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Arobotic lawnmower keeping the
grass neat and tidy outside a modern

industrial building in Carrigtwohill, near
Cork in Ireland, is a good indication that
something whizzy may be going on inside.
And so it proves. The airy production hall
contains row after row of 3d printers, each
the size of a large fridge-freezer. The ma-
chines are humming away as they steadily
make orthopaedic implants, such as re-
placement hip and knee joints. Even
though several hundred employees’ cars
are parked outside, the hall is almost de-
serted. Every so often a team appears, a bit
like a Formula One pit crew, to unload a
machine, service it and set it running again
to make another batch of implants.

It is not unusual in modern, highly
automated plants to find the workforce
distributed like this, with most of them in
the surrounding offices engaged in engi-
neering tasks, logistics, sales and so on,
rather than on the factory floor. But this
two-year-old factory, owned by Stryker, an
American medical-technology company,
differs from conventional manufacturing

in another way as well. It is an example of
how 3d printing, which a decade ago was
seen by manufacturers as suitable only for
making one-off prototypes, is quickly en-
tering the world of mass production. For
commercial reasons, Stryker keeps some of
the details secret. But the factory, the larg-
est 3d-printing centre of its type in the
world, works around the clock and is said
to be capable of producing “hundreds of
thousands” of implants a year. 

Those made at Carrigtwohill have a fea-
ture that is impossible to create with con-
ventional techniques such as casting and
machining. Because 3d printing lays down
an object layer by layer, complex shapes

with intricate internal structures can be
built. Stryker uses this facility to print a
special porous surface onto the implants.
That surface encourages bone to grow into
the implant, which secures it more firmly
in place. When combined with the preci-
sion of robotic surgical processes the firm
has developed, this makes replacements
more successful, says Robert Cohen, the
company’s technology chief.

Replacing worn and damaged body
joints with implants is an old idea. The first
hip-replacement operation was performed
in 1891, in Germany, by Themistocles Glück,
using a ball and socket carved from ivory.
And Phillip Wiles, a surgeon based in Lon-
don, carried out the first successful total-
hip replacement in 1938, screwing a stain-
less-steel joint into the patient’s bone. 

Since then, things have moved on. Co-
balt and chromium alloys, along with tita-
nium, are now more commonly employed
for implants than steel is. And operating
procedures and devices have improved
greatly, including the use of hard-wearing
ceramic surfaces as bearings. Neverthe-
less, complications still arise. 

One of the commonest is dislocation—
with, for instance, the hip ball coming out
of the socket because soft tissue has not
healed properly. A loosening of the implant
over time is also a frequent problem, caus-
ing pain and a need for remedial surgery.
That, though, should be helped by the im-
plant’s porous surface encouraging bone
and implant to meld, making such loosen-
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ing far rarer than it was.
The implants themselves are made by a

type of 3d printing called direct-metal laser
sintering. The printers are driven by soft-
ware that takes thousands of digital slices
through the design of the object to be
manufactured. The process starts by
spreading a bed of metal powder onto a
special table. A laser then creates the first
layer of the object, which can be as thin as a
fiftieth of a millimetre, by melting particles
of powder in the correct pattern. When this
molten metal has solidified the table is
lowered and another layer of powder
spread. That second layer is then pro-
cessed. And so on. Once the object is fin-
ished it is removed, cleaned and any final
machining carried out. Unused powder is
recycled back through the printer.

Stryker is not alone in using 3d printing
to make implants. Other companies, in-
cluding DePuy Synthes, the orthopaedics
business of Johnson & Johnson, a giant

American health-care group, and LimaCor-
porate, an Italian firm, also print features
intended to enhance bone growth on their
implants. Generally, devices such as hip
and knee implants can be made in such a
wide range of sizes with 3d printing that
customised shapes are not required. But
some bespoke parts are printed, especially
for reconstructive surgery in which pa-
tient-specific features are necessary. Lima-
Corporate, for example, is putting a 3d-
printing facility directly into the Hospital
for Special Surgery in New York, to produce
complex, customised implants. 

Toothsome
Doctors were among the first to use 3d
printing, employing body scans to produce
anatomical models of organs, which can
help them plan operations. That and other
medical use has grown rapidly. According
to a recent report from Wohlers Associates,
a consultancy, the medical and dental use

of 3d printing was worth more than $1bn in
2018, 11.5% of the entire market in 3d-
printed goods and services.

Much of this work now involves large
numbers. Align Technology, an American
firm, prints 17m plastic orthodontic align-
ers, an increasingly popular alternative to
orthodontic braces, every year. Millions of
metal copings, used to make dental crowns
and bridges, are being churned out by 3d
printers owned by companies such as Ren-
ishaw, a British engineering firm. 

