the middle of a global energy 
crisis, perhaps it is time to reinvent 
The Man With the Golden Gun.

This 1974 Roger Moore film was 
released during the oil crisis of the 
1970s and features a renewable 
energy MacGuffin that has fallen 
into the hands of Scaramanga. The 
device converts energy from the 
sun into electrical energy. Solar 
cells had been developed in the 
1950s and used to power satellites 
in the 1960s, but in 1973 they were 
still eye-wateringly expensive.

In the film, Scaramanga stored 
the solar energy in a huge facility. 
There are pipes and dials and acres 
of steel, even liquid helium ponds 
for henchmen to fall into, but no 
sign of the most practical way to 

Comment

store energy: batteries. How 
it all works is never explained, 
perhaps because the problem of 
storing solar energy is a real one. 
Batteries today are much smaller 
than the film’s extravagant set, 
but they are still bulky, expensive 
and slow to charge.

Say some clever scientists 
figured out how to make a low-cost, 
lightweight, high-capacity battery 
that charged in a few minutes. 
Electric cars would become much 
more practical. Solar farms could 
store their energy on site and 
release it onto the grid to meet 
spikes in demand. It would 
revolutionise renewable energy. 

But what if that tech fell into the 
hands of a sinister organisation, 
such as Bond’s enemy SPECTRE? 
How much would governments 
be willing to pay to use it? And how 
much would oil and gas producers 
be willing to pay to suppress it? 

Batteries have come a long 
way since 1800, when Alessandro 
Volta stacked up alternating discs 
of zinc, silver and brine-soaked 
pasteboard to demonstrate how 
dissimilar metals could be used 
to generate electricity. The choice 
of metals has changed over time 
and the design of the cells has 
been refined, but the basic 
principles still hold. Today’s 

batteries continue to use metals 
that release electrons and an 
electrolyte to move the charge 
so the current flows. 

In the 20th century, metals such 
as lithium greatly improved battery 
efficiency, but their reactivity still 
causes safety issues. Other metals, 
like mercury and cadmium, have 
attractive electrical properties, but 
they are also toxic. 

Liangbing Hu at the University 
of Maryland and his team could 
help solve the toxicity problem 
with a biodegradable electrolyte 
made from crab shells. A lithium-
ion battery that can be charged in 
a few minutes, plus store more of 
that charge than current versions 
in a safe, usable form, has been 
demonstrated in the labs of Adden 
Energy in the US. Donald Sadoway 
at the Massachusetts Institute of 
Technology and his colleagues 
have developed an aluminium-
sulphur-based system that 
could be a lot cheaper than 
current lithium-based batteries.

These are major developments 
in the field of battery technology, 
but they are still years away from 
commercialisation. Looking 
further into the future, a quantum 
of energy solace might be found in 
quantum batteries. They are still 
only an idea in the real world, but 
maybe Bond’s world, with the 
scientific genius of Q Branch, 
could again show us the future.  ❚

A licence to charge?
From Goldfinger to No Time to Die, James Bond has showcased the 
latest tech advances. Where might 007 go next, asks Kathryn Harkup 
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R
EGULAR readers of this 
column know that when 
it comes to dark matter 

candidates, I am something of an 
axion superfan. This hypothetical 
particle was theorised in the 1970s 
as part of a solution to a problem 
in the standard model of particle 
physics that is still outstanding. 
For the past eight years, the 
axion has been the primary 
focus of my research.

Obviously, I feel I have good 
reason for this. First, the axion 
has a great name, with interesting 
origins that go back to Greek 
Orthodox Church liturgy. Second, 
this proposed particle is doubly 
compelling because, if it exists, 
it offers both a solution to a real 
problem with the standard model 
and can also successfully fulfil 
the role of dark matter. 

For the latter reason, during the 
time I have been working on it, the 
axion has become an increasingly 
popular research subject. When 
I published my first paper on 
axions, there were people in the 
US working on them, but axions 
were, in some ways, more of a 
European game. That has radically 
changed in the years since the 
Large Hadron Collider (LHC) 
turned up nothing in its search for 
supersymmetric (SUSY) particles. 

SUSY, like the axion, is 
considered physics beyond the 
standard model. It, too, addresses 
problems in the standard model 
while simultaneously offering 
us possible explanations for 
dark matter. SUSY’s contribution 
to the standard model is to explain 
what is known as the hierarchy 
problem: why is the weak nuclear 
force, which is responsible for 
radioactive beta decay, so much 
stronger than gravity? SUSY 
solves this issue by introducing 
new particles. The problem is, 
we haven’t seen any of these 
particles, despite looking.

These days, there is a lot of 
talk in the theoretical physics 
community about how SUSY is 
dead because the simplest version 
of it has been ruled out. I think 
such comments are over the top – 
as I have written in these pages 
before. Nature isn’t working on 
our schedule, so experiments 
don’t have to be successful the first 
time we try them, and the places 
that are easiest for us to search for 
evidence of SUSY don’t have to be 
where new particles actually exist. 
In other words, SUSY may still be 
a correct theory of reality, we just 
haven’t found evidence for it yet.

Nonetheless, the apparent 
“failure” to find SUSY led many 
physicists to rethink how they 
spend their time. They started to 
pay attention to the fact that the 
simplest axion model hasn’t been 
ruled out. At the same time, people 
like me were doing our best to 
strengthen interest in the axion. 
For a few years, I felt like I lived 
on planes, going to give talks 
about my research around the 
world, explaining that axions were 
a tantalising scientific prospect. In 
the aftermath of the LHC’s lack of 
SUSY discovery, we were working 
in the perfect environment for 
success. Axion research became a 
major force in US particle physics.

From a professional perspective, 
this has been great for me. When 
I was on the faculty job market, 
university departments were 
interested in hiring an axion 
expert. In my interviews, I could 
say – with complete honesty – that 
I was doing leading work on a hot 

topic. I got a job and over the 
past few years have successfully 
published research with two of 
my PhD students, a postdoctoral 
fellow in my group and colleagues 
at other universities, all about 
axions. I even gave a TED talk 
showing off some of our research, 
an experience I described in this 
column a few months ago.

But there is a professional 
downside to working on 
something so popular: the 
research becomes competitive, 
and I don’t enjoy competition.

I like to focus on collectivity 
and collaboration. While 
collaboration is common in 
the scientific community, it isn’t 
with a primary emphasis on 
working harmoniously across 
one’s discipline to collectively 
do the best work. Rather, we are 
usually breaking up into teams 
and competing: each team 
wants to be the first to make a 
new discovery. That is where the 
awards and recognition are. That 
is how you get press. That is how 
you get tenure, or job security.

The incentives here are broken. 
If you can write a paper pointing 
out that someone is wrong, it is 
seen as better to get a publication 
out of it, rather than email 
someone and say: “Hey, we’re 
getting different results. Shall 
we chat about it and see what 
we can make of the situation?” 
Some scientists do, in fact, do 
this, but many others don’t.

My response to this difference 
in values between me and so 
many colleagues is something  
I am constantly working through. 
Part of it is learning to stomach 
the competitive behaviour while 
still teaching my students we 
don’t have to be like that. I am also 
now diversifying what I work on, 
branching in directions where I 
can be left alone to quietly think 
and do my work, without a fight.  ❚

“ There is a downside 
to working on 
something popular 
like the axion: the 
research becomes 
competitive”

Hot topic  Axion research has become a major force in US particle 
physics since the Large Hadron Collider turned up nothing in its 
search for supersymmetry, says Chanda Prescod-Weinstein

Field notes from space-time

This column appears  
monthly. Up next week: 
Graham Lawton

What I’m reading
I’m very into Nigerian-

British writer Onyi 

Nwabineli’s debut novel 

Someday, Maybe.

What I’m watching
Recently, two of my 

favourite TV shows ended 

their runs with brilliant 

finales: Atlanta and 

The Good Fight.

What I’m working on
Grant proposals, the 

bureaucratic side of 

which is a nightmare.

Chanda’s week

Chanda Prescod-Weinstein  
is an assistant professor  
of physics and astronomy,  
and a core faculty member  
in women’s studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model
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Butterfly souls

THIS flamboyant selection of 
images celebrates one of nature’s 
most beautiful and inspirational 
flowers – the orchid. They are 
taken from the upcoming book 
Orchid Muse: A history of obsession 
in fifteen flowers by environmental 
historian Erica Hannickel, which is 
out in December.

Orchids have left their stamp 
on culture and art over the course 
of human history, with terms 
including “orchidomania” and 
“orchidelirium” in use since the 
19th century, reflecting a more 
recent obsession with the plants.

The image at top centre is an 
illustration of a butterfly orchid 
(Psychopsis papilio) taken from 
the 1887 book The Orchid Album. 
The genus was renamed from 
Oncidium by French polymath 
Constantine Samuel Rafinesque, 
who documented many North 
American orchids. Psyche, writes 
Hannickel, means personality 
or soul in Greek, while papilio 
means butterfly in Latin. The 
far left image shows Psychopsis 
Mendenhall, a hybrid with 75 per 
cent P. papilio parentage. 

An image from the American 
Orchid Society Bulletin from 1946 
(top right) reveals the fashionable 
status bestowed on orchids in the 
US after the war. And Matthew 
Darly’s 1777 illustration, The 
Flower Garden (bottom centre), is 
a humorous nod to the popularity 
of botany in the late 18th century, 
which saw women decorate their 
hair with flowers and caterpillars, 
among other embellishments.

To its right, the 2014 oil painting, 
Orchid Cabinet by Madeline von 
Foerster, depicts eight threatened 
orchid species clinging to  
Mother Nature, symbolising the 
sometimes damaging human 
connection with wildlife.  ❚

Gege Li

Author Erica Hannickel

Publisher W. W. Norton
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Editor’s pick 

Are extremes of global 
population still possible?
12 November, p 14

From Nigel Langley,  
Totnes, Devon, UK
As the world population hits 8 billion 
and amid official predictions that it 
will probably peak later this century, 
I still fear that extreme alternative 
scenarios could come to pass. 
Small annual percentage changes 
in population can multiply over the 
years, causing large changes. As a 
result of this compounding effect, 
it is possible that global population 
will become either much smaller or 
much bigger than it is today.  

I don’t think the head count will 
stay around the 8 to 10 billion level. 
At some point in time, it is possible, 
due to the compounding effect, for 
the population to be either under 
1 billion or over 100 billion.

Solarpunk would be a 
good vision for the future
12 November, p 26

From Fredrik Sundqvist, Vancouver, 
British Columbia, Canada
Annalee Newitz addresses what 
flavour of futurology we should 
subscribe to now that cyberpunk 
visions seem out of line. 

The cyberpunk vision was of 
a dystopian slant. Since I feel our 
world has enough dystopia, can I 
propose we adopt solarpunk as 
our next futurism of choice? It is a 
more utopian vision of a world in 
harmony with both nature and 
each other. It is a place of cities 
and forest meshed together. Let us 
dream of a brighter world that we 
can be proud of having shaped.

With enough people writing it, 
painting it and making it, maybe 
we can start moving towards it.

On the question of when 
adulthood really begins
12 November, p 40

From Ron Dippold,  
San Diego, California, US
In my many decades, I have 

never met anyone under 25 
who would qualify as an “adult” 
(including the younger me). 
The brain just isn’t done.

I think adulthood is a matter 
of attaining several traits: being 
less selfish to people around you 
(though this often atrophies later), 
good risk evaluation skills and 
abandoning childhood fancies.

Adulthood isn’t a panacea – 
young people like Greta Thunberg 
can often achieve things an adult 
couldn’t because they don’t have 
the last two of those traits.  

Finally, a lot of people never 
grow up. For example, antivaxxers 
never manage the first two traits. 
In the worst-case scenario, you 
can end up with a selfish, petulant, 
perpetual toddler.

