
WEEKLY 26 June 2021

9 7 7 0 2 6 2 4 0 7 3 7 4

2 5

S P E C I A L  R E P O R T

No3340 £6.95 CAN$9.99

PLUS THE GENDER PAIN GAP / EARLY AIR CONDITIONING / 
SPEAKING WITH WHALES  / WHY IS A CUP OF TEA SO SATISFYING?

NUDGING ANIMALS
Can wild creatures be trained to save themselves?

ORIGINS OF TB
Surprising true story of  

our deadliest disease

DARK MAGNETISM 
Hunting the primordial fields 

that shaped the universe

RED DWARF 
Mystery of the coloured 

plains of Pluto

Everything we know so far about a new and complex disease

LONG COVID
DO YOU HAVE IT?  

Diagnosing damage  
from SARS-CoV-2

HOW LONG WILL IT LAST? 
Clues from the  

emerging evidence

CAN WE TREAT IT? 
Inside the UK’s  

first clinic







NEWS

Serious violent crime fell by a third 

BUSINESS

of reach



26 June 2021 | New Scientist | 3

On the 
cover

36 Dark magnetism  

Hunting the primordial fields 

that shaped the universe

46 Origins of TB  

Surprising true story of 

our deadliest disease

18 Red dwarf  

Mystery of the coloured 

plains of Pluto

News

Views

Features

16 Alcohol treatment 

Psoriasis drug could help 

with alcohol use disorders

17 Phone secrets 

Old mobile data codes may 

have been backdoored

20 When the chips are down 

Facebook and Google 

encounter silent processor 

failures that can corrupt data

25 Comment  

We must deal with the gender 

pain gap, says Elinor Cleghorn

26 The columnist  

Chanda Prescod-Weinstein 

on the universe’s origins

28 Letters  

The difficulties with 

mindfulness research

30 Aperture  

Stirring images from the Earth 

Photo 2021 competition

32 Culture  

NASA mathematician Katherine 

Johnson’s amazing journey

51 Citizen science  

Uncover seaweed’s secrets

52 Puzzles  

Try our crossword, quick quiz 

and logic puzzle

54 Almost the last word  

Why is tea often offered to 

someone who is upset?

55 Tom Gauld for  
New Scientist  

A cartoonist’s take on the world

56 Feedback  

Quantum parcels and Twitter 

time travel: the week in weird

36 Primordial magnetism  

We may be on the cusp of 

discovering magnetic fields 

from the dawn of time

42 Nudging nature  

Can we persuade animals to 

help their own conservation?

46 Origin of a killer  

Finding out where tuberculosis 

came from is crucial to finally 

beating this lethal disease

The back pages

18 Mysterious Pluto  What is the red stuff on the dwarf planet’s surface?

Vol 250   No 3340

Cover image: Ana Yael/Studio PI

10 Long covid  

Everything we know so 

far about a new and 

complex disease

42 Nudging animals  

Can wild creatures be trained 

to save themselves?

N
A

S
A

/J
O

H
N

S
 H

O
P

K
IN

S
 U

N
IV

E
R

S
IT

Y
 A

P
P

L
IE

D
 P

H
Y

S
IC

S
 L

A
B

O
R

A
T

O
R

Y
/S

O
U

T
H

W
E

S
T

 R
E

S
E

A
R

C
H

 IN
S

T
IT

U
T

E

News

25 The gender pain gap  

18 Early air conditioning  

33 Speaking with whales  

54 Why is a cup of tea so satisfying?

This week’s issue

36 Features

“ Cosmology 
as we know 
it doesn’t 
account 
for ancient 
magnetism” 



4 | New Scientist | 26 June 2021

Newsletter

“ It was such 
a delight to 
look out each 
morning at 
goldfinches 
munching 
dandelion 
seeds on 
the lawn” 

Virtual event

Podcast

Newsletter

Online

Video

Information and the 
future of defence
Having accurate information 

on the world and the forces 

within it is a key part of national 

security. But the world is 

getting more complex and new 

threats are emerging – how do 

we make sense of everything 

to keep ourselves safe? This 

free debate, sponsored by 

BASF, will bring together 

leading thinkers to discuss 

the future of information and 

defence. Join us at 6pm BST 

on 8 July. Register online for 

a place now.

newscientist.com/events

Weekly
The team discusses the delta 

variant of SARS-CoV-2 and 

its rapid spread. Also on the 

podcast this week: China has 

sent the first astronauts to 

its new space station; and a 

conversation with forensic 

psychiatrist Gwen Adshead 

about the capacity we all 

have for evil.

newscientist.com/
podcasts

Covid-19 daily 
briefing
All the latest developments in 

the pandemic rounded up in 

one essential briefing. Updated 

at 6pm BST every weekday.

newscientist.com/
coronavirus-latest

Wild Wild Life
Get news editor Penny 

Sarchet’s monthly dose of 

wildlife stories delivered free 

to your inbox. In the latest 

issue, she looks at the 

optimum length of time 

between lawn mows and 

the reintroduction of brushtail 

possums in Western Australia.

newscientist.com/
wildwildlife

Ice memory
As glaciers formed, they stored 

records of Earth’s environment 

going back thousands of years. 

One research project is now 

racing to save this information 

before the ice melts. Subscribe 

to our channel on YouTube for 

more great videos.

youtube.com/
newscientist

Essential guide

Get to grips with all the 

grandeur and complexity 

of Charles Darwin’s peerless 

theory of natural selection with 

our Essential Guide: Evolution, 

the sixth in the series. Available 

to purchase now.

shop.newscientist.com

Elsewhere  
on New Scientist

Core blimey  Ice cores contain vital records of Earth’s past climate

Video

Newsletter

Hello possums  A locally extinct species is back in Western Australia

B
R

A
D

 L
E

U
E

/A
U

S
T

R
A

L
IA

N
 W

IL
D

L
IF

E
 C

O
N

S
E

R
V

A
N

C
Y

F
O

U
N

D
A

T
IO

N
 U

G
A



SCOTTISH 
MORTGAGE
INVESTMENT
TRUST

*Source: Morningstar, share price, total return in sterling as at 31.03.21. **Ongoing charges as at 31.03.21 calculated in accordance with AIC 
recommendations. Details of other costs can be found in the Key Information Document. Your call may be recorded for training or monitoring purposes. 
Issued and approved by Baillie Gifford & Co Limited, whose registered address is at Calton Square, 1 Greenside Row, Edinburgh, EH1 3AN, United 
Kingdom. Baillie Gifford & Co Limited is the authorised Alternative Investment Fund Manager and Company Secretary of the Trust. Baillie Gifford & Co 
Limited is authorised and regulated by the Financial Conduct Authority (FCA). The investment trusts managed by Baillie Gifford & Co Limited are listed UK 
companies and are not authorised and regulated by the Financial Conduct Authority.

Actual Investors

How long do we 
invest in companies 
that we believe are 
delivering progress?

Somewhere between 

As actual investors we understand the importance of patience and looking to the long term. 

Because it takes time to change the world. And we seek out those innovative, growth companies 

aiming to achieve just that. This approach to investing, we believe, means Scottish Mortgage can 

Scottish Mortgage Investment Trust has delivered a total return of 347.9% compared to 98.5% 

for the sector*. And Scottish Mortgage

2020

Past performance is not a guide to future returns. Please remember that changing stock market 

conditions and currency exchange rates will affect the value of the investment in the fund and 

any income from it. Investors may not get back the amount invested.

A Key Information Document is available. Call 0800 917 2112.





26 June 2021 | New Scientist | 7

IN JUNE last year, we first reported in 
detail on the “strange and debilitating” 
coronavirus symptoms that were 
crippling some people’s health for months 
after infection. Long covid, as we now 
know it, is indeed strange and mysterious 
in many ways, as we report on page 10. 

But it isn’t surprising. Post-viral 
syndromes, which often involve extreme, 
lasting fatigue and other symptoms, are 
common after many infections. About 
1 in 10 people infected with SARS-CoV-2 
seem to get lasting symptoms, a similar 
proportion to those infected with Epstein-
Barr virus, one of the most common 
human viruses. The SARS virus, another 
coronavirus, left as many as 30 per cent 
of survivors meeting diagnostic criteria 
for chronic fatigue syndrome, also 
known as CFS/ME, four years later.  

Based on this knowledge, some doctors, 
scientists, and people who are already 
living with CFS/ME, have been warning 
of a tsunami of long-term debilitating 
symptoms at the hands of the new 
coronavirus since early in the pandemic. 

Sadly, governments and health systems 
have taken too long to pay attention. 

England now has 83 long covid clinics, 
which are indispensable for some 
patients, but there is a notable absence 
in the rest of the UK (see page 14). Clinics  
are unable to cope with the number 
of cases and waiting lists run long. This 
is especially problematic because early 

action – such as resting rather 
than taking on too much physical 
activity – could expedite recovery. 
Also notable is the absence of public 
health campaigns on long covid, to 
reach those who don’t know what is  
wrong with them or what to do about it.

For now, there are no treatments, 
in part because we are decades behind 
where we could be due to a lack of 
interest and investment in researching 
post-viral syndromes and CFS/ME. 

This must change, and we now need a 
similar effort for treatments of long covid 
and other post-viral syndromes that 
we have seen in the race for a vaccine. 
In the meantime, people with long covid 
symptoms must be taken seriously, and 
given the financial and social support 
they need to allow them to get better.  ❚  

It is time to listen
We have been ignoring post-viral syndromes for too long

The leader

“ There are no treatments, in part 
due to a lack of investment in 
research into chronic fatigue”
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WHILE global coronavirus case 
numbers continue to decline, 
cases are surging in some African 
countries. South Africa has sent 
military medical personnel to 
hospitals in its Gauteng region, the 
commercial heart of the country, 
to help them cope with soaring 
numbers of covid-19 patients.

Experts in South Africa attribute 
its third wave to increased social 
mixing. “It’s happening because 
we were pretty relaxed in terms 
of restrictions, we were allowing 
people to mix quite freely, even 
pretty big gatherings were 
allowed,” says Richard Lessells at 
the University of KwaZulu-Natal 
in Durban.

The country is reporting nearly 
200 cases per million people per 
day. During its second wave, it 
reported just over 300 cases per 
million at the peak. With case 

numbers climbing fast, the third 
might yet surpass the second.

The third wave is being caused 
by the beta variant behind the 
country’s second wave, says 
Lessells. This variant evolved in 
the Eastern Cape region of South 
Africa towards the end of 2020, 
and has spread to many other 
countries. The delta and alpha 
variants are also present, but are 
responsible for a small proportion 
of cases in South Africa.

“People are desperate for us to 
say the delta variant is causing the 
third wave because they feel like 
they have to have an explanation 
for why the third wave is 
happening,” says Lessells. “Actually 
at the moment the evidence 

suggests it’s still the beta variant.”
There were far fewer 

introductions of delta in South 
Africa than in the UK, making it 
harder for it to spread widely.

The reason why the Gauteng 
region is being particularly  
hard hit now could be because it 
wasn’t so badly affected in South 
Africa’s second wave, says Lessells, 
meaning fewer people have 
immunity. The arrival of winter 
could also be playing a part, as 
people spend more time indoors.

The country has tightened 
restrictions again, but a former 
South African government 
adviser, Salim Abdool Karim, told 
the BBC World Service that these 
restrictions don’t go far enough to 

Military personnel have been sent to hospitals to help them cope with 
a surge in cases caused by the beta variant, reports Michael Le Page

South Africa’s third wave
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stop all modes of transmission.
Cases are also rising in several 

other countries in Africa. “In 
Africa, the number of cases and 
deaths increased by almost 40 per 
cent in the past week, and in some 
countries the number of deaths… 
quadrupled,” Tedros Adhanom 
Ghebreyesus, the director general 
of the World Health Organization, 
said on 21 June.

There are reports of oxygen 
shortages in some countries’ 
hospitals, including Somalia 
and Uganda.

In terms of the numbers of 
cases and deaths being reported, 
the continent doesn’t look in 
particularly bad shape, said Mike 
Ryan at the WHO on 18 June. But, 
because there is so little testing 
in most African countries, it is 
thought these numbers don’t 
represent the true picture. “It’s 
the trajectory that is very, very 
concerning,” Ryan said.

Lessells, who is part of a genomic 
surveillance network in South 
Africa, says the network is working 
with other countries in the region 
to identify which variants are 
present but that because there 
are long delays in sequencing, 
for instance because of difficulties 
getting samples across borders, 
the picture isn’t very up to date.

What is known is that Africa has 
the lowest vaccination rate of any 
continent, with just 2.4 per cent 
of people having had at least one 
dose as of 20 June.

Ghebreyesus said vaccine 
inequity was one of the reasons 
for the increases in cases and 
deaths. The WHO is setting up a 
technology transfer hub in South 
Africa to start manufacturing 
mRNA vaccines locally, but 
Ghebreyesus said this would make 
a difference only in the medium 
term, not the short term.  ❚

Poet Gcina Mhlophe 
getting vaccinated in 
Durban, South Africa

“In Africa, the number of 
cases and deaths increased 
by almost 40 per cent in 
the past week”

Daily coronavirus news round-up
Online every weekday at 6pm BST

newscientist.com/coronavirus-latest

Coronavirus surge 
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MORE than a million people in 
the UK are living with long covid, 
according to the UK’s Office for 
National Statistics (ONS). And 
while global figures vary, it is 
thought that about 14 per cent of 
people who catch covid-19 end up 
with lasting symptoms – which is 
some 25 million people worldwide. 
This could be a big underestimate, 
though, because less than 10 per 
cent of infections are thought 
to be detected, so the true figure 
could be nearer 250 million.

What is clear is that even after 
the pandemic is brought under 
control, millions of people will 
be left with lingering symptoms 
that prevent them from working 
and enjoying life. Here is what 
we know so far.

What is  
long covid?

While there is no universally 
agreed definition, long covid is 
often taken to include anyone 
with medical symptoms persisting 
for several weeks after an infection 
with the coronavirus. However, the 
term is being used quite widely. 
“It’s actually an umbrella term for 
a whole constellation of different 
problems,” says David Oliver, a 
doctor based in Reading, UK, who 
has been working with covid-19 
patients throughout the pandemic. 

“There is so much variation in 
what people are considering long 
covid to be,” says Nisreen Alwan 
at the University of Southampton, 
UK, who has had long covid.

According to a report published 
in March by the UK’s National 
Institute for Health Research 
(NIHR), of which Oliver was an 
author, people with long covid can 
be divided into four groups: those 
experiencing the after-effects of 
ventilation in intensive care; those 

News Coronavirus 

Lasting symptoms

Getting to grips with long covid
Millions of people worldwide are experiencing lasting symptoms from covid-19. Michael Le Page, 
Helen Thomson, Adam Vaughan and Clare Wilson report on what we do – and don’t – know so far
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Rehab therapy in a  
long-covid clinic

with organ damage caused by the 
virus; those with post-viral fatigue 
syndrome; and a miscellaneous 
group that the authors call those 
with long-term covid syndrome.

The first two groups are 
relatively familiar to doctors. 
People who are put on a ventilator 
for some time experience 
muscle wasting. After leaving 
intensive care, they can need 
months of rehabilitation,  
during which they gradually 
raise their exercise capacity.

There may also be clear reasons 
for organ damage. Any severe chest 
infection can cause lung scarring. 
In some people, the virus can 
increase blood clotting, boosting 
the risk of heart attacks and stroke. 
It can also cause an overreaction of 
the immune system known as a 
cytokine storm, which can damage 
organs such as the heart or kidneys.

The next two groups are harder 
to define and can include people 

50-89%
People reporting at least one 
symptom two months after 
hospitalisation with covid-19 

30%
The increased risk of long covid 
for women compared with men

>1 million
People in the UK with long covid

who weren’t admitted to hospital. 
Post-viral fatigue is long-lasting 
tiredness, especially in response 
to only minor exertion, which is 
sometimes seen after other viral 
infections, including flu and the 
Epstein-Barr virus. If it persists for 
many months, it may be called 
chronic fatigue syndrome/myalgic 
encephalomyelitis (CFS/ME). 
Fatigue is the most common 
symptom in people with long 
covid (see graphs, page 12). 

The NIHR authors use the 
fourth category, long-term covid 
syndrome, as a catch-all for any 
other people with ongoing ill 
health who don’t fit the other 
categories. This is needed because 
of the wide variety of possible 
symptoms. As well as fatigue, 
breathlessness and difficulties 
concentrating or “brain fog”, 
symptoms can include rashes, 
heart palpitations or bowel issues.

Using one umbrella term for 
what could be different conditions 
means it confuses discussion 
of prognosis and prevalence. 
“If you’re looking at prevalence, 
long covid has to be qualified as 
to what population you’re looking 
at, whether it’s people who were 
hospitalised, not hospitalised 
or ventilated,” says Sarah Tyson 
at the University of Manchester, 
UK, who was on the NIHR report’s 
steering group.

Most studies of long covid have 
focused on people admitted to 
hospital, who tend to be more likely 
to have long-lasting ill health. 
Estimates of the number of people 
reporting at least one symptom 
two months after infection range 
from 50 to 89 per cent. This is to  
be expected, especially in older 
people, says Oliver O’Sullivan at the 
Defence Medical Rehabilitation 
Centre in Loughborough, UK. 

Long covid seems less common 
in people who aren’t admitted to 
hospital, although estimates vary 
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depending on how much time has 
passed after infection. In a survey 
of people using the Zoe Covid 
Symptom Study App who had 
tested positive for covid-19, 4.5 per 
cent reported symptoms lasting 
more than two months, and this 
fell to 2.3 per cent by three months. 

This study found that 
people with worse initial 
illness, experiencing five or 
more symptoms in the first 
week of infection, were more than 
three times as likely to still have 
symptoms three months later. But 
it is possible for people who were 
only mildly affected initially to still 
be ill months later, says O’Sullivan.

Who is most  
at risk?

One puzzling feature is that those 
most prone to long covid aren’t 
those most likely to get sick from 
the initial infection. The biggest 
risk factor for death from covid-19 
is older age, with men being more 
likely to be admitted to hospital 
than women. With long covid, on 
the other hand, women are 30 per 
cent more likely to get it than men, 
and 35 to 69-year-olds are the age 
group most often affected, 
according to the ONS. That survey 
also found a higher prevalence in 
people from deprived areas and 
in healthcare staff and social care 
workers, although more women 
do those jobs so they might be 
more likely to catch covid in the 
first place. 

How do I know if 
I have long covid?

It is hard to know for sure. If you 
tested positive for SARS-CoV-2 
after developing symptoms and 

some of them have continued 
for several months, most doctors 
would agree that you have long 
covid. If you were never tested, 
or developed long-lasting 
symptoms only after the initial 

infection, matters are less clear. 
Different doctors may come 
to different conclusions.

That is because there is still 
no consensus on what long covid 
is. There are “nearly as many 
definitions as studies”, according  
to one recent review. Getting 
consensus on a definition is 
essential to diagnose effectively, 
says Alwan. And for some people, 
the diagnosis can make the 
difference between losing their 
job or not, for instance. “For me, 
it’s about ensuring more justice 
and equality,” she says.