Wohlers reckons it is only a matter of
time before firms start printing ceramic
material directly onto the copings, to make
complete replacement teeth. Researchers
are also coming up with new ways to print
tiny scaffolds onto which human cells are
grown. These structures can be used for
drug testing or, potentially, to grow com-
plete organs for transplant (see box). Mak-
ing body bits with 3d printers is turning
into a big business. 7

Cultivating cells in a Petri dish is a
time-honoured way of experiment-

ing on biological tissues. But it is not
particularly reliable. The problem is that
cells often need specific structural sup-
port to function correctly. To provide
this, tissue engineers are turning to 3d
printers to make tiny bespoke scaffolds
onto which cells are “seeded”. This en-
courages those cells to grow and develop.
As research into tissue engineering
advances, so too do ways of printing the
scaffolds. As two recent examples show,
this could lead to better drug treatments
for diseases such as cancer, and even to
complete artificial organs suitable for
transplant.

Glioblastoma is an aggressive cancer
that begins in the brain, and rapidly
evolves resistance to drugs. The best
chance of treatment is to cultivate, in the
laboratory, samples of an individual’s
tumour and then bombard these with
different combinations of drugs until an
effective mixture is found. 

Two South Korean researchers, Cho
Dong-Woo of Pohang University of Sci-
ence and Technology and Sun Ha-Paek of
Seoul National University Hospital, have
come up with a way to print 3d structures
out of glioblastoma cells. These develop
into mature cancers within two weeks
and can, as the researchers reported
recently in Nature Biomedical Engineer-
ing, be used to test novel drug cocktails—
apparently with success, although exist-

ing regulations mean that such drug
combinations cannot yet be given the
ultimate test, in patients.

In the second example, Filippos
Tourlomousis of the Massachusetts
Institute of Technology, working with a
team at the Stevens Institute of Tech-
nology, in New Jersey, produced a scaf-
fold from polymer fibres a mere hun-
dredth of a millimetre wide—far smaller
than most 3d printers can manage. The
team did this by drawing the fibres out
using an electric field applied between
the print nozzle and the surface onto
which the fibres were being printed. 

As Dr Tourlomousis and his col-
leagues report in Microsystems and Nano-
engineering, cells stuck well to this scaf-
fold and grew in a uniform
way—essential if the technique is to
result, ultimately, in a transplantable
organ. In particular, the researchers
found that certain stem cells (cells which
can be coaxed into differentiating into
more specialised cells that carry out
specific functions) survived on the scaf-
fold for much longer, without losing
their properties, than would have been
the case if they had been grown in a Petri
dish. This discovery could help those
trying to find ways of encouraging stem
cells to generate tissue and organs for
transplant. A bonus is that if the stem
cells in question were taken from the
patient to be treated, such transplants
would be less likely to be rejected.

March to the scaffold
Cellular engineering

3d printing makes it easier to grow artificial tissue for medical research

More than a score of Australian mam-
mals have been exterminated by feral

cats. These predators, which arrived with
European settlers, still threaten native
wildlife—and are too abundant on the
mainland to eliminate, as has been
achieved on some small islands which
were previously infested with them. But
Alexandra Ross of the University of New
South Wales thinks she has come up with a
different way to deal with the problem. As
she writes in a paper in the Journal of Ap-
plied Ecology, she is giving feline-aware-
ness lessons to wild animals involved in re-
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2 introduction programmes, in order to try
to make them cat-savvy.

Many Australian mammals, though not
actually extinct, are confined to fragments
of cat-free habitat. That offers the pos-
sibility of taking colonists from these ref-
uges to places where a species once existed
but is no more. This will, however, put the
enforced migrants back in the sights of the
cats that caused the problem in the first
place. Training the migrants while they are
in captivity, using stuffed models and the
sorts of sounds made by cats, has proved
expensive and ineffective. Ms Ross there-
fore wondered whether putting them in
large naturalistic enclosures with a scatter-
ing of predators might serve as a form of
boot camp to prepare them for introduc-
tion into their new, cat-ridden homes.

She tested this idea on greater bilbies, a
type of bandicoot that superficially resem-
bles a rabbit. She and her colleagues raised
a couple of hundred bilbies in a huge enclo-
sure that also contained five feral cats. As a
control, she raised a nearly identical popu-

lation in a similar enclosure without the
cats. She left the animals to get on with life
for two years, which, given that bilbies
breed four times a year and live for around
eight years, was a substantial period for
them. After some predation and presum-
ably some learning she abstracted 21bilbies
from each enclosure, fitted radio transmit-
ters to them and released them into a third
enclosure that had ten hungry cats in it.
She then monitored what happened next.

The upshot was that the training
worked. Over the subsequent 40 days, ten
of the untrained animals were eaten by
cats, but only four of the trained ones. One
particular behavioural difference she no-
ticed was that bilbies brought up in a pred-
ator-free environment were much more
likely to sleep alone than were those
brought up around cats. And when cats are
around, sleeping alone is dangerous.

