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“The wings of huge pterosaurs and tiny bees

differ — but they both produce thrust and lift’

Which species evolved the ability to fly?

® The animals which developed flying

under power — which means they can
stay up doing so —are birds, insects, bats
and pterosaurs or relatives of dinosaurs.
Many animals besides
these can glide — there
are fish that can glide in
air, squirrels which glide
between trees, etc. Aero-
| dynamically they arealso
/| flying but they cannot
stay up. The only ones
who can stay up aslongas
they want to have the power of flight —
they flap their wings for this power

Why did these species develop flight?
= Wecan't pin it down to one reason but
if you think about all the advantages you
gain from flight, these include a lot. For
2n insect, for instance, flight gives the
ability toreach and colonise new habitats
vou couldn’t get to by walking. After the
eruption of the Mount St. Helens volcano
in Washington state in 1980, the first ani-
mals to appear afterwards were insects
— they could easily fly in and reach the
area which was otherwise totally covered
in ash. There are several advantages

NATURE'S FARMERS: Winged pollinators like bees (L) and the hummingbird hawk-moth (R) ap
years ago on Earth — their interactions with flowering plants generate a profusion of crops,

S

Scientist David E. Alexander has researched ecology and evolutionary biology at the University of Kansas.

Speaking to Srijana Mitra Das at Times Evoke, he discusses flying creatures — and how their wings work:

Photos: Getty Images & IStock
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peared hundreds of millions of
enabling human life on the planet

not too long after — they were there in
the Cretaceous era 100 million years ago.
And bats evolved flight fairly soon after
the dinosaurs vanished. Of course, bats
have very fragile skele-
tons which matters in
the fossil record. How-

flight bestows, from foraging ab. ilities—  ever, we know they were

if you're searching for food, you can see flying about 50 million years ago.

much farther and cover more area while

flying — to escaping predators. What are fundamental operating principles
Flying is also an energetically of wings?

economical way to move large distances
__consider how a species might gain by
moving from a temperate region to trop-
ical lands seasonally They cannotachieve
this by walking but flying enables birds
tomigrate whenever needed. The longest
terrestrizl migration by foot is around
400 kilometres —a typical bird migration
is thousands of kilometres.

What is the planetary timeline for the
evolution of wings?

® First, insects evolved flight in the

iferous era which occurred about

200 million years ago. Quite a while later,

pterosaurs did so in the Jurassic era

about 145 million years ago. Birds came

= The basic work any wing must do is
convert a forward movement into an
upward force — this is true from a bum-
blebee to ajet airliner. By moving through
the air due to its shape and the speed of
moving, a wing produces an upward
force. If you area flying animal, the wing
also has to produce a force that moves you
forward — in an airplane, an engine
separate from the wings moves the plane
forward. As a bird or bee though, your
wings must do both —this explains flap-
ping. Airplanes don’t flap their wings
because they have engines providing
thrust to move ahead — flying animals
produce thrust by flapping their wings.
This moves them ahead and that move-

152 lakii |

LET'S TAKE OFF

ment then lets them produce lift. So, ina
sense, a bird wing is not fundamentally
different from an airplane’s because they
both have to produce lift — yet, they are
very different because a
bird wing has to pro-
duce both lift and
thrust. In some ways, a
bird wing is more like a helicopter or
propeller rotor since these also produce
lift and thrust simultaneously:

Are there similarities between the
wings of an insectand a dinosaur?
® Structurally there are about
as different as you can imagine
— an insect wing is structured
around a series of veins, not
as in blood vessels but cylindri-
cal structures. A very thin,
almost microscopically thin,
membrane stretches between
these. An insect wing isoneof the
lightest physical structures in nature
which is also weight-supporting.

A bird wing is built around a modified
front leg — so, it has bones, muscles and
skin. A bird wing also has feathers over
most of its surface. A bat or pterosaur
wing would have stretched skin over most
of its surface, a framework of bone and
muscles. So, these are all extremely
different —yet, if youlook at theflapping
mechanism between, say, a dragonfly and

a bird, the pattern is not that different.
Physically, the wing of both must flap to
produce thrust and lift. They do the same
physical thing with a structure that could

gist colleagues of mine contacted me
when they had these fossils. These dino-
saurs were somewhat smaller than a cat
and in the fossils we observed, there were
long feathers on both their frontand hind
legs. We did tests to figure out how these
feathered hind legs could work — we
found they had operated as wings. It was
basically a four-winged flyer:

Other remarkable examples
includes the largest pterosaur
named Quetzalcoatlus
northropi. By scaling up
the bones at hand, it was

found its wing was

longer than that of a

small airplane. In

addition, some birds

have very elaborate
feather arrangements
on their wings, some
trailing behind them like
streamers, some using these
for making sounds in courtship displays.