Janet Diaz at the World Health 
Organization (WHO) and her 
colleagues are working with a 
panel of experts and patients to 
agree a clinical case definition 
of “post covid-19 condition”. So 
far, Diaz told a WHO webinar on 
long covid on 15 June, there is 
consensus that people must have 
been infected with SARS-CoV-2 
and have persistent symptoms, 
such as cognitive impairment, 
fatigue and shortness of breath, 
that affect everyday functioning. 
The symptoms also mustn’t be 
explainable by an alternative 
diagnosis.

But knowing whether you 
have had covid-19 can be tricky. 
Testing was rare early in the 
pandemic and continues to 
be infrequent in low-income 
countries. Even in higher-income 
countries, most infected people 
never get tested. 

Then there is the problem that 
the common symptoms of long 
covid can have many other causes.

At present, only a small 
proportion of people with  
long-lasting symptoms have 
a condition that can be objectively 
identified with existing tests, 
Petter Brodin at the Karolinska 
Institute in Sweden told the 
WHO webinar. “I do not mean 
the remaining individuals 
have an imaginary disease or a 
psychosomatic disorder, that’s 
not what I’m saying at all,” he 
said. “It’s just that our tools for 
diagnosing them are insufficient.”

The WHO is looking into what 
steps and assessments should be 
used if long covid is suspected. 
“You want to pick out anything 
that could be treated,” says 
Alwan. “So, for example, damage 
to the heart or blood clots.”

What causes  
long covid?

In people who spent time in 
hospital, there may be a clear 
cause of persistent symptoms, 
such as muscle loss. In those who 

had a milder initial illness yet are 
sick months later, several other 
explanations have been suggested.

There are three broad ideas: 
persistent viral infections; lasting 
tissue damage caused by the virus; 
and immune system changes, 
such as producing autoantibodies 
that attack your own body. 

There is evidence to support 
all these ideas, said Akiko Iwasaki 
at Yale School of Medicine, at 
the WHO webinar. “All of these 
things could be contributing.”

Persistent infections can be 
seen with other viruses, such as 
Ebola, and there is some tentative 
evidence that fragments of SARS-
CoV-2 could linger for months 
inside people who seem healthy. 

The idea that the virus causes 
changes to the immune system is 
plausible because of the cytokine 
storm seen in some people who 
get severely ill with covid-19. Even 
in people who don’t get very ill 
from the initial infection, small 
studies have shown immune 
system changes months later, 
such as a rise in compounds 
in the blood linked with 
inflammation and autoantibodies. 

Women are more prone to some 
autoimmune conditions involving 
such antibodies, says Danny 
Altmann at Imperial College 
London, which may be why they 
seem more likely to get long covid.

Some have proposed that 
infection may alter how the body 
triggers the immune responses 
normally involved in allergic 
reactions. Paul Glynne at The 
Physicians’ Clinic in London has 
found that in a small trial of 
25 people with long covid who 
had an initial mild infection, 
treatment with antihistamine 
medicines, usually given for 
allergies, reduced symptom 
burden by one month on 
average, although it wasn’t 
a placebo-controlled trial. 

“ It is possible for people 
who were only mildly 
affected initially to still 
be ill months later”

>

SARS-CoV-2, the virus 
that causes covid-19
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Number of people (thousands)

CFS/ME-like condition, says Strain.
Another vital element of the 

clinics is psychological support. 
“People with long covid have 
almost a post-traumatic stress-
type picture. They’ve gone from 
fit and healthy people running 
households, exercising, to all of 
a sudden they are short of breath 
walking from the kitchen to 
the dining room,” says Strain. 

England’s efforts to tackle 
long covid compare favourably 
internationally, but that is partly 
because it was weak in its response 
to controlling infections and 
had a huge load of cases to deal 
with, says Amitava Banerjee at 
University College London (UCL). 

Unfortunately, there aren’t 
enough clinics or specialists. “We 
can’t refer everyone to a long covid 
clinic, they’d just be inundated, says 
Kamlesh Khunti at the University 
of Leicester, UK. Family doctors are 
also still in the process of being 
trained to better assess long covid.

For people who can’t get to a 
clinic, or who have comparatively 
mild symptoms, there are apps, 
social media groups and 
some community-based care 
helping with breathlessness 
and mental health. 

In the absence of a proven 
treatment for long covid, there are 
anecdotal reports from clinics of 
what patients have found helpful 
for specific symptoms, including 
some existing medicines. Lifestyle 
changes such as increased fluid 
and salt intake seem to help some 
people, while others find yoga and 
swimming beneficial. However, 
everything is anecdotal for now, 
says Heightman. “We desperately 
need trials in this space,” she says.

The effect of vaccinations 
on people with long covid 
remains unclear. Khunti 
and Heightman report that 
anecdotally some people feel 
worse and others better post-jab. 

News Coronavirus 

Other groups are focusing on 
the disturbances of blood pressure 
and heart rate. One idea is that 
covid-19 somehow triggers a 
condition called orthostatic 
intolerance, in which people get 
low blood pressure on standing.

If any of these hypotheses are 
confirmed, it could lead to specific 
tests. For instance, blood tests 
could reveal the presence of 
autoantibodies. Detecting 
persistent infections, however, 
would typically require taking 
a tissue sample – a biopsy.

What help is 
available?

There is no proven drug for long 
covid, but that doesn’t mean there 
is no help for people living with it.

The first port of call is to talk to 
your doctor. Ideally, the family 
doctor refers those with the most 
severe symptoms to a long-covid 
service. The first dedicated long 
covid clinic in the UK launched 
in November 2020 and there are 
now 83 open in England. To date, 
there are still no long-covid clinics 
in Wales, Northern Ireland or 
Scotland. Mount Sinai Hospital in 
New York City was the first in the 
US to open such a clinic, with many 
others springing up in other states.

“There are a group of people 
who do very well from the long 
covid service,” says David Strain 
at the University of Exeter and 
the NHS Long Covid Taskforce.

“It’s really focused on treating 
the symptoms, because we don’t 
know the cause. There’s a wide 
range of symptoms and we have 
some strategies for all of them 
now,” says Melissa Heightman 
at University College London 
Hospitals, who set up one of 
the UK’s first long covid clinics 
(see page 14).

Duration of long covid reported by people in the UK  
as of 2 May 2021
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Most common symptoms of long covid reported  
by people in the UK as of 2 May 2021
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Based on data from about 
1300 patients, Heightman has 
found that people with long covid 
need similar amounts of referral 
to specialists and rehabilitation, 
regardless of whether or not they 
were hospitalised by the initial 
infection. Persistent symptoms 
can last for as long as six or 12 
months, her research suggests.

Clinics are now much better 
at identifying what type of long 
covid a person has, says Strain. 
“Long covid isn’t one disease,” he 
says. Working out who has what is 
crucial for the right rehabilitation. 
For example, graded exercise 
therapy helps those with 
pneumonia-like impacts, but 
can be harmful for those with the  

Duration at least 12 weeks

Source: Office for National Statistics
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Researchers are also looking 
to test the use of existing drugs. 
Charlotte Summers at the 
University of Cambridge is 
running HEAL-COVID, a 
randomised control trial of 
interventions for long covid.

The trial is looking at a 
statin drug to alleviate ongoing 
inflammation from long covid, 
and an oral blood thinner 
to tackle blood clots. 

US biotechnology company 
PureTech Health has begun a 
clinical trial of LYT-100, a drug 
candidate that it believes 
holds promise for treating 
inflammation and scarring caused 
by covid-19, and other conditions. 
Results are due in late 2021.

More clinical trials will follow. 
Within the next fortnight, the 
NIHR is expected to announce 
where it will allocate £20 million 
of funding, much of which will 
go on trials for treatments. “It’s 
very, very early days,” says Khunti. 
He doesn’t expect any treatments 
to be ready for clinical use until 
next year at the earliest.

What of similarities 
with chronic fatigue?

Some forms of long covid have 
parallels with CFS/ME, in which 
people experience debilitating 
fatigue and other symptoms 
such as muscle pains and 
difficulties concentrating. As 
with long covid, the mechanism 
behind it is unclear, there is no 
consensus on treatment and those 
affected can face scepticism about 
there being anything wrong.

Some people hope that because 
long covid is now being reported 
by medical professionals, the idea 
of post-viral fatigue has gained 
respect. “Clearly, there’s a lot about 
viruses that we don’t understand,” 

says Tyson. “Also there’s a lot 
of funding for research and 
development of services [for 
long covid], that has resources 
spilling over for ME.”

What about children 
with long covid?

Information on the clinical 
outcomes for children who catch 
covid-19 is scarce. The good news 
is that it is usually asymptomatic 
or manifests as a short, mild 
illness. However, some children 
do seem to experience prolonged 
symptoms. It is unclear how 
common this is, and the WHO is 
working on a separate definition 
for long covid in young people.

As with adults, estimates 
of prevalence of long covid in 
children vary. For instance, results 
from an ongoing study of children 
in the US, Costa Rica, Canada 
and Spain suggest that 6 per cent  
of children who get covid-19 have 
ongoing symptoms, rising to 
about 10 per cent in children 
who are hospitalised. 
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A second study of 151 children 
in Melbourne, Australia, found 
that about 8 per cent had lingering 
symptoms, most commonly 
cough and fatigue, which lasted 
between three and eight weeks 
after the initial infection. At the 
most recent review in March 2021, 
all 151 children had recovered fully 
(The Lancet, doi.org/gj9p7b). 

In research from the UK, 
about 4.4 per cent of a group 
of children who tested positive 
for covid-19 experienced 
symptoms more than 28 days 
later (medRxiv, doi.org/gjg8).

“The largest published studies 
worldwide suggest persisting 
symptoms three months later 
in approximately 5 per cent of 
children who have had covid,” 
says Terence Stephenson 
at UCL Great Ormond Street 
Institute of Child Health. 

In the UK, the latest figures  
from the ONS say that as of 2 May, 
there were about 30,000 children 
between the ages of 2 and 16 
living with long covid. Of these, 
around 14,000 felt their activity 
was limited a little, and 3000 said 
their activity was limited a lot.

Of all young people, teenagers 
may be most at risk, says Roz 
Shafran at UCL. Previous research 
suggests that they are at increased 
risk of fatigue and mental health 
problems after viral infections, 
such as glandular fever. 

More information should be 
forthcoming. Shafran, Stephenson 
and their colleagues have been 
recruiting 30,000 children aged 
between 11 and 17, half of whom 
have had confirmed covid-19, in 
order to follow up on physical and 
mental health problems. Results 
are expected by the end of June.

Long covid in children 
needs more consideration in 
UK government plans, says Layla 
Moran, a Liberal Democrat MP 
who chairs a cross-party group 
on coronavirus. “The long tail 
of covid is real and will only get 
worse if the virus is allowed to 
let rip among the unvaccinated 
younger population.”

To deal with long covid in 
children, “you have to be more 
serious about preventing 
children getting the infection 
in the first place”, says Alwan. 

In England at least, parents of 
children with lasting symptoms 
who are looking for help received 
some good news this month, 
with the announcement of 
15 specialist long-covid services 
for children. The new paediatric 
hubs will draw together experts 
on respiratory problems and 
fatigue, who can treat children 
directly or refer to family doctors 
and specialists if needed.  ❚

Health Check newsletter
Get the latest health news in your inbox every week
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Patients in Poland 
undergo rehabilitation 
after covid-19 infection

“We can’t refer everyone 
who needs one to a long 
covid clinc, they’d just 
be inundated”
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Field notes  Long covid clinic

Learning to manage long covid  Specialist clinics are 
providing life-changing support to people with persistent 
covid-19 symptoms. Adam Vaughan visits the UK’s first

BEFORE the pandemic, Ellen 
would usually be found working 
as a nurse, taking her children to 
school or riding her horse. Now, 
as one of the estimated 1.1 million 
people in the UK living with 
long covid, she is beset with 
debilitating headaches, the latest 
in a string of symptoms she has 
experienced since developing 
the condition in March last year.

“It’s been a long, long road,” says 
Ellen, speaking to New Scientist 

during a visit to the UK’s first long 
covid clinic, at University College 
London Hospitals. Established by 
Melissa Heightman, a doctor at 
UCLH, it is now one of 83 such 
clinics across England (there are 
no clinics elsewhere in the UK) 
offering patients help from 
multidisciplinary teams.

For Ellen (who didn’t want to 
give her surname), the clinic has 
been a lifeline. “I just couldn’t 
do anything,” she says. Since 
contracting the coronavirus 
in 2020, Ellen has experienced 
severe fatigue that at times 
confines her to bed and leaves her 
having to crawl to the bathroom. 
While some symptoms have 
got better, several have got 
progressively worse. “It’s quite 
an up and down illness,” she says. 
“I’ve never been so unwell.”

Ellen is one of at least 120 people 
who will attend a long covid clinic 
here this week. Most visits involve 
blood tests and a couple of 
30-minute sessions, one with 
a doctor and one with a therapist  
to discuss ways to manage 
symptoms. The clinic’s expertise 
ranges from respiratory medicine 
and cardiology to psychotherapy, 
physiotherapy and more.

Toby Hillman, consultant 
long covid physician at the clinic, 
says the current focus is on 
empowering people and helping 
them manage their symptoms. 
“There is no magic cure for 

long covid at the moment,” 
he says. Ellen says that when 
she came to the clinic with so 
many widespread and hard-to-
understand symptoms, she felt 
great relief in the fact that “they 
just totally understood”.

“It’s a lot about reassurance, 
and listening to what your 
body needs,” says Rachel 
Lommerzheim, a physiotherapist 
at the clinic. “Rest is OK.” 

She says there is a common 
misconception with people hit 
with fatigue after a covid-19 
infection that if you do more, you 
will come out through the other 
side. In fact, “it’s the opposite of  
that”, she says.

Advice on managing fatigue 
includes “pacing” activities and 
getting patients to think of their 
energy as a finite budget.

The clinic also spends a lot of 
time aiding people experiencing 
breathlessness. Maddison Rigg, 
an occupational therapist, helps 
people consciously relearn the 

normally unconscious act of 
breathing. This can involve 
encouraging people to breathe 
through their nose rather than 
their mouth, and teaching them 
how to relax their upper chest 
and breathe with their diaphragm. 
Yoga has helped some patients in 
this regard, says Hillman.

Another person attending the 
clinic, Soha Dattani, a director at 
a global pharmaceutical company, 
says the occupational therapy has 
been “life-changing”. 

The clinic helped her list 
her daily activities based on how 
much they exhaust her energy 
from green (listening to a podcast) 
to red (washing her hair). That 
structure has been hugely 
beneficial, she says. 

The clinic also led her to take 
part in a breathing programme 
run by English National Opera 
(ENO). This trains participants in 
activities that support breathing 

control, such as doing exercises 
to help them breathe out more 
slowly than they breathe in. “The 
ENO thing has been phenomenal,” 
says Dattani.

Progress can be slow and 
incremental, but just knowing it is 
going in the right direction seems 
to be helpful for those attending 
the clinic. Lommerzheim refers 
to one patient hit by fatigue whose 
progress can be marked by the fact 
that they can once again read a 
bedtime story to their children. 

Mental toll
Alongside physical symptoms, 
long covid can also take a huge toll 
on mental health. “Anxiety will 
come if you are existing and not 
living,” says Dattani. “I am not 
living. I want my life back.” 
Psychological support is key to 
treatment, says Gráinne Fleming, 
a psychologist at the clinic.

One big psychological impact 
can be a loss of identity – suddenly 
you are off work and unable to 
engage with your family, says 
Fleming. On top of that she says 
there are two layers of uncertainty. 
The first is due to the setbacks 
many people experience. The 
second is due to an unpredictable 
prognosis because the condition 
is just so new.

Nevertheless, attendees cannot 
speak highly enough of the clinic. 
Anjali Chakraborty, a family 
doctor with long covid, recalls 
how her first call with Heightman 
was the first time a healthcare 
professional had taken her 
symptoms seriously. “Not 
dismissing me, saying: ‘There’s 
nothing wrong with you’,” she 
says. Dattani says she wouldn’t 
have managed the past year 
without the UCLH team. Ellen 
says the clinic has given her hope. 
“It’s hard,” she says. “But you have 
to remain hopeful.”  ❚

Rachel Lommerzheim, 
a physiotherapist at the 
UK’s first long covid clinic
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“ Anxiety will come if you 
are existing and not living. 
I am not living. I want my 
life back”
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News

A MEDICINE for the flaky skin 
condition psoriasis could be 
used to treat alcohol dependence. 
People with alcohol use disorders 
(AUD) who took the drug 
significantly cut their alcohol 
intake, a small trial has found.

AUD are generally treated 
using various forms of therapy 
and group counselling sessions 
such as those in Alcoholics 
Anonymous’s Twelve Steps 
programme. However, people 
often relapse. 

Recent studies have shown 
that people are more likely 
to drink too much if they have 
genetic variants causing higher 
levels of an enzyme called 
phosphodiesterase 4 (PDE4).

Angela Ozburn at Oregon 
Health & Science University 
and her colleagues wondered 
if a psoriasis treatment called 
apremilast, which blocks 
this enzyme, could help 
reduce alcohol cravings.

First, the team tested the drug 
in mice that had been bred to 
like and overconsume alcohol, 
and found that it lowered how 
much the rodents drank. 

Apremilast also had this effect 
when administered directly into 
part of the animals’ brains called 
the nucleus accumbens. In people, 
this brain region is thought to play 
a role in many kinds of addictions.

Previous research has shown 
that a few people with severe 
alcoholism have been able to stop 
drinking after electrodes were 
implanted into their brains to 
electrically stimulate this area.

Next, Ozburn’s team carried 
out a trial of apremilast involving 
51 people with AUD. They had been 
drinking heavily for about 12 years 
and weren’t seeking treatment. 
People took a tablet twice a day 
of either the drug or a placebo.

After 11 days, those who got 
the drug cut their daily drinking 
from an average of five standard 
alcoholic drinks – each of which 
contains around 14 grams of 
alcohol –  to just over two. People 
in the placebo group reduced 
their intake by about half a drink 
(bioRxiv, doi. org/ gjk5). 

This was a large effect, says 
Ozburn. “We see a lot of harm 
reduction, even though we don’t 
see complete abstinence.”

Nausea is a known side effect 
with apremilast in people taking 
it for psoriasis. In the trial, more 
people reported nausea in the 
apremilast group than in the 
placebo group, but this was 
generally mild and didn’t cause 
anyone to stop taking the drug.

Several other drugs that 
have different mechanisms are 
currently available for people 
trying to quit alcohol, but it is 
unclear how well they work.

“PDE4 inhibitors could 
potentially offer a novel 
therapeutic approach to 
the treatment of people with 
alcohol dependence,” says Tony 
Rao at King’s College London. 
“Further research involving 
larger trials will be needed to 
explore more closely the clinical 
benefits and risks.”

“We have a relatively small 
treatment arsenal at the moment 
and any expansion would be 
welcome,” says Emmert Roberts, 
also at King’s College London.  ❚

Clare Wilson
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Biology

Young eels can 
escape from mouths 
of fish via the gills

EELS really are slippery customers. 
Juvenile eels captured by other fish 
can escape by wriggling backwards 
through the predators’ gills.  
This unique behaviour, never seen 
before, has been filmed by Yuuki 
Kawabata at Nagasaki University 
in Japan and his colleagues.

