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THE WONDER

OF BONES

Skeletons are the architecture for much of life on Earth.
Every single second of every moment you've been alive is
because of the bones within you, providing you with health
and life and strength. But your bones have a secret to tell . . .

Though we like o comsider curselves uniguely h o b ore
amything but unique. Lock inside the bodies of many animals and you will
come 1o reclise that our bones ore the some os theins, just streiched in o
particularly unique woy. This is the hidden beawty of animal skeletons - the
same old bones streiched huadreds of different ways.

For instance, dogs and cats have nearly ol the same bones o us, Even
though they wolk on four legs, if you lock inside thelr bodies you will see
thot the same bones are there: four fingers and o thumb, seven neck bones,
showlder blodes, o pelvis, a ribcoge, jows flled with familiar molor teeth,
canine leeth and inciscr feeth, The some is iree of bears and bots and mice
and meerkats ~ oll have the same bones streiched in different ways fo assist
them in diffesent shdes of lfe. Even fish, o very distart relative of curs, have
a skeleton similor to our own - o skull with o jow that moves up and down o
coe end, connecied 1o its ol by o loag chain of bones [vertebeoe) that make
up the backbone or spine. Together, creciures with bock bones are called
verfabeotes. If you ook inside the boay animals that live on Earth, you will
see a simple veriobrate skeleton adapted for a thousand diferent purposes.

This book is o celebration of bones, On its poges you can see how animals
ochiove 30 much with this simple vertebeate body plan. You will see how they

leop, how thay jump, how they sprint and how they flap. You will learn how

The story of animals and their success on Plonet Eorth is reclly o stery of
skelatons. So turn the pages of this bock, and learn whot makes the bones
in ws ~ all of us - 5o special.

There are 206 bones
« in the humon body,
though babies are born
with more than 300, This s
b , 08 skelotons grow,
some bones [oin logether,

The heman skeleton is
« very mech o mommol
skeleton, Mommols, such as
monkeys, offen hove hwo sels
of teeth: milk teeth and adult
teeth. Most maommals have
theoe Niny ecr bones. We give
birth 1o live babies, rother
than lay eggs with o shell.

Birds are oll thot is left
o of the dinosour family.
Their skeletons are adopled
to o e in the sky. Their wrist
bones are fused and they
have o curved brecsibone
ondo which fight muscles
omach.
Most omphibions loy
« ©ggs in woler that
hatch into finy fishdikes babies
[called ladpoles in frogs and
toods). Their skelelons ore
more fishdike and simple,
though some species, ike
frogs, are incredibly good at
odopling 1o new ways of life.

‘#’,;s

¥ you lined up every
« species of boy animal
oa Earth, most of them (more
than 28,000) would be Rsh,
Bony fish (Osteichiiyes) have
@ long spine that con wiggle
right and left ond o lower jow
that moves wp and down.

On the whole, reptile
« skelotons have four legs,
though some kzords and
snckes have bod their legs
reduced over many milkons
of yeors so thot they are now
logless. Most reptiles lay
oggs with o protective shell.




BONES vs CARTILAGE

Sharks and rays have skeletons mode of softer and more flexible
special cells [chondrocytes) that produce an elosticlike material,
which make the bones spring bock into shape. Unlke most
bones, cartloge quickly decays ofter am animal dies. For this
reason, sudying shark skeletons com be Iricky. Usually only their
toeth remain, some of which may turm nko fossils,

Cartloge Is not waique to sharks and rays. A loyer of cartiloge
is olso fownd on the lips of most animal bones, including cur own,
This cariloge allows bones o move ogalnat ane ancther without
wearing out. For this , It s someti lled ¢ tive
tissue. In bwmans, cur noses and ears are alio mode of cartiloge.
This is whot makes them so bendy.

WHAT ARE BONES?

Without bones, you and | would be unable to move or know
much about the world at all. But bones are about more than body
support - bony skeletons help animals in a lot of different ways.

All vertebeates begin life with o skeleton made of cartiloge. In the

early months of life, as we grow, our skeleton grodually b
reploced with true bone.

Protection
Many bones provide profeciion
fo the body’s imporiant argans.
n"l‘d.«"dm- L
ke a crash hedmet that protects

the broin. The ribcoge profects

SAAELY ¢

Breathing

In many vertebeotes, the ribcoge
moves in and out fo assist with
beecthing. A membrone covering
the lungs is adboched Jo the ribs,
ond without owr ribs we would
_be unable to breathe.

Tl WHAT ARE BONES = THE FIRST BONES
MADE OF? Haikouichthys is one of the fiest crectures to have hod
a hint of skeleton. This simple crecture lived 525 million

Bone is eight imes sironger
thon concrete. So what makes
it 30 strong? The outside part
of most bones is colled compoct
bone. Heve, liny cylindees of

years ogo and shared the ocean with many eary life forms,
¥ hod a defined skull and a loag cord of nerve tissve
running down its body. Though it wos Bitle more thos

o swimming worm-like crecture, within o few milkon

years this simple body plan would give rise o

: o vt ™ naw bronch of the animal famly e,
i Slood vessels tightty against one another 1o RS Jurhrobw, -
R B i supply cxygen |*° provide on armouslike coating. §
through speciol fendons. When : ond fuel 1o the This is whot gives bones their '
poll oa the boses and the : : vessels run through the centre
shelolon moves. : Spongy bone, : of each timy cylinder. This means
e - s "’"I R the sirong, : that imside our bodies, when
f e M .E we're alive, our bones are

octually pink!




