or centuries, a network of overland
trade routes enabled cultural contacts
between the Far East and the Mediter-
ranean. Essentially the same route,
which isknown as the Silk Road, has
been in use since the second mil-
lennium BCE, for trade in horses, pre-
ciousstones, art pieces and the spice
trade. The name of Silk Road, how-
ever, has stuck because of thelucra-
tive silk trade with China around the
start of the Christian era.

While geographical features
explain the towns and cities that have
arisen along the route, the disposi-
tion of passagesthrough the moun-
tainous stretches that separate urban
centres, and which constitute the Silk
Road, has been a subject of scholarly
enquiry. Michael D Frachetti, C
Evan Smith, Cynthia M Traub and
Tim Williams, from Washington
University, St Louis and University
College, London describe in the jour-
nal, Nature,asimulation using satel-
lite imaging, archaeology and com-
puter analysis, which throws up
most of the actual routes that have
been used for human movement.

The paper says that efforts to
derive the origins of the network of
inter-connections have generally
sought “least effort” or “least cost”
pathsthat “connect thedots” and link
known habitation sites. In the pre-
sent study; Frachetti and his colleagues
reverse the approach, todiscover pas-
ture-driven travel paths within
ruggedterrain, as the settingfor the
growth of largerpassages, rather than
“easeof travel” between places that
the passages connect.

Ease of travel being the motiva-
tion behind the evolution of move-
ment pathways, has been the basis
for many computer algorithmsto cre-
ate maps from geographical survey
data orfor planningnewroad orrail
connections. The contour map that
details thedistribution of elevation
over aregion can be, for instance, the
input tothe Geographic Information
System software, to throw up the path
of water flow, leading to tributaries
comingtogether and formingrivers.

Science
How herdsmenshowedtneway

T WAS THE QUEST FOR PASTURE THAT DROVE
UMAN MOVEMENTS AND SHAPED THE WAY
RADITIONAL TRADE ROUTES, LIKE THE SILK ROAD,
MERGED, WRITES S ANANTHANARAYANAN

For a river flow application, the
software would consider that tendency
of water toflow under gravity asthe
driver. The software could, howev-
er, have other applications, with
other motivatingfeatures, like seek-
ing the shortest path or the quick-
est path, the least expensive path, the
most profitable path, et al.

With respect to the emergence of
the Silk Road, the authors say that
the last 50 years’ data of the adap-
tation of nomadic people in the
higher altitude regions of Asiasug-
gests that “ease of travel” was not
the factor that dictated mobility
across mountains. “Variables that are
fundamental to highland nomadic
herding strategies, such as season-
al pasture quality and variation in
annual mobility patterns, have not
beenreliably tested inrelation to Silk
Road geography,” they say.

Theteam henceused the same GIS
modelling tool but did not use the
known Silk Road locations as the
input, which had been used earlier,
tolook forfactorsthat connect them.

Instead, they used featureslikerich-
ness of pasture, which wererelevant
to nomadic people, and charted out
paths of seasonal accumulation of
herds of livestock, likelittle streams
of water comingtogether toformlarg-
er flows.

The authors cite studies that
show how the geography of Central
Asia influenced the evolution of
economies and human interaction
in theregion. Archaeological stud-
ies of charred remains of plants,
which point to livestock diet, for
instance, indicate that the earliest
farming societies exploited the plains
and foothills in Turkmenistan till 3000
BCE. Desertland again restricted habi-
tation to river valleys and drove
agriculture and animal husbandry
towards rain-fed highlands. Herds-
men who roamed the higher reach-
es of the ranges in inner Asia are
recognised as important agents of
exchange between trade centres
across Asia but the role of this
mobility in shaping social centres and
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their communications hasnotbeen
studied, the paper says.

The team carried out computer
studies of the flows of domesticat-
ed herd animals in an area that lies
between elevations of 750m and 4,500
m, withinabroader area in highland
inner Asia (see map). Modelling of
population flows has been success-
fully used to simulate the seasonal
wandering of Bronze Age herders
between foothills and high altitude
pastures in Kazakhstan, with the help
of archaeological and environmen-
tal data, the paper says.