How well bilbies that have undergone
this extreme training will survive in the
wild remains to be seen. But Ms Ross has at
least provided reason for hope. 7

It was more interesting than another
quarterly business update. On May 9th

Jeff Bezos, the boss of Amazon, had his
coming-out party as a space cadet. Mr Be-
zos, who is the world’s richest man, has
long been interested in using his fortune to
advance the cause of space flight. His priv-
ate rocketry firm, Blue Origin, was founded
in 2000. But he has been less of a publicity
seeker than Elon Musk, the founder of 
SpaceX and the world’s best-known enthu-
siast for outer space. 

No longer. During an hour-long presen-
tation, Mr Bezos introduced Blue Origin’s
prototype lunar lander, a machine that
could be ready, he said, to meet America’s
ambitions to return to the Moon by 2024.
More striking were his plans for the farther
future. Mr Musk wants humans to colonise
Mars as an insurance policy should any-
thing happen to Earth. Mr Bezos has no in-
terest in Mars, or indeed any other planet
in the solar system, all of which (except
Earth) are pretty inhospitable places. In-
stead, he thinks humans should build their
new space-going homes from scratch. 

The idea is not new. Mr Bezos studied at
Princeton, and one of his professors was
Gerard O’Neill, a physicist. In 1976 O’Neill
published “The High Frontier”, a bestsell-
ing book in which he sketched out the basic

engineering principles of how such space
habitats might work. It was exactly those
sorts of habitat that Mr Bezos advocated as
the way humans would live in the future.

O’Neill’s book offered three shapes: a
cylinder, a pair of cylinders or a torus. All
are hollow, with the living surface built on
the inside. All rotate, with the centrifugal
force felt at the walls standing in for gravi-
ty. Sunlight provides both energy—
through solar panels—and illumination,
thanks to a system of mirrors and win-

dows. And all are on a heroic scale. The big-
gest are tens of kilometres long and have
enough living room for millions of people.

For that reason, they would have to be
built by a species that had already mastered
space travel, using resources harvested
from the asteroid belt (like Mr Musk, Mr Be-
zos hopes to drive down the cost of space
flight as a first step). They would be strange
places to live. The land would curve visibly
up the sides of the structure. The super-
structure of the habitat would arch across
the “sky”. And rotation is not a perfect sub-
stitute for gravity, so moving objects would
behave oddly, particularly if the habitat
were small. But, said Mr Bezos, they also of-
fer several advantages. Climates could be
engineered (“Maui on its best day, all year
long”). The best bits of Earth could be repli-
cated elsewhere (one of his illustrations,
shown below, depicted a space-going ver-
sion of Florence). 

Their biggest advantage, though, is the
sheer amount of living space they would
create. Mr Bezos’s ultimate justification for
pursuing such megaprojects is his worry
about the mismatch between the exponen-
tial process of population growth and the
finiteness of Earth’s resources. He gave the
example of energy demand, which, he says,
has historically grown by around 3% a year.
He argues that if this were to continue,
Earth would, in a couple of centuries, need
to be covered completely by solar panels.
With the resources of the solar system at its
command, however, and thousands of
habitats scattered through space, the hu-
man population could comfortably grow to
a trillion or more.

Perhaps. It is notable that Mr Bezos’s
justifications come from the same era as
his proposed solutions. It is a mathemati-
cal truism that exponential growth will
eventually overwhelm any fixed, finite
quantity. Such arguments were most fam-
ously applied to natural resources in “The
Limits to Growth”, published by the Club of
Rome in 1972. Not so much a bold new fu-
ture, then, but a blast from the past. 7

Jeff Bezos’s ambition to colonise space is straight from the 1970s
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So-called organic crops, grown with-
out recourse to synthetic fertilisers and

pesticides, are credited with miraculous
properties by many of their fans. Unfortu-
nately, there is little scientific evidence
that they are more nutritious than those
produced by conventional means. But their
supporters argue that the methods used to
raise them bring other benefits, too. And
here they may be correct. That, at least, is
the conclusion of a study by Matthew Jones
of Washington State University, in Ameri-
ca, which he has just published in the Jour-
nal of Applied Ecology.

Contamination of fresh produce with
bacteria-laden wild-animal faeces is a pro-
blem in many places. For this reason farm-
ers often remove hedgerows, ponds and
other habitats to discourage visits by such
animals. That is necessarily (indeed, delib-
erately) detrimental to wildlife, and also re-
quires the application of more pesticides
because it reduces the number of insectiv-
orous birds and mammals around. Dr
Jones speculated that an alternative way of
dealing with animal dung would be to en-
courage dung beetles to bury it and bacteria
to break it down, and that this encourage-
ment might be an automatic consequence
of organic farming.

To test this theory he and his team dug
pitfall traps, baited with pig faeces to lure
dung beetles, in 41 broccoli fields on the
west coast of North America, a region that
grows well over a third of that continent’s
fresh produce. They also collected soil
samples from the fields in question. West-
ern North America has been the source of
several outbreaks of food poisoning caused
by toxin-producing strains of E. coli, a gut
bacterium. Research suggests these are
linked to contamination by wild-boar fae-
ces (hence the choice of pig dung as the
lure). Dr Jones focused on broccoli because
it is frequently eaten raw, and is thus likely
to carry live pathogens into the human gut. 