From Fred White, Nottingham, UK
Adulthood is easily and 
unambiguously defined: when 
you find yourself owning your 
first lawnmower, your youth is 
a thing of the past.

From Scott McNeil,  
Banstead, Surrey, UK
The four criteria required to 
meet adulthood for an animal 
are listed as: “staying safe, 
navigating social hierarchies, 
sexual communication and 
leaving the nest to care for itself”. 
I would suggest that engineers 
(I am one) often fail that definition 
on at least two of those criteria!

With green hydrogen, 
we don’t need nuclear
12 November, p 9

From Christopher Jessop,  
Marloes, Pembrokeshire, UK
You state that “for years it has 
been energy orthodoxy to argue 
that nuclear will be an essential 
component of the UK’s energy 
mix to meet its net-zero goal”. 

I would say that this doesn’t make 
the argument any more valid.

To avoid the need for such 
power plants, we need storage 
options for excess renewable 
power, but there was no mention 
of green hydrogen on this front. 
It is attractive in many ways: it 
is universal, scalable and capable 
of seasonal storage. It is also a 
flexible source of energy for fuel 
cells for power generation, land, 
sea and air transport and essential 
energy-intensive industrial and 
chemical processes.

Lessons in adaptation to 
floods, Vietnamese-style
29 October, p 7

From Bonita Ely, Marrickville,  
New South Wales, Australia
I have been in Hue, Vietnam, twice 
when the Huong (Perfume) river 
flooded. Citizens expect flooding 
when rains begin in November 
or typhoons are predicted. Hue’s 
robust concrete buildings are 
designed to accommodate high 
floods. Families and businesses 
move everything upstairs, 
store food and wait out the flood, 
then clean up, move downstairs – 
job done. Many families have a 
boat also. 

Maybe much can be learned in 
countries such as Australia from 
this pragmatic approach to more 
frequent floods.

The plastics that defy 
my home composting
12 November, p 16 

From Arthur Barnett, London, UK
I recently moved two garden 
compost heaps and removed 
compostable plastic packaging 
that hadn’t composted, as per 
your report on these materials. 
The villains of the piece included 
wraps for New Scientist magazine. 

Hopefully, we can all learn 
from this. 

From Eric Kvaalen,  
Les Essarts-le-Roi, France
We don’t have to worry about 
“scraps of residual plastic”entering 
the food chain – “compostable” 
bags or wrappers are often made 
from starch. Of course, composting 
returns carbon to the atmosphere 
without getting any energy 
benefit, as would be obtained 
if the material were incinerated.

In the multiverse, do black 
holes get out of hand?
5 November, p 43

From Ian Napier,  
Adelaide, South Australia
I would like to add to Laura 
Mersini-Houghton’s discussion 
on the multiverse based on my 
rather simplistic view that space 
is infinite and is populated by an 
infinite number of universes, all in 
various states of growth and decay.

In such a situation, might black 
holes continue to grow and even 
to meld with the planets and black 
holes of neighbouring universes? 
If so, given (effectively infinite) 
time, individual black holes may 
grow to such a size as to become 
unstable and create a new 
universe via a “big bang”.

I’m a witness to knee 
ligament’s power to heal
19 November, p 19

From Andrée Goodson,  
Norwich, Norfolk, UK
That bad anterior cruciate 
ligament injuries can self-heal is 
no surprise to me. Mine occurred 
in a motorcycle accident decades 
ago. In my case, doctors simply 
washed out bone fragments from 
my knee, saying surgery was only 
for top-class football players.

I had some physiotherapy 
and was taught exercises to do 
thrice daily. It took a year for my 
anterior cruciate ligament to heal 
completely, but I can still stand 
on one leg and pull my heel to 
my bum (either leg, as it goes).  ❚

Want to get in touch?
Send letters to letters@newscientist.com;  

see terms at newscientist.com/letters 

Letters sent to New Scientist, Northcliffe House,  

2 Derry Street, London W8 5TT will be delayed
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Book

The Darkness Manifesto
Johan Eklöf
Translated by Elizabeth DeNoma
Bodley Head

IN THE twilight, the bats that 
nest in the old church of Suntak 
in Sweden fly around, hunting for 
insects. The 12th-century church’s 
façade isn’t lit up at night. So, as 
in the past, the building remains 
a sanctuary for bats, remarkable 
creatures that have evolved to 
function in the dark.

In his book The Darkness 
Manifesto, originally published 
in Swedish two years ago, Johan 
Eklöf, a bat scientist and 
conservationist, makes the case 
that when lights are on around 
the clock, in cities, the countryside 
or even offshore, the circadian 
rhythm of all beings on Earth 
changes. While nocturnal animals 
are the most affected by excessive 
lighting, few creatures on the 
planet remain untouched. 

Early in the 21st century, 
astronomers established a scale 
to assess the level of superfluous 
artificial light at observing sites. 

Sky glow, which significantly 
affects stargazing, obscures all 
humanity’s view of the night sky – 
just as though a careless individual 
had “used a dirty cloth to wipe 
the window facing the universe”, 
as Eklöf writes

Biologists have studied how 
always-on artificial light disrupts 
organisms. Some that take their 
time cues from the sun or moon 
seemed clearly off: birds singing 
in the middle of the night, baby 

turtles heading off in the wrong 
direction. Research findings 
on how light pollution affects 
entire species and ecosystems 
are still emerging.

Take insects, of which nearly 
40 per cent of species face 
extinction. To anyone who has 
ever seen an insect react to light, 
it is obvious that light pollution 
is a major cause, says Eklöf. Moths, 
which are largely nocturnal, are 
particularly vulnerable. In the 

The LED, an inexpensive, 
energy-efficient technology that 
led to a proliferation of outdoor 
lights, could also be a solution 
to our excesses, he writes. 
Today, light can be controlled and 
programmed in a way that wasn’t 
possible with the incandescent 
light bulb. So, with greater 
awareness, some legislation and 
a host of better-designed lighting 
products – motion-activated 
lights, downward-facing light 
sources and the like – we can 
reduce the amount of artificial 
light that ends up being scattered 
into the atmosphere.

There are also sociological 
factors to consider. Throughout 
our evolutionary history, humans 
have been afraid of the dark, and 
culturally, we now consider light 
as a symbol of prosperity. In 
succinct chapters, Eklöf lays 
out the psychology, philosophy 
and politics behind the spread 
of illumination. Embracing the 
darkness isn’t going to be easy.

But even before you finish this 
book, you will step out of your 
home at dusk sometime and 
you will become aware of all the 
wasteful lighting in your own 
neighbourhood. Thankfully, 
Eklöf’s last chapter is a manifesto 
of actionable points to befriend 
the darkness, which, he assures us, 
is “merely a train trip, a walk or a 
turned-off phone away”. He asks 
us to notice how the sun gives 
way to the moon and the stars – 
and to take ourselves out into 
the dark nights of midwinter.

From turning off the lights 
when we leave a room to allowing 
our backyards to rest in darkness 
at night, we can all do our bit to 
try to save this spottily, but still 
too brightly, lit planet.  ❚

Vijaysree Venkatraman is 
a science journalist based 
in Boston, Massachusetts

pre-industrial era, moths were 
proverbially drawn to flames. Now, 
they are drawn to bright lights. Like 
daytime bees, nocturnal moths 
are pollinators. In fact, they visit 
more kinds of flowers than bees 
do – so moth decline is bad news.

What of the creators of electrical 
lighting themselves? White light 
from LEDs and fluorescent bulbs 
has a greater proportion of blue 
wavelengths compared with 
incandescent bulbs. Overexposure 
to this blue-tinged light has been 
linked to various human ailments, 
from disrupted sleep patterns to 
a greater incidence of hormone-
sensitive cancers. 

Recognising these health 
risks, Karlstad Central Hospital 
in Sweden recently invested in 
indoor lighting that mimics the 
natural variation in both colour 
and intensity of the light people 
would be exposed to outdoors. 
This successful model, Eklöf 
writes, suggests we can use 
thoughtful design to regulate 
light exposure, meeting our 
need for both light and darkness. 

Hello darkness, my old friend
Light pollution disrupts animals and has also been linked to human ailments. 
A bat scientist has some useful fixes, finds Vijaysree Venkatraman 

Throughout our history, 
humans have been 
afraid of the dark

“ A hospital in Sweden 
has successfully 
invested in indoor 
lighting that mimics 
natural light variation”
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The Oppy show
A hybrid documentary about Mars rover Opportunity is 
the best Pixar movie never made, says Gregory Wakeman  

Film

Good Night Oppy
Ryan White 

Amazon Prime 

IT IS hard not to fall in love with 
Good Night Oppy, Ryan White’s 
stirring documentary about the 
interplanetary rover Opportunity. 
The vehicle launched into space 
on 7 July 2003, a few weeks after 
its sister machine, Spirit, and the 
pair landed on different sides of 
Mars in January 2004. 

NASA expected both to live for 
just 90 sols, or Martian days, each 
about 39 minutes longer than 
an Earth day. Instead, thanks to 
solar-powered panels and precise 
manoeuvring, the delightfully 
nicknamed Oppy survived for over 
14 years. Spirit, however, only 
made it for six years and 77 days. 

During this time, Oppy made 
some startling discoveries about 
the history of water on Mars. NASA 
researchers hope its findings will 
provide some lessons we can learn 
from on Earth, and ultimately help 
us discover whether the Red Planet 
ever had life. 

Key to Good Night Oppy’s 
success is how quickly White 
creates a connection between the 
audience and the rover, especially 
during the film’s first few minutes. 
Not only do we see that Oppy stands 
at a human-like 1.6 metres tall and 
has cameras that look like eyeballs, 
we are also told that it has a mind 
of its own and needs to feel love. 
Later on, we learn that Oppy 
struggles with joint and memory 
problems just like us. 

White edits this information  
and footage together in such a 
smart and entertaining manner  
that we are instantly hooked. 
Especially when we discover that 
NASA’s engineers would start  
every day of their expeditions  

by playing a song to get Oppy u 
and the crew pumped, including 
Born to Be Wild. 

Music plays a major role in 
keeping us connected to Oppy.  
In some scenes it is rousing, in 
others melancholic. At one point,  
we are treated to dark humour,  
as a scientist plays Abba’s SOS  
while they wait nervously to hear a 
signal from their metallic colleague. 

The NASA members White 
interviews are also essential 
to building an emotional bond 
between the audience and Oppy. 
Their affection for it, which they all 
openly admit is a little bizarre, is 
clearly heartfelt – so much so that 
it quickly becomes contagious and 
you can’t help but root for this tiny 
spacecraft all alone, over 86 million 
kilometres from Earth. 

Good Night Oppy is really as 
much an animated movie as it is a 
documentary.  White and the team 
at Industrial Light & Magic, the film 
special effects company founded by 
Star Wars creator George Lucas, use 
animated sequences to recreate 
Oppy’s journey through space, 
its landing on Mars and its bumpy 
expedition across the planet’s 

surface. It is so invigorating that 
it feels like watching the best Pixar 
movie never made. But forget 
comparisons to Pixar’s animated 
sci-fi WALL-E – one of the film’s 
severe dust storms is more 
reminiscent of the post-apocalyptic 
Mad Max: Fury Road. 

Without these animated 
sequences, Good Night Oppy 
wouldn’t be anywhere near as 
engaging. They help us to gauge 
just how dangerous it was for Oppy 
to climb over a sizeable rock, dig 
itself out of a deep bank of sand and 
traverse the side of the Victoria and 
Endeavour craters on Mars. With 
the help of the interviews and 
voice-overs, we get a real sense 
of the peril involved. Just one tiny 
mistake could have ended 
transmission to Oppy permanently. 