The seasonal herding patterns in
the study area were hence comput-
er simulated, over 500 iterations, to
derive reasonably persistent pathways
that the herders used. And to assess
whether these nomadic routes affect-
ed the connectivity at a continental

OURHOMESIN THE SKY

housands of people could be

living in floating space colonies

orbiting the Earth in 20

years’ time, according to the
head of aproject by the British Inter-
planetary Society.

And, while life in space might
sound unappealing to some, Jerry
Stone believes it could actually be
healthier than on Earth, enabling
people to live longer and, eventually,
grow taller. Stone, author of One
Small Step about the moon landings,
and other members of the BIS have
been updatingresearch carried out in
the US in the 1970s into how humans
could startliving in space in large num-
bers.

In a speech in Aberdeen as part of
British Science Week, Stone will claim
humanity is now close to the point
where such colonies could be built using
material taken from the Moon and aster-
oids. Speaking to The Independent, he
said the space colonists would initially
build and maintain solar panels that
would be used to provide power on
Earth. That, he said, was much more
efficient than collecting the sun’s
energy on the Earth’s surface after it
has passed through the atmosphere.
Butother industries might later move
into space to take advantage of the
weightlessness and huge supply of ener-
gy from the sun.

The colonies would consist of a vast
hollow cylinder, which would rotate
to provide gravity for the people who
would live on the inside. Stone said that
much would depend on private com-
panies developing spacecraft that pro-
vided cheap and reliable access to space.
But asked when he thought the first
major colony might be created, he said,
“If we weretosay startin 10 years’ time,
we could potentially have thisup and
finished in 20 years from now, which
is pretty amazing, isn’t it?”

The research in the 1970s was led
by Princeton University physicist
professor Gerard O’Neill, who asked
his students to come up with designs
for space colonies. They decided it
would be better for them to float in space,
rather than be attached to the Moon,
for example. They came up with anum-
ber of designs, calling them Island One,
Two and Three.

While the project might sound far-
fetched, Stone said it could actually
have been done 40 years ago. “They
(the Princeton team) deliberately
restricted the design to the technolo-
gy of the period, so nobody could say
‘thisisvery nice, but it depends on this,
this and this that hasn’t been invent-
edyet,”” hesaid. “They could have done
all this with 1970s technology.

If we were to do this now we could
probably do it far more efficiently than

A BRITISH EXPERT

HAS CLAIMED THAT THOUSANDS

OF PEOPLE COULD LIVE IN SPACE COLONIES

ORBITING EARTH

N A MERE 20 YEARS' TIME.

IAN JOHNSTON FINDS OUT MORE

back in the 1970s —that’s why I start-
ed this project at the British Inter-
planetary Society.

“We’re not just playing around
with it. Some of our group have been
working specifically on the Island
One design. They have decided that a
short cylinder would be better than a
sphere.” The BIS team’s adapted
design has been dubbed Island Zero.

Asthe gravity is created artificially;,
thisled them to question whether the
colonies should have the same level
asfound atsealevel on Earth, 1G. “Do
they need to rotate to give 1G? How
about 0.9G or 0.8G? That would mean
less stress on the structure and less
stress on the inhabitants,” Stone said,
“They would probably live longer.
And over longer periods of time, the
inhabitants would be taller than those
on Earth.

“But also at what point does lower
gravity become a problem? The answer
tothatisnobody knows. On the Inter-
national Space Station, people are
completely weightless but that’s not
what we want. For most of the time,
(the colonists) will be working and liv-
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ing under simulated gravity, which will
be much better for them health-wise.”

Stone said the BIS had looked at such
plans before. “What makes this different
to all the other previous studies by the
BIS is they have pretty much been
focussed, 99 per cent, on the technol-
ogy,” Stone said, “But when you are
building a space settlement, you are
also involved in a huge range of top-
ics—such astown planning, housing,
offices, administration, parkland and
soforth, agriculture... ecology isahuge
thing.

“Plus there are the political and legal
aspectsof it. If a consortium isset up
to manufacture this settlement, will
they actually be allowed to take mate-
rial from the moon?”