ATWIST &
A TERN: The
‘river tern's

Why should humans be more observant of
winged creatures?

m Engineers would say they have been
around for millions of years and they

-"ylﬂinmresungmladu
called

Y

not be more different,

Could you tell us about some fantastic
wings you've come across?

ind leg of a bh’d-m&:::zg

tolo-

ACroraplor - some palacon NEAT! An Orlental White Eye shakes it up

Thisfruitisa
healthy ingredient
inmany dishes
these days, says
Swatee Jog

There's an avocado in my food!

for something new and exotic.
But beyond the hype lies a fruit
packed with health benefits, par-
ticularly for your heart.

Superfood stardom

Once considered an exotic
fruit, the avocado’s journey to
superfood stardom began in the
1990s. The California cuisine
movement that lay emphasis on
local and natural ingredients
embraced its creamy texture
and rich flavour, while the rise

of farm-to-table dining high- -09-
lighted its freshness. However, 1012033
the true tipping point came Dec Hrd Pg 04
Kalakar Chaistall at with the low-fat diet craze shift-

Surat made headlineswith  ing towards a focus on healthy

‘India’s mast expensive fats. Avocados, brimming with
sandwich (in street food) costing ~ monounsaturated fars, fit the
Rs 250. It was stuffed with avo- bill perfectly.
cado or the Indian Butter Fruit. The fruit cost Rs 200 until
m&:nndhmmucemiedns :lyearag}{;bumewsdlsfor
status and become a culturalicon, around Rs100 for a 250-gm oleic acid helps lower LDL (bad Fibre fun: e-
a social media darling and a key piece. cholesterol while raising HDL : tary ﬁbri:uxh(imsgsupmmmo‘d.:

in countless healthy (g00d) cholesterol. This reduces  gut health and contributes to

recipes in India and abroad. Sev- Benefits of avocado the risk of heart disease and lower cholesterol levels )
eral restaurants andstreetfood  Monounsaturated fats: Avoca-  stroke. Antioxidant advamq.;e- Con-
joints today offer avocadodelica-  dosarerich in monounsaturar- Potassium powerhouse: A tain antioxidants like lutein and
Gies - 10asts, | ed fatty acids, particulariyoleic  greatsource of potassiumthat  beta-carotene which help
and racos - for those lookingout  acid. Studies have shown that belps regulate blood pressure. lec(yot.lrcel!slmmdinugew

FREQUENT FLYERS

® Normally, we don't envision fish
in the sky — but 40 species of flying
fish exist! Found in warm oceans
worldwide, these have wing-like
fins — they first gain
speed underwater.
Angling up, the fish
then breaks the £
surface, beating its ?\ <
tail, leaping over
4 feet. Certain fish have achieved
consecutive glides over 1,312 feet,
leaving predators agape far behind

@ Frogs don't just sit idly on lily

leaves, watching the world go by
— they jump to action! Wallace’s

flying frog, found

in rainforests P

in Malaysia and iy &
Borneo, mostly b.‘
inhabits trees. o

Facing predators, it leaps, splaying
its webbed feet — the membrane
between the toes and skin-flaps on
the side catch the air, propelling the
frog to glide across 50 feet or more

@ The shy flying lemur looks cuddly
but it can leap through the air over
230 feet without 2 =
losing altitude. /‘F e,

Colugos, found in vy
southeast Asia, have

webbed feet and bat-like long limbs
— when a lemur takes the plunge, its
limbs stretch, controlling its glide,
one having ‘flown’ 490 feet in a jump