The researchers originally 
planned to study the predator 
escape behaviour of juvenile 
Japanese eels (Anguilla japonica). 

However, in the initial experiments, 
team member Yuha Hasegawa 
noticed that juvenile eels he had 
filmed being captured by dark 
sleeper fish (Odontobutis obscura) 
were somehow swimming around 
the aquarium again.

So on the next occasions, 
the team kept the camera running 
after the eels were captured. The 
videos revealed the tails of the eels 
appearing through the gills of the 
fish. Soon afterwards, the rest of 
the eels’ bodies emerge backwards.

Of 54 eels observed being 
captured, 28 escaped in this way, 
and almost all appeared completely 

unharmed (bioRxiv, doi.org/gjwm).
It isn’t clear whether or not 

these escapes are fortuitous. 
Some eels swim rapidly backwards 
when threatened, and this simple 
response may allow the young 
eels to escape. But it could also 
be a specialised tactic that the 
eels have evolved, says Kawabata. 
“Natural selection would favour 
this behaviour,” he says.

Many animals have evolved 

extraordinary tactics for escaping 
predators, from producing slime 
and squirting blood to jumping out 
of their skins. As far as Kawabata is 
aware, this is the first time that any 
prey animal has ever been recorded 
escaping through the gills of a fish. 
“No one has reported this behaviour 
in the past,” he says.

There are some other prey 
animals that can escape after being 
captured, however. The aquatic 
beetle Regimbartia attenuata can 
crawl through the digestive tract 
of frogs and out of their anuses up 
to 6 hours after being swallowed.  ❚
Michael Le Page

Addiction

Psoriasis drug may cut alcohol misuse
Heavy drinkers who took the drug consumed less alcohol than those given a placebo

“ Of 54 eels observed being 
captured, 28 escaped 
again through the gills 
of the predatory fish”

A drug used to treat 
psoriasis may also help 
people reduce drinking
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AN ALGORITHM from the 1990s 
used to encrypt mobile phone 
data was deliberately weakened 
to allow eavesdropping, claims a 
team of cryptanalysts. It is possible 
the flaw could still allow access 
to some phones in use today.

“It’s a nice weakness from a 
technical point of view. But it’s 
still not good to build it. Probably 
many people were involved,” says 
Christof Beierle at Ruhr University 
Bochum in Germany, part of the 
team that identified the weakness.

The encryption algorithm in 
question, known as GEA-1, was 
first introduced in 1998 when 
mobile phone networks began 
allowing data communication 
for web browsing and email.

The GEA-1 code was never 
made public, but Beierle and his 
colleagues obtained a copy of it 
from an anonymous source and 
scoured it for signs of a back door. 
They found a bug that meant its 
supposed 64-bit encryption keys 
were actually reduced to 40 bit, 
making it 16,777,216 times easier 
to break into, says Matthew Green 
at Johns Hopkins University 
in Baltimore, Maryland.

The flaw occurs because two 
vital parts of the code have a 
relationship that makes them 
less random than they should be, 
say the researchers. They did a 
statistical analysis on generating 
these parts to see how likely such 
an error would be, and found that 
in a million attempts they didn’t 
replicate the problem. They claim 
this rules out the idea that it was 
accidental (Advances in Cryptology 

– EUROCRYPT 2021, doi.org/gjgh).
Alan Woodward at the 

University of Surrey, UK,  
says the discovery is shocking. 
“The chances of it happening 
and it being an accident are greater 
than winning the lottery. The 
corollary is that someone did this 
deliberately. And that’s a problem 

because it’s still around today 
in some ways – you have to be 
backwards compatible.”

Countries throughout Africa and 
Central and South America still use 
networks that rely on GEA-1, while 
many other nations use them as 
a backup system. The European 
Telecommunications Standards 
Institute (ETSI), which oversees 
phone network standards, 
prohibited the inclusion of GEA-1 
in phones from 2013 as part of 
routine efforts to upgrade security 
as computing power increases. 
But the researchers found that 
it was still present in the Apple 
iPhone 8 and XR from 2017 
and 2018, respectively, and 
the Samsung Galaxy S9, also 
released in 2018, as well as some 
other phones running Google’s 
Android operating system.

The researchers revealed details 
of the flaw to ETSI and the phone 
manufacturers still using it ahead 
of publication so they could rectify 
the problem. Apple told New 

Scientist that iPhone 12 models 
don’t support GEA-1, and that 
support has been removed from 
iPhone 7 to 11 models. iPhone SE 
and 6s models will be updated to 
remove the algorithm later this 

year, it said. Google told New 

Scientist it has removed the code 
from new devices and that other 
Android phone manufacturers 
would be following suit. Samsung 
didn’t respond to a request for 
comment before publication.

This flaw matters today because 
when devices connect, they begin 
with modern security standards, 
and then work backwards until 

they reach the most recent 
technology that both devices 
support. It is feasible that an attack 
could involve asking a phone to 
revert to an old standard, such as 
GEA-1, and then data could be 
unencrypted using the weakness. 

“That’s the problem with 
these things,” says Woodward. 
“They have a long, long tail. 
It opens up a can of worms.”

ETSI is an independent 
organisation with 900 members 
that include universities, 
companies and government 
organisations. It has a committee 
called the Security Experts Group 

(SEG), which approves confidential 
standards in order to check that 
they are watertight. New Scientist 

asked ETSI who was on the SEG at 
the time that GEA-1 was passed, 
but it didn’t respond directly to 
the question. A spokesperson 
said that the organisation 
“followed the export control 
regulations” in place at the time.

The spokesperson said GEA-1 
was developed in 1998, when 
regulations limited the strength 
of encryption that could be 
exported, but didn’t specify 
which regulations. “When these 
were eased a year later, ETSI 
members introduced GEA-2,” 
the spokesperson said. The 
researchers who found the GEA-1 
flaw also discovered weaknesses 
in GEA-2, but they were less severe 
and plausibly accidental.

Western nations have placed 
export controls on various 
technologies, including 
encryption software, since the 
cold war era. In the 1990s, the US 
restricted exports of software 
with encryption keys over 40 bits. 
In 1999, the year after GEA-1 was 
developed, this restriction was 
lifted to 56 bits. Other nations, 
such as France, made similar 
changes around the same time.

Beierle says the flaw was a 
clever way of meeting a 40-bit 
limit on encryption, while also 
making the software appear to 
be more powerful. It is unknown 
who created the back door 
or whether it was ever used.

The discovery should be a 
cautionary tale, says Green. 
“In the late 2030s, you should 
expect a team of researchers to 
be writing a paper just like this 
one, except it will be about the 
encryption you’re using today.”  ❚

Some older phones 
may be vulnerable 
due to a coding flaw

Cryptography

Matthew Sparkes
IR

IN
A

 S
H

A
T

IL
O

V
A

/A
L

A
M

Y
 

16,777,216
GEA-1 encryption is this many 
times easier to crack than thought

Flaw in old mobile phone encryption 
code could be used for snooping
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WHEN NASA’s New Horizons 
spacecraft flew past the dwarf 
planet Pluto in 2015, it found that 
huge swathes of the surface are 
covered in a strange red material. 
Planetary scientists thought they 
knew what this material was, but 
it turns out their best guess isn’t a 
good match, leaving it a mystery.

Many assumed that these red 
patches were made of tholins, 
organic substances that form in 
a world’s atmosphere and then 
drift down to the surface. Pluto’s 
atmosphere, while extremely 
tenuous, has the ingredients to 
produce this brown or red gunk, 
so it was a reasonable assumption.

Now, Marie Fayolle at the Delft 
University of Technology in the 
Netherlands and her colleagues 
have made artificial Pluto tholins, 
using a laboratory set-up designed 
to study the tholins that are 
abundant in the atmosphere 
of Saturn’s moon Titan.

The experiment works by 
producing a low-density cloud of 
molecules and then blasting them 
with radiation similar to what 
would hit a world’s atmosphere 
in space, causing the molecules 

to react and condense into dust-
like particles. The researchers used 
a mixture of carbon monoxide, 
nitrogen and methane to match 
the composition of Pluto’s 
atmosphere as measured by 
New Horizons.

They then compared the tholins 
they made with measurements of 
the red material on Pluto’s surface. 
Surprisingly, the two didn’t match. 
“If you were to look at these two 
materials side by side, they might 

look the same – but they are not,” 
says Fayolle. “It’s quite a big 
problem, but at the same time 
quite interesting.”

They tested the match by 
bouncing light off the artificial 
samples to see which parts of the 
spectrum they reflected or 
absorbed – New Horizons made 
similar measurements of Pluto’s 
surface. While some parts of the 
resulting spectrum matched, the 
artificial tholins absorbed some 
light that the red material on Pluto 
didn’t (Icarus, doi.org/gkb3hc).

“Tholins just basically means 
mud, it’s just a bunch of goo, so 

it could be that they have made 
something similar to what’s there, 
but there might be a bunch of 
effects contributing to this colour,” 
says Mark Loeffler at Northern 
Arizona University.

One possibility could be the 
texture of Pluto’s surface. Previous 
laboratory experiments have 
shown that when a material sits 
atop an icy surface and some of 
the ice sublimates, turning into 
gas and floating away, the porous 
structure left behind can affect the 
light spectrum of the material by 
limiting light absorption.

While we don’t see much 
sublimation in Pluto’s red areas, 
it is plausible that they could be 
porous. “Given that Pluto is pretty 
small and has weak gravity, it 
might be that if you’re depositing 
very small particles in very weak 
gravity, you might end up with a 
porous surface,” says Fayolle. “It 
might be more like a fluffy, porous 
snow that isn’t packed down.”

That is a subject for future work. 
For now, though, we still don’t 
know what sort of material is 
painting Pluto red. “It’s definitely 
still a mystery,” says Fayolle.  ❚

Leah Crane
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Engineering

Early form of air 
conditioning kept 
Indian temple cool

AN INDIAN religious settlement built 
1000 years ago had an early form 
of air conditioning. The settlement 
held Jain temples and dormitories, 
and was part of a small village 
called Artipura in what is now the 
southern state of Karnataka in India, 
a region frequently affected by 
droughts both now and in the past.

The predominant feature of the 
site was a large granite-skirted 
natural reservoir storing rainwater, 

around which temples and 
dormitories were strategically 
built. The entire settlement was 
situated on a hillock, where winds 
blew because of the elevation.

Satyajit Ghosh at the Vellore 
Institute of Technology in India and 
his colleagues used satellite data to 
analyse wind patterns in the region 
and found that they blew from 
south-west to north-east, meaning 
they would have gusted over the 
reservoir before reaching the temple 
and dormitories. The team used 
satellite images of the settlement 
along with an AI based on a 
watershed algorithm to determine 

the boundaries and the depth of the 
ancient reservoir. They found that 
as air moved over the reservoir, it 
would have increased evaporation, 
which can help reduce heat. These 
winds would also have cooled 
as they blew over the reservoir, 
creating an air conditioning 
effect (International Journal of 
Biometeorology, doi.org/gj8zpb).

Temples at the site were 
made with granite and brick, 

and dormitories with limestone 
and brick; both types of walls 
had engineered air gaps. The 
researchers analysed the ancient 
bricks and found that although they 
were denser than modern ones, 
their use in this arrangement with 
air gaps reduced heat transmission.

“The settlers planned their living 
according to what nature offered 
them,” says Ghosh. “A large body of 
water, staggered buildings oriented 
towards the water resource and use 
of indigenous building [materials] 
with ample ventilation decreased 
the heat load.”  ❚
Deepa Padmanaban

Space exploration

Mystery of the red patches on Pluto
Red regions on the dwarf planet are defying planetary scientists’ explanations

“ The settlers planned 
their living arrangement 
according to what nature 
offered them”

Pluto was photographed 
by the New Horizons 
spacecraft in 2015
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BACTERIA host bits of DNA 
that can replicate and spread to 
other bacteria. Now, researchers 
have discovered that these 
“selfish genes” wage war on 
their rivals using DNA-
destroying CRISPR systems.

CRISPR has become famous 
as a way of editing genes, but 
in bacteria, CRISPR systems 
often act as an immune system, 
targeting and dismantling the 
DNA of invading viruses.

Rafael Pinilla-Redondo at 
the University of Copenhagen 
in Denmark and his colleagues 
have shown that some of the 
self-replicating bits of DNA 
in bacteria encode their own 
CRISPR systems, and that 
most of these target other, 
similar bits of DNA.

The main genome of simple 
cells such as bacteria usually 
consists of a large circle of DNA 
containing thousands of genes. 
In addition, many bacteria 
harbour smaller circles of DNA 
called plasmids, which may 
have only a few dozen genes.

Plasmids can replicate 

separately from the main 
genome, so there can be 
many copies in a single cell. 
They are one type of what 
are known as mobile genetic 
elements, and they actively 
spread to other bacteria – 
including to other species. 

“They are independent or 
semi-independent genetic 
entities,” says Pinilla-Redondo.

Plasmids often carry genes 
for traits that benefit their 
host cells, and thus themselves, 
such as antibiotic resistance. 
But they can also be parasitic, 
exploiting a host cell’s resources 
for their own benefit.

Some plasmids also contain 
the CRISPR systems encoded in 
the main genomes of bacteria. 
Pinilla-Redondo and his 
colleagues have now done 
the first comprehensive study 
of the CRISPR systems encoded 
by plasmids, looking at more 
than 17,000 plasmid sequences 
available in databases.

The team found that 3 per 
cent of these plasmids encode 
CRISPR systems, a relatively 
large proportion. But the big 
surprise was that rather than 
protecting against viruses, 
most of these CRISPR systems 

targeted other plasmids  
(bioRxiv, doi. org/gjdn). 

“We thought they would 
help the hosts survive viral 
infections,” says Pinilla-Redondo. 
“But it looks like primarily 
their focus is competition 
with other plasmids.”

So, some plasmids seem 
to use CRISPR to destroy other 
plasmids that enter their 
host cells, to prevent them 
competing for resources. 
Alternatively, a plasmid 
entering a cell might use 
its CRISPR system to chew up 
other plasmids already present.

Eugene Koonin, who is at 
the US National Center for 

Biotechnology Information in 
Maryland, thinks this is the right 
conclusion. “I wholeheartedly 
agree,” he says.

Koonin has previously 
suggested that defence systems 
such as CRISPR are “guns for 
hire” that can be acquired by 
mobile genetic elements such 
as plasmids and co-opted for 
their own purposes. This traffic 
goes both ways, with host cells 
sometimes acquiring these 
systems back from plasmids.

This is part of a paradigm 
shift in the field, says Pinilla-
Redondo. It used to be assumed 
that defence systems against 
mobile genetic elements were 
there for the benefit of the 
host cells, he says. But work like 
this shows that a lot of these 
defence systems are there for 
the benefit of other mobile 
genetic elements instead.

“There’s a lot of warfare  
going on between the parasites,” 
says Pinilla-Redondo.  ❚

A PROTOTYPE of an autonomous 
construction vehicle weighing 
12 tonnes has demonstrated that it 
can operate on very difficult terrain 
without a human operator.

A Swiss-German team converted 
a type of excavator that can “walk” 
on extendable struts and handle 

steep slopes so that it can work 
independent of a human operator. 
They used the adapted machine to 
build a 4-metre-tall stone wall and 
grab trees for mock forestry work. 
They also used it to dig out a trench 
containing live ammunition from 
the second world war, one situation 
where driverless vehicles could limit 
safety hazards.

While some autonomous 
construction vehicles such as dump 
trucks are being used in large mines, 
wheeled or tracked excavators 
aren’t at that point yet. Autonomous 
versions of these can address labour 
shortages and let vehicles operate 
for longer, says Dominic Jud at ETH 
Zürich in Switzerland. He and his 
colleagues converted the machine 
using algorithms and new control 
mechanisms along with lidar, which 
is used to make a 3D map of its 
surroundings using pulses of light.

The prototype was programmed 
to operate both an excavator 
bucket and a two-finger gripper 
(Automation in Construction, 
doi.org/gkgnh5). This Hydraulic 
Excavator for an Autonomous 
Purpose (HEAP) is a proof of 
feasibility device for now; Jud 
says commercialising autonomous 
walking excavators is “still a 
bit away”.  ❚

Bacteria contain small 
loops of genetic material 
called plasmids

A robotic walking 

excavator building 

a wall of large 

stones without a 

human operator

Robotics Microbiology

Adam Vaughan Michael Le Page
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Proportion of bacterial plasmids 
that have gene-editing systems 

Selfish genes in bacteria fight 
each other with CRISPR

Driverless 
construction vehicle 
digs and builds walls
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INTERNET giants Google and 
Facebook have discovered they 
are experiencing computer 
chip failures that can corrupt 
data. Facebook says hardware 
manufacturers must take notice 
of the problem, which has emerged 
due to the vast scale of computing 
resources the firms use.

The issue surfaced at Google 
when multiple teams of engineers 
reported problems with their 
computations, but the company’s 
usual diagnostic tools didn’t 
spot anything. An investigation 
revealed that individual chips 
were responsible for repeated 
faults. In certain cases, researchers 
could prompt problems by 
changing a chip’s temperature.

These “silent errors” are caused 
by bits on the chips flipping from 
0 to 1 or vice versa. Cosmic 
radiation can cause bits to flip, 
so computers destined for space 
are designed to prevent this from 
happening. The errors spotted by 
Google and Facebook manifest 
in a similarly sudden way, but are 
instead due to chips exhibiting 
unpredictable behaviours.

Google says the issue is down to 

manufacturers squeezing an ever-
higher density of components 
onto chips in a bid for higher 
performance, which leaves smaller 
margins for error. It says that 
problems can manifest months 
or years after installation as chips 
wear out and develop issues.

An industry rule-of-thumb 
known as Moore’s law states that 
the number of transistors on a 
circuit will double roughly every 

two years, but this rate has slowed 
as circuit densities are reached 
beyond which electrons cannot 
be reliably controlled.

These faults may only lead to 
the corruption of small amounts 
of data, but if that data is itself 
key to finding or unlocking other 
data, then the effects can quickly 
magnify. In one case, Google 
found that files encrypted by 
one machine could only be 
decrypted by that machine, even 
when the correct key was used 
on other computers (HotOS ’21, 
doi. org/gkdgq4). Google declined 
to speak to New Scientist.

Sriram Sankar at Facebook, who 
has studied the same problem at 
his firm, says it can occur during 
design or manufacturing, or after 
months or years of operation 
(arxiv.org/abs/2102.11245). “There  
is no error correction or error 
detection of these errors,” he says. 
“The industry should take notice.”

One solution is redundancy – 
critical systems such as aircraft 
computers might have three 
machines all running the same 
code and constantly comparing 
output to check accuracy – but 

the cost of doing this across 
Google or Facebook’s huge 
operations would be prohibitive.

Sankar and his colleagues 
propose several cheaper fixes, 
including running automated 
tests on chips during maintenance 
or using less-intensive testing 
applications that can run 
alongside a chip’s everyday tasks. 