Of the fields in the study, 15 were farmed
conventionally and 26 organically. Dr Jones
and his colleagues found from their traps
that organic farms did indeed foster large
dung-beetle populations, which removed
significantly more pig faeces over the
course of a week than did beetles dwelling
on conventional farms. They also found, by
analysing the soil samples, that organic
farms had more diverse populations of fae-
ces-consuming microbes than did conven-
tional farms. 

To establish whether high beetle num-
bers and good microbe diversity really did
result in fewer disease-causing bacteria,
the researchers followed up their field
work with laboratory experiments. In one
such they presented three species of dung
beetles with pig faeces that had been in-
oculated with a cocktail of harmful strains
of E. coli. One of these species, Aphodius
pseudolividus, had no effect on those
strains. But the other two, Onthophagus
taurus and Onthophagus nuchicornis, re-
duced pathogenic E. coli numbers by 90%
and 50% respectively. 

In a second experiment the researchers
presented microbes from the various fields
with the same faecal mix. This showed that
the bacterial floras of organic farms were
much more effective at suppressing dan-
gerous strains of E. coli than those of con-
ventional farms. The order of business,
then, seems to be that beetles bury the
dung and soil bacteria render it harmless.
One up to organic farming. 7

Organic farms’ fields are free of faeces
because things that live there eat them

Organic farming

Not a pile of dung

On may 20th the world gets a new kilo-
gram. It also gets a new ampere, kelvin

and mole. And, more important, it gets a
new way of defining all these units—which
lie, along with the metre and the second, at
the heart of the Système International
d’Unités (si) that human beings use to
measure things. Even the pounds, miles,
gallons and so on, clung on to by a few be-
nighted Anglophones, are, malgré eux, de-
fined in terms of the si.

Measuring anything means comparing
it with an agreed standard. Until now, for
instance, the standard kilogram (see pic-
ture) has been the mass of a lump of metal
sitting, nestled under a series of bell jars, in
a vault in a suburb of Paris. However, the
best sort of standard by which to define a
unit is a constant of nature, such as the
speed of light in a vacuum. And the metre is
indeed so defined—or, rather, the speed of
light is defined as 299,792,458 metres per
second, and the second itself is defined as
the duration of 9,192,631,770 periods of the
radiation corresponding to the transition
between the two hyperfine levels of the
ground state of the caesium-133 atom at ab-
solute zero. The calculation is therefore a
simple one.

The other basic units, the ampere (elec-
tric current), candela (luminous intensity),
kelvin (temperature) and mole (quantity of
particles, such as atoms or molecules, re-
gardless of their mass) are defined in terms
of things that can be measured fairly easily
in a laboratory. An ampere is proportional
to the mechanical force generated between
two wires (strictly speaking of infinite
length, but let that pass) as a current flows
through them. A kelvin is defined as 
1/273.16 of the temperature of the point
(known as the “triple point”) at which wa-
ter, ice and vapour exist in equilibrium in a
sealed glass vessel. And so on. 

But all that is now to change. From Mon-
day onwards, several other fundamental
constants will go, like the speed of light,
from being things that are measured to
things that are defined, and are then used
as references for measurement. 

A kilogram, for instance, will be derived
from Planck’s constant, which relates the
energy carried by a photon to its frequency.
An ampere will depend on the charge on an
electron, a kelvin on Boltzmann’s constant
(the average relative kinetic energy of par-
ticles in a gas, compared with the tempera-
ture of the gas) and the mole on Avogadro’s

number—6.0221409x1023, originally mea-
sured as the number of atoms in a kilogram
of a particular isotope of carbon. Only the
metre, the second and the candela (already
defined in terms of a particular frequency
of light) remain unchanged.

With luck, this will be the last change
ever needed to the system. By definition,
the fundamental constants of the universe
do not alter with time or place. Neither,
even in America and Britain, need the si. 7

A new way to measure the world is about to be introduced
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Tolerance is a strange but indispens-
able civic virtue. It requires people to

accept and live calmly with individuals and
practices of which they disapprove. Some
take it for spineless laxity in the face of
what ought to be fought or forbidden. Oth-
ers see it as a demeaning fraud that spares
prohibition but withholds approval. The
tolerant themselves are not immune to its
tricks and subtleties. It takes little for them
to shout intolerantly at each other about
how far toleration should go.

Denis Lacorne, a French historian, is
alive to those cross-currents. In “The Lim-
its of Tolerance”, he describes how an en-
lightened ideal was championed by John
Locke, Pierre Bayle and Voltaire, and how
toleration was actually practised, using as
examples the young United States, the Ot-
toman Empire and 16th-17th-century Ven-
ice. Then he turns to disputes over hate
speech, public dress, and religious exemp-
tions and frictions that vex present-day
societies. His translators, C. Jon Delogu
and Robin Emlein, use “tolerance” for both
the civic virtue of forbearance and the state
policy of upholding tolerant laws (often
distinguished as “toleration”).