Research: Encyclopaedia Britannica, IUCN, Smithsonian
Magazine, BBC, National Geographic

may have solved major aerodynamic
problems. Labs around the world are now
essentially mimicking insect flight to
build drones which can be used for
surveillance, etc. Different labs are
putting together essentially synthetic
insects. A bigarea in aerodynamics now
is ‘morphing wing’ technology — this
means a wing that can smoothly change
shape, in some cases, even changing its
area. This is exactly what bird and bat
wings do. A lot of research is going into
the aerodynamics of this alteration in
order to apply this to airplanes.
Birds and insects are also very impor-
tant as they give us multiple services
which we often don’teven realise —many
eat mosquitos, for instance, which other-
wise carry harmful diseases. Many flying
insects are pollinators and produce food
crops we need. So, when birds and insects
start to disappear, we should be
concerned. Their vanishing suggests
something we are doing is impacting
them adversely and while it may not be

obvious, they provide us a great deal of
benefits and services — aside from the
fact that they are really cool.

14-09-2024
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‘Modern bird wings first appeared in the archaeopteryx

145 million years ago — t

Nick Longrich is Senior
Lecturer in Life Sciences at
the University of Bath.
Speaking to Times Evoke,
he discusses the rise of
flight — among dinosaurs:

t might seem challenging at first to
muster up enthusiasm for strange
flying creatures born many millions
of years ago, some even rather
ing-looking — but i

Niek Longrich gets you there. He outlines
his research in a musing voice, T'm inter-
ested in macroevolution,
the big picture of life. T
study how complex
adaptations developed
and the role of rare and
improbable events like
mass extinctions and

oceanic dispersal.”
Longrich challeng-
essome of the established wisdom in his
field. ‘A standard approach in evolution-
ary biology is that macroevolution is
Jjust lots of microevolution —I question
that.’ Evolution didn’t just happen auto-
matically and rhythmically, Longrich
argues. ‘Over very long timescales,
unusual things happened. The evolution
of flight, for instance, occurred repeat-
edly but in the last half-billion years, it
only happened four to five times.” He
describes the wonder that is flight. ‘It’s
an amazing adaptation, given how birds

%00 T 100! Squirrels can achieve ]
fiight with their arms and bushy tail

e " B

LT

Photos: Getty Images & iStock

20 8

-

THEN & NOW: The archaeopteryx fossil (above), the first bird dating back 145
million years, was discovered in Germany in 1861 — showing a complete set
of wings, it is not too different from birds seen today, like the Hoatzin (R)

are very successful beings, widespread,
diverse and long-lived — but avian flight
only evolved once. Some other things
evolved flight, like bats, insects and
certain snakes which went halfway.’
Even as you ponder the charms of flying
snakes, Longrich continues, ‘But the
avian evolution of flight was extremely
rare. You needed the right adaptations,
happening in the right
order, the most suited
environment, the right
ecological niches. Every-
thing had to come into alignment or it
couldn’t happen — that involves improb-
ability er unpredictability’

Avian flight has its roots in the
Jurassic era. Longrich describes, ‘First,
there were probably just dinosaurs,
jumping between branches. To stabilise
themselves, they'd possibly have thrown
their arms out on the side, like a sky
diver. This would make them descend
more slowly. Next, the integument, the
feathers and skin, could have expanded
to make larger surfaces which could con-

JURASSIC ARK

trol descent more effectively.
We see an incipient version of
this in squirrels actually which
have some membrane on their
arms. Evolution could then

possibly also evolved a big bushy tail
alongside gliding and finally flapping.”

Again, the chances of all this happen-
ing were slim. Longrich says, ‘Dinosaurs
began by gliding between trees — then,
one lineage evolved which could flap its
wings. Dinosaurs likely experimented
with flight more than once. A fossil found
in China has gliding membranes but
these are not like those of birds — this
could have been an independent evo-
lution which didn’t go further. While
they experimented, only one lineage of
dinosaurs got lucky.’

Longrich’s own research on the
archaeopteryx has been path-breaking.

start elaborating with feathers.”