LIFE STORY

change as the year: pow

THE SCIENCE B
OF BONES T T

Nt oll skelesons evelve in cbricus ways however. Scme animals
hit upon o skeletal struciure that proves unbeciable. Turtles ore

Sk s e with mi - up ahast ense every two weels. um::::;wm&mbmm%
time, replaced years ago changed very litle since this fime. Their
they become fossils. Fossil bones and skeletons are g, Lone, aren't only for polasontologisss. Amateur nauralists, heed shell, & seoms, connct be belered, 10 their evoletion
incredibly valuable to scientists, particularly scientists  archasclogists and zoologists also collect and study benes rom oppecrs 1o have sowed 1o o holt,

that study andent life - the palasontologists. animals that have recently died. These sclentists take measurements

S y dig up ond clean fossd  many of &h“mob:‘:’mbm“hm
which are sent 1o musewms where other sclentists will study and .
T B O R I Sl B d of ore il o bit covesed in Resh, they wie specicl beetle grubs
whom were loege and had big teeth, are paricularly prized. So ° - g meat off the >
for, scientists have discovered more thon 1,000 different types of v
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HUMAN REMAINS

Much of what we know about human history Is down 1o the
hard work of archaeclogishs who dig up and study human
remains. From bones, these scientists can gather information
abost the diet and culiwe of ancient people whilit also gathering
DNA to discover who the bones belonged o and where they
were from. By locking ot the chemical signature of bones,
porticularly @ natural form of the element carbon (C-14),
scientists con olso werk out how old the benes are.







BITING AND JAWS

Four hundred and thirty million years ago in the
early days of kife on Earth, o small family of fish

hit upon something truly speciacular. By evolving

a long, hinged gill bone clong the underside of the
mouth they gained jows, a muscular mouth capable
of pulling apart plants and other animals. This simple
bony innovation (called the mandible) allowed these
early vertebrates to explore whole new habitats and
ways of life. Today, the jawed creatures of Earth rule.
And you are one of them.

large canine teeth 1o grip and i\
pull apart prey as well o shorp
scissonlike molar and premolor teeth
[carmassials] 1o cut through flesh and,
occasionally, bones. In large sharks,
including the great white shark, the teeth cre
wriongle shaped 3o thot they slot agoinst dee
ancther, crecling o scisscelike edge thot con
out through Resh.

Some fish-eating vertebeates, such
os fuh-ecting crocodiles ond
jows with needle-like
teeth to pin down
escaping fish

In the modem oge, animals use jows for for more thon jest
ecting, Jows con be wsed o8 weopons 1 fight off rivols,
They con be used to hoover vp anis or ko snap at passing
flies. In snakes, they provide a mechanium for delivers
venom. In some dolphing, hey con be used o detect
elociricity, In the cose of toothed whales, they con be used
as o hearing aid. In foct, in one small fomily of apes,
jows provide o mechanism theough which 1o utter woeds
ond sentences. Thot famdy is Homo sapiens - human belags.
Every woed you've ever spcken come
courtesy of your jawbone.

MEAT-EATERS

mammals hove - '.'_
M“ CECUEEY o 8
often lorge
conine feeth.

O srsnnunnsnnnnnnnnnnn

The cornossials

(shorp molar and

premolor leeth)

are wed for

»  shearing through
fesh ond bones.

LEAF-EATERS

Planteating mammals often
teeth used for crushing leaves
and beonches. In giroles, deer
have been reploced by o lorge
muscular pod which can be wsed
1o wrip lecves off branches.

SEED-EATERS

Rodents are speciclised gnawers.
Their long incisces con chisel
X through nuts and other hard
. 2 Most rodents con have vp foods. These incisors are unuswal
. o 22 toeth with o lorge bmn'b'ymwng
AR R R R R R R R R R R ) ”w. I m'i I w
—_—— against cne another.

TOOTH REPLACEMENT
Having wobbly teeth during childhood is o
distinctly mammal thing. Nearly oll mammals
have two sets of teeth in their life - the baby
fmilk) roeth and adult teeth. In most coses,

¥ mammals lose an odult tooth it won't be
reploced.

Reptides are better able 1o reploce lost teeth.

An odult crocodibe, for instance, may go through
S0 sots of seeth in s Sletime, regrowing 3,000 testh
in sctal. The same is likely to have been frue for their

dinosaur cousins.

Sharks are moat famous for their ability to reploce teeth.
Like o conveycr belt, rows of razorshorp teeth grow from the
jow and are slowly Ripped around 1o the froat of the mouth,
An adult shark may go throegh 30,000 seeth in its ife.

BITING AND JAWS | 15



SPERM WHALE

Physeter macrocephalus

Right now, as you read these words, somewhere on
Earth o sperm whale is fighting with a giant squid,
deep underwater, Due 1o a number of impressive
adoptations, it is likely that the sperm whale will
emerge as the victor,

The sperm whala finds squid using a chorismatic glant shull within
which it the lorgest beain in $he animal bisgdom. Their brain is
tive times hecvier thon o humon brain, A set of complex argans
ataches 10 the 100l of the enormeus dull theough which powerkud
and focured dicking sounds are made, The echcss fom these
clicks are received and chanaclled fowards the broin thecugh he
whale’s lower jow. Lke dofphing, the sperm whale hunts $vough
echclecation

The jaw of $ie sperm whale has 18 %o 26 teeth thot resemble those
of & Fyrannceowus rex in size cnd srengh. Their konyg jows con be
wied %0 hold squid i ploco boforo swollowing, hough moture male
sporm whalos con somobimes use $hoem agoms! one another when
competeg for the attertions of o femdle.