He gives no pat answers, but an implicit
lesson runs throughout. Defending tolera-
tion is not like protecting a jewel. It takes
fixity of aim but also a feel for the changing
context, persistence with a task that never
ends and readiness to start again. Tolera-
tion does gradually spread. It can also sud-
denly vanish.

In late medieval thought, against a
backdrop of punitive intolerance, two pow-
erful arguments emerged against enforc-
ing orthodoxy of belief or manners: igno-
rance and perversity. Unaware of God’s

deeper aims, church authorities could not
for sure tell heresy from orthodoxy. Since
God alone knew who was saved and who
damned, secular authorities in turn had
(like it or not) to protect both. That counsel
was encapsulated in an early-15th-century
catchphrase, “one faith, many rites”. Sec-
ond, the widespread persecution was per-
verse and counter-productive. It made peo-
ple suffer without changing their minds.
Morally, persecution injured the Christian
principles it claimed to uphold. 

Faced by decades of confessional war-
fare and the bald fact of religious disunity,
later defenders of toleration built on those
two ideas. This is where Mr Lacorne’s story
begins. Locke argued that you could coerce
only public assent, not private conviction;
that suppression encouraged revolt;
and—a new element—that religious perse-
cution was bad for trade. Bayle stressed the
pacifying effect of having many sects, none
strong enough to dominate. Voltaire con-
tended that a unique faith, if granted secu-
lar power, was bound to degenerate into
cruelty and fanaticism. 

Toleration in action stretched from cur-
tailing the burning or imprisoning of here-
tics, to lifting fines for practising an unor-
thodox faith and, later, to removing civic
sanctions. That sequence from non-perse-
cution and decriminalisation to civic
equality included halts and reversals. A
quarter of a century after the St Bartholo-
mew’s Day massacre (pictured above), the
Edict of Nantes (1598) gave French Protes-
tants limited religious liberty. But the grant
of civic rights was withdrawn 60 years be-
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fore the revocation of the edict itself in
1685. The English Toleration Act (1689) put
Anglicans and Nonconformists on a foot-
ing in specified areas of public life; but it
excluded Catholics and Unitarians, accept-
ed Quakers only conditionally, and barred
all but Anglicans from many posts. Catho-
lics and Nonconformists in England did
not gain equal rights as citizens until 1829,
Jews not until 1858. 

E pluribus unum
Enlightenment hopes for cohabitation in
diversity thus rested heavily on the growth
of religious indifference, the spread of
faith-blind commerce and the multiplica-
tion of creeds. As faith withdrew from pub-
lic orthodoxy into private choice, it was
trusted that religious differences would no
more excite or enrage than dress. Two, per-
haps three, great faiths might do battle.
With a wide choice of denominations, as
Bayle had argued, there seemed little point.

On the independence of the American
colonies, religious variety underpinned
the separation of church and state. For its
part, commerce-minded Venice ignored
the injunctions of Catholic preachers and
accommodated Jewish traders, as well as
Muslims, when not fighting the Ottomans. 

For five centuries, meanwhile, the Otto-
man Empire was widely regarded as a mod-
el of confessional peace, its “millet” system
serving a vast trading bloc in which Mus-
lims were a minority until the mid-19th
century. Millets were religious communi-
ties with their own courts and practices.
The Ottomans recognised and protected
Jews, Christian and Muslims alike, though
they were not treated equally. For Islam, in
Muslim eyes, was the only true religion. Its
adherents enjoyed public privileges in
what they could wear (including the colour
of their turbans), ride (horses, not don-
keys) or build (tall houses and places of
worship). Each community collected state
taxes, making faiths in effect tax farms. 

As Mr Lacorne tells it, the system’s
breakdown was a lesson in how fast world-
ly forbearance can end. Ottoman toleration
was finished off in the 19th century by na-
tionalism and centralising reform. Balkan
independence flooded Ottoman Turkey
with 5m Muslims fleeing Christian perse-
cution; everywhere national passions rose.
By the early 20th century a proud record of
toleration was blotted out by the genocide
of Armenians.

The book’s second part is a swift, point-
ed reminder of how well or badly present-
day societies cope with the demands of re-
ligious toleration and free speech. It takes
in the fatwa against Salman Rushdie, the
Muhammad cartoons, French changes of
mind on religious dress in public, argu-
ments for and against laws criminalising
hate speech and American court rulings on
religious exemptions (yes for Amish non-

schooling, no for Mormon polygamy and
the ritual use of mescaline).

This rich historical tour may leave liber-
al-minded readers disheartened. Evidently
the intellectual and commercial character-
istics of modernity on which the Enlight-
enment placed such hope have not, in the
end, made the puzzles of toleration go
away. But they can take heart from the
weaknesses of toleration’s enemies. Noisy
as they are, they are even less coherent than
its defenders. 