Facebook has started doing this on 
the company’s servers over recent 
months, says Sankar.

Once these error-detection 
systems have found a problematic 
chip, engineers can turn it off and 
leave it in place, which is the most 
efficient solution, or replace it 
with a new chip. Sometimes, 
a faulty chip is left running in 
a server, but is virtually handed 
over to a team that investigates 
the nature of silent errors. This 
zoo of troublesome chips helps 
Facebook develop better tools for 
detecting them, says Sankar.  ❚

Matthew Sparkes
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Animal behaviour

Snakes won’t attack 
if they sense they 
have little venom

PIT vipers may be able to sense how 
much venom they have in reserve to 
deal with a threat, a study suggests.

Yige Piao and colleagues at 
the Chinese Academy of Sciences 
in Chengdu housed 23 juvenile 
sharp-snouted pit vipers 
(Deinagkistrodon acutus) in 
separate boxes, dividing them 
into three groups defined by 
their levels of venom: low, 
replenishing and normal.

The low and normal venom 
groups followed a three-day testing 
cycle over 24 days. For the first 
two days of each cycle, the team 
enticed snakes in the low venom 
group to bite into a cloth once 
each day to ensure they had little 
venom. On the third day, all snakes 
underwent a behavioural trial.

The replenishing venom group 
initially followed the same pattern 
as the low venom group. But for 
the final three testing cycles, the 
researchers gave these snakes 
four days of respite after each 
behavioural trial to allow their 
venom levels to recover.

During the behavioural trials, 
each snake was provoked with 
a piece of silicone on a stick. 

Snakes with normal reserves 
of venom were more likely to 
strike and bite the silicone, while 
those with low venom showed 
more fleeing behaviour. The 

venom-replenishing vipers became 
more willing to strike in the second 
half of the experiment, when they 
had more venom.

The researchers say this suggests 
that the snakes can sense their 
venom levels and tailor their 
response (Toxicon, doi.org/gkfgr8).

It is “thought-provoking 
evidence”, says Arie van der Meijden 
at the University of Porto, Portugal. 
However, he cautions that fatigue, 
habituation or hunger could also 
be factors in explaining the results.

The researchers are confident 
the experiments ruled these out.  ❚
James Urquhart

A sharp-snouted 

pit viper may 

be aware of the 

volume of its 

venom supplies
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Computing

Tech firms hit by chip faults
Google and Facebook operate at such vast scales that rare processor faults are an issue

“ Google found that files 
encrypted by one machine 
couldn’t be decrypted by 
other computers”

Chips are getting smaller 
and smaller, which is 
causing problems
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Giant gas burp made 
Betelgeuse go dim
WE MAY finally know why 
Betelgeuse, one of the brightest 
stars in the sky, appeared to 
become 65 per cent less bright 
than usual during the “Great 
Dimming”. The star, which 
marks the right shoulder of the 
constellation of Orion, rapidly 
dimmed in late 2019 and early 
2020. It now seems this was 
due to a burp of gas and a 
subsequent cooling dust cloud.

Female inventors 
listed on fewer patents
FEWER women than men in the 
US are named on biomedical 
patents, which appears to have 
led to a reduced number of 
patented technologies designed 
to address problems that 
specifically affect women.

Rembrand Koning at Harvard 
Business School and his colleagues 
used machine learning to analyse 
more than 444,000 biomedical 
patents filed in the US between 
1976 and 2010.

The team checked the gender 
of named inventors on drug 
and medical patents and used 
algorithms to analyse the text 
of them, attributing each with 
a male or female tag depending 
on what words it contained. 
For instance, texts mentioning 
“female organs” or “female 
genetics” were tagged as female. 

The proportion of patents 
awarded to inventor teams 

SpaceInnovation

MORE than half the world’s rivers 
stop flowing for at least one day per 
year, according to the first detailed 
global map of river flow. More 
are expected to run dry if climate 
change and water management 
issues aren’t addressed.

Many rivers and streams have 
natural disruptions to their flow:  
for example, Himalayan streams 
that freeze in winter and Saharan 
rivers that dry up between rainy 
seasons. Others can dry up when 
people extract too much water.

Mathis Loïc Messager at  
McGill University in Canada and  
his colleagues have analysed 
global data from 5600 river 
flow measurement stations. They 
used machine learning to predict 
the probability of intermittent 
flows along the rest of the river 
network, based on each section’s 

climate, soil, geology and other 
environmental factors.

From this, they estimated that 
water ceases to flow for at least one 
day per year along up to 60 per cent 
of the world’s 64 million kilometres 
of mapped rivers and streams 
(Nature, doi.org/gkptrt).

Even more rivers could start to 
run dry as climate change drives 
more severe, frequent droughts 
in some regions, says Ton Snelder 
at LWP, a water management 
consulting firm in New Zealand, 
who co-authored the study.

Global warming may also cause 
some naturally intermittent rivers 
to start flowing continuously. 
For example, rivers in usually cold 
climates may freeze over less.

These changes to river systems 
could affect biodiversity, says 
Snelder.  Alice Klein

60 per cent of rivers stop 
for at least one day a year

Miguel Montargès at Sorbonne 
University in Paris, France, and 
his colleagues have examined 
detailed images of Betelgeuse 
from the Very Large Telescope in 
Chile and found that the dimming 
was localised to the southern 
hemisphere of the star, which 
got 10 times darker than usual.

The team ran computer 
simulations of scenarios that 
could have caused the Great 
Dimming, and found that the  
best match was a mix of two.  
In their proposed scenario, the  
star first ejected a bubble of gas. 
Later on, part of its surface 
decreased in temperature  
because of the movement of  
giant blobs of plasma within  
the star (Nature, doi.org/gjgv).

Because of that temperature 
drop, some of the gas in the 
bubble would have condensed 
into opaque dust, leading other 
parts of the gas bubble to drop 
in temperature and create even 
more dust, and therefore more 
dimming.  Leah Crane

containing at least as many 
women as men has increased over 
the years, but not by much. Some 
6.3 per cent of all patents awarded 
in 1976 fell within this category; 
in 2010, the equivalent figure was 
16.2 per cent. Women were listed 
as co-inventors in just a quarter of 
all patents filed during the period 
analysed (Science, doi.org/gjgw).

“We know that women face 
barriers just becoming scientists, 
and they face barriers when 
commercialising their ideas,” 
says Koning. His team also 
analysed what the patents were 
intended to achieve. Patents filed 
by all-female teams were a third 
more likely to focus on women’s 
health issues than those filed 
by all-male groups.

Had there been equality in 
the number of men and women 
applying for patents, the team 
estimates that there would have 
been roughly 6500 more female-
focused inventions successfully 
patented between 1976 and 2010. 
Chris Stokel-Walker
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Physics Encryption

Stealthy robot can 
study deep sea life

An underwater robot that 
can track easily spooked 
marine life could help us 
understand the massive 
daily migration of animals 
to and from the deep 
ocean. Mesobot (pictured 
above) has already dived 
200 metres and spotted 
jellyfish and filter-feeding 
tunicates (Science Robotics, 
doi.org/gkqppx).

Mission to Chinese 
space station

China has launched the first 
astronauts to its new space 
station. It is the country’s 
third and largest space 
station to date. It is still 
under construction, but 
already has living quarters 
to support the three 
astronauts on the mission, 
who plan to undertake 
spacewalks to install 
more equipment.

UK’s net-zero target 
is under threat

The UK government’s 
failure to adapt to the 
effects of climate change 
is endangering its goal of 
reducing emissions to net 
zero by 2050, according 
to the UK’s Climate Change 
Committee. It points out 
that – for instance – new 
homes aren’t being built 
to withstand expected 
future temperatures.

People raided graves 
to recover heirlooms
IN THE Early Middle Ages, many 
European people reopened their 
relatives’ graves to recover family 
heirlooms. The acts had previously 
been interpreted as grave robbing.

Alison Klevnäs at Stockholm 
University in Sweden and her 
colleagues compiled data from 
dozens of cemeteries across 
Europe, from Britain and France 
in the west to Romania in the 
east. All of the graves dated from 
between AD 500 and 800.

MIRRORS used by the Laser 
Interferometer Gravitational-Wave 
Observatory (LIGO) to detect ripples 
in space-time have been cooled 
to near absolute zero and their 
minimum energy state. They are 
the largest objects ever to be brought 
to this frigid state.

At a quantum scale, temperature 
and motion are the same: the more 
a particle vibrates, the hotter it is. 
Those packets of vibration, called 
phonons, must be removed to bring 
an object to its lowest energy state. 
Until now, this has only been done 
to objects with tiny masses.

Chris Whittle at the Massachusetts 
Institute of Technology and his 

colleagues have now cooled a 
system with an effective mass 
of 10 kilograms from room 
temperature down to 77 nanokelvin 
(Science, doi.org/gkp5gs). The 
team did it by using one of LIGO’s 
feedback systems to shine a beam 
of light at a mirror to measure its 
vibration, and then applied an 
electromagnetic field to slow that 
motion. “It’s kind of like a child 
swinging on a swing: you push 
against their motion to bring 
them to a stop,” says Whittle.

The goal of the work is to explore 
why we rarely see visible objects 
in quantum states, which may be 
due to the effects of gravity.  LC

Traces, such as metal flakes 
from a sword, revealed that many 
graves had been reopened and 
objects removed, but the most 
valuable items weren’t always 
taken. For example, at one site in 
Kent, UK, brooches were removed, 
but silver gilt pendants and a 
necklace with glass beads were 
left behind (Antiquity, doi.org/
gjgx). “They’re absolutely not 
trying to maximise profit from 
each reopening,” says Klevnäs.

Instead, it seems the items 
removed were ones that had been 
passed down through generations, 
such as swords and brooches. 

Quantum data link 
between two cities
A SECURE quantum data link has 
been created over a distance of 
511 kilometres between the cities 
of Jinan and Qingdao in China. 
This could help extend quantum 
communication networks.

When a pair of photons are 
quantum entangled, you can 
instantly deduce the state of one 
by measuring the other, regardless 
of the distance separating them. 
This is the basis of quantum 
encryption – using entangled 
particles to create uncrackable 
data encryption keys and ensure 
that messages are secret.

Qiang Zhang at the University 
of Science and Technology of 
China and his colleagues have 
now sent a quantum key 
distribution link more than 
500 kilometres through a  
fibre-optic cable by using an 
intermediate relay station, 
in a place called Mazhan.

Crucially, this central hub 
doesn’t know what was sent, 
only whether the two signals at 
each end matched (Nature, DOI: 
10.1038/s41566-021-00828-5).

A similar distance has been 
demonstrated in the lab, but 
it is much harder in the field 
where temperature changes 
can affect the photon, says Zhang.  
Matthew Sparkes

Items that were personal to 
the individual, such as knives, 
were left in the graves – this  
is consistent with historical 
attitudes to such objects. 

A few of the graves show 
evidence of being disturbed for 
other reasons. “There are a few 
graves spread over the whole 
area where it looks like people 
are doing things to the bodies 
that suggest they are afraid of 
the undead,” says Klevnäs. “For 
example, they turned the skull 
around and prop it into place with 
stones backwards, or they might 
cut off feet.”  Michael Marshall

Cooled mirrors could help 
probe quantum gravity
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I
N 1807, a 77-year-old woman 
from Liverpool, UK, known 
as J. S, died after years of pain 

in her uterus. She had consulted 
several physicians, but none could 
explain the cause. A postmortem 
revealed extensive damage in her 
pelvic and abdominal organs.

But the last physician she saw, 
John Rutter, wasn’t convinced that 
any of the findings in the report 
were severe enough to account 
for the degree of pain she had 
complained of. He concluded 
that her agony was exacerbated 
by her “nervousness”. J. S was 
given a posthumous diagnosis of 
hysteralgia, a term for uterine pain 
chosen for its associations with 
hysteria, that infamous historical 
label for inexplicable illness in 
women – particularly those who 
dared to speak up about their pain. 

J. S’s pain wasn’t taken seriously 
throughout her life because she 
was a woman. Today, many women 
and people assigned female at 
birth still have their reports of 
pain invalidated, discredited 
and minimised, especially when 
compared with those of men. 
This form of bias is called the 
gender pain gap, and it is rooted 
in stereotypes about pain that 
have been ingrained into medical 
discourse about female bodies and 
illnesses over centuries. Research 
into the gap and the biases that 
support it is far more recent. 

An increasing number of 
studies have shown how bias 
against women’s expressions of 
pain negatively affect diagnosis 
and treatment of their health M
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conditions. A 2018 study analysing 
journal papers on sex, gender and 
pain published in the UK, US and 
Europe since 2001 revealed that 
terms like sensitive, malingering, 
complaining and, indeed, hysterical 
are applied more frequently to 
pain reports from women. 

When women’s physical pain 
is dismissed as exaggerated and 
imaginary, or misdiagnosed as 
psychological, their health and 
lives are measurably affected. 
Women in US emergency 
departments reportedly wait, on 
average, 16 minutes longer than 
men to receive medication after 
first reporting abdominal pain, 
and they are 7 per cent less likely to 
receive that treatment in the first 

place. UK studies show that 
misinterpretations of female pain 
as anxiety contribute to women 
being around 50 per cent more 
likely to be misdiagnosed after 
a heart attack. A 2020 survey of 
people with endometriosis, which 
takes an average of seven to nine 
years to be diagnosed, found that 
associations of gynaecological 
pain with mental ill-health 
contributed to delayed and missed 
diagnoses in 50 per cent of cases.

Women who are Black, 
Asian or from ethnic minority 
backgrounds, who experience 
greater health inequalities than 
white women, risk having their 
accounts of pain underestimated 
and discounted because of false 

beliefs about racial difference 
and pain sensitivity. As the UK’s 
Royal College of Obstetricians and 
Gynaecologists reported in 2020, 
the effects of implicit racial bias 
on perceptions of Black women’s 
pain contributes to missed and 
delayed diagnoses in maternal 
and reproductive health especially. 

Globally, women experience 
more chronic pain than men. 
With the burden of pain-causing 
diseases rising in women across 
the world, it is crucial that the 
causes and consequences of 
disparities in clinical responses 
are properly understood, 
addressed and mitigated against. 
Bias awareness training, gender-
sensitive diagnostic processes 
and increased research into the 
biological and psychosocial bases 
of pain differences could all help. 

But to fully achieve gender 
equality in healthcare, medicine 
must also examine its past as 
it looks to the future. Historical 
cases show how gendered myths 
about pain resonate powerfully 
across centuries of scientific and 
biomedical advances. 

Although hysteria as a diagnosis 
is thankfully obsolete, health 
professionals still evoke it when 
they judge a woman’s expressions 
of pain to be neither credible nor 
valuable. We must learn from the 
case of J. S. and aim to put an end 
to the gender pain gap.  ❚

The gender pain gap
Biases mean that women’s pain isn’t taken seriously enough. 
It is high time we did something about that, says Elinor Cleghorn 

Elinor Cleghorn is the 

author of Unwell Women. 

@elinorcleghorn
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P
ART of what turned me into 
a theoretical cosmology 
enthusiast as a child was 

watching the documentary A Brief 

History of Time and hearing about 
the mystery around the big bang.  
It showed how the equations that 
we use to describe space-time 
broke down into a singularity 
when we ran time all the way back 
to the beginning. What does this 
imply about the origins and 
history of space-time – about 
the ultimate cosmological tale?

When the film came out in 
1991, popular science books and 
magazines used the term big bang 
to refer to the moment when our 
universe came to be. It was the 
beginning of time and the 
beginning of space, and thus the 
beginning of space-time. In a very 
basic way, this wasn’t super hard 
to relate to. For example, in my 
family’s own Jewish tradition, 
our origin story for the universe 
begins quite similarly.

I am now a professor of physics 
and when I attend physics 
conferences, I have a very different 
relationship to the idea of the big 
bang than I did back in the early 
90s. One might expect that this 
is because I have gone through 
extensive technical training, 
including passing intense 
postgraduate exams on general 
relativity and quantum field 
theory in relativistic space-times. 
And it’s true, my understanding of 
what that mysterious singularity 
represented deepened. 

But actually, what lay people 
like me didn’t know 30 years ago 
is that a transformation was 
already happening in the physics 
community. How people were 
thinking about the big bang was 
shifting. The big bang no longer 
necessarily referred to the 
beginning. And there may not 
have been a beginning at all – at 
least not in the traditional terms.

There have been two changes 
to the way physicists think about 
this cosmological timeline. 
The first is that research on 
inflationary models, which study 
the exponential expansion of 
space-time, indicate that inflation 
may be an eternal process. As in, 
the universe may not have had a 
beginning moment, and we may 
live in what is called an eternally 
inflating universe, one that was 
expanding exponentially even 
before what we call the big bang. 
Mathematically, this seems the 
most likely scenario – assuming 
inflation is correct.

Second, these days, people  
often use “hot big bang” to refer to 
a time period, rather than a single 
moment. The story goes that in 
the early stages of our corner of 
space-time, what we might call 
the visible universe, the universe 
was very hot and dense. This hot 
big bang era was filled with an 
energetic goo from which atoms 
would eventually emerge and 
begin to cluster, along with dark 
matter, into the structures we 
observe today: stars, galaxies, 
planets and, yes, people.

In a recent email to me and 
my editor, one of these people 
structures – a thoughtful reader –  
sent in a question that points to 
this transformation in how we 
think about the big bang. The 
reader noted that, for a while, it 
was fashionable to publish articles 
about the big bang and these days 
there are fewer. While I can’t speak 
to publishing choices by the 
editors at this magazine or any 

other, I can say that in recent years, 
there has been more (if not total) 
consensus in the cosmology 
community about the likely 
scenario for the inflationary 
universe – that our space-time 
went through a period of rapid, 
exponential expansion. A plethora 
of data supports the inflationary 
picture, which mathematically 
favours an eternal scenario.

There are, of course, detractors. 
Paul Steinhardt, one of the early 
thinkers on inflation, has since 
become one of its most vocal 
critics. But even in his competitor 
model of the universe, the big 
bang is replaced by a big bounce 
and a cyclic universe. The key 
point, ultimately, is that physicists 
don’t like singularities, and the 
search has always been on for a 
more satisfying model. Much as 
the idea of a “beginning moment” 
might satisfy the intuition we 
have developed in a world where 
some of the most dominant 
religious traditions teach us that 
there is a definitive beginning, 
from a scientific point of view, 
the singularity is a mathematical 
problem to be solved.

Models of the very early universe 
are hard to test directly. That 
doesn’t stop people from trying. 
For example, an eternally inflating 
universe implies that we live in 
one space-time bubble of many. 
Astrophysicist Hiranya V. Peiris, 
famous for her work on the cosmic 
microwave background (CMB) 
radiation, has with co-authors 
proposed that CMB data can be 
used to test interactions between 
our space-time bubble and others. 