Diving to exvome depn %o hunt proy i sot easy, Firtly, sperm
whalas neod power. Thay possass the largest ail for their size of ony

whale, which drives them deep into the water Sperm whale ikeletons

have odapied to cope with the mmerse prrsswre of the doeg soa by
evelving ribs bound 1o the spine by a special flexible certioge.

This hisgelite sructure allows the ribcoge 1o collapse a1 the

whale diver withcut thatering any bonas

Even wih e adaplations, Bey Pay G prce foe their :‘inop
dives -

ond hiny crocky ot signa douts of d«xo—p'nnrcn 1chren

adult sperm whale bones often show the sellicle ps

The Bexible ribcage
allows the lungs

to collapie to
occommodate the
pressure from

deep dives

Sall, theirs is 0 prey worth stolling - no ofher mammal hos

mode o med of giant squid quite ke the sperm whale

B T
.

The sperm whole's
hdedo”m LR R R R R
i to focate prey from :
many different direchons :




TIGER

Panthera tigris

As far os killers go, fow skeletons con match that of
a tiger. Every single curve or ridge on its bones hints
ot its predatory lifestyle. And nowhere is this more
apparent than its skull, Tigers have shorter, stouter
faces than many predators, Unlike crocodiles which
must snap of passing prey with long jows, tigers pull
down their pray with killer claws. Their jows aren’t
for catching. They are for killing.

Tigers have 30 teeth,
whech is fewer than
mot p'OdO'OH ",.7 ssssassensniensncenses
hove socrificed tooth
number for tooth

liges canines aro amang the longest of oll catsy, womohimeos

measuing up o 8 centimetres (3 in) long Tigers use them 1o bise

on the nock bones of their prey, ollon severing the spinal

ol o potential moal withi seconds with @ single bite Libe al

b Q <ah thoso canines ore lined with proswerosensitive nerves #Hal

Mlow them 80 use their leeth 10 fee! the locotion for the perdect bute

To administer thawr bller blows tigers have large holes (zygomatic
archey) on the sides of the skull through which impeosive jow
mace pass A distncrve arch that runs u!*_n'__: the op of e

shull the sogincl crow) increcass the orea to which thewe

mrackes can omach

Compared o ofhar mammals, the back foeth of Sgers om
espech ally sharp. When openin 3 OF i ¢ 0eng i ows, the m hars

s of the upper on d lower saw skt ‘*.101".14 :~f""“"".

ond proms

:|I'C ‘.-‘v. » Q POIr '_" A0S r‘l? "_):" ] 'L‘L'(_Z“ aws caer!
ONCOMOUL RrOLILTe GCrost ™ae mOiQrs, meaning that thein tecth
ore strong enough %o sheor through soogh Resh ond even bone. A
tiger's bite gan generale seven imes the omowet of preswre that o

human bae can

Evon the kont 1ot [inciaces) have a lunchon. Tiger incisors can

De used 0 ship medlt from bone or, cccosonally, %o Pluch feaers
trom buds. These a‘.',v.] with the g.ant romslocing eyesockets
[orbit) that conain encrmous eyes hoe spofting prey, and the
orlcrgod shll Bt houies an improtive brain, gives Ngen o wite of
bLiller adoptarony few prodotors com manch. The tiger possesses on

almont WOORG sod o | r.-(‘vvvrwl bee rn\-h.'.] ond kilking prey

Tigers hove long
bomes in their hind legs

PR

o"uw.-ng them to speng

onfo unsuipechng peey. = /"_

i~/ A
TET A

P 34
o il

a4
f H\IA
AW A
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Whde humens hove
33 vertebrae, sncket

,+... - can have up fo 500 rereer- -
oy . .

vertebroe, depending
o he spetios
-

~ 4
-~

-

IA"' ke b-'inl and

pythons, rofiesnakes

.-—/_ _— have mo remains of

o pelnt or any other
verbigiol (once formed, [°°°°°°1
now useless) imbs in

ther sheletons

——
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”
- ~

The eastern

diomaondbock Aas

. the loages! fangs
- of any roMlesncke
. for ifs size

EASTERN DIAMONDBACK
RATTLESNAKE

Crotalus adamanteus

Occasionally reaching lengths of 2 metres (6.5 1Y) or To pull lorge prey successfully down their $roat, inckes

more, the eastern diamondback rattlesnake is the move $e left and right sides of Seir jows independendy. Using
heaviest venomous snake in the world. It hes hidden Japret y = A ,
and waits for passing rots and rabbits to accidentally RS PP ]t > Ty o
mave 160 close belore striking its venomous fangs LG T - < i r 2 :“ RIS
towards them at lightning speed. shomach: Thetrs ke shels L '
" " R 3r 3 mio the 1 yshee » wlewnot ses o o ‘
o s 10 oct as the ¢ f befen oW v threatoned by preda they 1 1O0r U .

j : u" - ) r - W [ ¥, 4 URINGg porwe
oW ' i ) ated y | ~ wi o w nacked 10 the s e with the o
W . ' o ’ 2 ' As the name im ' Mo beir
- the jow = many of the bones Hat! make vp o nake's sk A The ra¥esnchke’s fam - o rade ™
hitt and move ogons ofher, haig fogett cosely by whed sb than bone. T " work yt
claste ligaments which can - bonet bock ko pRoce offer being e Fash & T be he g Uy s
straichec l'vr'r..«, Bt maant hat anckes can swollow proy

y imes Be size of their head



DIGGING

Moving through soil takes time and requires an
incredible amount of effort. Yet, for the animals that
master it, this subterranean way of life offers rich
rewards by way of untopped food resources and
shelter from predators or extreme weather.