To begin with, moral conservatives mis-
take toleration for permissiveness. But
these are distinct. In a democracy, if every-
one thinks certain conduct abhorrent, the
case for prohibition becomes compelling.
If nobody thinks it wrong, the case vanish-
es. Where opinion is split, as it often is, tol-
eration enjoins the law to stand back. To re-
cast those medieval arguments for
toleration from ignorance and perversity
in democratic terms: a public divided in its
moral opinions cannot guide the state reli-
ably; and, as experience suggests, policing
morality tends to invite lawbreaking. 

The charge that liberals are too wet and
feeble about intolerance is again mis-
placed. There are perfectly liberal weapons
in the legal armoury for use against intoler-
ance, if only liberal society will use them:
laws protecting speech (including the of-
fensive kind); personal protections against
abuse or discrimination that the devout
enjoy, not as privileged believers, but as
citizens like everyone else; bans, as in Ger-
many, against anti-constitutional politics;
ruthlessness in the pursuit and punish-
ment of ethnic or religious violence. 

The silent majority
Treating toleration itself as a patronising
fraud likewise rests on a conceptual mud-
dle. It confuses equality under the law with
equal social prestige. Toleration, it is com-
plained, demeans by holding back positive
approval of belief or believer. But laws nei-
ther approve nor disapprove; only people
do. The most citizens can ask of laws is not
to be discriminated against. Laws cannot
eradicate prejudices; for that, they must
rely not on coercion but on free speech. 

“The Limits of Tolerance” ends with a
reminder of a resource available in liberal
societies but easy to forget: liberal opinion.
It recalls the outpouring of support after
the killing of journalists at Charlie Hebdo in
Paris in 2015. The book appeared, originally
in French, before the recent slaughter of
Muslim worshippers in New Zealand. But
there was a lesson there, too. A simple ges-
ture—the wearing of a headscarf by the
prime minister—was a reminder of politi-
cians’ role in sustaining (or poisoning) a
climate of forbearance. Leaders can always
stoke up the few who want a fight. They can
also mobilise the many who would rather
live in calm, even with those they dislike. 7

“From the time there were murders in
America,” Casey Cep observes in her

intriguing book, “there were writers trying
to write about them.” One work made the
perennial true-crime genre “respectable”:
“In Cold Blood”, Truman Capote’s “non-fic-
tion novel” (as he put it) about the dreadful
murder of a Kansas family. Ms Cep’s focus
is on another crime, and another author’s
attempts to write about it. What gives “Fu-
rious Hours” its frisson is that the author
who hoped to follow in Capote’s footsteps
was his old friend, Harper Lee (pictured). 

Lee’s fame rests on two pillars: the pub-
lication in 1960 of “To Kill a Mockingbird”,
and the fact that, until the year before her
death, she never published another book. It
was while writing about the emergence in
2015 of “Go Set a Watchman”—in fact an
early draft of “Mockingbird”—that Ms Cep
learned of the existence of at least part of
another Lee manuscript. In “The Reverend”
she had planned to tell the story of Willie
Maxwell, a charismatic African-American
preacher from her native Alabama. 

In 1970 the body of Maxwell’s first wife
was found in her car on an Alabama high-
way. At his trial for her murder, the prose-
cution’s star witness recanted and, after his
acquittal, married the accused—before
herself dying in similarly mysterious cir-
cumstances, as did Maxwell’s brother,
nephew and stepdaughter. Then, for all his
alleged proficiency in voodoo, Maxwell
was fatally shot at the stepdaughter’s fu-
neral. His killer, Robert Burns, would be de-

Harper Lee’s lost book

After cold blood

Furious Hours: Murder, Fraud and the Last
Trial of Harper Lee. By Casey Cep. Knopf;
336 pages; $26.95. William Heinemann; £20
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fended by Tom Radney, a larger-than-life
lawyer and politician somewhat in the vein
of Atticus Finch. The third principal char-
acter in Ms Cep’s narrative, after the rever-
end and Lee, Radney had previously de-
fended Maxwell himself—and pressed his
voluminous life-insurance claims. 

“He might not have believed in what he
preached,” Lee wrote of Maxwell, “he might
not have believed in voodoo, but he had a
profound and abiding belief in insurance.”
Lee had worked closely with Capote in re-
searching “In Cold Blood”; privately she ob-
jected to what she knew to be Capote’s fab-
rications. “The Reverend” would be her
chance to play a straight hand.

It is no spoiler to reveal that she never
finished the book she planned to write
about the Maxwell case. In the first part of
“Furious Hours”, Ms Cep ably takes on the
task that Lee may or may not have aban-
doned (there is no way of knowing how far
she got, as her surviving literary assets re-
main “unpublished and unknown”). Ms
Cep paints a portrait of a hermetic society
still riven by prejudice, with its revival
tents and sharecroppers. Then she pieces
together Lee’s struggle not only with Max-
well’s tale but with the legacy of her over-
whelming success. Mostly living anony-
mously in her apartment in Manhattan,
she struggled with what Ms Cep calls the
“seesaw of perfectionism and despair”. 