There would probably be just 
enough in Oppy’s plight to make 
Good Night Oppy a riveting watch 
on its own. But its exploration of 
why NASA goes to Mars and its 
honesty about the complex, 
emotional relationship that people 
build with inanimate machines 
brings a depth to Good Night Oppy 
that makes it all the more thought-
provoking, moving and inspiring.  ❚ 

Gregory Wakeman is a writer based 
in Los Angeles, California

Oppy’s every move across the Red 
Planet was perilous: a tiny mistake 
could have terminated its mission
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Watch

Troll follows a ragtag 
group of heroes who set 
out to save Oslo from an 
ancient threat (pictured). 
Delayed by covid-19, 
this is the new film from 
Roar Uthaug, director 
of disaster movie The 
Wave. Airs on Netflix 
from 1 December.

Read

Changing How We 
Choose is possible, says 
neuroscientist A. David 
Redish. Drawing on 
research in behavioural 
economics, sociology 
and neuroscience, 
he argues that there 
is a “new science of 
morality”. On sale 
from 6 December.

Visit

The Science of the 
Multiverse and the 
implications of this 
controversial idea are 
explored by Harry Cliff, 
a particle physicist at the 
University of Cambridge, 
at 7pm GMT on 
30 November at Market 
House, south London.
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Utama
Alejandro Loayza Grisi

On limited release in cinemas

LIFE in the highlands of Bolivia, 
more than 3500 metres above 
sea level, has always been at the 
mercy of the elements.

Virginio and Sisa have lived 
on the Andean plateau of western 
Bolivia all their lives, in a modest 
mud house without electricity 
or running water, tending to 
livestock and growing crops 
in one of the most exposed 
environments on Earth.

It is a precarious existence, but 
with many decades of experience 
and generations of knowledge 
handed down through the 
Indigenous Quechua people, the 
Quechua couple have found ways 
of working with the brutal land.

Virginio tends to the llamas 
(pictured), Sisa fetches water from 
the village, and though they may 
go long stretches without rain, 
it always falls eventually. Or so 
Virginio insists, his gaze fixed on 
the arid land: “The rain is coming.”

What he refuses, or fears to, 
acknowledge is that the world is 
changing, and him along with it; 
and those old ways of being are 
no longer working. “It’s not like 
that anymore,” a friend tells him. 
“Time has gotten tired, Virginio.”

The threat, inevitability and 
consequences of climate change 
permeate Utama, the debut 
feature film from Bolivian writer-
director Alejandro Loayza Grisi. 
It tells the story of Virginio and 
Sisa, a long-married couple 
whose existence is at risk from 
an exceptionally long drought.

When their grandson arrives, 
firmly suggesting that the time 
has come for them to move in 
with him in the city, they are 

Loayza Grisi persuaded to appear.
Utama is a fictional story – 

small, still and quietly told – but 
it stands in for a much bigger one 
currently unfolding. The Andean 
plateau is thought to be especially 
vulnerable to climate variability, 
and is already experiencing 
increased temperatures and 
rainfall, as well as more frequent 
extreme weather events and 
patterns. In the high mountain 
regions, glaciers are in retreat, 
affecting the availability of water.

Born and raised in La Paz, 
Loayza Grisi has witnessed the 
costs of climate change in the 
arrival of migrants from the 
nearby countryside and the 
accelerating disappearance of 
Quechua culture. He has said 
Utama is a “cautionary tale”, 
showing the toll of our current 
ways of life on rural Indigenous 
communities in particular.

For all the humanity and 
intimacy in the portrayal of 
Virginio and Sisa’s lives, there 
is a creeping sense of foreboding 
to Utama – in Virginio’s laboured 
breathing, the circling condors, 
the rain that doesn’t come. 

“We need to make a bigger 
sacrifice,” says one of the villagers 
after their ritual to “sow the water” 
doesn’t bring the prayed-for 
results. Utama makes clear that 
their sacrifice may be inevitable.  ❚

Elle Hunt is a writer based 
in Norfolk, UK

forced to confront how much 
they are prepared to give up.

Winner of a Grand Jury Prize 
at this year’s Sundance Festival, 
and Bolivia’s submission for 
Best International Feature Film 
for the coming Oscars, Utama 
is an unsettling, memorable 
film, bringing into focus the 
individual and cultural costs 
of our changing planet. 

It is also visually stunning, with 
Loayza Grisi’s background in still 
photography evident in dramatic 
wide shots of the arid horizon 
stretched between the mountains 
and aquamarine sky. With Bárbara 

Utama is visually 
stunning, with dramatic 
shots of the arid horizon

High above it all
The threat of climate change permeates this unsettling, memorable 
film about a couple living in the Bolivian highlands, finds Elle Hunt 

Alvarez as cinematographer, 
Utama makes striking use of 
colour, texture and scale, easily 
warranting a trip to the cinema.

Visual parallels made between 
the cracked earth and aged skin 
emphasise the shared history of 
the two, while bird’s-eye views 
showing Virginio and Sisa’s 
home – even their entire village – 
as a dot against the ground make 
stark just how isolated they are.

But Utama’s lasting resonance 
is in its human story, and the 
struggle of its central characters. 
Virginio and Sisa’s reluctance to 
uproot their lives and relocate to 
the city is understandable, but so 
is their grandson’s concern about 
their increasingly tough existence.

Ultimately, however, the 
decision isn’t theirs to make: 
there is no water, the crops aren’t 
growing and Virginio’s health is 
deteriorating. Most villagers have 
fled already. “Nobody wants to 
stay,” one woman tells Sisa.

Adding to the film’s poignancy 
is the fact that Virginio and Sisa 
are portrayed by José Calcina and 
Luisa Quispe, a real-life couple and 
non-professional actors whom 

“ There is a creeping 
sense of foreboding 
to Utama – the circling 
condors, the rain that 
doesn’t come”
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Running  
out of river
The mighty Colorado river is a vital resource 
for millions of people, but overuse and climate 
change mean it is drying up. Can we save the 
Nile of North America? Chelsea Whyte reports 

T
he river was nowhere and everywhere,” 
wrote naturalist Aldo Leopold of 
the Colorado river delta, the region 

where waters originating in the Rocky 
Mountains meander into the Gulf of California 
in Mexico. Having explored the area by canoe 
in 1922, Leopold described the vast wetlands 
as a swirl of “a hundred green lagoons”, 
“awesome jungles” and “lovely groves”.

A century later, Leopold wouldn’t recognise 
the delta. The lagoons have mostly turned to 
dust as a series of giant dams prevented the 
river from reaching the sea reliably for the 
past few decades. “The drying up of the river is 
certainly an indication that something wrong 
is happening,” says Karl Flessa, a hydrologist 
at the University of Arizona. 

Upstream, the Colorado has been drastically 
depleted. That is partly down to the fact that M
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“ people are taking too much water out of the 
river basin and partly down to a megadrought, 
exacerbated by climate change, which means 
the region the Colorado flows through is the 
driest it has been in 1200 years.

Now, the river’s plight has reached crisis 
point. Last year, the US federal government 
for the first time declared a water shortage at 
Lake Mead, a reservoir created by damming the 
Colorado, triggering cuts in supply to farmers. 
Some researchers are even voicing concerns 
that the megadrought might indicate a region 
undergoing aridification, the gradual change 
from a wetter to a drier climate, which would 
put the river in grave peril. 

It is hardly surprising, then, that everyone 
who relies on its water is asking the same 
question: can we save the Colorado? 

Renowned for its dramatic canyons, this 

iconic river stretches some 2300 kilometres 
across the western US and, for a long time, 
northern Mexico. It is known as the Nile of 
North America because as well as being a scenic 
and ecological wonder, it is a vital resource for 
more than 40 million people across seven US 
states, plus 29 Native American tribes that have 
rights to some of the water. It supplies US cities 
including Phoenix and Las Vegas and countless 
farms, and it is dammed to create two major 
reservoirs – Lake Mead in Nevada and Arizona, 
and Lake Powell in Utah and Arizona – that 
produce crucial hydropower for the region.

The way we use this natural resource can be 
traced back to 1922, the year Leopold canoed 
the delta, when the Law of the River was born. 
This is the name given to the collection of 
interstate agreements, US federal laws, court 
decisions, regulations and an international 
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facing the consequences,” says Flessa. 
The pressure on the river system has also 

been ratcheted up by a megadrought that has 
gripped the western US for the past 22 years, 
leaving it parched. That has led to a severe drop 
in the water available, with the average annual 
flows into Lake Mead and Lake Powell nearly 
20 per cent below the average flows into those 
reservoirs during the 20th century. 

In the Colorado’s Upper Basin, up to half 
the decline in water flow has been attributed 
to climate change. There has been less rain 
but it is more complicated than that. Warmer 
temperatures mean the snowpack in the 
region’s mountains melts more quickly than 
it used to, cutting down on one of nature’s 
best ways to store water without evaporation. 
Meanwhile, warmer air pulls more moisture 
out of the soil so more of the snowpack melt 

the same river, and it enabled massive growth 
in the south-western US. 

But even back then, alarm bells were ringing. 
The amount of water allotted for use in the 
compact was determined using records from 
the early 20th century, an exceptionally wet 
period known as the North American Pluvial. 
In 1928, William Sibert, chair of the Colorado 
River Board, warned that this meant major 
droughts would be likely in future. “It is 
quite probable that the compact attempts to 
apportion more water than the actual average 
undepleted flow of the river,” he wrote. 

The number of people living in the region 
has risen sharply since then, so the volume 
of water tapped has increased too. These days, 
agriculture consumes 70 to 80 per cent of 
the river basin’s water every year, with thirsty 
cities drawing about 15 per cent. “Now we’re >

treaty that govern the use of the Colorado 
waters. It started with the Colorado River 
Compact, which divvied up the river system, 
with its myriad tributaries, into two regions 
known as the Upper Basin and the Lower Basin. 

Under the compact, the states that draw 
water from the Upper Basin – Colorado, New 
Mexico, Utah and Wyoming – agreed to taking 
a share that left enough water to filter down to 
the Lower Basin states, which include Arizona, 
California and Nevada. Each basin could draw 
roughly the same amount of water, about 
7.5 million acre-feet – an acre-foot being the 
volume of water that would cover an acre to 
a depth of 1 foot – which is the equivalent to 
9 billion cubic metres. The states were to  
decide how to split that up among themselves. 
The compact was the first time more than 
three states had negotiated water rights from 

Water levels at Lake Powell, 
the second-largest reservoir 
in the US, are falling fast
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is soaked up rather than going into the river. 
Climate models suggest that if warming 

continues, the river’s flow could be reduced 
by 30 per cent by 2050 and 55 per cent by the 
end of the century. With a hotter future, the 
Colorado could see the decline of an important 
source of replenishment known as baseflow – 
moisture that enters groundwater stores and 
then moves into the river as it seeps out into 
streams or springs that feed it. “Baseflow 
contributes over 50 per cent of the water in the 
upper Colorado river basin,” says Olivia Miller, 
a hydrologist with the US Geological Survey. 

She and her colleagues modelled how the 
river might respond to climate change in the 
Upper Basin. They found that under a warm 
and wet scenario, baseflow would initially 
increase in the 2030s, but ultimately decline 
by 3 per cent from today’s levels by the 2080s. 
Under a hot, dry climate, baseflow was predicted 
to decline by up to 23 per cent in the 2030s and 
reach a 29 per cent decline by the 2050s. 

Historic lows
“I think about it like a financial budget,” says 
Miller – and when it comes to the Colorado, it 
is clear that we are living beyond our means. As 
Kevin Wheeler at the University of Oxford and 
his colleagues showed in an analysis published 
last year, since 2000, the average natural flow 
in the Colorado has dropped to 15.1 billion 
cubic metres per year – some way short of 
the 20.3 billion cubic metres now allocated 
for use under the Law of the River. 