The skeletons of most digging animals requise something spodelhe
15 move 30il. In moles and cther smaller sublerronecn mammals,
it is the paws thot peovide the digging serfoce. In armadilies and
anlecters & is the caws. Many toads use their hind legs os spades.
By churmning wp the soil around them, they con shafle bockwords
into the soll leaving cnly their eyes exposed. The African bullfrog
can use its long back legs 1o dig channels that peovide waler for
its developing tadpoles. But other animals use o host of cther

- THE BIGGEST DIGGER

For a long time, a serles of enormous burrows known from

Brazil mystified scientists. Up jo 2 metres (6.5 i) deep ond

. 4 metres (13 ) in width, the covermcus hunnels were thought
: %o be archaeclogicol remains of some kind. The truth hned
¢ out o be for stranger. Scraich marks wese found on the wolls
¢ of the coves: the tunnels hod been dug by the clows of on

¢ unknown giant mammal.

We now know that these lnaels were dug by the extinct giont
¢ ground sloth, a cousin of armadilics and anteaters. At 4 tonnes

[4.4 sons) and mecauring up 5 & metres (20 & from heod

o toll ihls it lbivere possessed skckia-shaped s
. usebd for digging and pulling down sall branches upon which

it would feed.

HEADBUTTING

Coecilians are worsrlike amphiblans that dig through wet soils.
Alter anchoring their 1oil into position, they thrust their heod
through the earth ke o bollering ram. Their skulls are poinied,
ond fused in vorious places 1o provide exiro steength.

SAND SWIMMING

+  Golden moles home in on the telliole movements of insects by
:  lesling for their vibrolices in the sand ond then “swimming”
towards them. Though not closely related 1o rue moles, golden
moles possess the same bulletshoped (Fusiform) skeleton and
the same powerful forearms. Instead of spades, each forecem
ends in something o litle more ke o miner's pickoxe,

TEETH TUNNELLING

The acked mcle rot uses its long inciscr Meeth 1o lunnel.
Noked mole rats are rather like ants and wasps. Sterile
workers are In charge of digging tunnels 1o find roots and
wbers. Together, they chew o knnel sysiem that can sireich
vp 1o 3 kilometses [3.10 m) in length,

DRILLING FOR DINNER

Woodpeckers are famous for their long, pointed
becks used o retrieve burying grubs and 1o make
their famous ‘ratadat’ coll. To aveid beaindomage,
woodpeckens have platelike bones in the skedl that
have a special spongy structure ko help distribute
the impact of each hammeelike blow.



EUROPEAN MOLE

Talpa europaea

The most colebrated meole bone is their extended
wrist (sesamoid) bone, which has become almost
claw-dike, In life, this strange sixth finger is covered
with skin. Unlike true fingers, it has no joints. This
unusual adaptation extends the surface area of the
pow whilst adding strength and extra firmness to the
digging blades. Mole paws ore, quite literally, like
giant shovels,

Molos oro one of o fow mommaly o have had ®ewr 1somo.d bomes

odepted in such o way. Othets mclude pandes [ler grasping) ond

clophc"'i “L_‘,, .l’n‘.‘\)l-’-_'] ~|-..;:"| Sesamoids are he go-40 bones for

D:\:'-llv'-g rew '105<'l # eems
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Maoles are hghly adopted 1o detect end then Ll peey, mostly
beotles and carthworma. Unlie othar small mammals,. mole

shulls have a lorge emply spoce at the frost i which are found
unus arrangements of curly bones called wwebinates ot improve

$e mole’s sonse of wmell. Their tooth are sharp eipec

Qe vppar conines used to bite and porolywe thew invectebeate

jonimals without a boctbons) prey, which they carry % specwal

vadotgrcund lorders Males can ee? arcnd haoll of ther body

wergh! in worma and afer invericbrater cack day

Wu;u_-_;» You hay never have contidoted them 10, moles ero
extremely wellmuscied. They possess enlarged levershoped vlna

bones in Swir lorearma which cllow more wp

on for the grant

msclos required 1o push thrcugh Per whierroneon hobwor

The fvo frost

'.I'_"ﬁi Qle

permanondy

tened outwords . [

In foct, maost of the bones in their borecems oro covered

with spoc ol Ld]h‘ ;;.n;lb\‘j processe ) ontor which macies
ond tendons anach, and a special extension bone called the
keel 610 incroases the surdace onta which %e chest lp&.klu'\
muwclos cdach. Some moles can =g tunnels 200 melren

(634 B long, which is aqevalent %0 o human digging

thie lometres (1.5 miles) of soil with hs or her

L-)’k‘ "')'—Jl

With their wellmusded p-heavy deletcn
)

moles are built laie on Olympic awimmes. Yot the

subsionce they swim through zn't woter. 8% sail

dvul'u‘\‘al‘.r neckced - eyer sorve no
prrpode in o workd withoot fight

The eye holos {orbits) are
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PINK FAIRY

ARMADILLO |

Chlamyphorus truncatus

The pink fairy armadillo is the world’s smallest and ond o harde:

most secretive armaodillo. With its torpedo-shoped p of inter
skeleton it burrows beneath Argentina’s desertlike Armad
shrublands, searching for ants and insect larvae, the ev
n both it ot and hind leqr are encemous rws Jor & ew
n ¥ ) (% | ) ) 1 v Ir
- A ’ : ’ apa ) use i
~ ) ) y ' 3 ‘— '
be vied
1 X rt anag Dony oring his | 1
roYect 12 J w yors, on pot =S ¥ i
(V) IS0
e ' ¢ ' t 3 in mommal horn, how and
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§ W N