Stone said the potential to harvest
solar energy in space was one of the
main drivers behind the project. “A
number of countries are looking at
the possibility of doing that,” he
said, “Power from space is far, far more
efficient than generating power on
Earth.”
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scale, these derived pathways were
compared with 258 historical Silk Road
sites, within the area studied, to see
if there was a correlation.
Asthelocation of thesesiteshad
not been fed into the system when
the pathways were generated, they
embody an independent check to ver-
ify if the herder flow patterns com-
pare with the actual, high altitude
Silk Road, the paper says.
Theresultsof the studies werefirst
that the seasonal movements of
sparse herding groupsresult in anet-
work of interconnected paths that
coversthearea. When thismodelling
isiterated 500 times, which represents
evolution over twenty generations,
the network takes the form of near-
ly-continuous pathways. And along
these pathways are found tolie, over
74 per cent of thehistorical Silk Road

Michael
D Frachetti

sites present in the region.

Finding a good proportion of
known Silk Road sites on the map of
pathways, generated based on pas-
ture-driven herding groups, sup-
portstheideathatthelongerroutes
through mountainousregions more
likely grew along short-distance
stretches of herding paths. Short-dis-
tance paths being rooted in the
knowledge of local conditions and
theavailability of resources, food and
water, would make for tree-like inter-
connection of theregion and the com-
plex of pathways that makes up the
Silk Road.

The model, as opposed to routes
between known sites based on “ease
of travel” and “connectingthedots”,
would also chart out a path along
which to seek new, undiscovered Silk
Road sites and other forms of Silk
Road research and exploration, the
paper says.
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Carbondioxidefixation

nmany tropical grasses, includ-
ing economically important
plants such as maize, sorghum,
and sugar cane, the isolation of
rubisco is accomplished by a short
carboxylation/decarboxylation path-
way referred to as the Hatch-Slack
cycle, after Marshall D Hatch and C
Roger Slack, two plant physiologists
who played key roles in the elucida-
tion of the pathway. Plants contain-
ing this pathway are referred to as
C4plants because the immediate prod-
uctof carbondioxidefixation by the
Hatch-Slack cycle is thefour-carbon
organicacid oxaloacetate. Thisterm
distinguishes such plants from C3
plants, in which the first detectable
product of carbon dioxide fixation
isthe three-carbon compound three-
phosphoglycerate.

To appreciate the advantage of the
Hatch-Slack cycle, one must first
consider the arrangement of the
Hatch-Slack and Calvin cycles with-
in the leaf of a C4 plant. C4 plants,
unlike C3 plants, have in theirleaves
two distinct types of photosynthet-
ic cells mesophyll cells and bundle
sheath cells that differ in their
enzyme composition and hence their
metabolic activities.

The first steps of carbon dioxide
fixation within a C4 plant are accom-
plished by the Hatch-Slack cycle in
mesophyll cells, which are exposed
tothe carbon dioxide and oxygen that
enter aleaf through itsstomata. The
carbon dioxide that is fixed in mes-
ophyll cellsis subsequently released

TAPAN KUMAR MAITRA
EXPLAINS THE PROCESS
OF THE HATCH-SLACK
CYCLE IN PLANTS

ity (alow Km){for its substrate, bicar-
bonate (HCO"), and operates very effi-
ciently even when the concentration
of bicarbonate is quite low. (Bicar-
bonate forms when carbon dioxide
dissolves in water; its concentra-
tion therefore reflects the availabil-
ity of carbon dioxide gas.)
Inoneversion of the Hatch-Slack
pathway, the oxalo-acetate generat-
ed by PEP carboxylase israpidly con-
verted to malate by an NADPH-
dependent malate dehydrogenase.
Malate is a stable four-carbon acid
that carries carbon from mesophyll
cellsto chloroplasts of bundle sheath
cells, where decarboxylation by
NADP+ malic enzyme releases C02.
Theliberated carbon dioxideisthen
refixed and reduced by the Calvin cycle.
Because decarboxylation of malate
isaccompanied by the generation of
NADPH, the Hatch-Slack cycle also
conveys reducing power from mes-
ophyll to bundle sheath cells. This
might limit the demand for non-
cyclic electron flow from water to
NADP+ in the bundle sheath cells,
thereby minimising the formation of
oxygen by PSII complexes and fur-
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in bundle sheath cells, which arerel-
atively isolated from the atmosphere.