Today, the two major reservoirs on the river 
are at historic lows. If the water levels dip much 
lower, the Colorado’s northernmost reservoir 
won’t have enough in the tank to both fill 
Lake Mead downstream and generate any 
hydropower, which would have devastating 

effects on the electricity grid in the western US.
That doesn’t mean the river will die: Miller 

says it would be hard to imagine it drying up 
completely. “For that to happen, we would 
essentially need no precipitation,” she says.  
So it is unlikely the entire 2300-kilometre 
stretch of river will disappear in the coming 
decades. But portions of it could slow to a 
trickle and if aridification does take hold,  
this could be the start of the river’s demise.  
“No one was expecting the drought to last this 
long,” says Wheeler. “There is a significant 
possibility this is driven by aridification.”

What is clear is that the drying of the 
Colorado has got to the point where urgent 
action is required. “The system is at a breaking 
point right now,” says Wheeler.

What we should do depends on what you are 
trying to achieve. Few people are suggesting 
we can restore the river to its natural state, 
because everyone recognises its importance 

“ The river’s 
flow could  
be reduced  
by 55 per cent 
come the  
end of the 
century”

to the lives and livelihoods of millions of 
people. Even so, Flessa and his colleagues 
are among those attempting to revive the 
ecological health of the delta and connect the 
river to the sea again, by periodically releasing 
water from dams in so called “pulse flows”. 

In 2014, the largest of these left the gates of 
the Morales dam on the Arizona-Mexico border, 
releasing 130 million cubic metres of water 
towards the Gulf of California. Eight weeks 
later, aerial surveys showed that the water 
had spread through the parched land and 
trickled towards the ocean. The Colorado 
river had connected to the sea for the first 
time in nearly 20 years. 

In the time since, several smaller pulse 
flows have irrigated restoration sites in the 
delta in northern Mexico. It remains to be 
seen what long-terms benefits that will bring 
to people there who have suffered as fishing 
opportunities dried up. But willow and 
cottonwood trees are coming back. “These 
are classic riparian vegetation in the arid west,”  
says Flessa. “With a lot of care and a little bit 
of water, these riparian forests have grown 
20-foot-tall trees in eight years, and they 
provide habitats for resident and migratory 
birds. And beavers are back!” 

For the most part, however, scientists are 
concerned with safeguarding the river’s future 
to ensure that it can continue to supply water 
for the millions of people who depend on it. 

One option is to reduce evaporation from 
water sitting in the big reservoirs. The Colorado 
basin loses an average of about 2.5 billion cubic 
metres, or roughly 12 per cent of its annual 
water supply, to evaporation each year. 
Estimates suggest Lake Powell sees annual 
evaporative losses of 470 million cubic 
metres – that is more than the state of Nevada 
takes from the river system. Lake Mead sees 
around twice that much evaporation. 

There have been some attempts at reducing 
evaporation. Shading reservoirs with floating 
plastic spheres that reduce the amount of 
sunlight reaching the water has been tried 
in some places, for instance. But the truth is 
that they haven’t been very successful, says 
David Freyberg, an environmental engineer 
at Stanford University in California. “It’s very 
hard to suppress [evaporation]. A few smaller 
reservoirs in southern California have tried 
floating a zillion little black balls on the surface, 
but the challenge is that it’s very hard to find 
something that wind doesn’t disrupt,” he says. 

The other big idea is to redirect flood waters 
to replenish parched aquifers. One of the 
anticipated impacts of our changing climate 
is that river flows will become more variable, 

Lake Powell, which 
straddles Utah 
and Arizona, in 
August 2017 (left) 
and August 2022
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The programme will be funded with a portion  
of the $4 billion appointed for drought 
mitigation under the landmark Inflation 
Reduction Act passed earlier this year. 

Wheeler also suggested that farmers could 
be subsidised by the government to grow 
higher-value crops with the water they do use, 
shifting from alfalfa used for animal feed to 
other plants. Freyberg also says that crop 
selection may need to change: “My guess is 
that we’re going to see some fairly dramatic 
changes in western agriculture. I don’t see how 
we can avoid that, to be honest.” It isn’t yet clear 
what those changes will be, but cereals, canola, 
chickpeas, and leafy greens are among the 
crops being proposed as a way to keep land 
productive while reducing irrigation needs. 

The time to plan is now. A number of 
agreements that govern the use of the 
Colorado are set to expire in 2026, and must 
be updated with a dryer climate in mind. 
“It’s often been debated whether it’s time to 
renegotiate the compact,” says Wheeler. “Most 
of the states’ representatives have said this 
would open up a can of worms that would be 
too difficult to contain. However, if we are not 
going to fundamentally change or replace the 
compact, we may have to bend the hell out of it 
to make it work for a new era moving forward.”

If not, Leopold’s maxim about the lush river 
delta may get turned on its head. If the river 
is allowed to be used unchecked, it will be 
everywhere and nowhere.  ❚

The idea is not only to restore the ecology 
of Glen Canyon, but also to reduce evaporation 
and losses to ground water seepage, which is 
a problem because of the canyon’s porous 
sandstone walls. The GCI analysis suggested 
that this could save 370 million cubic metres 
of water each year, though a separate analysis 
conducted at Utah State University found that 
it would be closer to 62 million cubic metres. 

Others aren’t so enthusiastic. Lake Powell is 
part of the Glen Canyon National Recreation 
Area, which draws millions of visitors who 
spent $332 million in the area last year. It not 
only supplies power, but jobs too, so any 
proposal to cut off that tap is a tough sell. 
“The question of which reservoir the water 
sits in is mainly a political one,” says Wheeler. 

The truth is that when it comes to restoring 
the Colorado’s water supply, there is no silver 
bullet. With no end in sight for the drought 
gripping the US west, it is impossible to avoid 
the reality that we have to start pulling less 
water out of the river. “We can’t increase 
supply,” says Wheeler. “So the only lever 
we really have is demand management.”

In that vein, Nevada enacted a law to ban 
“non-functional turf” by the end of 2026. 
This is grass that nearly nobody uses, such as 
lawn in business parks and central strips that 
separate two sides of a road, and yet it requires 
a lot of water. Nevada’s ban is the first such  
law in the US to prohibit grass in certain areas, 
though California has also recently banned 
the watering of non-functional grass. 

Wider action is also under way. In October, 
the US Department of the Interior announced 
that it will pay farmers, cities and Native 
American tribes to voluntarily cut back on 
the amount of water they take out of the river. 
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Chelsea Whyte is a senior  
news editor at New Scientist

with higher flood peaks in wet years and  
longer dry periods in dryer years. “If we could 
somehow capture those higher peak flows and 
put them into the ground where they are stored 
without evaporation, then we might be able to, 
in a sense, live with a changing climate and 
better manage the resources,” says Freyberg. 

He is among those backing a proposal for 
California known as Flood-MAR, the latter  
half of which stands for “managed aquifer 
recharge”. He argues that it could help take 
advantage of the massive dumps of rain that 
do still hit the western US sometimes despite 
the drought. What’s more, underground 
storage also avoids some of the ecologically 
disruptive impacts of dams and reservoirs. 
“There’s way more volume available in the 
subsurface to store water, all those pore spaces 
in the rock down there,” says Freyberg. 

Cutbacks coming 
Perhaps the most drastic proposal to conserve 
the Colorado’s stocks is a plan called Fill Mead 
First, which would consolidate most of the 
water from both major reservoirs on the river 
downstream into just one, Lake Mead, which 
forms behind the Hoover dam in Nevada. The 
Glen Canyon Institute (GCI), a conservation 
group that aims to restore the Colorado through 
Glen Canyon, where the other big reservoir, 
Lake Powell, is located, commissioned a study 
in 2013 to assess the impact of letting Lake 
Powell empty out. Under this proposal, the 
dam that creates the lake would be opened 
to lower its levels to the minimum at which 
hydropower can be produced before tunnels 
would be built around the dam to eventually 
allow the river to flow freely again. 

Left: The Hoover dam in 
Nevada and Lake Mead. 
Above: Tamarisk 
growing in a dried-out 
riverbed in Utah
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Mother tongue
Almost half the global population speaks a language that 
belongs to the same vast linguistic family tree – and we  
are closer than ever to working out where it first took root, 
finds Andrea Valentino

M
OTHER. There can scarcely be a 
more emotive word in the English 
language. We can imagine children 

howling it as they wake from nightmares, and 
centenarians whispering it on their death beds. 
A 2004 survey proclaimed it the most beautiful 
word in English, and artists have evoked it in 
countless poems and plays. Yet even though 
it can conjure home and hearth in a scant two 
syllables, mother is perhaps most remarkable 
for its deluge of cousins. From Dutch (moeder) 
to Czech (matka) to Bengali (ma), dozens of 
languages have words that share a common 
root with mother, tying English to a cobweb of 
tongues that straddles almost every continent.

Human societies can’t exist without 
language, and no language family has shaped 
our world as much as Indo-European. It boasts 
well over 3 billion speakers, or an estimated 
46 per cent of everyone on Earth. From the 
moment this language family was recognised, 
scholars have been searching for the answer 
to a weighty question. Who spoke the Indo-
European mother tongue – dubbed Proto-
Indo-European (PIE) – that splintered into 
the hundreds of daughters we hear today?

The quest has thrilled and frustrated experts 
for centuries, with the evidence sometimes 
pointing in opposing directions. Yet the field 
is far from deadlocked. With the power of 
DNA at their heels, geneticists are making 
new claims about PIE, a language that may 
predate civilisation. Meanwhile, linguistic 
studies now suggest we can trace the roots 
of Indo-European languages even further 
back than PIE, to the world that existed 
shortly after farming took hold in south-west 
Asia. Not that any of this is straightforward – 
or without controversy.

The story of PIE begins in the 18th century, 
when William Jones made a startling discovery. 
A judge working for the British administration 

in Calcutta (now Kolkata), Jones had always 
been a passionate linguist. After he moved 
to India, he became enthralled by Sanskrit, 
the ancient Indian language still used in 
modern Hinduism. Jones noticed similarities 
between Sanskrit and other languages – ones 
spoken very far from Calcutta. As he put it in 
a lecture in February 1786, no linguist could 
examine Greek, Latin and Sanskrit together 
“without believing them to have sprung” 
from some common ancestor.

Jones wasn’t the first to make this sort 
of connection, but his lecture would fire a 
revolution. Soon, scholars were convinced 
that these languages were indeed related 
and belonged to what was, in 1813, termed the 
“Indo-European” language family. By the end 
of the 19th century, linguists had even begun 
to reconstruct PIE. They did so by analysing 
words that share a similar pronunciation 
and definition across many Indo-European 
languages – so-called cognates, including 
mother/moeder/ma – and by studying the 
sound changes known to occur as languages 
evolve. Without texts to help them – the 
earliest Indo-Europeans didn’t have writing – 
this involved speculation. But in PIE words like 
sénos (old) and móri (sea), we may be hearing 
the distant cries of “senior” and “maritime”.

Linguists also advanced a range of 
hypotheses about where the PIE speakers 
came from. Among the more popular 
was the idea that the first Indo-Europeans 
heralded from the westernmost region of 
the Eurasian steppe, north of the Black Sea, 
around 6000 years ago. If, after all, speakers 
eventually lived everywhere from Europe’s 
Atlantic coast to the Himalayas, it made 
sense that they started somewhere in the 
middle. From there, the descendants of 
PIE speakers were thought to have headed 
variously south into the Anatolian peninsula, A
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north and west into Europe and east into 
southern Asia.

In the 20th century, however, the story 
became more complicated. Maps once 
promoted by linguists showed Indo-European 
populations moving along gracefully arcing 
lines, but archaeology spoke to a muddled set 
of relationships between groups judging by, 
for instance, the geographical distribution 
of pottery associated with particular ancient 
cultures. “Every time there’s a new paper, it 
produces as many new problems as solutions,” 
says archaeologist James Mallory at Queen’s 
University Belfast, UK.

Genetic clues
More recently, research into the PIE speakers 
has been transformed to an even greater 
extent by genetics. Iosif Lazaridis, a geneticist 
at Harvard University, recalls a time as recently 
as 2014 when his colleagues had fragments of 
ancient DNA from a mere 10 individuals across 
the whole of Europe. Now, there are hundreds 
of samples to investigate, taken from ancient 
graves as far apart as Croatia and Iran.