The armowr is
formed in 24

sechons that com

Oessene

overiap, cllowing
the pink foiry

armadillo to roll

into a baV¥

§ b - on e
3 od doem
) > l 1 v » «".
oct, Dereo® ‘i
borthe
e dramatcolly e |
ent M i hav
loce plotes whach
d of excess hoat asd ’h:-:;; the baody

re what give the pink foiry armadilo i

saly, when it gets hot, they bluth

Armodifios hove
«+{ molars like those

of o robb#

-

sarraRRsaE T AN,

(1} B
armadiio are 0 long
that # con hove trovble

walking on Bat syrfocet

' T od thon of armao
Hors ¢ t peod v moat

) ) L nk Aairy or
rolective ba

Armodillos, amecters end tee dcth: are a dishinet and veuaual

port e mammal fomily ee. Thay gt colled xenartheans
|meaning ‘Wwange ints) because their vertebroe tnk 1ogerher in
) WOy Son "‘u-'.s the lower back and ¢ ps, olowing Yor o

¢ powerl digging s -

The claws of the me fo"y
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GREATER BILBY . -x B

Macrotis lagotis ok

The greater bilby is known as ¢ “sceotch digger’. Eoch
of its forearms works like the budket of a mechanical
digger, dawing sand downwards towerds the hind

legs which kick the sand backwaords, When furiously ears wegger thot
pumping these bucketlike pows, an impressive the greates biby
amount of sand is shifted. Within minutes, the

The well developed

hos escellent

them ot hilbies have been known o o v axtond tho hunsal in

sesanssencancd | . T

greater bilby can barely be seen at cll. . waring. They eve
- hairless, which

Bdby she®ars are speol shaped burrows wp %o 3 metres (9.8 1] long . may h.:p “‘g‘“.o"

end 2 mebres (6.5 1 deep. When hung vy Shemet ¥ dig E body femperofure
-

the othes deechon 10 oot out of Parm's woy

lo maximaio the rate at whch h ar=a can wroteh v ond down
the greoter bilby has shorter bores in the forearms than many
MOrEeais. ¥ alio possesset Pree S0t Ciaws O Avear =y

clong with two usclawed Yoo St help swoep send downwerds

Unlike moles ond lary crmadifios, the greater by does not spend
ol of s fime .r.icrgrr,-.r*d Inthecd . it maves fram buortow to burrow
sOmenmes OCCUPYIng home Tamges Rt Span DCToNM 5 kicmetros

(3. 10 miles). Alfvough they possets hangorochibe bones in the hind
logs, they fot upon ol four lege whilst meving, rocing bachwasds
D'\i ‘O“a‘d‘ " a monnes »‘3' 1 Smost '.L" [+ r.'L’LI.’\] hﬁ'l.

Living i $e dry, arid regicos of contol Ausirlia mocns that 1o
survive, $e grocter biby hat %o find & vorie®, of Sood sources

: The grocs
Greoter bilby toeth ore able to pell apart o ronge of lema, : ey -
including gmbl, ‘\:\34 soody ond huit. Their ong. polod shul 5 bilby has o to!

is adopled for perhing into tha 1ond; o behavicur that thot endsin o

helps them smel Sor potental lood beried nearby 3 spur or nanl-lke
dructere, and

nobody i sure
yo! what funchon

Like ol manupals, the groater bilby hat a
powch. As with womboh and meesuplal moles
thelr pouch posets backwords so #at it
doown’t 1l with sond whils diggeg this sfroage fail

performs

The wel-developed digging
forearms weigh down the
upper bady, meaning that besesseresessasrsasrarsasrsesanes
when the bilby moves ¢ s do .
10 on four legs rother then Mo,

ssanssenO
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To ctsesd tham with gripping
branchey, the koolo hat
two opposoble thumbs on
eoch pow. Their second
and third 4oes bave oo
Unike moakeys and /8 ; fured, crocting a muscular
apes, sloths have b | /1 > wperfinger’ with two dows
odepled to life | / !
without evolving
fingers. [nstead, they M
win large, sickle-bike
tlews 1o leich onto the
branches of trees

Using their opposoble thumbs,
chimpanzees can carefully
wlect and prepare special
whcks that they com use to Bsh
for termites or anty, and even
to scoop the morrow oot of
the bonet of monlm like &
sort af pnmf.-vp poon nwy
have even been spotted wiing
sharpened wicks for hunhing

e

PREHENSILE TAILS : BABY ON BOARD
Some animals have long, muscular : Some animals use their jaws as o grasping device 1o carefully
tads that help them 1> grasp objechs :  pick vp babies. Crocodiles carebully scoop up their youg in their
or thot allow them 1o hang from . mouths, keeping them safe from snckes and cther predatces.
By turning the pages of this book, you ore doing Primates evolved grosping hands as an adaptation 1o life in the neasby vegelation. These ave ; :
something most animals cannot. A complicated trees. Over time, their clows gave way to flatter fisgemails and proheniile ails, Sechorses use
network of 27 bones in your hand and fingers is large Reshy fingersip pods to cssist with grip. But grosping is not their prehanslle fails to anchar
allowing you to grasp and carefully manipulate unique fo primaties. Many other crectures hove bomy adopiations themselves onto seowseds 5o
' = . Only | A and apes 1o assist with corefully gripping o host of objechs. thot they aren’t washed awoy
Try using your themb 1o touch each of your fingers. Asimals thot by srong cuments. The socalled
cr:nnm:ouﬂobdmoddbbmy::'om&bwﬂ ::l-ho-d-:-w
Ul et i o s o e s e el IR XL U e o SN SRR O Sy
ottached. They are pulled by special tendons that atioch o muscles
in the palm and wrist. You can see these tendons moving when you

lock ot the inside of your wrist whilit wiggling your Bagers.
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g ) '.—.‘.J.‘;

et
.