If I had to theorise why it is 
less popular to write about this 
in popular publications, I’d say 
it is because there haven’t been 
any new splashy ideas about it 
recently. The question of whether 
there was a beginning, of course, 
remains infinitely interesting!  ❚

This column appears  

monthly. Up next week: 

Graham Lawton

“ The universe may 
not have had a 
beginning and we 
may live in what is 
called an eternally 
inflating universe”

On the origins of the universe  We once thought the big bang 

was a single moment, but physicists are now settling on a different 

version of events, writes Chanda Prescod-Weinstein
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The universe’s first billion years were when darkness gave way to light. 
Hundreds of times the size of our sun and a million times brighter, the  
very first stars burst into life – and quickly died in powerful explosions  
that seeded the universe with the heavy elements we are made of. 

But how exactly did all this happen, and why? In this online  
talk Emma Chapman, Royal Society research fellow at Imperial  
College London, explains how we’re piecing together the  
fascinating mystery of the first stars. 

Also included in the COSMOS series:
 
THE DARK MATTERS
WITH CHAMKAUR GHAG
Available now on-demand

PATTERNS THAT  
EXPLAIN THE UNIVERSE
WITH BRIAN CLEGG
7 October  6-7 BST, 1-2 EDT and on-demand

For more information and to book your place visit: 

newscientist.com/stars

THE COSMOS SERIES  
EMMA CHAPMAN
THE FIRST STARS

Events

SAVE 25% ON A  

COSMOS SERIES TICKET

THE COSMOS SERIES 
EMMA CHAPMAN 

Thursday 22 July 2021  6 - 7pm BST, 1-2pm EDT and on-demand



28 | New Scientist | 26 June 2021

Editor’s pick 

The difficulties with 
mindfulness research

5 June, p 34

From Stephen Gene Morris,  
University of Kent, UK
Your article added much-needed 
balance to the overview of 
medicalised mindfulness.  
It confirmed both uncertainties 
in theoretical understandings 
and systemic methodological 
weaknesses in experimental 
studies. A discussion of the 
potentially harmful effects of 
meditation was especially welcome. 

However, the absence of 
greater historical insights left 
us with a snapshot rather than 
an overview of the current state 
of our scientific knowledge. For 
example, scientists have been 
criticising meditation experiments 
since the 1970s, but similar 
theoretical and methodological 
problems are visible in 
contemporary research. 

The headline, “The truth 
about mindfulness”, reflects one 
of the main obstacles to the more 
effective clinical use of meditation 
technologies. We meditation 
scientists have been trying to 
prove the clinical effectiveness 
of mindfulness before we have a 
clear theoretical understanding of 
what meditation is. Assuming that 
reductive scientific methods alone 
can explain non-reductive human 
technologies of this sort is an 
approach that may need revising. 

From Thomas Collins,  

Ifold, West Sussex, UK

When it comes to mindfulness, 
I find that piloting an aircraft 
solo is an intense experience 
of being in the present moment. 
Just as well really, because 
the air is an alien environment 
and Isaac Newton doesn’t 
make mistakes.

I find that the presence of 
others dilutes the experience, 
because part of my mind is 
aware of them. You can tire 
during a long flight, but the 
elation and wellness felt 

afterwards are marked. Perhaps 
solo pilots would be a fruitful 
resource for studying mindfulness.

Let the pandemic lead to 
a better climate strategy

5 June, p 9

From Omar Wani, Environmental 

Systems Dynamics Laboratory, 

University of California, Berkeley, US

India’s battle with coronavirus 
shows that what happens in one 
part of a globalised world has the 
potential to disrupt life in other, 
seemingly distant parts. 

The same may be true for that 
corner of the world for climate 
change. Under the business-as-
usual scenario, people there will 
see glaciers shrink, their land 
dwindle and heatwaves and floods 
intensify. In a region already 
fraught with fragile geopolitical 
ecosystems, the compounding 
risks due to climate change make 
the stakes particularly high.

With the pandemic, in India 
and beyond, we saw what happens 
when an inadequately prepared 
system gets overwhelmed by a 
catastrophe that was considered 
likely to happen. It is time for 
governments and policy-makers 
to turn the pandemic into a lesson 
for the climate emergency.

When we are gone, will 
the dinosaurs rise again?

Letters, 29 May

From David Seager, Edinburgh, UK 

The aftermath of the extinction 
of Homo sapiens has been alluded 
to recently in letters, most recently 
suggesting that a new species will 
evolve with intelligence like ours. 

My understanding of Charles 
Darwin’s theory has been that 
there is no certainty that our 
intelligence will be replicated. 
However, having now read the 
fascinating New Scientist Essential 

Guide on evolution, I realise that 
I may be wrong. I wonder whether  
a new species with the intelligence 
of H. sapiens is more probable 
than one with the strength 
of Tyrannosaurus rex.

Molecular machines seem 
to defy chemical rules too

22 May, p 44

From Dean Crawford, Medowie, 

New South Wales, Australia

Philip Ball’s article on strange 
chemical bonds brings to 
mind Nick Lane’s description 
of the ultimate molecular 
nanomachine, ATP synthase, 
in his book The Vital Question.

These exquisite protein motors 
spin at 100 revolutions per 
minute, converting adenosine 
diphosphate to the triphosphate. 
The machines are the means 
of generating all of life’s energy, 
and seem to do it without the 
moving components having to be 
chemically bonded to each other.

More on the riddle of the 
platypus’s glowing coat

8 May, p 41

From Jonathan Sakula,  

Wakefield, Quebec, Canada

Following up the question of why 
the platypus pelt glows under 
ultraviolet light, I note that your 
article found such biofluroescence 
puzzling in a nocturnal animal. 
Isn’t it possible the glow evolved 
to enable platypuses to locate 
each another in murky water?

Just say no to growing 
stuff to burn for energy

5 June, p 13

From Paul Dabinett, Oxford, UK

Any trees or other biomass 
used for “bioenergy with carbon 
capture and storage” have 
already captured carbon from the 

atmosphere. To burn such crops 
and apply an energy-intensive 
process to sequester the carbon 
dioxide and store it, which carries 
the risk of future release of the 
gas, is either foolish or an attempt 
to continue business as usual.

We need to increase the use of 
farmed timber and faster-growing 
crops like bamboo and hemp as 
materials in construction and 
consumer goods. This would lock 
up more carbon, while meeting 
human need. Using land to grow 
biomass for combustion, when 
we need massive rewilding, 
reforestation and restoration of 
peatlands, is extremely irrational. 

Sense is welcome amid  
lab-leak speculation

5 June, p 10

From Geoff Russell,  

Adelaide, South Australia 

Graham Lawton’s article on the 
origins of covid-19 was the best 
I have seen. There is so much 
rubbish being run on the lab-
leak theory that it is nice to see 
informed and sensible analysis. 

Plenty of reasons to see 
nature as separate from us

Letters, 22 May

From James Fenton,  

Clachan Seil, Argyll and Bute, UK

Ralph Timms says the dams we 
construct are as natural as those 
built by beavers. But if everything 
we do is natural, the word is 
meaningless. We like to classify 
things and have chosen to define 
natural in opposition to artificial. 

As a conservationist, I want to 
keep some places natural (wild), 
where nature is still in charge. 
This helps rein in our hubris, and 
reminds us that we are not the 
be-all and end-all of everything.  ❚

For the record

❚  In our look at a quantum 
internet (29 May, p 36), we 
should have said that internet 
encryption schemes often 
rely on factorising the product 
of large prime numbers.
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Kenya: Cradle  
of humanity

Explore the origins of humanity on this unique 
and adventurous palaeontology and wildlife 
tour in the heartland of Kenya. It includes an 
exclusive day at the Turkana Basin Institute, 
whose work continues to discover 
unprecedented fossil and archaeological 
evidence, hosted by eminent palaeontologist 
Louise Leakey.

Visit several important archaeological sites 
including Kariandusi, Olorgesailie and Hyrax Hill 
plus a private tour of the Nairobi National 
Museum with Dr Fredrick Manthi.

No journey through Kenya would be complete 
without enjoying its scenic landscapes, national 
parks and conservation projects, so we have 
included the Great Rift Valley, volcanos in 
Turkana Lake and game drives to search for 
Kenya’s famous wildlife including zebras, 
giraffes, antelope, buffalo, hippos and 
flamingos. Travelling by private overland truck, 
boat and even mountain bike with African 
cycling legend David Kinjah. This is an adventure 
not a conventional safari!.

Highlights

-  Visit the Turkana Basin Institute, situated on 
the west side of Lake Turkana. It was around 
here on the western side of Lake Turkana that 
both the famous Kenyanthropus platyops and 
Turkana Boy where found. It is believed that 
every human alive today shares a common 
ancestral history (and DNA) with the 
population that lived within the Turkana Basin 
60-70,000 years ago. 

-  An exclusive day with eminent palaeontologist 
Louise Leakey at the Turkana Basin Institute.  

-  Nature hikes, game drives, a boat  
exploration of Lake Naivasha and the  
active volcanoes in Lake Turkana.

-  Visit the Nairobi National Museum for an 
exclusive tour including the hominid exhibition. 

-  You will spend time in the lake side town  
of Naivasha, where you will stay in the Simba 
Lodges overlooking the lake. Here you can  
see zebra, antelope, hippos and over  
100 species of birds including flamingos, 
pelicans and fish eagles.

-  Visit the Hells Gate National Park, where  
you will have the chance to see zebra, giraffes, 
buffalos and antelopes in its savannah 
ecosystem. 

-  Two day stay at the Lake Turkana, a UNESCO 
World Heritage Site and explore the lake by 
boat and visit Central Island, a volcanic island 
with several craters, two of which contain mile 
wide lakes, one inhabited by Nile crocodiles 
and the other flamingos.

-  Stay at a mix of hotels, eco-lodges and 
well-appointed camps.

-  Options to tailor your stay by relaxing on  
Lamu Island and a safari in the Masai Mara.. 

Covid-19 safety  
protocol includes: 

-  Pre-departure screening of all guests  
and tour leaders.

-  Increased sanitisation of all accommodation 
and transport.

-  Mandatory use of PPE where appropriate.
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Shaping a world
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Photographers Antonio Pérez, 

Yevhen Samuchenko, Ju Shen Lee, 

Roberto Bueno

THESE captivating photos each 
tell a powerful story about  
human influence on the planet. 
The images are among shortlisted 
entries for Earth Photo 2021, a 
global photography and video 
competition developed by the 
UK’s Royal Geographical Society 
and Forestry England. 

Top left is an image called 
001 The Sea Moves Us, The Sea 

Moves (Fuvemeh Ghana) from a 
series by Antonio Pérez, showing 
Bebli Adzotor in what is left of 
her home in the fishing village 
of Fuvemeh, Ghana. Such 
communities have disappeared 
or are at risk because of coastal 
erosion and rising sea levels 
driven by climate change.  

Ukraine’s Sofiyivsky Park 
is the focus of Magic Tree by 
Yevhen Samuchenko (top right), 
showing part of this idyllic park 
photographed aerially to look like 
a tree. The park contains more 
than 2000 types of tree. 

Below right is Balancing Act 

All Day Long by Ju Shen Lee, which 
features a man fishing on Inle 
Lake, Myanmar. People here  
have a unique fishing technique, 
rowing their boats with one leg 
while standing on the other.  
This requires a lot of strength  
and balance, as this image shows.

Finally, Forest Like Gardens 
by Roberto Bueno captures the 
effects of deforestation, shown 
through the stepped vineyards in 
the province of Tarragona, Spain, 
that have been carved out of land 
once dominated by forest. 

The images will be exhibited at 
the Royal Geographical Society in 
London. Competition winners will 
be announced on 19 August.  ❚

Gege Li

Budding photographer?
Enter the New Scientist photography awards 2021

Full details at newscientist.com/photoawards 
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Book

My Remarkable Journey: 
A memoir
Katherine Johnson, with Joylette 

Hylick and Katherine Moore

HarperCollins 

IT IS rare to suddenly find yourself 
a household name at the age of 98. 
Yet until a few years ago, not many 
people had heard of Katherine 
Johnson and her pioneering work 
as a mathematician at NASA during 
the space race. All that changed 
in 2016 following the success of 
Margot Lee Shetterly’s bestselling 
book Hidden Figures and the 
subsequent film adaptation. 

“How could I have imagined,” 
writes Johnson, in the introduction 
to her autobiography My 

Remarkable Journey, “that from 
ages 97 to 101 I would be awarded 
the Presidential Medal of Freedom 
(with a kiss from my favorite 
president); appear onstage at the 
Oscars; receive thirteen honorary 
doctorate degrees, including 
one from the University of 
Johannesburg in South Africa; 
have four major buildings 
named in my honor, including 
a second NASA facility…”

The list goes on. Her 
autobiography, written with input 
from two of her three daughters, 
Joylette Hylick and Katherine 
Moore, charts how she got 
there. Few, if any, of the other 
mathematicians who worked 
with Johnson at NASA during 
the space race share that kind 
of mainstream fame, but neither 
were they forced to overcome the 
kind of barriers Johnson faced. 

Her memoir dwells 
on the things she loved – 
mathematics, family and the 
supportive communities around 
her – but doesn’t shy away from 
details of the relentless cruelty, 

No hidden figure
A Hollywood film made a star of mathematician Katherine Johnson, who played 
a key role in NASA’s space race. Anna Demming reads Johnson’s memoir

violence and injustice of racial 
segregation and prejudice that 
steeped the lives of her family 
and friends, and those of African 
American people in general. 
Add to that her gender, at a time 
when women weren’t credited 
with much competence for 
anything beyond home building 
and raising children, and you 
get the picture that she was no 
ordinary NASA mathematician. 

Johnson needed to be better 
than her white male colleagues to 
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tributes to all the people who 
helped Johnson along the way, 
as well as to those who helped 
them. As a result, the memoir 
is replete with inspiring cameos 
from talented and tenacious role 
models who not only achieve 
great things against all odds, 
but are often equally dedicated 
to creating opportunities for 
those who may follow them. 

These positive anecdotes are 
particularly welcome given the 
prejudice and racial tension that 
form a persistent backdrop to 
the book, from the denigrating 
impact of segregation on 
children’s self-esteem to violent 
lynchings. About halfway through, 
we get to Johnson’s time at the 
National Advisory Committee for 
Aeronautics (and its later iteration 
NASA), which coincides with some 
of the more tumultuous moments 
of the civil rights movement. 

She describes the times not 
just as a high-achieving black 
woman deeply invested in justice 
and equality, but as the anxious 
mother of three young women 
then just entering adulthood, and 
as hungry as the rest of their peers 
to play a role in the often terrifying 
events shaping social change. 

People familiar with Hidden 

Figures will recognise the odd 
scene in her memoir, and where 
a little licence was taken on screen, 
Johnson is generous in pointing 
it out while providing excuses 
for the needs and challenges 
of the movie format. 

Overall, her book is a personal 
account that tells the tale of a 
woman with a brilliance for 
mathematics, love and life. She 
was undeterred by circumstance, 
and that set her on the path for 
a remarkable journey.  ❚

succeed, and fortunately she was. 
“The team soon discovered that 
I could do the equations quicker 
than all of them,” she writes 
unabashedly, though she puts 
that down to the foresight of her 
tutor, William Schieffelin Claytor, 
in adding analytic geometry of 
space to the curriculum he taught 
her, and the fact that she was the 
most recent college graduate.

Yet it was Johnson’s innate 
flair for her subject that had 
attracted special interest from 
Claytor in the first place, and she 
would continue to shine in her 
field for decades to come. As the 
person who first suggested she 
pursue a career as a research 
mathematician, Claytor appears 
more than once in a book rich in 

Katherine Johnson was 
honoured by US president 
Barack Obama in 2015

“ Johnson needed to 
be better than her 
white male colleagues 
to succeed, and 
fortunately she was”
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Film

Fathom
Drew Xanthopoulos
Apple TV+: premiere 15 June

MOST of us introduce ourselves for 
the first time by saying hello and 
giving our name. But what if you 
were trying to greet another species 
and understand its background? 
This is the premise of Fathom, 
a new documentary by director 
Drew Xanthopoulos, known for 
directing The Sensitives, which 
explored the lives of people who are 
debilitatingly sensitive to our world.

Fathom follows biologist 
Ellen Garland at the University 
of St Andrews, UK, and marine 
acoustician Michelle Fournet at 
Cornell University in Ithaca, New 
York, on their respective studies 
into humpback whale songs and 
social communication. 

While Fournet analyses different 
whale calls as she tries to create a 
conversation between humpbacks 
to understand their communication 
better, Garland studies the cultural 
transmission, vocal learning and 
function of whale songs. We watch 
as the two prepare for field studies 
in Alaska and French Polynesia.

Fathom’s languid pace prevents 
viewers from completely immersing 
themselves. Although this leaves 
you waiting for something to 
happen, it allows Xanthopoulos to 
hone in on detail and show marine 
bioacoustics at its slow work. 
The scientists use hydrophones to 
acoustically track whales, capturing 
different calls, most notably the 
”whup” call, which Fournet studies.

Basing herself in Hobart Bay, 
Alaska, she is forthcoming about 
the challenges of surveying 30 

whales in a month using focal 
follows, which involves tracking 
a specific animal, and playbacks, 
in which she rebroadcasts natural 
or synthetic signals to animals 
and notes their response.

Her candour about the likelihood 
of failure because of logistical 
complications brings a level-
headedness amid the lofty 
ambitions, and her willingness to 
adapt her approach to fine-tune the 
“conversation” shows flexibility. 

As she analyses audio tracks of 
a series of “whups” and begins to 
understand their significance, we 
share her sense of achievement 
from a groundbreaking insight:  
that humpbacks use sound 
to perceive not only each other 
but their surroundings. 

In 1996, marine biologist Philip 
Clapham described whale song as 
“probably the most complex in the 
animal kingdom”, justifying the task 
of deciphering it as a single research 
topic. Indeed, Garland has her work 
cut out: whale songs are mostly 
used by males for mating purposes. 
But she identifies that the same 
series of calls (also known as songs) 

are “culturally transmitted”, and 
evolve across vast distances.

Throughout, the haunting  
sound of whale songs beautifully 
accompanies Xanthopoulos’s 
serene cinematography,  
underlining the simplicity of  
nature while evoking a sense  
of isolation. As a result, Fathom 
captures the calmness of the 
scientists’ surroundings, while the 
precise yet soft black-and-white 
visualisations of the whale call are 
reminiscent of another film with 
language at its heart: the 2016 
sci-fi film Arrival. 

As Garland eloquently points 
out: “Some things we do are not 
innate – they are learned. They  
tell us who we are connected to  
and where we belong. We call  
these things culture. We call our 
communication ‘language’. ” For 
some reason, she adds, we think 
that what whales do is different.

Fathom celebrates not only 
the steps towards understanding 
another species, but the women 
helping us get to the finishing line.  ❚
Katie Smith-Wong is a film critic 

based in London

Michelle Fournet and 

researcher Natalie Mastick 
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Making contact
How do we talk to other species? Two women studying whales 
show how far we have come, finds Katie Smith-Wong 
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Nonso Anozie (left) 
and Christian Convery 
in Sweet Tooth

TV

Sweet Tooth
Jim Mickle

Available on Netflix

Sweet Tooth begins 10 years after 
The Great Crumble. A poorly 
understood but deadly, rapidly 
spreading virus has hit humanity 
and the world has descended 
into chaos, heightened by the 
emergence of part animal, part 
human hybrids born at the onset 
of the pandemic.