These developments are already offering 
up clues for understanding the spread of 
Indo-European languages. In 2015, for example, 
Lazaridis and other researchers studied the 
genetic data of dozens of ancient Europeans 
who lived between 3000 and 8000 years ago. 
Their work hinted that the spread of Indo-
European languages was at least partly due to 
a massive migration from the Eurasian steppe. 

Some geneticists speculated that this 
migration was more akin to an invasion, and 
in recent years, the migrants in question – 
known to history as the Yamnaya – have gained 
a fearsome reputation. Portrayed as skilled 
herders, possibly armed, potentially travelling 
on wheeled carts, it has been suggested they 
left a trail of destruction across the continent.

It is certainly true that these migrants 
completely changed the linguistic landscape: 
Basque is now the only European language 
that predates the coming of the Yamnaya. 
But as Lazaridis and his colleagues have 
continued their genetic investigations, they 
have developed a more nuanced picture of 
what this massive migration really looked like.

Earlier this year, Lazaridis co-published three 
major new studies on the ancient people of an 
area he and his colleagues called the Southern 
Arc, a swathe of territory spanning from 
the Balkans to the Middle East. The research 
suggests that relations between local >
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farmers and the incoming herders may not 
have been so violent, at least not everywhere.

Studying DNA from a high-status burial in 
Greece, dating to about 1450 BC and complete 
with a stunning gold-hilted sword, the 
geneticists found that the individual, dubbed 
the Griffin warrior, had no steppe ancestry. 
This seems to discount what Lazaridis calls 
a “social caste hierarchy” – newcomers at the 
top, natives at the bottom – especially since 
humbler Greek graves did show signs of 
steppe ancestry. For Guus Kroonen, a linguist 
at Leiden University in the Netherlands, it is 
possible that Europe’s native farmers adopted 
Yamnaya pastoralism voluntarily, keen to 
emulate a new and exciting way of life.

Yet, as Lazaridis is learning, not all his ideas 
have found such easy acceptance – particularly 
those concerning the earliest history of Indo-
European. His latest genetics research finds 
shortcomings in the suggestion that the PIE 
speakers lived on the steppe to the north of the 
Black Sea. Instead, Lazaridis contends that they 
originated to the east and south of this region. 

Again, he stakes his claim on DNA. If the 
steppe thesis were correct, and the Indo-
Europeans originated in the north before some 
spread south onto the Anatolian peninsula, 
ancient burials on the north and south sides 
of the Black Sea should show signs of a shared 
history. But his team found no steppe ancestry 
in Anatolian burials, suggesting that people 
from both places heralded from somewhere 
else. As Lazaridis explains, that “somewhere” 
is probably the Caucasus, to the east of the 
Black Sea. “Anatolia doesn’t have this steppe 
ancestry,” he says, but ancestry from the 
Caucasus is seen in ancient burials both on 
the steppe and on the Anatolian peninsula.

If Lazaridis is correct, the story of the PIE 
speakers will need to undergo a significant 
rewriting. Put simply, it implies that PIE as 
many have imagined it – a language emerging 
on the steppe roughly 6000 years ago – is only 
the second stage in a linguistic journey that 
may have started centuries earlier in the 
Caucasus, possibly in what is now Armenia. 
This means that nomenclature, if nothing else, 
must change. One straightforward way to think 
about it could be to imagine traditional PIE as 
merely “PIE 2”, with “PIE 1” serving as the proud 
parent to both PIE 2 and to the now-extinct 
Indo-European languages that were spoken 

on the Anatolian peninsula millennia ago. 
But speak to the linguists and they are far 

from convinced by Lazaridis’s idea. Some feel 
the geneticists came up with this new scenario 
by ignoring the contributions linguists have 
made to the PIE story. Alwin Kloekhorst, a 
linguist at Leiden University, notes something 
missing from one of the Southern Arc studies 
in which Lazaridis and his colleagues set out 
their new scenario. “There were no linguists 
involved in the whole paper,” he says. “I think 
that’s a bit annoying, to be honest.”

In particular, linguists have reconstructed 
PIE words associated with pastoralism and 
herding, the sorts of activities you would 
expect from nomads on the steppe. But this 
way of life wasn’t common in the Caucasus. 
There, people were crop farmers, from around 

“ The linguistic 
journey may 
have started in 
the Caucasus, 
possibly in 
what is now 
Armenia”
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ancient DNA is far more sophisticated 
than anything we could work out from 
archaeological remains or linguistic 
tinkering alone. 

Yet even as the field argues, some linguists 
are turning their gaze to an even remoter past. 
No language appears from nowhere and even 
PIE must have had precursors in the depths  
of time (see “The deep roots of language”, left). 
For Kloekhorst, that could be what he and some 
other scholars call Proto-Indo-Uralic (PIU).  
This idea seeks to dovetail the Indo-European 
family of languages with the Uralic family,  
a set spoken by about 25 million people that 
includes Hungarian and Finnish. Giving his 
super-family a potential homeland near the 
Ural mountains in Russia, Kloekhorst says  
he has detected certain similarities in Indo-
European and Uralic grammar and vocabulary. 
Examples include the apparent resemblance 
between the English “me” and the Finnish 
minä, and English “water” and Finnish vesi. He 
concedes that this shared inheritance is “very 
small”, but equally stresses that the inheritance 
involves basic, everyday words that are the 
most conservative parts of any language, and 
so the least likely to have been borrowed later.

Kloekhorst’s approach turns the linguistic 
clock back bewilderingly far: if it existed, PIU 
would have been spoken around 9000 years 
ago. It leads to a scenario in which PIU split 
and gave rise on the one hand to the common 
ancestor of the Uralic languages and on the 
other hand to PIE 1. From there, the Uralic 
languages would have continued to develop 
in the north of Eurasia, while PIE 1 speakers 
moved south and west to the Caucasus.

Kroonen thinks most linguists would say 
the PIU idea hasn’t yet been confirmed. Any 
similarities between the Indo-European and 
Uralic families could just be coincidence, he 
says. Nevertheless, the idea is gaining ground: 
2019 saw the publication of a major book on 
PIU. It is a serious hypothesis, says Kroonen. 

Scholars have already spent more than 
200 years searching for the mother of the 
languages spoken by billions. They may 
just be getting started.  ❚

even when the Yamnaya did, much later, 
migrate further west into Europe and begin 
farming in earnest, some linguists believe 
they borrowed local words to describe their 
new crops. As Kroonen says, fagiolo (Italian) 
and fasóli (Greek), both meaning bean, may 
ultimately have been derived from some 
ancient and now extinct European tongue 
unrelated to the Indo-European languages. 
“It seems that the [language] package is very 
much incomplete,” says Kroonen.

Finnish connection
Lazaridis accepts these criticisms gracefully. 
He describes Kroonen’s critique as “very 
interesting” and stresses that genetics can’t 
hope to solve every mystery alone. All the 
same, he is eager to hold the line against 
some linguistic incursions. When it comes 
to the absence of farming terms in early 
Indo-European, for instance, he says the people 
who moved from the Caucasus to the steppe – 
the PIE 1 speakers – may not have been farmers 
at all. As Lazaridis explains, agriculturalists 
shared the region with hunter-gatherers. 
If the PIE 1 speakers were hunter-gatherers, 
they would have had little need for legume 
terminology. Another possibility, says Lazaridis, 
is that PIE 1 speakers were farmers who had 
farming words, which they abandoned when 
they moved to the steppe and stopped farming.

With so much back and forth, progress can 
feel slow. But while linguists and geneticists 
currently have their disagreements, there 
is surely room for optimism. If Lazaridis is 
happy to reconcile his work with the linguistic 
evidence, linguists like Kroonen seem equally 
willing to meet him and other geneticists 
halfway. Kroonen says one of the “great 
strengths of the genetic revolution” has been 
the ability of scientists to look for population 
movements postulated by linguists. 

Mallory, who wrote his opus on the Indo-
Europeans some three decades ago and can 
perhaps look at the field with more distance, 
seems sanguine too. “With any field or any 
science that enters into a debate, it will initially 
be fairly simplistic interpretations,” he says. 
“But it gets more and more contentious as 
you get more data.” Not that this is necessarily 
a problem, he adds, given that the evidence 
of past migrations we can now glean from 

With linguistic detective work, we can 
reconstruct some of the vocabulary of 
Proto-Indo-European (PIE), a language 
spoken roughly 6000 years ago. Now, 
some linguists have set their sights on 
an older hypothetical language called 
Proto-Indo-Uralic, spoken perhaps 
9000 years ago (see main story). Can we 
rewind the language clock even further?

The answer is both yes and no. If the 
goal is to reconstruct ancient vocabulary, 
PIE is probably about as far back as we 
can go, says Guus Kroonen at Leiden 
University, the Netherlands. Even PIE 
would have been difficult to reconstruct 
if not for the fact that linguists gleaned 
important clues from ancient texts – 
some more than 3000 years old – 
written in Indo-European languages 
including Greek and Sanskrit, he says.

But if the goal is merely to identify 
ancient languages rather than 
reconstruct them, we might go back 
further, says Alwin Kloekhorst, also 
at Leiden University. For instance, 
some scholars think the Indo-European 
and Uralic language families might 
be distantly related to Mongolian and 
Turkic, which, if correct, “would imply 
that a Proto-Indo-Uralo-Mongolo-Turkic 
language may have been spoken before 
12,000 BC”, he says.

Other linguists have identified even 
older languages, such as Proto-Afro-
Asiatic. This may have been spoken 
18,000 years ago and gave rise to 
hundreds of languages now spoken 
in parts of Africa and western Asia.

THE DEEP ROOTS 
OF LANGUAGE

the 6th millennium BC, several thousand 
years  before the PIE speakers emerged. 

If there really was a PIE 1 spoken in the 
Caucasus, you would expect it to include 
crop terminology – and for at least some 
of those terms to have been carried north 
and incorporated into PIE 2.

Kroonen says this didn’t happen. Though 
it boasted a single term for cereal, he says the 
oldest form of Indo-European lacked words 
for peas, lentils and other legumes. In fact, 

Andrea Valentino is a journalist 
based in New York
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The Einstein machine  
Algorithms can now pore over astrophysical data to 
identify underlying equations. Will artificial intelligence 
ever discover new laws of physics, asks Thomas Lewton
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“The great book of nature is written in 
mathematical language,” wrote Kepler’s 
contemporary and fellow heliocentrist 
Galileo Galilei. These days, the question 
of whether the universe is inherently 
mathematical or mathematical patterns 
are something we impose upon it is far 
from settled. But given the amazing triumphs  
of mathematics in capturing what appear 
to be abstract truths in simple equations, 
it makes sense that modern physicists would 
try to teach AIs to do something similar. 

This was the thinking behind symbolic 
regression, a method originally developed in 
the 1970s by Patrick Langley, then at Carnegie 
Mellon University in Pennsylvania, and later 
revived and finessed by others, including 
Hod Lipson and Michael Schmidt, then at 
Cornell University in New York. It works by 
methodically running through equations 
that feature various mathematical symbols,  
or operations, like addition or multiplication, 
and combinations of physical variables, such as 
position or velocity. If one of these equations 
closely fits the data, say from observations of 
a planet’s orbital track, it is rewarded and then 
mutated by, for example, switching a plus for a 
minus. The new expression is then tested and 
compared with its predecessor, and so on. 

In this way, weaker equations are gradually 
weeded out in a process akin to natural 
selection. “The network is able to figure out the 
law by itself, without our intervention,” says 
Shirley Ho at the Flatiron Institute in New York. 