.u‘:

farge zygomahc

qb.(. combined with
o (i ‘p. (prognothum) and
Ous canne teeth mobe

bites very powerfel

Lke off apes
(inchadhng hvmoant)
she toul 1t dromatcaly
reduced ond hos
shortened into o fused
bogh col'ed the coccyx

The long. curved
fingers and oppotable
thumbs are pecfect for
gemng orcund and
g foodi. They Aave
h_ﬂl dngwn 'o vie
sheks fo get food o
well o1 usng sheaes
1o cpen nuty ond frud,
and cruthed feave:

1o ook vp woter

.

‘

= //

CHIMPANZEE

Pan troglodytes

It is almost impossible to look ot a chimpanzee
skeleton without noticing the similarities to our own,
This is because, like them, we have inherited an ope
skeleton from an unknown ancestor that we shored
soven million yeors ago.

look closaly, however, and you will notice ¥e differences
Whete humen bones ere adapted lor marafoncunmerlile
enduronce, chimponzee sheletons retmain more =ultipurpose
adapied for a forest hobitor with many unigue ways of finding
food and water

;|l|' the arms f."“d hamﬁ" The b‘mv}\ withe e hands T-‘
chimponzees allow kot manipulation of object: but else,
'r..'.r,!'v "'\ny can l'— \lwd o3 oxha |n|",r-‘»'h o osus! movement
hlm,'x‘.r‘ feo p’-:langc: 1o bones in he handi and ;\14'.0} are long
and curved when (-:mp)md 10 our own, which is on adapation
s0on in ocpet ™hal ¢ imb and wak en heir bawchles. Yot their
arms are also vaal for supporhing ’.-;d", ~!:|3'Fl This qw;-.“up:d
fewyle means that chimpanzee sheletons d#er i fair posre
compated %0 human, Chimpanzee legs ore set wide oport, and
L transhey e we-sk' from side 1o side when "»c,.' wolk. Thew
pelvis s long ond thin, providing a rigid stuciure ot beept e
vpnght w th minimea! effort, auivted by ‘ong bones wihin the
forearms that Wpport we -:,'m Most n._'hrl_ni'."y the hole through
which the P nal coed prags ink the skl (the foramen mc-:]'w-:v
is ot the back of the shull in chimpanzees ond other apes

$eir torse hits behind the stull rabher then balow #, Tite ow own

Uko ol opes, chimpanzees have thuméis capable of moring
trooly and independently ~ $ so<alled opposable thumbn
Yet !‘my possess sormath 9 weo do not C himpahroes possess
a lcethumb on each foot. This elcngated toathumb is vl for

grpping branches and runks whilst climbing

CHIMPANZEE |
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‘GIANT PANDA

Ailuropoda melanoleuca

It is mind-boggling to think that the Western world
only came to know sbout the panda relatively
recently. For millennia, this charismatic bear hid
amongst China’s bamboo forest, unseen even to the
humaon residents with whom it shared its habitat,
Then it all chenged. In the 20th century, the panda
rocoived glebal attention, and its host of unique
skelotal adoptations became known to scientists for
the first time,

Pandas are almost unique omong mammals because they possess
o entra finger. Rather than the standard mammal powplon - four
fingars cnd o fumb ~ pondas possess o sisth ‘Bager’, which $ey
use fo grip bamboo whilst chewing. Though it does have a lough
pad like it other Bngees, $is axtro fingar is unuswal in thot # has
no claw and It cannct bend. I is net & ¥ue linger, bot 1other en
extension of a sesamoid bone in Fve wrist. For fis reason, many

scigafialy refer fo this extra digit o1 o ‘prevdoBinger’.

The only cther bearlibe animal 1o have evalrod a similar sixth
‘praudofinger’ is alwo 0 bombooeater - the red pando [octually
not o ponda, but o weaellde croature). Notural selection does
Mis somohimes n'rkhn-g fhe some bones in d sontly related
croatures fo got the same job done. This ia caled convergent

evoiution

The panda’s shull shape is thot of 6 oncecamivorows bear thot

is evolving ko become everenare vegelarian. The wide molars
have been coopted for chewing plosts rother than bisng thicugh
bonetond‘wy!\cvvnowbocmub-lln‘e*owo'ohoru:x an
clephant, The rygomatic arches ore wider 100, alowing for larger
and mare effective jow muscles Bat provids the power %o crunch
mwnch ond swollow

Pandos alo possess 6 long toil, at least for @ boor. Thaugh only
10-15 contimetres [4-6 in] long, this tiny white il has #1 wies

Mast notobly, # can be used Ske o paintheush 1o tmear speciol

odows thot come from the ponda’s bottom ente sccks and reer
These stinky secretions help wild poadas keep in 1ouch with one
ancther, Theits is the longest of ol bear tails, second oaly 1o the
sloth beor

Compared to other bears,
pandas have fewer vertebrae.
This may be an adaptation to
help pandas spend more time

sitting upright

For P e size, pondas
have o bigger skull
than moat bears. Thew
sko!ls are Aled with
musc/os that help

the = -hew bamboo ’

The skull ond teoth have
odopted to chewng plants
over Ame, ond ther molors
now resemble thote of
horses o elepho-ts They
ore seves hmet lorger