The entire Calvin cycle, including
rubisco, is confined to chloroplasts
in the bundle sheath cells. Because
of theactivity of theHatch-Slack cycle,
the carbon dioxide concentration
in bundle sheath cellsmay be asmuch
as10timesthelevel in theatmosphere,
strongly favouring rubisco's car-
boxylase activity and minimisingits
oxygenase activity.

The Hatch-Slack cycle begins
with the carboxylation of phospho-
enolpyruvate to form oxaloacetate.
Not only does this carboxylase lack
rubisco’s oxygenase activity, itisan
excellent scavenger for carbon diox-
ide.In other words, ithas a high affin-

ther favouring rubisco’s carboxy-
lase activity.

Although less than one per cent
of the plant species investigated
depends on the Hatch-Slack cycle, the
pathway is of particular interest
because several economically impor-
tant species are in this group. More-
over, C4 plants such asmaize and sugar
cane are characterised by net photo
synthetic rates that are often two or
three times those of C3 plants such
as cereal grains.
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Accelerated warming

The world’s oceans are warming 13
per cent faster than scientists previ-
ously thought, a study has warned.

The research, published in the
journal Science Advances, also found
the rate of ocean warming had
changed significantly over the last 60
years. The warming rate from 1992
was found to be almost twice as great
as the warming rate from 1960. “In
other words, the planet is warming
quite a lot more than we thought,”
Keven Trenberth, a co-author of the
study, said.

Scientists are concerned by such
an increase, as 90 per cent of the extra
heat absorbed by greenhouse gasses
ends up in the ocean, meaning it is
considered one of the most important
measurements of global warming.

“We know the oceans are much
warmer now and they contain the
memory of climate change. Higher
sea surface temperatures are continu-
ally reinforced by the extra heat ben-
eath the ocean surface,” the team
wrote in a press release.

“The oceans are affecting weather
and climate through more intense
rains. This process is a major reason
why 2016 was the hottest year ever
recorded at the Earth’s surface, beat-
ing out 2015, which was the previous
record.

“Additionally 2015 was a year with
record hurricanes, heat waves,
droughts, and wild fires around the
world.”

SAMUEL OSBORNE/THE INDEPENDENT

Mona Lisa smile

The subject of centuries of scrutiny
and debate, Mona Lisa’s smile is rou-
tinely described as ambiguous. But is
it that hard to read? Apparently not.

In an unusual trial, close to 100 per
cent of people described her expres-
sion as unequivocally “happy”,
researchers revealed recently. “We
were astonished,” neuroscientist
Juergen Kornmeier of the University
of Freiburg in Germany, who co-
authored the study, said. He and a
team used what is arguably the most
famous artwork in the world in a
study of factors that influence how
humans judge visual cues such as
facial expressions.

Mona Lisa is often held up as a
symbol of enigma. Using a black-and-
white copy of the early 16th-century
masterpiece by Leonardo da Vinci, a
team manipulated the model’s mouth
corners slightly up and down to cre-
ate eight altered images — four mar-
ginally, but progressively “happier”,
and four “sadder” Mona Lisas.

A block of nine images were
shown to 12 trial participants 30
times. In every showing, for which
the pictures were randomly reshuf-
fled, participants had to describe each
of the nine images as happy or sad.

“Given the descriptions from art
and art history, we thought that the
original would be the most ambigu-
ous,” Kornmeier said. Instead, “to our
great astonishment, we found that Da
Vinci’s original was... perceived as
happy” in 97 per cent of cases, he
added.

A second phase of the experiment
involved the original Mona Lisa with
eight “sadder” versions, with even
more nuanced differences in the tilt of
the lips. In this test, the original was
still described as happy, but partici-
pants’ readings of the other images
changed. “They were perceived a lit-
tle sadder” than in the first experi-
ment, said Kornmeier. The findings
confirm that “we don’t have an
absolute fixed scale of happiness and
sadness in our brain” — and that a lot
depends on context, the researcher
explained.

Another interesting discovery was
that people were quicker to identify
happier Mona Lisas than sad ones.
This suggested a slight preference in
human beings for happiness, said
Kornmeier.

As for the masterpiece itself, the
team believes its work has finally set-
tled a centuries-old question. “There
may be some ambiguity in another
aspect,” said Kornmeier, but “not
ambiguity in the sense of happy ver-
sus sad”.
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