“Furious Hours” is a well-told, inge-
niously structured double mystery—one
an unsolved serial killing, the other an elu-
sive book—rich in droll humour and deep
but lightly worn research. If at the final
page it seems curiously unsatisfying, that
is because readers and writers both long for
resolution—and Harper Lee’s story, like
that of her proposed subject, stubbornly re-
sists a neat ending. 7

Only a few miles from San Sebastián,
Hernani is a prosperous Basque town

with a medieval centre, several industrial
estates and a sculpture museum. It hardly
seems oppressed. Yet for decades it was un-
der the thumb of eta, the terrorist group
which fought for an independent Basque
state. Its town hall is still run by eta’s sym-
pathisers from the so-called abertzale (pa-
triotic) left. Murals on the walls glorify con-
victed eta prisoners.

Hernani is the setting for “Homeland”, a
powerful novel which has a strong claim to
be the definitive fictional account of the
Basque troubles. Its author, Fernando
Aramburu, was born in San Sebastián but
has lived in Germany since 1985. He has re-
created eta’s insidious violence and psy-
chological intimidation, the threats and
the terror that, amid the brooding moun-
tains and tight valleys of the Spanish
Basque country, set friends, neighbours
and families against each other in asphyxi-
atingly claustrophobic towns like Hernani.

The novel tells the story of two families
who were neighbours and friends. Txato
sets up a successful haulage company; he
helps his pals Joxian and Miren, who is so
close to Txato’s wife, Bittori, as to seem like
a sister. Then Miren’s middle child, Joxe
Mari, joins eta, having become entangled
in the abertzale world through his drinking
buddies. Txato becomes a target of eta’s ex-
tortion. The first time, he pays up. But
when another demand is made, he refuses.
After all, his father was wounded defend-
ing the Basque Country against Franco in
the Spanish civil war. “I’m from here, I
speak Basque, I don’t get involved in poli-
tics, I create jobs,” he reasons. “Don’t they
say they’re defending the Basque people?
Well, if I’m not the Basque people, who is?”

Overnight Txato’s and Bittori’s lifelong
friends ostracise them. Txato is murdered.
The lives of Bittori and her two children are
traumatised by grief, which each handles
in their own way. Miren’s family is scarred
too: Joxe Mari is captured, tortured and
jailed. His sister, Arantxa, who rejects eta,
is disabled by a stroke; Gorka, his younger
brother, escapes to Bilbao. “In a small
town,” Gorka says, “you can’t be invisible.”

Mr Aramburu skilfully spins their sto-
ries in short, punchy chapters that dart
back and forth in time. He is careful not to

caricature, portraying both police brutality
and Joxe Mari’s belief—instantly adopted
by Miren—that Spanish democracy is op-
pressive, misguided though that is. His
prose has been rendered into propulsive
American English by Alfred MacAdam
(though it jars to translate this particular
pueblo as “village” rather than “town”).

In all, eta murdered 850 people before
disbanding last year. The vast majority of
its victims were killed after Franco died in
1975 and Basques were offered an amnesty,
as well as a democratic settlement that
grants to one of Spain’s richest regions gen-
erous fiscal privileges. Basques run much
of Spanish business. Indeed, of all the
world’s terrorisms, eta’s was one of the
hardest to understand. It was fuelled by a
toxic combination of racist anti-Spanish
nationalism, Catholic mysticism and a
dogmatic Marxist-Leninism. 

Basques and other Spaniards are now
trying to come to terms with the legacies of
the conflict. “Patria”, to give Mr Aramburu’s
novel its more effective original title, has
played a role in that; it has sold more than
1m copies in Spanish since its publication
in 2016. Its message is ultimately redemp-
tive. Forgiveness is extraordinarily hard,
but it is not impossible. 7

Spanish fiction

Neighbours from
hell

Homeland. By Fernando Aramburu.
Translated by Alfred MacAdam. Pantheon;
608 pages; $29.95. Picador; £16.99

Hometown heroes

Arose painted by another name would
cost more. In a new paper*, four aca-

demics show that art made by women sells
for lower prices at auction than men’s, and
suggest that this discount has nothing to
do with talent or thematic choices. It is
solely because the artists are female.

The authors used a sample of 1.9m
transactions in art auctions across 49
countries in the period from 1970 to 2016.
They found that art made by women sold at
an average discount of 42% compared with
works by men. However, auction prices can
be distorted by a few famous artists whose
output is perceived as extremely valuable.
If transactions above $1m are excluded,
then the discount falls to 19%.