'Mﬂ those of @ human

BRANsansarannan

On their hind legs
pondas hove thorp Fessssss« TORRERY, |

<
clawt which help

them to chmb trees

GIANT PANDA | GRASPING .“«ND
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MONKEY

Alouatta seniculus

For howler monkeys, a life in the trees comes courtesy
of a tail almost unmatched in nature, Wrapped cround
o branch, this long tail can easily support its entire
body weight, Creatures that can monage such a feat
hove so-<alled ‘prebensile tails’,

To allow greater llexbiley, $e xail bones (versebeoe) within the o

of the red howler monkey ate numercwa Theugh smal sadh sy
14 -

bor many lame muscle attachments This means that

ls ore for stros ger $han they ook Almost like the
3, the red howlor » oy s o can gnp, pe )

nd manpulate ilems of feod. The red howler

w0 used o bolonce whilit climbing

Asweolas o qrasping i, howlers have hands ond teet which have
wide separations between the socc d ond third dig®s of the hond 10

provide exho grasping < phona

To aiist them in their lectbased diet the red howler m "'u-‘, has

a larger jowbone than other howler markeys. Their jows condaing
N, shoanng olar seeth for ¢} ewing and diceg ot mafer

Bereot this |OWDONe 1 ON YHUsLO bony stuchure coled he od
bana. This bore worka e on echo chamber, allowing howler

onkeys %0 make arguably the loudest n

Ihe ab ming o hot oe he

3. 10 m) o Howie Loy 1"
Narnilory J on Qe 213 30 mow

‘awer w.'r‘,L-,: =3 J C among

ng a hairless patch Y [ . s

with Fpng © d car ' "
- -0 patch hos a hings wh
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RED HOWLER

Howler monkeys call
con be heard from “w
1o five km [J m) owoy
They cre able fo make
wch lowd acvses deve to

thew hycd bose. They

oho have o very large

rmendible (jawbone)

V4

SRARRT AN,

Rod howlor monkeys have oo

ipecolied rhumbe. Wit the

bandy, they grosp most oBrect;

7 uning thew secosd and thied digih,
) 0 growp knows et whzodochly

A red howler
monkey s fedl nt
60-80 cm
(23-36 in)
long, ond i
ety sirosg

M con suppovt
the monkey s

eahire weight




TAKE AWEIGHT OFF

Theee is one emvircament on Earth that allows some animals
1o grow 1o @ larger size ~ the cceans, Being denser than oir,
woter provides a cushion ogainat the effects of gravity. b is no
srprise thot the lorgest mammals on Earth exist in the oceans.
Some, like the manates, can no longer reten to land -~ it

Y- ‘ body is koo heavy 1o support the skeleton,

HOLDING
WEIGHT

Though many science-fiction stories like to imagine
giant creatures like Godzilla or King Kong, the truth is
that bony animals on Earth could never evolve to be so
large and walk upon two legs. If they were, their leg
bones and joints would fracture like tiny twigs.

This is becowse animaol sheletons are pulled downwards by an unseen

feece, grovity, The scaling lows of grovity meon thot increcsing the
size of an object by ten fimes would make # one housand Simes
hearvier. This cowses problems for giant onimals. The lorger an animal

becomes, the moee it must irvest in bones 1o keep it rom collopsing. ::'; ‘
Longe vertebrotes soive the problems of gravity ivcugh o variely of b‘— |
sheletal adaptotions that help 1o keep them from foling apart under their 9 |
own weight. R
HOW DID THE
DINOSAURS DO IT?
The kingnecked sourcpod dincacwes
reached a size for grecter than we see -
in modern-day onimcls. Some species, < i
T ? 2 = | : The bones in the boll and | £
ware longer than fhees buses and may & | The lorgest bone in many :  sochel joiat woeld nof withstend [
R atgland o i i alogdr § | londiving ventebrotes is the I incradible fricion without these |
The secret o their size wos o complex S | thigh bone femur). This carhlagmnous zoner
m:ahps-a.h::;ub:d g : -ud\dhmm:m :
srong. Saerapods also hod glant cyliades | sheleton and is loaded with
shoped logs, with bones that dwerf those g compoct boms. I humon, e hWEARANDTEAR
of modernday animals. The femer (high | the femur con handle about B lorger animals, cartilaginous zones between
bone) of Argentinosaurws, for instance, was ; | 6lomes (6.6 ooy of - each bane become ever mare important. This
significantly longer ond heavier thon an | pressure ~ roughly equivalent s | @ squishy boee octs o bit lke the oil in a hinge,
odull hemaon. _t 1o the weight of kour cons. ¢ reducing friction as bones move ogainst one
—~ e :  another. Even with this usefdl adapiation
5 | however, bones com only withstond the forces
‘E | I of grovity for 50 long belore o ronge of
| I ailments ocowr. In humans, bone ailments most
:  often show themaelves os bockache or joint
pain in the legs and hips.
38 | HOLDING WEIGHT HOLDING WEIGHT | 39