Watching some of the fear and 
isolation of another pandemic 
won’t be for everyone, but in this 
case, the show is a hopeful take 
on coping with the fall-out of 
such an event.

The story follows a hybrid 
deer boy named Gus (Christian 
Convery) as he strives to learn 
more about the world and 
himself. As an outcast, hunted 
and shunned by humans, his 
existence is lonely until he meets 
Jep (Nonso Anozie), a human, 
who is dragged into Gus’s journey 
of self-discovery.

Jep joins Gus as he ventures 
from his isolated home in the 
woods and learns that the world 
is a lot bigger, and scarier, than he 
first thought. Hybrids are outcasts 
in Sweet Tooth, so Jep reluctantly 
takes up the role of protector. 
Gus’s adventure leads him across 
the US, hoping to find his mother. 
But the Last Men, an army with 
the goal of capturing and studying 
hybrids, are a constant threat.

Along the way we are 
introduced to compelling and 
complex characters like doctor 
Aditya Singh (Adeel Akhtar), loner 
Aimee (Dania Ramirez) and fiery 
teen Bear (Stefania LaVie Owen). 
Each episode shows us a little 
more about a character’s past and 
its lasting psychological impact.

A tale of hope
Netflix’s Sweet Tooth is an optimistic take on coping with the fall-out 
of a deadly pandemic, says Robyn Chowdhury

Jep’s backstory is possibly the 
most engaging – we are gradually 
fed hints about his life, but only 
in the last episode do we learn 
enough to almost understand 
him. The final episode of the series 
also demonstrates how the lives 
of seemingly unrelated characters, 
like Aimee and Singh, intersect.

Elements of Sweet Tooth’s 
pandemic feel eerily familiar, 
such as the masks, face-shields and 
temperature checks. You may feel a 
shudder as loudspeakers 
announce: “Stay home, do not 
come into contact with anyone 
showing symptoms.”

But the world in Sweet Tooth 

is far more dystopian than ours. 
Communities are constantly 
worried about another wave 
of “the sick” and will go to any 
lengths to prevent another 
pandemic. 

At the onset of The Great 
Crumble, cars are aflame, and 
as it continues derelict buildings 
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allowed to record there at the time.
The flaws of Sweet Tooth are 

few and far between. If I’m being 
very picky, it is a little hard to 
understand just how life became 
quite so dystopian after The Great 
Crumble. And the science behind 
the purple flowers signifying an 
area touched by “the sick” could 
have been explained more. But 
even without this, they are an 
interesting addition.

The show takes a lighter, more 
hopeful tone than the Jeff Lemire 
comic it is based on. The first 
season doesn’t cover all of the 
original storyline so there is plenty 
more material left for a potential 
second season and beyond.

The masterful screenwriting 
and fantastic acting are more than 
enough to keep you thoroughly 
invested in each character’s 
emotional journey. The show is an 
eccentric combination of science 
fiction and fantasy and is well 
worth binge-watching.  ❚

Robyn Chowdhury is a writer based 

in Sheffield, UK, who is interested 

in pop culture and social justice 

become engulfed in leaves. Nature 
really does return in the absence 
of humanity, much like it did 
during the covid-19 pandemic. 

Cars are rare – some people 
choose to travel on horseback 
instead – and mobile phones 
are replaced with radio 
communications. 

Sadly, the chaos of the 
pandemic means the internet 
no longer works in the Sweet Tooth 
universe. The most unexpected 
thing to come from watching 

the show was my gratitude for 
covid-19’s minimal impact on 
my broadband connection.

Though the project had been in 
the works long before the covid-19 
pandemic, much of the filming 
took place during it, in 2020 in 
New Zealand. It was one of only 
a handful of shows that was 

“ Nature really does 
return in the absence of 
humanity, much like it 
did during the covid-19 
pandemic”
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Primordial 
magnetism
Magnetic fields dating back to the big bang would 

transform cosmology – now astronomers think they 

are on the brink of such a discovery, finds Ian Taylor
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HE scale is hard to fathom. But if you 

zoom out far enough, the structure of 

the universe reveals itself: a “cosmic 

web” in which thread-like filaments of gas 

tangle around gigantic voids, connecting 

disparate clusters of galaxies. These are 

some of the most mysterious structures in 

the cosmos – and recent glimpses have 

revealed a surprising presence among them.

Earlier this year, astronomers led by Tessa 

Vernstrom at the Commonwealth Scientific 

and Industrial Research Organisation in 

Perth, Australia, confirmed the detection 

of magnetic field lines stretching some 

50 million light years between galaxy clusters. 

Discoveries such as Vernstrom’s are giving 

us more confidence that, even if we might 

not actually be there yet, we’ve now got the 

theoretical nous and observational tools to 

finally make the breakthrough. “The net is 

closing,” says Franco Vazza, an astrophysicist 

at the University of Bologna in Italy. 

Fields of influence
Magnetism is a familiar force. The magnetic 
fields spreading out across space have 
ultimately the same origin as the field 
produced by a magnet on your fridge: 
the motions and alignments of electrically >

It was one of the first demonstrations that 

magnetism exists at such gargantuan scales. 

But the real excitement is that the sheer size 

of the fields suggests they could be relics from 

the birth of the universe in the big bang.

Cosmologists dream about finding such 

“primordial” magnetic fields, because they 

could hold long-sought secrets about how 

everything came to be and might even resolve 

the biggest problem in modern cosmology. 

But conclusively identifying them is a 

problem. Staring deep into a universe 

saturated with magnetic fields, how 

can you be certain you are squinting 

at one from the dawn of time?
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charged particles such as electrons. Magnetic 
fields are invisible, yet their influence stretches 
far and wide because magnetism is the only 
fundamental force, apart from gravity, that 
can be felt across vast distances. 

All of which makes it odd that magnetism 
is often overlooked by cosmologists. “You 
can sit in a week-long conference about 
cosmology and not hear the word 
‘magnetism’ once, which is sort of ridiculous,” 
says Bryan Gaensler, director of the Dunlap 
Institute for Astronomy & Astrophysics at 
the University of Toronto in Canada. 

Magnetism isn’t a grand cosmic unknown 
like black holes or dark energy: we know 
plenty about what it is, what it does and 
what generates it. Earth’s magnetic field 
protects us from solar radiation. The sun’s 
magnetism causes solar flares and magnetic 
explosions called coronal mass ejections. 
Then there is a class of stars known as 
magnetars, thought to be the most magnetic 
objects in the universe. Viewed with the right 
equipment, field lines ripple out from these 
astrophysical sources like fingerprints or 
the contours of topographical maps. 

In the beginning?
What we don’t know is how old magnetic fields 
are or the extent to which they influenced the 
evolution of the cosmos, particularly in its 
formative moments. “We have this incredibly 
detailed picture of what happened in the 
universe, starting with a tiny fraction of a 
second after the big bang through to the 
point where galaxies and stars formed,” says 
Gaensler. “But there are a few things we haven’t 
filled in yet, and I would argue that one of the 
biggest is where magnetic fields fit into this.” 

Arguably the biggest question of all is 
whether magnetic fields were a feature of 
the early universe or came later. Depending 
on when and how they were formed, 
primordial magnetic fields might have 
contributed to inflation, the split-second 
flash of exponential expansion that is 
believed to have set the infant universe 
on the path to what we see today. In any case, 
they could hold some memory of that event 

that we could interrogate to test our best 
ideas about how it all went down.

They may also hold clues about how the first 
stars formed. “Either the first stars didn’t need 
magnetic fields, or they did need them – which 
means they had to be there before the first 
stars were formed,” says Gaensler. “You can’t 
completely solve that question unless you 
understand what magnetic fields were doing.”

For other researchers, there is perhaps an 
even bigger prize: solving the current big crisis 
of cosmology. Known as the Hubble tension, 
this is the increasingly inescapable observation 
that the universe is expanding faster today 
than it should be, according to our best 
understanding of how the universe evolved, 
known as the standard model of cosmology. 
A small army of cosmologists is working to 
resolve the Hubble tension, or at least 
understand what it means for cosmology. 
Last year, a new hypothesis surfaced: that 
primordial magnetic fields might do the trick. 

“Currently, people do not take magnetic 
fields into account when they describe the 
evolution of the universe,” says Levon 
Pogosian, a physicist at Simon Fraser 
University in Burnaby, Canada. What Pogosian 
and Karsten Jedamzik at the University of 
Montpellier in France, found, however, is that 
if you add magnetic fields to simulations of 
how the universe evolves under the standard 

model of cosmology, the prediction it spits out 
for expansion today is much closer to the value 
we have actually measured rather than the one 
extrapolated from the standard model of 
cosmology. “It’s potentially a very exciting 
development,” says Pogosian. 

Adam Riess, an astrophysicist at Johns 
Hopkins University in Baltimore, Maryland, 
who won a share of the physics Nobel prize for 
his part in discovering that the universe is 
expanding at an accelerated rate, agrees. “The 
best feature of the primordial magnetic field 
idea to me is that it doesn’t require any new 
component or feature of the universe,” says 
Riess. “It utilises something that must exist at 
some level, but we know little about that level, 
and poses it as a solution to the tension.”

The catch is that we don’t know if primordial 
magnetic fields actually exist. If they do, they 
are expected to be extremely weak, almost 
ghostly remnants of a very different universe 
that stretch across unimaginable distances. 
They may even encompass all of space as a 
faint, universal signal created everywhere by 
some unknown phenomenon close to the 
beginning of time. “An intriguing possibility 
is that even magnetic fields in celestial objects 
are all produced by amplification of pre-
existing seed magnetic fields,” says Federica 
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if magnetism existed 
in the early universe
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Blazars are one example. These are galaxies 
powered by supermassive black holes that spit 
out jets of ionised matter at close to the speed 
of light. They are among the brightest and 
most energetic objects in the sky. As early as 
2010, researchers had noted that if a blazar 
lacks a distinctive halo of low-energy gamma 
rays, then the jet is likely to have passed 
through an extragalactic magnetic field. 

Twisted waves
What has really injected fresh impetus into the 
hunt for primordial magnetic fields, though, 
is the detection of dozens of fast radio bursts 
(FRBs), short-lived pulses of radio waves that 
burst from faraway galaxies with the intensity 
of several suns. These signals are relatively new 
to astronomers, and there is still no consensus 
about what produces them. But in the past few 
years, we have begun to pick up more and more 
of them. In the process, it has become clear 
that they encode two distinct signals about 
the depths of space through which they pass.

The most common way to study cosmic 
magnetic fields is by measuring the 
polarisation of radiation that passes through 
them. This polarised radiation, whose waves 
vibrate only in a single plane, could be the 
light of a star or a galaxy, but it could also be 
a fast radio burst. When an FRB encounters 
a magnetic field, its polarised waves become 
twisted so that they spiral as they propagate 
through space. By measuring the extent of this 
change, known as Faraday rotation, we can 
infer the presence of any magnetism it must 
have passed through, as well as its intensity. 

“The strengths of the magnetism that we 
can now measure are 100 times weaker than 
they were in the past,” says Gaensler. Even so, 
our best radio telescopes are just barely 
sensitive enough to detect the faint signals we 
might expect from primordial magnetic fields. 
And that is the beauty of FRBs, because they 
possess another advantage over other signals 
from outer space, says Gaensler: “The thing 
that’s game-changing about fast radio bursts 
is that there’s another effect we can measure.”

That effect is called dispersion. As an FRB 
passes through space, the radiation is shifted 

The CHIME 
telescope in 
Canada is a key 
part of the hunt 
for primordial 
magnetism

light years of space. As with the more recent 
detection by Vernstrom and her team, the 
researchers inferred the faint presence of 
magnetism by spotting synchrotron 
radiation – radio waves generated when 
charged particles twist in spirals as they pass 
through a magnetic field. 

The detections are a big deal because they 
demonstrate that we can tease out weak fields 
at great distances. “They’re spread over large 

areas of the sky and 
the emission that’s 
expected from them 
is pretty faint,” says 
Vernstrom. “You take 
faint emission over 
a large area and that 

makes it even harder to detect. And then you 
sprinkle in all the other stuff that’s brighter 
than that – regular galaxies, our galaxy, plus 
instrumental noise – and they’re expected to 
be fainter than most of that.”

To see something – anything – in the voids is 
far harder, simply because there are barely any 
particles to interact with the magnetic fields 
and so betray their presence. But the voids 
could yet give up their secrets thanks to some 
exotic phenomena that pass through these 
vacuums on their epic journeys across space. 

Govoni, an astronomer at the National 
Institute for Astrophysics in Cagliari, Italy.

In this scenario, fields produced by black 
holes or other astrophysical means supersede 
the older fields, obscuring them from view. 
The most plausible way to confirm the 
presence of primordial fields, then, is to 
find signs of magnetism in the sparsest 
parts of the universe: the voids between 
the filaments connecting the cosmic web.

If you find a field in one of these voids, 
you couldn’t explain its existence with 
astrophysical processes. There is so little 
matter in voids that the only explanation 
for any faint magnetism would be that it 
had been around since the beginning of time, 
or near enough. “The detection of magnetic 
fields in the voids of the cosmic web would 
be a smoking gun,” says Govoni.

In 2019, Govoni and her colleagues made 
just such a find in a cosmic filament, the field 
lines bridging galaxy clusters across 10 million 

“ The voids could yet give up their 
secrets thanks to exotic signals”
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Prototype antennas 
for the SKA telescope 
in Western Australia

Square Kilometre Array (SKA) largely based in 
Australia and South Africa – will also bring 
thousands of fast radio bursts. Then there is 
the full-fat SKA, set to be the largest radio 
telescope in the world when fully operational, 
which astronomers are awaiting with great 
anticipation. “That will push us towards 
10 million measurements and also be able to 
go further out and further back in time,” says 
Gaensler. The SKA will ultimately produce a 
three-dimensional grid of Faraday rotation in 
the skies all around us, he adds – something 
akin to a map of magnetism in the universe. 

Just don’t expect a Eureka moment. 
“This is a field where the answers come 
from a steady accumulation of statistics 
rather than discovering a particular thing,” 
says Gaensler. But whatever such an arrival 
at consensus lacks in drama, it would more 
than make up for in significance. 

Cosmology as we know it – everything from 
the creation of the elements to the expansion 
of space-time – doesn’t currently account for 
the existence of magnetic fields, says Vazza. 

Ian Taylor is a writer 

based in London, UK

“So if we discover that magnetic fields were 
actually created in very primordial epochs, 
this is a sign of new physics that we need to 
include in our cosmological models.”

We could even learn that magnetism 
had a pivotal role in the creation of stars 
and galaxies, although of course we would 
still have to work out what magnetised the 
cosmos in the first place. “It’s definitely been 
a big unknown for a long time and I think 
the tide is really turning,” says Vernstrom. 
“We’re starting to open the window on that 
part of the universe.”  ❚

to lower frequencies as a result of the 
radiation scattering off electrons and other 
particles, to give it a smeared-out appearance. 
By measuring that dispersion, astronomers 
can also learn about the density of the region 
it has passed through. So if a particular FRB 
has passed through a weakly magnetised 
region of space that also has an extremely low 
density of matter, say, then it would suggest 
the signal has travelled through a void – and 
that, in turn, would suggest the magnetism 
there is primordial. “Fast radio bursts are 
perfect for this,” says Vazza. 

Even if primordial magnetic fields turn out 
to be ubiquitous, however, their expected 
frailty means that we’ll need statistical 
methods to spot them. That means you need 
data. Lots of data. 

As an example, when Vernstrom and her 
colleagues detected magnetism along a 
cosmic filament, they merged hundreds 
of thousands of images of galaxies. The 
technique, known as image stacking, 
amplifies the signal from the noise so 
that a faint wisp of glowing radio emissions 
emerges from the composite. “It’s really 
noisy and you really have to convince 
yourself,” says Vernstrom. “That’s when we 
started doing all kinds of tests to try to make 
the signal go away. And if you can’t, then that’s 
when you think you’ve got something.”

The coming deluge
Likewise, to conclusively discover ancient 
magnetism using fast radio bursts, Vazza 
believes we will need a deluge of data. 
Specifically, he and his colleagues have 
calculated that it could require a thousand 
FRBs, all with a detected Faraday rotation. 
Fortunately, a new generation of radio 
telescopes is already rising to the challenge. 
“There is an instrument in Canada called 
CHIME which can detect industrial quantities 
of FRBs, the way it’s designed,” says Pogosian. 
“In the future, we will have thousands, perhaps 
tens of thousands, possibly hundreds of 
thousands, of fast radio bursts.”

The Australian Square Kilometre Array 
Pathfinder telescope – a precursor to the 

“ Cosmology as we know it doesn’t 
account for ancient magnetism”
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Nudging 
nature

Can we reliably persuade wild animals to help 

their own conservation, asks Ute Eberle

K
EN RAMIREZ is an animal trainer with 
decades of experience, including a  
25-year stint at the Shedd Aquarium 

in Chicago, Illinois. He has taught all sorts of 
creatures to do all manner of tricks. Once, he 
trained thousands of butterflies to perform 
a choreographed display in a botanical garden. 
It took several weeks, but even he was impressed 
with the result. “I watched in awe,” he says. 
“They appeared to undulate to the rhythm 
of the music – it was incredible!”

These days, however, Ramirez is less likely 
to use his talents for entertainment. Instead, 
he is working to protect wild animals by 
tweaking their behaviour. That may sound 
intrusive, but, in a rapidly changing world 
where human activities can have fatal 

Features

consequences for wildlife, evolution often 
can’t act fast enough to meet the challenges. 
So a growing number of conservationists 
aim to encourage wild animals to adapt by 
understanding and manipulating behaviours 
like hunting, foraging, mating and migration.

In fact, the approach resembles strategies 
increasingly adopted by governments and 
organisations to spur humans towards healthy 
or socially beneficial choices. Sometimes 
referred to as “nudges”, these are based on the 
idea that, for example, we choose to eat more 
vegetables if we encounter a salad in the buffet 
line before pizza. Or that scarce parking in a 
city encourages us to cycle or take the bus. 
“All creatures learn the same way,” says Ramirez. 
“Let’s make what we don’t want animals to do 

difficult and what we want them to do easy. 
A little nudge can guide them to do the things 
that are going to save them.”

To train those butterflies, Ramirez taught 
them to associate a stimulus, such as a flash 
of light or a subsonic vibration, with a food 
reward. In this way, he got groups of the insects 
to fly in different directions on cue. He uses the 
same associative learning in the wild. One of 
his first forays into conservation was in Sierra 
Leone, where he helped local rangers protect 
a group of chimps from poachers. Sentinel 
chimpanzees would scream when poachers 
approached, but the rangers couldn’t hear 
them because their station was too far away. 
If only the whole troop shouted in unison, one 
ranger mused. Then the racket would alert the 
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make or break conservation efforts, according 
to ecologist Oded Berger-Tal at Ben-Gurion 
University of the Negev in Israel. Frequently, 
it involves attempts to either attract or repel 
animals. Wildlife corridors are a good example – 
these green passageways have become a 
popular means to connect fragmented habitats, 
but there is a big problem. “Often, you build 
them and the animals don’t use them,” says 
Berger-Tal. Encouraging them to make that 
decision could be as simple as putting animal 
dung or urine on a new route to trick them into 
thinking that others have been there before. 