The trouble is that symbolic regression 
struggles to find equations in “higher-
dimensional” data sets, meaning those 
containing many possible physical variables. 
These happen to be the bread and butter of 
many physicists today. Astrophysicists and 
cosmologists, for example, are enjoying a 
deluge of data from powerful new telescopes 
like the James Webb Space Telescope and 
the European Space Agency’s Gaia space 
observatory. That is a problem for symbolic 
regression because when you have more 
variables, the number of possible equations 
that your algorithm has to test explodes – to 
the point that it is too much even for today’s 
beefiest computers. 

Deep-learning algorithms make light 
work of big data sets. This explains why, 
a few years ago, Miles Cranmer at Princeton 
University, in collaboration with Ho, 
attempted to combine the strengths of 
both methods – deep learning’s pattern-
finding prowess and symbolic regression’s 
easy-to-interpret outputs. 

S
PEAKING at the University of Cambridge 
in 1980, Stephen Hawking considered 
the possibility of a theory of everything 

that would unite general relativity and 
quantum mechanics – our two leading 
descriptions of reality – into one neat,  
all-encompassing equation. We would 
need some help, he reckoned, from 
computers. Then he made a provocative 
prediction about these machines’ growing 
abilities. “The end might not be in sight for 
theoretical physics,” said Hawking. “But it 
might be in sight for theoretical physicists.”

Artificial intelligence has achieved much 
since then, yet physicists have been slow to 
use it to search for new and deeper laws of 
nature. It isn’t that they fear for their jobs. 
Indeed, Hawking may have had his tongue 
firmly in his cheek. Rather, it is that the  
deep-learning algorithms behind AIs spit out 
answers that amount to a “what” rather than 
a “why”, which makes them about as useful for  
a theorist as saying the answer to the question 

of life, the universe and everything is 42. 
Except that now we have found a way 

to make deep-learning algorithms speak 
physicists’ language. We can leverage AI’s 
ability to scour vast data sets in search of 
hidden patterns and extract meaningful 
results – namely, equations. “We’re moving 
into the discovery phase,” says Steve Brunton  
at the University of Washington in Seattle.

Which isn’t to say Hawking was 
right. Far from facing extinction, theoretical 
physicists might have found the ultimate 
collaborators. Their challenge now is to 
figure out which aspects of the human 
theorist’s playbook should be enshrined 
in machine counterparts so they don’t get 
stuck in the same ways we have. 

Trial and error
Data-driven science began in the 16th century 
with Dutch astronomer Tycho Brahe’s 
meticulous observations of the motions  
of planets and stars. Poring over Brahe’s 
notebooks, Johannes Kepler spotted 
underlying patterns in the data to come 
up with three simple laws that describe 
planetary motion – and confirmed the 
sun’s place at the centre of the universe. 

Kepler’s strategy was trial and error. 
He painstakingly worked through myriad 
orbital shapes to see which best fit the solar 
system. Eventually, he uncovered a precise 
mathematical harmony between the paths of 
planets and the time it took them to orbit the 
sun. It was a triumph that put mathematical 
equations at the heart of our understanding 
of the universe, where they have remained. 
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They fed a deep-learning neural network 
real-world NASA data of planets and moons 
orbiting in our solar system – the same sort 
of things Kepler would have worked with. 
After the neural network had found patterns 
in the data, it was frozen. A series of numbers 
were then fed into the neural network and 
the outputs formed a new data set, one that 
reflected these patterns and was suitable 
for symbolic regression, allowing it to 
find equations that fit. Sure enough, the 
researchers’ symbolic regression algorithm, 
known as PySR, “rediscovered” Isaac Newton’s 
law of gravity using little more than raw data. 

But this was just a proof of principle. 
Applied to the glut of new astrophysical data 
by Cranmer and many others, PySR is already 
being used to discover equations that describe 
diverse and interrelated features of the 
cosmos. From the masses of black holes 
deduced from gravitational wave detections 
to the characteristics of cosmic voids, symbolic 
regression is suddenly offering astrophysicists 
new ways to find mathematical order in the 
universe. “They are actually driving brand 
new discoveries purely from the data, it’s 
really beautiful work,” says Brunton, who, in 
2016, co-created another popular symbolic 
regression algorithm called SINDy.

Into the voids
Take dark matter, the mysterious source of 
gravitation that keeps galaxies from flying 
apart and makes up 80 per cent of all matter 
in the universe. In cosmology, the absence of 
dark matter is called a void and the distribution 
and characteristics of voids can be related to 
universe-wide constants. But finding these 
equations is hard because there are many voids 
and each one is described differently, so there 
are many variables. In May 2021, Cranmer, 
along with Ho and other collaborators, used 
deep learning in conjunction with PySR to 
discover a new relationship between the size 
and shape of cosmic voids and what fraction of 
the universe’s total energy is present as mass. 

Then, in March 2022, Helen Shao at 
Princeton University and her collaborators 
used PySR to discover an equation that 
predicts the mass of a sub halo – a clump 
of dark matter – from other properties, 
such as how quickly stars form in galaxies. 
Surprisingly, this equation worked accurately 
across almost all galaxies in the history of the 

universe. “It was spectacular,” says Francisco 
Villaescusa-Navarro at the Simons Foundation 
in New York, who was a co-author. “It’s 
probably because [the neural network] has 
found some really fundamental relation.”

Fundamental relations are exactly what 
physicists are looking for because they are 
“generalisable”, meaning they can describe 
unusual physical systems just as well as 
the original data set that the relation was 
discovered from – and, as such, are a hallmark 
of understanding. Newton’s famous second 
law of motion, for example, which says that the 
force acting on an object is equal to the mass  
of the object multiplied by its acceleration, 
works just as well for a falling apple as it does 
for landing rockets on the moon. 

Symbolic regression programs tend to churn 
out equations that are more generalisable than 
deep-learning neural networks deployed on 
their own, which often grind out nonsense 
when applied to scenarios outside their 
comfort zone. “They don’t suffer from this 
tendency to pay attention to small details 
of one particular data set,” says Shao.

Even so, all of PySR’s successes so far 
are empirical equations. In other words, 
they are descriptive and good at replicating 
experimental data rather than directly 
offering a theoretical explanation, or the 
deeper “why”, that physicists want. Kepler’s 
law, for example, is an empirical equation. 
It fits Brahe’s reams of data surprisingly well, 
yet Kepler didn’t know why this was. Only 
later, when Newton thought deeply about 
the nature of gravity, did this law make 
sense as part of Newton’s law of gravitation. 

We know the fitting of mathematical symbols 
to data isn’t the only way to make sense of the 
world. Albert Einstein came to his theory of 
general relativity, which superseded Newton 
to say that gravity is the result of mass warping 
space-time, through a series of imaginative 
thought experiments. Observations, like the 
unusual movement of Mercury in the night sky, 
only confirmed general relativity rather than 
inspiring the theory. Meanwhile, in quantum 
mechanics, an empirical equation called 
Planck’s law – which describes the emission of 
radiation from objects – was the precursor to 
deeper insights about the microscopic world.

Cranmer and Ho see empirical equations as 
more of a stepping stone to deeper truths than 
truths in themselves. They hesitate to even call 
these new equations “discoveries”. “We’re 

“It offers a new 
way to find 
mathematical 
order in the 
universe”
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on their most revolutionary promise: the 
ability to offer a new perspective. Lemos takes 
a similar view. “You don’t want to give it too 
much human intuition because your end 
goal is to use it to find equations that humans 
cannot find. Maybe it will get stuck in the 
same way as we’re getting stuck,” he says. 

Thaler remembers setting an AI to 
work on a problem he had been stuck 
on for a decade. Quickly, it came back 
with a solution, which he then scrutinised. 
“I was embarrassed that I had not thought 
of it myself,” he says. “I realised I had 
a prejudice about the way the problem 
should be solved, which imposed a 
constraint on my own human thinking 
that I hadn’t given to the computer.” 

Rather than forcing them to think just like 
humans, AIs need the freedom to search over 
all possible approaches to problems and every 
combination of symbols as solutions. In fact, 
Thaler reckons physicists need to start 
thinking differently. “I was trained to think 
about what are the laws of nature in our 
universe. Now it’s ‘what is the space of all 
possible rules?’ ” This is what is required, 
he says, if we are serious about AIs making 
big leaps in fundamental physics. 

For now, symbolic regression is winning 
over AI sceptics. “You can have some very 
senior theorist who hates machine learning, 
but then you introduce them to symbolic 
regression and they often like it, because it 
gives you expressions you can write down 
on paper and interpret,” says Cranmer. In that 
sense, symbolic regression is just another tool 
to add to telescopes, computers and calculus. 
Computers aren’t naturally curious, so there 
has always got to be a human there to ask the 
question in the first place. “Humans still have 
to specify the sandbox in which you operate, 
and then the computer can look at every single 
grain of sand and inspect it,” says Thaler. 

But now that physicists and artificial 
intelligence are finding a common language, 
there is a new kind of dialogue. This could 
radically shift how they work towards a 
genuinely collaborative relationship, says 
Thaler. “It feels to me like the beginning of 
a sea change.”  ❚

Cranmer and others are already starting 
to think about how they might develop 
AIs capable of finding fundamental laws 
of nature on their own. One strategy is to 
embed cultural norms from the physicist’s 
playbook. Already ingrained in PySR and other 
symbolic regression programs is a penchant 
for simplicity – enshrined for centuries as 
Occam’s razor, the principle of shaving off 
needlessly complicated explanations or, 
when it comes to equations, excessive symbols. 

With symbolic regression, there is usually 
a trade-off between accuracy and simplicity. 
If the equations you come up with using this 
method are very complicated, then you can 
often match the data you are using more 
closely, as there are more dials you can twiddle. 
This is called “overfitting” and it increases the 
risk that your mathematical expression is less 
accurate outside of its test data set. In other 
words, it isn’t generalisable. With simpler 
expressions, however, there is “a much better 
chance that you’re actually capturing a 
mechanism”, says Brunton. Cranmer suspects 
this compromise is why PySR fell upon 
Newton’s law of gravity, rather than Einstein’s 
equations of general relativity, when he 
applied it to NASA’s orbital data.

Symmetry, as defined by physicists, is 
another guiding light for physicists seeking 
universal laws of nature. It is the property  
of being able to transform something and  
end up where you started. There are already  
AIs that can make physics problems more 
symmetric. And now Bruton, alongside 
J. Nathan Kutz, also at the University of 
Washington, have “baked in” knowledge 
of many types of symmetry into their 
SINDy program, which extracts equations 
to describe the complex behaviour of 
flowing fluids. “You almost always get better 
models from less data that are more accurate 
and can handle more noise,” says Brunton. 

Then there is mathematical “beauty”, 
or “elegance”, which is hard to define, but 
which many physicists still strive for when 
developing new theories. It is possible that all 
such methods and ideals could be enshrined  
in AIs searching for new equations. But Jesse 
Thaler at the Massachusetts Institute of 
Technology points out that though our 
intuitions about reality have been useful 
in the past, they have also led us astray.

As a result, Thaler warns that in trying to 
make AIs too human-like, we risk missing out 

JIM
 S

T
EP

H
EN

S
O

N
/V

IE
W

 P
IC

T
U

R
ES

/U
N

IV
ER

S
A

L 
IM

A
G

ES
 G

R
O

U
P 

V
IA

 G
ET

T
Y 

IM
A

G
ES

definitely not at that point yet,” says Cranmer, 
speculating that hybrids of symbolic regression 
and deep learning could bring major scientific 
discoveries – such as what dark matter is, or 
whether it really exists at all – within a decade. 

The idea is that these symbolic expressions 
will give direction to physicists, says Ho, 
helping them to make bigger leaps. “When 
you express your deep-learning model in 
this language, then immediately you can see 
connections to existing theory,” says Cranmer. 
Scientists still play a crucial role in studying 
these equations, understanding their form 
and how they connect to each other and 
physics as a whole – at least for now.