One explanation for this gap could be
that women choose different subjects. This
is partly true; for example, a higher propor-
tion of women than men paint roses (in-
cluding Helen Allingham, a British water-
colourist: see picture on next page),
whereas a smaller share create landscapes.
But it turns out that themes that are more
associated with female artists sell at a pre-

Why art by women sells at a discount

Art and gender

Portrait by a lady
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Artists have long been inspired by
the great issues of their day. Eugène

Delacroix’s topless amazon, Liberty,
celebrated the revolution that toppled
the French king in 1830. Picasso’s “Guer-
nica” mourned the horror of the Spanish
civil war. Earlier this month a panel
backed by the un warned that 1m species
were under threat because of human
interference. So it is fitting that the Ven-
ice Biennale, which opened as those
findings were released, should at last
have discovered the theme of climate
change. Alas, much of the resulting art is
polemical rather than arresting.

For instance, Christine and Margaret
Wertheim’s hand-crocheted coral reefs
look good on Instagram, but in “May You
Live In Interesting Times”, an interna-
tional exhibition curated by Ralph Ru-
goff of the Hayward Gallery in London,
they fall flat. In the Biennale’s national
pavilions, the Canadians are showing
well-meaning videos about the impact of
the changing climate on the Inuit people.
Artists in the Nordic pavilion have strung
leguminous loops of green tissue and red
“seaweed” on a clothesline. Humanity
has hung the planet out to dry, they seem
to say: hardly an original metaphor.

One of the most memorable previous
examples of climate-change art was
Olafur Eliasson’s “Weather Project”, in
which the Icelandic artist rigged up a
huge circular mirror and orange lights to
suffuse Tate Modern’s Turbine Hall in a
golden glow. It seemed to bring the sun
into the lives of the more than 2m people
who visited the show in 2003; it returns
this July. Two artists who seem to be
influenced by that installation are Joan
Jonas (pictured) and Dane Mitchell.

Both have brought powerful works to
Venice (itself threatened by rising seas).
In the New Zealand pavilion, Mr Mitchell
has gathered a list of 3m things that no
longer exist—extinct species but also

ghost towns, discontinued perfumes,
vanished borders. The list is being de-
claimed in what amounts to an epic
poem of loss; the history of progress, it
implies, is also a history of obsolescence.
The roll-call is so long it can be read out
for eight hours a day, seven days a week
for the six months of the Biennale, and
no item will ever be repeated. 

Ms Jonas combines film and perfor-
mance in a piece created for Ocean Space,
a new platform that brings together
scientists and artists. On a stage in a
Venetian church, she dances and mimes
like a water wraith. Behind her is a video
she shot of the ocean around Jamaica. At
nearly 83, Ms Jonas slips into the blue. In
a chiffon dress that discreetly masks her
aged limbs, she glides through the wa-
ter—a reminder that humans emerged
from the sea and many still live by its
bounty. With climate-change art, as with
all kinds, it is the effect on the heart, as
much as the head, that counts.

Beneath the waves
The Venice Biennale

V E N I CE

Why is climate-change art often so dull?

At sea with Joan Jonas

mium, not a discount. Indeed, the re-
searchers could not explain the female dis-
count in terms of other factors such as the
size, style or medium of the works, or the
age of the artist.

In theory, another possibility could be
that women are just less talented than
men. To test that proposition, the authors
conducted a couple of experiments. In one,
they showed 1,000 people a selection of ten
lesser-known paintings and asked them to
guess the gender of the artists. The respon-
dents were right only 50.5% of the time, no
better than tossing a coin. In short, the gen-
eral public cannot discriminate between
male and female art.

In a second test, the researchers used a
computer programme to generate paint-
ings and randomly assign the results to art-
ists with male or female names. They then
asked participants to rate the paintings and
ascribe a value. The experiment found that
affluent individuals (those most likely to
bid at auctions) attributed a lower value to
works which the programme assigned to a
woman. Clearly, this gap was unrelated to
the artistic merit of the picture.

It could be that these well-heeled ob-
servers were aware of the market discount
for female artists, and applied it according-
ly. But that does not solve the puzzle of why
the gulf opened in the first place.

Two more findings imply that the dif-
ference relates to culture rather than tal-
ent. First, the academics considered the re-
lationship between the female discount
and the level of gender inequality in the
countries where the auctions took place.
The inequality measure was derived from
indices (such as those compiled by the un
and the World Economic Forum) which
look at factors such as educational attain-
ment and political empowerment. The av-
erage discount applied to the work of a giv-

en female artist was lowest in countries
where women were more equal. (There are
some exceptions to the rule, such as Brazil,
where women’s art was highly rated.)

The good news is that the female dis-
count has fallen over time. For transactions
under $1m, the study calculated, the dis-
count has dropped from 33% in the 1970s to
8% after 2010. Again, though, that only
confirms that ability never had anything to
do with the disparity. But the reduction in
the discount has another implication. As it

has shrunk, so the returns on women’s art
have grown; since the 1970s they have been
higher than for their male peers. Collectors
should put aside their prejudices. As the art
world’s ingrained chauvinism abates, the
female of the species has become a better
investment than the male. 7

................................................................
* “Is gender in the eye of the beholder? Identifying
cultural attitudes with art auction prices”, by Renée
Adams, Roman Kräussl, Marco Navone and Patrick
Verwijmeren

Flower power

  