In Banff National Park, Canada, biologists are 
using another nudge technique to stop grizzly 
bears getting hit by trains. “We speculated that 
there are circumstances where they don’t >

In Zambia, 

artificial 

waterholes 

help persuade 

elephants to take 

a less dangerous 

migration route

“ The approach 
resembles one 
increasingly used 
by governments 
to spur citizens 
to act in socially 
beneficial ways”

wardens. This gave Ramirez an idea – he set up 
pipes from which fruit and insects would fall 
into the trees where the apes sat. “When a 
person approached and they screamed, we 
would push a remote-control button that 
released the food,” he says. “They quickly 
learned: ‘I scream, I get food’. ” Soon, all the 
chimps shrieked at any sight of a human. 
“Poaching was reduced by 86 per cent.”

Attract or repel
Ramirez isn’t an academic; he operates in the 
field and doesn’t publish his work in scientific 
journals. But the idea that animal behaviour 
might hold the key to many conservation issues 
is catching on among academics too. It can 
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detect an approaching train early enough,”  
says Colleen St Clair at the University of Alberta, 
Canada. So she and her colleague Jonathan 
Backs, also at the University of Alberta, used 
a system of train-triggered flashing lights 
and alarm bells to warn them. This not only 
prompted the grizzlies to move off the tracks 
sooner, but also a range of other animals 
including elks, wolves and even small mammals 
and birds. Similar approaches could have a wide 
application. Globally, vehicle collisions account 
for up to 10 per cent of known mortalities 
among mammals, including endangered 
species such as the Florida panther. Indeed, 
St Clair says the system has attracted interest in 
India, where trains and elephants often collide.

Conflict resolution
Human-wildlife conflicts are a particularly ripe 
area for behavioural conservationists. As the 
human population grows, people and wildlife 
clash more often, from elk invading towns to 
wolves killing livestock and geese defecating 
on golf greens. “It used to be that whenever 
there was a problem, the animals would be 
culled,” says Alison Greggor at San Diego Zoo 
in California. But that “solution” never lasts 
because other animals just replace them. 
Increasingly, wildlife managers are trying 
to change the problematic behaviour itself. 
Take cranes, which are notorious for raiding 
farmers’ fields: a single bird can eat 400 kernels 
of corn daily, and a whole flock will easily 
decimate a freshly planted field. Scarecrows 
and noisemakers are somewhat effective as 
deterrents, but “lure crops” on areas set aside 
for the birds are even better. 

Ramirez is using a similar carrot-and-stick 
approach in Zambia to deter elephants from 
crossing into the Democratic Republic 
of the Congo on their annual migration. 
“Sadly, that country offers little protection 
against poachers and dozens of elephants get 
slaughtered every year,” he says. With a team 
of helpers, he has been guiding the elephants 
on a detour around the danger zone. They used 
big trees to block the original path and created 

artificial waterholes to lure the animals on 
a new trail. “[Everything] is done remotely. 
The animals can never see you, never know 
that you had anything to do with what’s 
happening,” says Ramirez. He sees signs 
that the project, now in its third year, is 
working. “The elephants already seem to 
understand what they’re supposed to do.”

People tend to underestimate animals, says 
St Clair. “That’s part of what makes me excited 
about this tool. We think we’re king of the heap 
of being able to learn, but all primates and 
carnivores are good at associative learning. 
Even really simple animals are capable of it.”

Some animals even seem to sense what is 
going on. St Clair recalls an incident involving 
an attempt to manipulate the behaviour of 
black bears at the resort town of Whistler in 
British Columbia, Canada. Each year, millions 
of tourists descend on the area and rangers 
regularly have to shoot bears because they 
become dangerous to people while rifling 
through their trash. One of St Clair’s students 
was firing rubber bullets or marbles from a 
slingshot to hit bears that ventured close to 
human areas. Before doing so, however, she 
blew a warning whistle. If the bear ran away, 
she rang a bell to signal that the risk of getting 
hit was over. “Once, she accidentally rang the 
bell too soon when the bear was only partway 
up the slope,” says St Clair. “It turned and 
looked at her as if to say, ‘already?’ ”

Despite such seeming insight, attempts 
to adapt the behaviour of wild animals can 
be hit and miss. In Australia, an endangered 
marsupial called the northern quoll 
successfully learned to avoid eating invasive 
cane toads, which are toxic, after biologists 
fed toad sausages laced with a nausea-inducing 
chemical to captive-raised quolls before 
releasing them. Yet spiking livestock carcasses 
with similarly unpleasant substances to try 
to persuade coyotes that farm animals aren’t 
worth eating hasn’t always deterred them 
from preying on sheep and cows.

A training approach might even 
work with one animal, but not another 
of the same species, says St Clair. “Animals 
have personalities too.” Some are more 

“ Evolution 
often can’t act 
fast enough for 
animals to meet 
the challenges 
posed by human 
activities”

Encouraging chimps 

to scream at the sight 

of humans has reduced 

poaching in Sierra Leone
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consider worst-case scenarios, according 
to behavioural ecologist Lysanne Snijders 
at Wageningen University in the Netherlands. 
“For example, we want to be sure when 
teaching an animal not to eat a particular 
food that it doesn’t generalise this to its 
natural food,” she says. “It wouldn’t be 
the first time that people try to solve 
one problem and create a bigger one.”

Nudging in isolation may not be the best 
policy either. Even its staunchest advocates 
accept that nudging works best in combination 
with other tactics. For example, an essential 
way to keep bears out of towns is for people 
to lock up their rubbish and secure fruit trees 
and compost bins. “There usually isn’t a single 
silver bullet,” says St Clair.

Ramirez agrees that we should be cautious 
about possible ripple effects from changing the 
behaviour of animals. But he points out that 
conservationists may have few alternatives 
to nudges. The rangers in Sierra Leone, for 
example, couldn’t find another way to curb 
poaching. “It comes down to: are the changes 
worth it?” he says. “I feel that we humans owe 
it to the animals to try to find solutions to the 
problems that, often, we have created.”  ❚

Birds in cities sing differently to drown out 
traffic. Urban foxes become less shy. But 
purposefully shaping the behaviour of wild 
animals is a different matter. “It’s important 
to really think it through,” says behaviourist 
Liv Van de Graaff at Hunter College, New York. 
“Humans have a way of forgetting about 
impact if their intentions are good.” She 
describes Ramirez’s idea of teaching chimps 
to scream to protect them from poachers as 
“great”. “It’s non-invasive and taps into what 
these animals do anyway,” she says. But she 
points out that it could also have unintended 
consequences. For example, it might raise 
their stress levels to engage in so much alarm 
calling. And then there is the question of how 
it changes the troop’s social dynamic if all 
chimps do the work of sentinels.

When it comes to side effects, we should 
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Ute Eberle is a science journalist 

based in Baltimore, Maryland

inclined to accept nudges than others. 
But should we try to tinker in this way at 

all? Might we end up making wild animals 
more dependent on us? The question goes 
to the heart of conservation, says Berger-Tal. 
“One of the main goals of conservation is to 
keep evolution going. If we’re changing the 
way animals behave, it can change the 
evolutionary trajectory. It’s a trade-off.”

Is this wise?
Yet, in some ways, this approach is less radical 
than it might seem. Training has long been 
an invaluable tool in preparing endangered 
animals reared in captivity to live in the wild. 
People might assume that they instinctively 
know how to behave, but many such animals 
are inept at evading predators or foraging 
and won’t survive unless they are taught 
these behaviours. For example, before 
Greggor releases rare Hawaiian crows called 
Alalā that she helps breed, she must teach 
them to open the seed pods that will provide 
them with food. “First, we give them pods that 
are already open. Then, we leave them a bit 
closed, then fully closed,” she says. Likewise, 
when conservationists move wild animals 
from one area to another, they may need to 
teach them new behaviours to cope in their 
new environment.

Besides, we already influence wildlife in 
multiple ways through our sheer presence. 

“ Animals have 
personalities too. 
Some of them are 
more inclined to 
accept nudges 
than others”

Nudges can prevent 

a flock of cranes (left) 

from destroying crops 

and bears (below) from 

raiding rubbish bins
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Mycobacterium tuberculosis, which generally 
infects the respiratory system and spreads 
from person to person via airborne droplets. 
From the 17th century until the 19th century, it 
caused 20 per cent of all deaths in the Western 
world. German microbiologist Robert Koch 
won a Nobel prize for his discovery of the 
pathogen in 1882. A vaccine – BCG – was 
invented a century ago, and is widely used. 
The disease has been treated with antibiotics 

and other drugs since the second world war. 
But BCG is ineffective in large parts of the 
world and drug resistance is rife. As a result, 
TB currently infects around a quarter of the 
world’s population, especially people living 
in sub-Saharan Africa, South-East Asia and 
eastern Europe. Only around 1 in 10 infections 
end in disease, but given the number of people 
who have the bacterium, that still means a 

Origins 
of a killer
Discovering the beginnings of tuberculosis, the 

most lethal infectious disease in human history, 

is crucial to beating it, finds Rebecca Batley

T
HIS was the coldest of cold cases. The 
remains of 83 people had lain under 
the earthen floor of a house in Dja’de 

el’Mughara, northern Syria, for thousands 
of years. Who put them there was no mystery: 
people living in the region during the Stone 
Age often buried their dead beneath their 
homes. But the cause of death – for some 
at least – was totally unexpected. When 
archaeologists carefully examined the bones, 
they discovered signs that five of these 
individuals had tuberculosis. They are the 
oldest confirmed cases that we know of.

The discovery is significant. Finding 
evidence of TB in people who died some 
10,000 years ago challenges a long-held idea 
about the origins of this, the most deadly 
infectious disease to afflict humanity. It is 
a key piece in the puzzle that researchers are 
trying to put together to reveal where and how 
TB started to sicken humans and how it spread 
around the world. That isn’t just academic. 
We need this information to find new ways to 
fight TB, which currently kills at least 1.7 million 
people every year. By looking closely at the 
Dja’de el’Mughara remains, and other very 
cold cases, we might finally be able to stop 
this indiscriminate killer.

Tuberculosis is caused by the bacterium >

Features

huge impact on global health.
“It kills more than HIV and malaria 

combined,” says Sébastien Gagneux at the 
University of Basel, Switzerland. “The risk it 
poses to humanity cannot be overestimated.” 
The World Health Organization agrees. It 
declared TB a global emergency in the early 
1990s, and is now committed to developing 
a new vaccine by 2035. Scientists working 
to achieve this know that understanding 
the evolutionary origins of M. tuberculosis 
will be key to their success.

Biologists long thought they knew where 
TB came from. The human pathogen is part of 
a group of closely related bacteria that sicken a 
range of animals from badgers to seals. One of 
these, Mycobacterium bovis, found commonly 
in cattle, can also infect humans. That is why 
it had been assumed that TB jumped to people 
from cattle when our ancestors domesticated 
them, some time after farming took off around 
10,000 years ago. Evidence from ancient 
human remains seemed to support this idea. 
The oldest known cases of TB in Europe date 
from around 7000 years ago. In ancient Egypt, 
they date to 6500 years ago. And in China, 
skeletal remains point to TB being present 
around 6000 years ago.

However, in 2008, research was published 

“ By looking closely 
at very cold cases, we 
might finally be able 
to stop this killer”
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that totally undermined this neat story. John 
Kappelman at the University of Texas and his 
colleagues claimed to have found evidence of 
TB in an ancient hominin, Homo erectus. 
Diagnosing TB in ancient skeletons and fossils 
relies upon identifying physical abnormalities 
such as spinal deformity, rigidity of joints and 
pitting inside the skull. Kappelman and his 
team claimed to have found the last of these 
signs on a partial H. erectus skull unearthed at 
Kocabaş in Turkey, dating to around 500,000 
years ago. Some experts find the evidence 
compelling. But there is much debate about 
the reliability of the techniques used to 
diagnose TB in old bones and, given the 
extraordinary nature of Kappelman’s findings, 
they were mostly met with scepticism.

However, the study of ancient diseases 
needn’t rely solely on this sort of evidence. 
In recent years, advances in genetics mean 
palaeopathologists can also use ancient and 
modern DNA to reconstruct the evolution of 
pathogens. And there is some genetic evidence 
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“ Researchers now generally agree that 
we didn’t originally get TB from cattle”

Transatlantic 
transmission
Our ideas about the origins 
of tuberculosis have changed 
dramatically in recent years. 
We now know that humans didn’t 
get the disease from cattle (see 
main story). However, it turns 
out that animals might have 
been involved in bringing TB 
to the Americas.

In 2014, Johannes Krause 
at the University of Tübingen, 
Germany, and his team 
published an intriguing piece of 
palaeogenetic detective work. 
They had analysed the genomes 
of Mycobacterium tuberculosis, 
the bacterium that causes TB 
in humans, recovered from 
three 1000-year-old human 
skeletons found in Peru. By 
comparing these with modern 
strains of TB, they calculated 
that the most recent common 
ancestor of all strains of TB in 
the Americas evolved less than 
6000 years ago.

If this is the case, it would 
mean that TB came to the New 
World after the disappearance 
of the land bridge that 
connected what is now the far 
east of Russia with Alaska – 
which humans used to first 
enter the Americas. In fact, the 
researchers found the strains of 
the bacterium in the 1000-year-
old skeletons to be different 
from any that infect humans 
today. Instead, they most closely 
resembled varieties found 
in seals and sea lions. This 
suggests that sea mammals, 
not humans, brought the 
disease to this part of the world.

suggesting that Kappelman may have been 
on to something. In 2002, a study led by 
Roland Brosch at the Pasteur Institute in 
Paris concluded that M. tuberculosis is older in 
origin than M. bovis, suggesting it evolved in 
humans before cattle domestication. In 2005, 
the same team published another piece of 
research that concluded the human pathogen 
is as much as 3 million years old.

Even geneticists can’t agree, however. 
Almost a decade later, when Gagneux and 
his colleagues looked at the entire genomes 
of 259 strains of M. tuberculosis, this suggested 
that it emerged about 70,000 years ago. 
“DNA analysis is no silver bullet,” says 
Charlotte Roberts at Durham University, UK, 
an expert on ancient disease including TB. 
With all the evidence pointing to the likelihood 
that TB emerged in humans well before we 
domesticated animals, researchers were 
spurred on to look for more evidence in 
fossils. That is where the Dja’de el’Mughara 
remains come in.

Dja’de el’Mughara, a site on the western 
bank of the Euphrates river, was inhabited by 
humans for millennia, starting around 11,300 
years ago. People practised proto-agriculture 
there from the beginning, and the site also has 

It looks like sea lions, 
not humans, brought 
TB to the Americas
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began. In China, the Beijing strain of lineage 2 
is particularly problematic. Recent genetic 
studies show that high population density 
has driven its increased virulence, and a 
tendency to mutate might help explain why it 
has become drug resistant in recent decades.

Globally, M. tuberculosis’s genetic diversity 
is what makes TB such a difficult disease to 
get to grips with. As the bacterium co-evolved 
with humans, the various lineages became 
adapted to host populations in subtly different 
environments. That is why the BCG vaccine 
isn’t very effective in some places. However, 
genetic analysis is providing insights into how 
these mutations influence the transmission 
and infectivity of different strains – invaluable 
information if we are to better combat TB. 
“Our understanding of the genetic evidence 
will play an important role in the development 
of a new vaccine by the WHO target of 2035,” 
says Gagneux.

A deeper appreciation of the true origins of 
this ancient microbial foe is raising hopes that 
we can finally turn around a war that we have 
been losing for even longer than we thought.  ❚

species, Homo sapiens, migrated to colonise 
the world. Today, it takes the form of seven 
lineages, each prevalent in a particular 
geographic location. Analysis by Gagneux and 
his colleagues points to lineages 1, 5 and 6 
being the most ancient, indicating that human 
TB most likely originated in east or west Africa. 
New lineages emerged, starting about 67,000 
years ago, as the pathogen co-evolved with 
humans, adapting to different environments 
around the world (see “How tuberculosis 
went global”, above). The microbe got a boost 
when people started farming, not because 
of transmission from livestock, but as a result 
of growth in the size and density of human 
populations enabled by agriculture.

Deadly diversity
This evolutionary history is what makes 
TB such a deadly pathogen. We can see this 
clearly in Asia, where a highly transmissible 
form of the bacterium is still a huge killer. The 
combination of palaeo and genetic evidence 
indicates that lineage 2 appeared in Asia 
about 40,000 years ago, with an influx of 
anatomically modern humans, then increased 
its grip around 10,000 years ago when farming 

How tuberculosis went global
TB arose in Africa and co-evolved with humans as they migrated across 

the world. Today, it takes the form of seven genetically distinct lineages
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the earliest known evidence of domestication 
of a cow-like animal, the now-extinct aurochs, 
dating from around 10,000 years ago. During 
three decades of excavation, archaeologists 
found many bodies there, the biggest haul 
coming from a compound they dubbed 
the House of the Dead, which is in fact five 
houses built and rebuilt over many centuries. 
So this seemed like the perfect place to test 
the idea that people were infected with TB 
before they farmed cattle.

With that in mind, Oussama Baker at EPHE 
in Paris and his colleagues carefully examined 
130 bodies from Dja’de el’Mughara. They found 
signs of TB infection in 10, including five of 
the 83 discovered beneath the House of the 
Dead, dating to between 8000 and 10,000 
years ago. Seven of these people lived during 
the transition to cattle domestication. 
However, the most ancient, which include an 
infant who died around the age of 1, predate 
domestication. Analysis of ancient DNA 
confirmed the diagnosis. What’s more, the 
team found another skeleton with evidence 
of TB at a Syrian site called Tell Aswad. The 
skeleton belonged to a young adult and dates 
to between 7600 and 8200 years ago, which 
again precedes cattle domestication there. 
Other researchers have found physical and 
genetic evidence of TB in the remains of a 
mother and her infant son who lived in what 
is now Israel before cattle were domesticated.

The combination of skeletal and genetic 
evidence is compelling. Despite some 
wrangling over the details, researchers now 
generally agree that we didn’t get TB from 
cattle and that the disease has been afflicting 
our ancestors for far longer than we imagined. 
One reason we haven’t seen this clearly in the 
fossil record is that human remains are scarce. 
Another is that, until recently, researchers 
massively overestimated the chances of 
finding signs of TB in prehistoric remains: 
clinical studies have shown that only 5 per cent 
of untreated patients with pulmonary TB 
develop related skeletal damage, meaning that 
the absence of evidence has been mistaken for 
the evidence of absence. 

It is now thought that TB originated in 
early H. erectus in Africa and evolved as our 

Rebecca Batley is an archaeologist, 

historian and writer based in London
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dynamics and control of major infectious diseases. 