Pablo Lemos at the University of Montreal, 
Canada, who was involved in the rediscovery of 
Newton’s law of gravity, suspects that symbolic 
regression could soon weigh into debates 
about the nature of dark matter and also dark 
energy, another mysterious entity thought 
to be driving the expansion of the universe. 
“We’re clearly a bit stuck,” he says. “Maybe 
this can shed some light on how we should 
be looking at the data.”

Equations neatly 
capture the relations 
between physical stuff 

Thomas Lewton is a science  
journalist based in London, UK
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posted each week at 

newscientist.com/maker 

What you need
For 3 to 4 servings:
300 g macaroni
600 ml milk
350 ml water
65 g butter
1 tsp salt
75 ml double cream
350 g grated cheddar 

CHEESE sauce is one of the first 
things I remember learning to 
cook as a child. You melt butter in 
a pan, whisk in the flour and cook 
for 2 minutes. Then, gradually add 
the milk, whisking vigorously 
to avoid lumps. Simmer until it 
thickens, then mix in the cheese.

I must have made macaroni 
cheese this way dozens of times, 
but I might never do so again since 
learning of an ingenious shortcut.

Before I get to that, let’s consider 
why we need flour in a cheese 
sauce in the first place. The starch 
in flour plays two important 
roles here. One is to thicken the 
sauce. When heated up in milk 
or water, starch granules swell 
and burst, releasing amylose 
and amylopectin molecules 
throughout the liquid. These long 
chains of carbohydrate get tangled 
together, forming a loose matrix 
that raises the liquid’s viscosity.

Starch’s other role is to stabilise 
the melted cheese. Cheese 
contains water and milk fat, which 
has a tendency to separate out 
when it melts, forming a greasy 
layer on the surface. When cheese 
is heated up, the molecules of the 
protein casein it contains can link 
together with calcium to form long 
chains, making the cheese stringy.

Processed cheeses contain 
salts such as sodium citrate that 
stabilise the emulsion, helping to 
ensure they melt smoothly rather 
than splitting. The negative ions 
in the salt associate with calcium 
ions in the cheese, preventing the 
latter from forming links between 
protein molecules and thus 
preventing stringiness. Starch 

You won’t need to make a flour roux for your macaroni cheese 
if you cook your pasta in milk rather than water, says Sam Wong

The science of cooking  

Hack your mac’n’cheese

performs a similar role, albeit less 
effectively. The starch matrix helps 
the fat globules remain dispersed, 
so the fat doesn’t separate, and 
ensures the protein molecules 
can’t easily link together. 

You can buy sodium citrate and 
use it to make a smooth cheese 
sauce without flour. But you can 
also ditch the flour by relying on 
another source of starch: pasta. 

Pasta releases lots of starch into 
the water as it cooks. Chefs often 
add a splash of this starchy water 
to oil-based sauces to help them 
emulsify and become creamy. 
Cacio e pepe – pasta with cheese 
sauce the Italian way – isn’t made 
with a flour roux, but by mixing 
grated pecorino romano with 
starchy pasta water, along with 
some olive oil or butter.

That brings us to the clever 

shortcut to macaroni cheese: 
instead of making a flour roux, 
cook the pasta in milk, then stir 
the cheese into the same pot. The 
starch released from the pasta will 
emulsify and thicken the sauce 
without having to add any flour. 
This makes for a sauce that tastes 
more cheesy and less floury. I 
learned this from Noor Murad 
and Yotam Ottolenghi’s Shelf Love. 

Here is a basic recipe using the 
same technique. Put the pasta, 
milk, water, butter and salt in a 
large saucepan. Bring to a simmer, 
then turn the heat low and cook 
for 8 to 10 minutes. Stir in the 
cream and cheese, check the 
seasoning and serve.  ❚The science of cooking 

appears every four weeks

Next week 
Stargazing at home

Sam Wong is assistant news 
editor and self-appointed 
chief gourmand at 
New Scientist. Follow him  
@samwong1
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Quick quiz #179
set by Bethan Ackerley

1 Saprotrophs and detritivores feed 
on what kind of organic matter?

2 Where in the body would you find 
the utricle and saccule?

3 As defined by Isaac Asimov, a planetary-
mass object that is smaller than Mercury, 
but larger than the asteroid belt object 
Ceres, is known as what?

4 Soviet physicist Natan Yavlinsky invented 
the first working version of which device?

5 What colour flame is produced 
when barium is burned?

Answers on page 55

Puzzle
set by Brian Hobbs 
#195 Shuttle space

“Go on without me. Just go!” exclaimed Jeff.

Bart shook his head dramatically. “We never 
leave a man behind.”

In reality, though, Bart’s car only held three 
passengers, so the five friends had no clear 
way for all of them to make it to the pizzeria 
together. Hunger was closing in fast, so 
they thought up the following solution: Jeff 
would start walking as Bart drove his other 
three friends towards the pizzeria. Bart 
would drop them off somewhere along 
the route, go back and pick up Jeff, then 
drive to the pizzeria, while his other three 
friends walked the rest of the way.

They wanted to time it just right so that 
all five friends arrived at the pizzeria 
together. As it happens, the car drove 
seven times faster than Bart’s friends 
walked. How far down the 5-kilometre 
route to the pizzeria did Bart need to 
drop off his first group of passengers?

Solution next week

Cryptic crossword #97 Set by Wingding

Scribble 
zone

Answers and 
the next quick 
crossword 
next week

   ACROSS
7   See 2 Down
8   Tiny, endlessly horrible insect (6)
9   Insect accepts new enticement (4)
10   Insect primarily mates on shrubs 

near capital city (8)
11   Flipped thick cheese to make fabric (7)
13   Extremely paternal insect is 

a living thing (5)
15   Clever mode of transport reversing (5)
17   British biologist and French insect (7)
20   Gremlins annoy predators (8)
21   Blemish resulting from fight 

with head teacher (4)
22   Insect about to consume synthetic acid (6)
23   Insect makes part of random antiseptic (6)

   DOWN
1   Exist to carry a large animal (6)
2/7 Across   Insect disrupted beagle test (4,6)
3   Insect trochanter MIT 

entomologist sampled (7)
4   Wind up fool who’s eaten sulphur (5)
5   Nation put bar inside memorial (8)
6   Sounds like heron was attacked 

by 10 Across, perhaps? (6)
12   Expel unpleasant child for 

being like a silverfish (8)
14   I run over toxic smoke – annoying! (7)
16   Almost all fungus in icy hole (6)
18   Insect has sense organ on 

head covering (6)
19   Young insect unsettled Diana (5)
21   Obtain good part of insect (4)

Our crosswords are now solvable online 
newscientist.com/crosswords 
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In partnership with Intrepid Travel

Norway: Wonders of the Arctic

Discover the Arctic 
by land and sea with 
two unique tours

Norway boasts some of the world’s most beautiful 
natural experiences and a rich diversity of marine 
life along its striking coastline. On this tour, you will 
gain insight into the science behind the aurora 
borealis, the ecology of whales and many other 
Arctic phenomena along with how humans have 
adapted to life so far north.

Accompanied by New Scientist’s Rowan Hooper, 
you will explore the picturesque city of Tromsø and 
its surrounding fjords and coastal life. You will then 
travel north to Longyearbyen, which is host to a  
vast amount of Arctic and atmospheric research, 
and is a great base from which to explore Svalbard 
above the 78th parallel of latitude.

Including two marine safaris, a dog sled  
journey to explore under a glacier, many 
opportunities to enjoy the Aurora Borealis and  
a plethora of Arctic science.

Embark on an expedition to explore Norway’s beautiful fjords, view the  
northern lights, glimpse whales and polar bears, and discover the frozen  
Svalbard archipelago by land, sea and air

Highlights
-  Ample opportunity to enjoy  

the aurora borealis, a.k.a. the  
northern lights.

-  Two marine safaris exploring fjords,  
glaciers and abundant wildlife.

-  Accompanied by New Scientist’s  
Rowan Hooper

-  Spot whales, polar bears and  
multiple Arctic species.

-  Husky dog sled ride to explore a  
glacier and its underlying caves.

-  Guided tours of the Arctic towns of  
Tromsø and Longyearbyen.

-  Discover the Svalbard archipelago  
by land, sea and air.
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Science of the Arctic cruise:  
Svalbard, Norway

Join us as we explore the northernmost region of 
Earth by sea. Gain extensive knowledge of marine 
and polar nature while deepening your connection  
to this remote and rugged archipelago.

Witness polar bears on ice flows (June is one of  
the best months to spot them), beluga whales and a 
plethora of species on land, in the sea and in the air. 

Aboard a new state-of-the-art polar expedition 
vessel, the Greg Mortimer, you will experience the 
majesty of Norway’s Svalbard region with its  
ancient glaciers, glass-still fjords, imposing pack ice 
and distinct landscape where wildlife thrives at  
nearly 80° north.

The trip includes a full programme of talks,  
shore visits and Zodiac boat safaris. You will be 
accompanied by marine biologist and author Helen 
Scales as well as a highly knowledgeable expedition 
team, experts in exploration, science and wildlife.

In partnership with Polar Routes  
and Aurora Expeditions

Experience the realm of the polar bear and the midnight sun 
with experts onboard a marine expedition ship

7 June 2023

13 days for £9345 per person (approximately US$10,629)

Scan me to 
find out more

Highlights

-  Venture close to 80° north, searching  
for polar bears on pack ice.

-  Discover the thrill of seeing creatures  
such as walruses, seals, whales, reindeer,  
arctic foxes, guillemots and puffins.

-  Cruise along blue glacier fronts and  
through stunning fjords on a purpose- 
built intimate polar expedition ship.

-  Enjoy tundra hikes amid stunningly  
beautiful scenery.

-  Hear fascinating talks from marine biologist  
Helen Scales and the polar expedition team.

-  Embark on daily Zodiac boat safaris  
exploring fjords and glaciers.

To book, call UK +44 203 196 1000   
(UK office: Mon-Fri 9am to 5:30pm GMT)

Or email info@polarroutes.co.uk

BOOKING  
NOW
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The back pages Almost the last word

Want to send us a question or answer?
Email us at lastword@newscientist.com

Questions should be about everyday science phenomena

Full terms and conditions at newscientist.com/lw-terms

Red alert

Why are many people squeamish 
about the sight of blood when, 
for much of history, we had to 
butcher animals?

Francis Blake

London, UK
My first job on leaving school was 
in the pathology department of a 
small hospital. I found that I quite 
quickly got used to being around 
blood, both in specimen bottles 
and when I was extracting it from 
people. I also found the same 
effect with other bodily fluids, 
parts of bodies and indeed whole 
corpses. I was around them all the 
time, and so they became familiar.

Having reached a certain age, 
I now find that when I need to 
have blood withdrawn from my 
arm, I have once again become 
squeamish. So I suspect that 
it is purely a matter of routine 
familiarity. In the past, the first 
time anyone saw an animal 
butchered, they were probably, 
at least mildly, traumatised. But 
if you witnessed it on a weekly 

or daily basis, the distress would 
presumably subside.

When fox hunting was legal 
in the UK, first-time hunters 
were often “blooded”: that is, 
they had the fox’s blood smeared 
on their faces. I imagine that this 
was a way of breaking the barrier 
of strangeness or disgust that a 
first-time hunter would naturally 
feel. Getting close to the blood of 
the animal created a familiarity 
with its death.

@scientwest, via Twitter
As we have moved away from 
direct contact with nature, 
and the need to personally 
kill animals for food, we can 
afford to be squeamish.
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@SinalaRae, via Twitter
It is an existential issue. The 
sight of blood reminds us of 
our mortality. It represents 
our life force, and seeing it seep 
out of the body is unnerving.

Varun Samadhiya, via email
Society has evolved so much 
that most of us have never gone 
through the struggle of survival 
and had to choose bloodshed. 

Because we haven’t personally 
experienced this, we have never 
seen the shedding of blood  
as linked to our own survival 
and therefore our brains have 
never viewed it as a positive 
event. As a result, we consider 
the sight of blood to be 
horrifying and a danger to 
our lives. That is the reason 
for our squeamishness.