Dino feathers wouldn't have looked
too polished. ‘Initially, these would have
been quite crude,’ Longrich explains,
‘Instead of bird feathers,
these would have been
more hair-like, meant
mostly for insulation. But
packed together, like the collected bris-
tles of a paintbrush, they'd allow you to
control descent and steer: As these grew
bigger, species could generate enough lift
to descend at an angle — so, you’re not
just coming down, you're doing so and
going forward, Creatures would also
develop control over landing — they'd
have large structures on their tail to
stabilise this, like an arrow’s flight.
Squirrels have a big bushy tail — this is
an aerodynamic stabiliser which pre-
vents them from tumbling. Dinosaurs

“The archaeopteryx is an early bird,” he
describes, ‘It dates back 145 million
years. The skeleton is similar to a dino-
saur’s, almost like a non-avian
Velociraptor, but smaller. This has very
modern feathers. It has pointed wings,
tail feathers and little feathers on the
hind limbs that act like a pair of extra
wings. It could flap its wings and fly,’
Longrich pauses, then emphasises,
‘Perhaps not very well but it could fly"
He describes his study of the archae-
opteryx fossil, ‘I wanted to reconstruct
the wings in detail. So, I started to draw,
tracing, barb by barb, every shaft and
structure — I then realised much of the
conventional reconstruction didn’t
work. You had these series of feathers
that alternate with the wing feathers.
They were so regular. Why was every 5

hey haven’t changed much’

other feather displaced rather than just
one or two? How did everything else
about these wings look perfect? I found
we were actually looking at two differ-
ent series of feathers — one was the
main wing feathers. The other was the
coverts.” You can hear Longrich's
amusement as he says, ‘When you sit
down and draw something, it forces you
to let the fossil talk, instead of super-
imposing your preconceptions on it."

Birds began evolving from the mid-
Jurassic period. The process was slow,
taking time — millions of years — to get
the right mutations. ‘Meanwhile,” Long-
rich says, enthusiastically, ‘There was a
big extinction event during the Triassic
eraand another in the later Jurassic. All
those also caused diversifications. This
is when we tend to see evolution being
its most innovative — things start
moving in the wake of a mass extinction.
After the asteroid impact which wiped
out most dinosaurs, bats started
evolving. Then came mammals.”

As birds, the successors of dinosaurs,
evolved, their wings diversified. ‘There is
a huge range of wings now. Some, like the
albatross, are very long. Duck wings are
really short. Someare specialised for soar-
ing, some for diving. Some are even used
as weapons, certain plovers, for instance,
having stabbing spurs on their wings while
geese have knobs on theirs to punch with.
‘With evolution,” Longrich smiles gently,
‘One feature might develop for a certain
purpose — but then, it turns out to be use-
ful for something else as well.” Yet, the
basic arrangement of bird wings hasn’t
changed in the last 100 million years. Lon-
grich says, ‘There is something very close
to a modern bird wing in the Jurassic
archaeopteryx. The feathers are primitive
but in a few more million years, you'd have
had basically a modern bird wing. So, a
bird wing to-_
day isactually
a living fossil
— it hasn’t changed
much. That’s also since

itisasgoodasitcanbe.'

I'M ACTUALLY PERFECT:
Being superb, bird wings
have not altered much
over 145 million years
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Dear Times Evoke,

It was wonderful reading about
how elephants communicate (7t
September) and to hear about
Koshik, the elephant who can mimic
human sounds! Elephants are very
calm, quiet creatures and their
gentleness always attracts humans.
We TE readers really enjoy learning
such amazing facts. Thanks a lot for
this beautiful article, TE!
= Priyanka Hirve, Pune

It was fabulous to read about
elephant communication. Through
Angela Stroder's expert insights,
we could understand elephants also
communicate through ear flaps,
trunk-lifts and head-raising and
they are not too comfortable when
moved out of their habitats. Thank
you for excellent information, TE!

lam 12 years old and | always

rush to read TE every Saturday. TE

enhances our awareness and today,

reading about elephants, | started to

understand that it is not just about

saving animal species — rather,

preserving our entire environment is
" critical in our struggle against global

warming. Thank you, TE!

= Nishka Agarwal, Pune

I'm a first-time reader of TEand |
wonder how I've missed such an
informative feature for so long!
The interview with scientist Angela
Stoeger was excellent. It truly took
me deeper into the magical world
of gentle elephants. | simply won't
miss TE in TOI anymore! Keep up
the amazing work!

— BS Rawat, Delhi
Thank you for the insightful
discussion with Angela Stoeger.
The article looked amazing and
Stoeger clearly described diverse
communications elephants use and
her team's research methods. It was
great to learn these facts during the
Ganesha Chaturthi holidays. Thank
you for the wonderful feature, TE!

= Sairam, Ponneri

Share your thoughts at:
timesevoke@timesofindia.com

Read Times Evoke enline at:
timesofindia.indi

india/times-evoke
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