The Sanger Institute is a world leader in genome research that delivers  
insights into human and pathogen biology that change science and medicine. 
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Layal Liverpool is  

digital journalist at  

New Scientist. She believes 

everyone can be a scientist, 

including you. @layallivs

These articles are  

posted each week at 

newscientist.com/maker 

What you need
Access to the coast
Big Seaweed Search guide 
and recording form from 
bigseaweedsearch.org 
A camera or smartphone

PLANNING a trip to the beach? 
If you are holidaying in the UK, 
remember to cast a keen eye 
over the seaweed lying around. 
What you see could help monitor 
the impact of climate change 
on marine life.

Seaweed, including kelp forests, 
is a key component of marine 
ecosystems globally. The sea 
around the UK alone is home 
to more than 600 species. 
However, they are threatened 
by rising sea temperatures, 
ocean acidification and increases 
in non-native species. 

“We know that 30 per cent of 
kelp around the world is changing, 
has been lost or is threatened,” 
says Juliet Brodie, a seaweed 
researcher at the Natural History 
Museum in London. 

By participating in this year’s 
Big Seaweed Search, you can help 
scientists like Brodie investigate 
how seaweed species around 
the UK are changing as oceans 
acidify and sea temperatures 
rise. Get started by visiting 
bigseaweedsearch.org.

The Big Seaweed Search team 
recommends that you begin your 
search an hour before low tide 
because this is both the safest time 
for amateur beach scientists and 
the best time to spot seaweed. 

Select a 5-metre-wide strip that 
runs from the top of the shore 
to the sea. Starting at the bottom 
of this strip with your back to the 
sea, photograph the area to show 
the conditions when you did 
the survey. Then, walking away 
from the sea, explore your strip, 
photographing and noting details 

Seaweed can tell marine scientists a lot about climate change. 
Here’s how to help them on your holiday, says Layal Liverpool

Citizen science 

Seaweed’s secrets

of any of 14 target species you 
come across. 

You can identify these species 
using the guide on the survey 
website. When you have finished, 
submit your findings and upload 
your photos to the website (or you 
can send them in the post).

Information collected by 
volunteers through the Big 
Seaweed Search and similar 
research projects shows that the 
proportion of non-native seaweed 
species is increasing, says Brodie. 
In the UK, the figure has risen 
from 6 to 7 per cent over the 
past five years. “We know that 
the number of alien species is 
increasing, so we’re curious to 
see where people are finding 
them,” she says.

Noticing the absence or scarcity 
of species is important, too, says 

Brodie, because identifying 
threatened species helps guide 
conservation efforts. 

If you don’t have access to a 
coastline or you live outside the 
UK, you can take part in other 
marine science without even 
leaving your home. The Floating 
Forests project asks volunteers to 
browse satellite images online to 
spot giant kelp forests. This helps 
scientists who are studying how 
these forests change over time. 

Alternatively, if you enjoy 
playing games, you can download 
NASA’s NeMO-Net game on your 
smartphone or tablet and score 
points as you help the agency 
to classify coral reefs.  ❚
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Cryptic crossword #60 Set by Rasa

Scribble 
zone

Answers and 

the next quick 

crossword next week

The back pages Puzzles

Our crosswords are now solvable online 
newscientist.com/crosswords 

Quick quiz #107

1 Which animal was used as the radio call sign 

for Russian cosmonaut Valentina Tereshkova 

while she was in space?

2 The process in which part of Earth’s crust is 

folded and deformed by lateral compression 

to form a mountain range is known as what?

3 Abu al-Qasim Ammar ibn Ali al-Mawsili and 

Blaise Pascal are both credited with inventing 

early forms of which device?

4 When were Neanderthal remains recognised 

as distinct from those of Homo sapiens?

5 Which psychological and evolutionary 

concept was first formulated by John Bowlby 

in the 1950s?

Answers on page 55

Puzzle
set by Barry R. Clarke

#119 Nutty neighbours

In Pecan Place, the Shells and the Kernels 
are staging their annual nut-throwing 
battle. The Shells have a number of Brazil 
nuts, while the Kernels have a different 
number of walnuts. 

Suddenly, the Shells throw a fifth of their 
Brazil nuts at the Kernels, while the Kernels 
return one-seventh of their walnuts. 

After the exchange, the total number of 
nuts of any kind that the Shells and Kernels 
possess is now in the ratio 3:5. The total 
number of nuts is less than 200.

How many nuts did each family begin with?

Answer next week

   ACROSS

1   More decisive underwriter drops in (5)

4    Companies stocking up on discount tickets (7)

8    Yemeni scientist exhibits curved 

liquid surfaces (7)

9   Knight at outskirts of Azerbaijani city (5)

10   Shelter champion protecting left arm (8)

11   Walk bulldogs or poodles the wrong way (4)

13   Baskets with gutted char and morays, say (6)

15   Uncultivated female with licence (6)

18   Stop wolf heading west (4)

19    Having no practical application, nebula’s 

swirling after beginning of universe (8)

22   After surgery, learn about the kidneys (5)

23   Hurt and cheat one Italian inventor (7)

24    For instance, sperm do really well 

in small lake (3,4)

25   Take away star – I’m repulsed (5)

   DOWN

1    Drug from Brave New World suppresses 

spasm of the body (7)

2    Freelance samurai employed 

in dethronings (5)

3   Impish friend gets under fancy cars (8)

4   Unfriendly cobra’s head rolling (6)

5   Cause the downfall of a French party (4)

6   Spoken exam covers part s, p, d or f (7)

7    Cut corners and go downhill fast 

with politician (5)

12    Boomer at parade with twin sons 

getting into poor-quality liquor (4,4)

14    Semi-annual event using almost 

horse-like beast (7)

16   Stitch-up taking in nasty pests (7)

17    Protective layer (envelope, essentially) 

covers handle (6)

18   Styles for each feminist magazine (5)

20   Tanned dude with empty win (5)

21   Clear out tiny insect in my ear (4)
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Bone bonanza

Why do herring have large 
numbers of small bones, 
and mackerel have a lower 
number of large bones?

@david_gayler

via Twitter

Although they look alike, these  
fish have evolved separately 
over many millions of years. 
Over time, evolution has 
randomly found two solutions 
to the same problem.

@0siken0

via Twitter

Herring, like most “forage fish” 
(species that are preyed on 
by predators), have multiple 
thin-haired bones, perhaps 
because they have no mechanism 
to secrete gas into their swim 
bladder. Their fine bones may help 
to maintain neutral buoyancy. 

David Hay

via Facebook

Herring, as prey, are built for 
nimble evasion. Mackerel are 
generally more aggressive and 
predatory. The difference in bones 
boils down to the different habits, 
skills and behaviour of these fish. 

Matt Friedman 

University of Michigan, US

This question concerns the 
presence or absence of one or 
more extensive series of so-called 
intermuscular bones. These grow 
in the membrane layers between 
adjacent muscle blocks – the 
zigzag-shaped sections in a 
salmon fillet, for example – that 
extend along the length of a fish. 
Intermuscular “bones” are 
actually ossified ligaments. 

As for the “why” part of the 
question, the answer is less 

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
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clear. Some have suggested 
that it is related to the mode of 
locomotion and the associated 
arrangement of fins.

Nicole Danos 

University of San Diego, US

Mackerel have about 20 vertebrae, 
while herring have around 50 to 
60. Yet the herring is much shorter 
than the mackerel, so has far 
smaller vertebrae. 

Fish have been around for over 
500 million years, so evolution 
has had lots of opportunities to 
make changes to their bodies. 
In most cases, the changes are 
adaptive, offering a benefit to 
the organism, such as improved 
swimming performance. 
However, what was adaptive a 
million years ago isn’t necessarily 
adaptive today. So scientists are 

always cautious of jumping 
to a conclusion about a link 
between the body of an organism 
and its function.

A herring swims in schools 
containing hundreds of fish, 
generally feeds on small 
invertebrates and is often food 
for other larger fish. A mackerel, 
on the other hand, is a predatory 
fish with lots of adaptations 
for fast swimming. Could the 
reduced number of vertebrae 
in its backbone be one of these 
adaptations? 

A spinal column with a smaller 
number of longer vertebrae will 
bend less under a given weight 
than a spinal column with lots 
of short vertebrae. Many people 
have tried to show a relationship 
between body stiffness and 
swimming ability. The coolest 

example is computational work 
by Eric Tytell, now at Tufts 
University in Massachusetts, 
and his colleagues, which showed 
that a stiff fish body is good for 
acceleration, but a more flexible 
body is good for swimming long 
distances with lower energy cost. 

Is this the reason why herring 
and mackerel have different 
backbone anatomies? Although 
it is certainly suggestive – and 
widely accepted in the fish 
swimming research community – 
to be able to call this feature an 
adaptation for swimming would 
require more direct evidence.

@papayapulp

via Twitter

Because nobody in their right 
mind would wear a pattern 
called “mackerelbone”.

Soothing brew

Why is a cup of tea so satisfying, 
and often the first thing offered 
when a person is upset?

Natasha Blazey

Loughborough, Leicestershire, UK

Tea, which is derived from the 
plant Camellia sinensis, is the most 
consumed beverage in the world 
today. It has become somewhat 
of a mantra for many that a cup of 
tea can solve all of life’s problems, 
although it is only recently that 
scientists have discovered its 
impact on our mood. 

Some studies suggest it is the 
actual tea-making ritual, whether 
for yourself or someone else, that 
is relaxing. Tea also contains the 
amino acid L-theanine, which 
promotes relaxation. In this 
sense, tea is unique in that the 
combination of caffeine and 
L-theanine means it may promote 
a sense of mindful alertness. 

It has also been suggested that 
drinking tea lowers levels of the 
stress hormone cortisol. However, 
while there are hundreds of 
studies about tea due to its 

This week’s new questions

White splat  Considering all the things birds eat, why are 

their droppings mostly white?  John Bastable, Cambridge, UK 

Boring number  Many numbers have unique and interesting 

properties: 2 is the only even prime; 6 is the smallest perfect 

number. What is the smallest whole number with no 

interesting properties?  Iain Chalmers, Crewe, Cheshire, UK

Why are bird droppings 

mainly white, when what 

they eat mostly isn’t? 

“ Fish have existed for 
over 500 million years, 
so evolution has had 
lots of opportunities 
to make changes 
to their bodies”
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Tom Gauld 
for New Scientist

Answers

popularity, much is still unknown 
about how these compounds  
may help our mental health. 

As to why tea is offered to 
anyone who is upset, I think it 
is partly rooted in tradition. The 
physical warmth provided by hot 
beverages may link back to the 
emotional warmth of caregivers. 
It is difficult to stay mad at 
someone who makes you a hot 
drink, as there is most certainly 
an element of care involved. 

Guy Cox

Sydney, Australia

Tea contains caffeine, and 
this stimulant can help lift 
someone’s mood. 

Black tea, which is the most 
popular type in the UK, has more 
caffeine than versions such as 
green and oolong tea, which are 
popular in countries such as 
China. However, there must 
also be cultural factors involved. 
Sharing a cup of tea is very much 
part of British social support 
mechanisms – “tea and 
sympathy”. I suspect that 
communing over a different 

beverage would have a similar 
effect in other countries.

Milky microbes

Where did the bacteria that 
turn milk into yogurt come from? 
Have they evolved since humans 
started to store milk? If so, what 
did their forebears do? 

Peter Jackman

Llandysul, Ceredigion, UK

Yogurt cultures are mainly 
composed of the bacteria 
Lactobacillus delbrueckii subsp. 
bulgaricus and Streptococcus 

thermophilus. These ferment the 
milk sugar lactose to lactic acid, 
which sours milk and coagulates 
milk proteins. 

Analysis of the L. delbrueckii 

subsp. bulgaricus genome has 

found genes indicating that 
the bacterium evolved in a plant 
environment. So it originally 
reached milk either directly from 
plants or via the cow or goat gut. 

Once humans domesticated 
cows and goats, maybe around 
10,000 years ago, they found 
that fermentation to yogurt was 
a good method of preserving 
milk in warm climates. 

One batch of yogurt would have 
been used to initiate fermentation 
in each new batch of milk. 
L. delbrueckii subsp. bulgaricus 

appears to have then evolved to 
adapt to the milk environment 
through loss of unnecessary 
metabolic pathways and through 
cooperation with S. thermophilus. 

Interestingly, the lactose 
fermentation genes themselves 
seem to have been acquired more 
recently by “horizontal gene 
transfer” from another species.

So lactic acid bacteria existed 
long before humans made yogurt, 
but through yogurt production 
we have promoted the evolution 
of specific strains that produce 
yogurt and similar products.  ❚

Quick quiz #107  
Answers

1 A seagull (chaika in Russian)

2 Orogeny

3 The syringe

4 1856

5 Attachment theory

Quick crossword #85 
Answers

ACROSS 1 Situs, 4 Nephritis, 

9 Bubonic, 10 Silicon, 11Telco, 

13 Dials, 15 Yew, 16 Air,  

17 Exact, 19 Sunup, 

21 Alpha, 23 Error, 24 Cat, 

25 Ant,  26 Graph, 28 Polio, 

29 Earmark, 31 Neptune, 

33 Blood type, 34 I-beam

DOWN 1 Substrata, 2 Tubular,  

3 Sun, 4 Nicad, 5 Pus, 6 Rolls,  

7 Tachyon, 8 Sinew, 12 Omega, 

14 Aster, 18 Alexa, 19 Syrup,  

20 Petroleum, 22 Potoroo,  

24 Culture, 25 Acerb, 26 Gland, 

27 Hinge, 30 Key, 32 Phi

#118 The spiky shield  

Solution

The tightest fit will be found if 

Alice turns the work diagonally. 

The distance between the spike 

tips is √2 metres (roughly 

1.414), as each side is the 

hypotenuse of a right isosceles 

triangle with sides of 1 metre.  

Alice needs a ratio that is 

slightly larger than 1.414, 

but as close to it as possible. 

A little investigation will reveal 

that 17/12 metres is slightly 

larger than √2 metres, within 

3 millimetres of the right length, 

and the tightest fitting box that 

Alice will find. 

“ It is difficult to stay 
mad at someone who 
makes you a hot drink, 
as there is most 
certainly an element 
of care involved”
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The back pages Feedback

Post quantum?

One minor consequence of the 
global pandemic has been the 
many hours spent indoors waiting 
for the doorbell to ring – often, once 
we have made it from the office 
stationery cupboard, to be left with 
a card saying they are sorry we were 
out, and that the parcel we were 
waiting for is now being redirected 
to a sorting office in one of the less 
fashionable outer London suburbs.

This game of cat and mouse 
has been given an additional edge 
recently by the sort of text message 
sent by the UK’s Royal Mail to reader 
Martin Andrews, which states 
that his delivery is due to arrive 
“between 11:11am and 3:11pm”. 
“This made me wonder what 
function it serves to be so precise 
in their vagueness,” Martin writes.

The Royal Mail’s spread in ETA 
of exactly 4 hours suggests to us 
an origin in fundamental physics. 
Quantum uncertainty would dictate 
that if your parcel is at a well-
defined location in relation to 
you, you can’t know how fast it’s 
travelling towards you, and vice 
versa, so time of arrival will always 
be, to a certain extent, moot.

Putting in the numbers, assuming 
a spread of velocities between zero 
and the UK’s national speed limit, 
only leads us to a truly huge value 
for a parcel’s wavelength of some 
500 metres. Fundamental physics 
having failed us, yet again, we 
have put in an enquiry with the 
Royal Mail press office. We’ll keep 
you, ummm, posted.

Heard it here last

Stephen Jorgenson-Murray enjoys 
our Twitter account’s own mazy 
travels in the fourth dimension as 
it tweets “Partial solar eclipse will 
be visible in the UK and Ireland 
on 10 June” on 13 June. 

Drowning out our social media 
guru’s dark mutterings about 
the algorithm going wrong – 
presumably, going by last week’s 
cover story, one of the ones that 
runs our life – we’re happy to 
accept Stephen’s charitable 
suggestion that a cutting-edge 

attraction to their partners and 
will be keen to meet up frequently 
and passionately,” it burbles. 
“With this natural phenomenon 
bringing a new or stronger urge 
to be outdoors, it is the season 
of al-fresco amore.”

Fortunately, this being the UK, 
it was raining with fair commitment 
the other side of Feedback’s curtains 
this midsummer morn. We hope 
this will assist our fellow citizens 
in keeping their passions sensibly 
zipped up.

Head in the clouds

A delightful prospect is afforded 
by the bed spotted by Tony 
Cuthbert on eBay, promising 
“Height 820 mm” and “Height 
from under bed to floor 200 m”. 
Just beware of the sensation of 
falling you sometimes get as you 
are about to drift off.  

Brighter than 160 GKet

Inappropriate measurement 
comparison of the week comes 
via various readers from various 
US news media. These quote 
oceanographer Gregory Johnson 
as saying that an increase in Earth’s 
heat imbalance (between what we 
gain from the sun and lose to space) 
from 2005 to 2019 was the energy 
equivalent of “four detonations per 
second of the atomic bomb dropped 
on Hiroshima, or every person on 
Earth using 20 electric tea kettles at 
once”.  Apropos Johnson’s additional 
comment: “It’s such a hard number 
to get your mind around.” Latching 
on to the second of those numbers, 
that’s quite some tea party.

How many kangaroos?

Our contingent in Australia, 
meanwhile, pops by with the 
culturally attuned unit of the 
week, courtesy of an article on The 

Conversation from the discoverers 
of the country’s largest dinosaur, 
Australotitan cooperensis. 

The description in the title that 
Australotitan spanned the length 
of two buses being deemed, we 
presume, too generic, the body 
copy goes on to describe it as 
having weighed “the equivalent of 
1,400 red kangaroos”. “How many 
red kangaroos = one blue whale?” 
asks Carol Symington, while 
Libby Kerr bemoans the lack of a 
conversion into quokkas. Given 
the uncertainty we uncovered last 
week, we are wondering about 
Australotitan’s volume in 
Australian pints.

Drink to that

It’s that time of day already – give 
or take 4 hours, anyway. And so, a 
toast. A. P. Dawid is a distinguished 
statistician, emeritus professor at 
the University of Cambridge and a 
Fellow of the Royal Society, but that 
isn’t the reason we raise our glass. 

No, that is because he is the first, 
although by no means the only, 
person to write noting the newly 
appointed deputy chair of the Wine 
Society, Eleanor de Kanter. Cheers!  ❚

magazine like our own would 
naturally take the lead in catering 
to the time traveller market.

Love shine a light

As we write, the summer solstice 
is just passing in our northern 
hemispheric climes. Top of our list 
of concerns, as you might expect, 
is how to harness the energy of the 
sun at its zenith and what effect this 
might have on our relationships.

Only half of that question is ever 
going to be answered by a working 
nuclear fusion reactor, and we’re 
increasingly doubtful whether that 
will be in our lifetime. So we are 
grateful that both parts are tackled 
in what appears to be a PR email 
for a boiler installation website 
in consultation with “renowned 
psychic Inbaal”.

“During this time, those in 
relationships will enjoy increased 

Got a story for Feedback?
Send it to feedback@newscientist.com or

New Scientist, 25 Bedford Street, London WC2E 9ES

Consideration of items sent in the post will be delayed

Twisteddoodles for New Scientist
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