David Muir

Edinburgh, UK
The limbic system is the part of our 
brain that drives our emotional 
and reflex responses. It evolved 
much earlier than our prefrontal 
cortex, which is involved in 
moderating social behaviour 
and in rational decision-making.

The yuck response, which is 
based on sight, smell and sound 
and is centred in the limbic 
system, is immediate. It evolved 
to protect us from potentially 
hazardous substances, such as 
vomit, faeces and blood. This 
helps avoid possible infection 
and aided our ancestors’ survival.

Our prefrontal cortex can 
overcome the yuck response 
through reason or cultural 
conditioning. Emergency service 
workers learn to subdue any 

queasiness at the sight of blood, 
but many of us, unaccustomed to 
blood and death, are subject to our 
primitive limbic nature and want 
to run a mile when confronted with 
bodily fluids other than our own. 

We should be grateful to the 
prefrontal cortices of emergency 
service staff.

Crop swap

Christopher Columbus’s expeditions 
to the Americas brought tomatoes, 
peppers, potatoes, beans, squash 
and maize to Europe, but what about 
the other way? What crops grew in 
Europe that Native Americans didn’t 
have? And what crops were present 
on both sides at that time?

Jonathan Wallace 

Newcastle upon Tyne, UK
There are indeed a number of 
highly important crops grown 
in the Americas that were 
introduced by European settlers. 
These include oranges and other 
citrus fruits, bananas, apples, 
almonds, onions, wheat and rice. 
European settlers also introduced 
all the main species of agricultural 
livestock now reared in North 
America, such as cattle, sheep, 
domesticated pigs and horses. 

Jackie French 

Araluen Valley,  
New South Wales, Australia
A major change was that wheat 
became the primary grain 
instead of amaranth.

Amaranth is thought to have 
been domesticated in Central and 
South America, and was the main 
source of calories for the Aztecs 
and other civilisations. However, 
the Catholic church insisted that 
the host – the communion bread – 
could only be made from wheat 
and outlawed grain amaranth, 
which had not only been a staple 
food, but was also used in religious 
ceremonies. Amaranth is hardier 
and more productive than wheat, 
but only recently has it been 

This week’s new questions

Differently sweaty  Is sweat from a different cause – such as 

exercise, anxiety or illness – chemically unique? Can dogs 

tell the difference?  Cathy Tupper, Coniston, Cumbria, UK

Other universes  How could I theoretically reach other 

dimensions in the multiverse if they exist?  Griff Sullivan, 

London, UK

Can dogs smell the difference 
if our sweat is the result of 
exercise, anxiety or illness?

“ When I worked in a 
hospital pathology 
lab, I quickly got 
used to being 
around blood and 
other bodily fluids”
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Answers

Quick quiz #179 
Answers

1 Decaying matter
2 The ear
3 A mesoplanet
4 A tokamak
5 Green

Quick crossword 
#121 Answers

ACROSS 1 Van Leeuwenhoek, 
9 Airbag, 10 Actinium, 
11 Cassette, 14 One-way, 
17 Altered States, 
20 Middlesbrough, 23 Hexane, 
25 Alpha ray, 28 Monorail, 
29 Italic, 30 Accelerometers

DOWN 2 Animal, 3 Lobes, 4 Eight, 
5 Whale, 6 Notions, 7 Ounce, 
8 Empyesis, 12 Ectal, 13 Tyres, 
15 Watch, 16 Lymphoma, 
17 Addax, 18 DARYL, 19 Touch, 
21 Eyeball, 22 Xavier, 24 Azoic, 
25 Adler, 26 Prism, 27 Apart

#194 World Cup table  
Solution

C lost two matches and only 
conceded two goals, so must 
have lost both games 1-0, which 
must have been against A and B. 
So C must have beaten D 2-0. 
D’s other defeat can’t have been 
3-2 (no team scored that many) 
or 1-0 (as that means they also 
had a 2-2 draw), so must have 
been 2-1, and so their draw (with 
B) was 1-1. This means B drew 
0-0 with A, who beat D 2-1. 

The four countries were France, 
Denmark, Peru and Australia:
France-Australia 2-1
France-Peru 1-0
France-Denmark 0-0
Denmark-Peru 1-0
Denmark-Australia 1-1
Peru-Australia 2-0

France then won the World Cup.

Tom Gauld 
for New Scientist

possible to harvest it with 
machinery, rather than by hand. 

The invaders also brought 
melons, lettuce, cabbages, kale, 
beef and dairy products like 
cheese and butter, plus domestic 
pigs. Wild boar had been present 
in the Americas before, but the 
new, fatter pig breeds meant lard 
could be collected, and so recipes 
that involved frying, like refried 
beans, could be developed. 

Chickpeas were introduced 
from the Middle East by 
Europeans, as were walnuts 
and almonds. Domesticated 
chickens used for meat and 
eggs, however, seem to have 
been present on both sides of the 
Atlantic Ocean before the time  
of Columbus. Araucana hens, 
which lay green-blue shelled eggs, 
are thought to originate in Chile. 

Spices like cinnamon, cloves, 
coriander and oregano seem 
to have arrived via Christian 
missionaries, and cinnamon was 
soon added to flavour chocolate 
drinks (chocolate was only 
consumed by royalty in the 
Americas pre-invasion). 

Grape cultivation was initially 
banned to keep wine as an import 
from Spain. Other imports were 
beer, garlic, bay leaves – where do 
we stop? The pre-invasion South 
American diet changed drastically, 
as did recipes. But many native 
foods, such as maize, the herb 
epazote and the many varieties 
of chillies, squash, beans, avocado 
and chocolate, are still a major 
part of South American cuisine. 

Hairy issue

Why do humans have pubic hair, 
when other “hairless” mammals, 
like pigs and elephants, manage 
without it? (continued)

Margaret Nelson

Ithaca, New York, US
I am itching (so to speak) to add 

my two cents to the previous 
attempts to explain why Homo 
sapiens has such a spotty 
distribution of hairy bits 
(17 September & 15 October). 

As a student of animal 
behaviour, it seems obvious 
to me that the distribution of 
hair in our armpits and pubic 
region has nothing whatever 
to do with providing protection 
from tall grass on the savannah 
and everything to do with 
pheromones and sexual selection.

Pubic hair is to humans as 
brilliant bottoms are to mandrill 
monkeys, and in our primitive 
state, it would have been highly 
visible and collecting a lot of 
interesting scents. Hairy armpits 
are clearly evolved to collect 
pheromones and, as we know, 
the sweat we secrete in our 
armpits is quite different to the 
sweat we secrete over the rest 
of our bodies. I don’t know for 
sure, but I would be willing to bet 
that the same is true for the sweat 
glands of our crotches. Being 
H. sapiens doesn’t distance us very 
far from the rest of the animals.  ❚

“ Pubic hair is to 
humans as brilliant 
bottoms are to 
mandrill monkeys, 
and collects a lot of 
interesting scents”
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human milk duct system. And – 
metaphor-makers be especially 
aware – the calculations involved 
seven parameters, some of which 
may be a little unfamiliar to 
politicians, from consistency 
index to infinite shear viscosity.

The paper offers a stark 
warning, intended for other 
scientists who study the fluid 
dynamics of breast milk. Any 
politician working up a metaphor 
about mother’s milk can regard 
that message as a cautionary 
screech: “Further investigation 
is required to quantify non-
Newtonian effects.”

Politicians might also learn 
from an exemplary 1982 study 
called “Mother milk and the 
Indonesian economy: A major 
national resource”. It says that 
“the value of mother’s milk in 
Indonesia exceeds the gross 
monetary value of tin and 

coffee, approaches that of rubber 
and imported rice, and twice 
exceeds the annual national 
budget for health”.

A manly pursuit

Menelaos Apostolou and 
Chistoforos Christoforou at the 
University of Nicosia in Cyprus 
looked at the singularity in some 
lives. Their new study is called 
“What makes single life attractive: 
An explorative examination of 
the advantages of singlehood”. 
It advises that “low scorers in 
mating performance found the 
identified advantages more 
important than high scorers”.

In 2020, the pair did a 47-factor 
analysis of the art of flirting. They 
devised an inviting title for their 
study: “The art of flirting: What are 
the traits that make it effective?” 
They extracted information from 
808 Greek-speakers, focusing on 
one goal: “for our purposes, flirting 
refers to covert signals sent between 
individuals to indicate sexual 
interest and begin courtship”. The 
47 factors range from “good looks” 
to “intense interest in me”. The study 
concludes that: “Sex difference [sic] 
were found for most of the factors.”

Apostolou has widely explored 
the psyche of men, and the 
behaviour of women who interact 
with them. His 2011 paper “Why 
men collect things? A case study 
of fossilised dinosaur eggs” 
acknowledges the complexity: “A 
possible criticism of the theoretical 
framework developed here is that… 
male parents look for young men 
as spouses for their daughters, 
and young men do not have 
the time to build an impressive 
collection.” Apostolou finds that 
objection to be iffy in several ways, 
one of them eyebrow-raising: 
“As the ethnographic record 
indicates, it is common for older 
men to keep adding wives to their 
family unit who are given to them 
by other men.”

He also recently produced what 
may be a singular self-help guide. 
Its title: “Catch me if you can: 
Strategies for hiding infidelity.”  ❚
Marc Abrahams

economy”, according to testimony 
that was given at a 1997 hearing 
conducted by a US House of 
Representatives’ subcommittee. 

Politicians who wish to extend 
that metaphor can now, 25 years 
later, turn to a study published 
in the Journal of Biomechanics. 
The paper explores the physics 
of how breast milk behaves in 
its pulsatile flow to an infant. 
The title is “Fluid-structure 
interaction modeling of lactating 
breast: Newtonian vs. non-
Newtonian milk.” Reader 
Trevor Lipscombe brought 
it to Feedback’s attention.

Metaphor-makers take care, 
though! The paper warns that its 
calculations aren’t the whole story. 
The scientists did their analysis 
using only one milk sample. 
They based their analysis on 
a simplified – very simplified – 
model of the geometry of the 

What’s in a name?

This month, Sam Bankman-Fried 
returned to the head of the 
nominative determinism parade 
of tech entrepreneurs, following 
his portentous appearance earlier in 
the year (28 May). Several readers 
told Feedback how much they 
admired the exciting rise and 
even more exciting plummet of 
Bankman-Fried’s cryptocurrency 
organisations, the FTX exchange 
and the Alameda Research trading 
firm. Forbes magazine estimates 
that Bankman-Fried was worth 
about $17.2 billion a few weeks 
ago. It now estimates that he isn’t.

Before Bankman-Fried the 
Worth-Billions became Bankman-
Fried the Un-Worth-Billions, 
another tech entrepreneur lost 
a far greater amount. Elon Musk 
was widely hailed as being the 
world’s richest person. Then things 
happened, one of which was that 
Musk took over Twitter.

Musk may still be the world’s 
richest person. Before Twitter, 
he was already the boss of four 
much-touted companies: Tesla, 
SpaceX, Neuralink and the Boring 
Company. (That’s the case as this 
column is being written, but we live 
in volatile times.) A newly published 
paper called “An odorant receptor 
that senses four classes of musk 
compounds” may have little to do 
with that — but, metaphorically, it 
is pungent. The paper includes this 
passage: “the principle underlying 
the mechanism by which diverse 
structures of musk compounds 
generate a common musky odor 
quality has been a long-standing 
mystery”. The study includes 
mention of an organisation called 
The Good Scents Company. 

This may be a time to mention, 
again, that this year’s Ig Nobel 
economics prize went to three 
scientists in Sicily for explaining, 
mathematically, why success most 
often goes not to the most talented 
people, but instead to the luckiest.

Non-Newtonian milk

Research is “the mother’s milk 
of feeding [and] fueling the 
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