WILD HORSE

Equus ferus

Horse skeletons o ear to achieve the im ossible. olowing fe stability tequired 1o support such a heavy bodied Abhcugh hooves book Lae unique shedete! odditions, eoach Marny modern humans shil depend on horses for travel, foe spon
S Y PP ! S ) -
They allow o lorge, heovy-bodied grass-eater 1o creature whiat iprinting Cther odaptations alow foe grecter hool reprosents ¢ tingle mame=alan finger that hor adapted lor work ond foe farming. They have almost unrivalied strength
Spf‘il\' for longer and faster than any prudu'ors. mcy woed. The ong, B shaulder blades enchile a lengthy inde 1o hotd wwg"' over millions of yeors Their ancesters’ loauls and athiehciam in ncfure
- - 2 This, olong with the long limbs, aliows ™o hore %o cover wages that the othor ".'-*r-v-. whronk 1o be P meumin the number
achieve this feot through o host of adoptations, mony o : -4 PR . Horses ovolved over milions of years in grasskands rich in
move dudonce with e0c eward thrust of s Leb of joints in the foot reduc Q the numbet of components that can

ors, whote only the fovest ¢ ot ahlete individoals

of which are as much about reduding weor and teor

wher weoar and ear domoge aver time, In elect today s hooves

as they are obout adding strength and power. Mot celebroted of al hovse she'etel odegtations cre the k y o . Thairs is an origin story ke Sow othors. One writien in the
- ocf ke running biades, and are mcredibly eMicien! of abscrbing o s
. ; hoaver. Thoso oot like theck cbsarbers whilst e hore Sops "-n' =3 e _‘4"\ PSR . footprnts of ancestors - footarninty that became in e # yerponk
the limb boses of horses, one con see dearly the fusing of 2 N - b o . ing Y. ™ very fe'w part
: s ruoning, distributag enorgy evenly back it the kmb

. weightsupporting e like o 4 -
b nt and Be D0 and hbwio he b i
t bonos lim - ’ ~a movemont ol the limé

Haries have lorge eye sockets that

ut high up on their thall grang them

o Vihon

of patental predotors whie the

heods are in the Gras

Hoeves” toeth continve
' to ecupt theowgh the

gums ot the grinding

sorfoce of the feeth
tf warn down by

The different ways mat

L
amnmals move ore colled

: gots. A horse con walk, e,
[ ot sssnsnnnnns “wmq I ~\.'m all
e o ltes Gk, everoging

4048 kph 12530 mph).
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vorfebrae. It i3

The tusks pratrude |
2 - L'”"”“‘PF*'I“'ﬂ
ond ore in foct glont

used mawnly fo

swot awoy fles
Ll

mommaohon inGiors

T e

The radées and
vlng have hwrited
and fused, givieg
them extro strength

and suppw'

e /0 //40’ l AV‘-

!
by

BUSH ELEPHANT L

Loxodonta africana

At olmost 4 metres (13 ft) tall ond sometimes Unlikis in many herbiveecus memmals, the elephert pelvis points
weighing more then 10 tonnes (11 tons), the dowmwards vt ike in the human skeloton Likowire, the forelimbs The tx»m::l the olophant'4 fuot is moinly composed of Thete tusks, prized by poochers, are litle more than highly
: : . sloce by o por of shedy scapuloe {shou | fatty tissue, rlossic properti incisor & feoth i

African bush elephant is the largest, heaviest ore hald fimly in place by o por of shwdy scopuloe {shoulder APl Nty Ratvs, SN IS NS¢ IO S mdﬁ.d.mnw O They (SRR VRIS e v Jhe
G S TSR L L blades]. The lower bones in their lorelimbs e radios and sino) help turn ecch foct into a gigantic shock absarber when olophant’s fest year of e ond grow continvously of a rate
°"_ °"'"‘. on Ear ° Y. 1TSS 1S an ane are twisted ond heve fused, which provides extea sverh the elephcnt walks or runs. This is why elephant footateps of around 17 ¢m (6.5 in) a yoor
built to withstand gravity, ore 30 notoricusly quist :

: ¥ ! The Alfican bush clophert spreads i weight upes five frue soes Like the lorgest dnosaurs, elephonts bave hod 1o dedicote
Most noloble about their skeletons oce the four piliardke which romain Feddan within o layer of Ssaue in e, covared wisth The Afnican bush elephant has on extremaly large skull held vp much of their skeleton 1o the demands of holding up their vou
They harg like columns beneath the body ::":"d‘”"? direct tcugh skin. Like the panda, it hos an an enlarged wrist {sesamod) by the vertebeoe in its nock, which are shart oad nearly bulk. In foct, the African bush elephant skeleton occownts for
suppart underneath the barrellite ske -:":” he log bones of bone thot woeks & litde like & sixth finger, olfaring odded support horizontal to the ground. These speciol neck vertebroe have 16 per cant of ity 10tal body weight, nolably more than mast
the Alricon bush elephant am long and thick ond filled with o B aedl G2y odded spiny hocks onto which musdes attech, providing the mammocls of such o lorge size

~~3"'~': gt viroatrengthe q 1B ng that mohes Them almoy

spongy In ploces

power needed 10 R the skull end its two enormous tusks
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COMMON HIPPOPOTAMUS

Hippopotamus amphibius

The common hippopotamus has a skeleten built 1o
sink. Their barrelshaped ribcage, heavy-boned legs
and enormous skull provide the weight necessary
to bounce along river- and lakebeds, which they do
with o peculior kind of grace when under the water.

=

he common )-yH_.,-"_-_\;"‘.-. ~angs 1.5%000e |1.65400) w:--_;.‘n'

upcn a thick spinal column, mode of extro trong vertebege thet )

d irom £

and help consain the hippo's escrmous gut

am. Theit 13 slout rds ere bent inte

As with elophants, e shouder

ofochn

’
she

4

vortcol pilaeiile

The comman h‘r DOPOAaMAS

3 4 on eve ved 1o bear g

arry thow

ot which pec

O Sondoshe

Blades

..,.-‘,-'H on land

violon? Serrdon

’:';"‘.

wopuioo) pont downrwards

vidlo 0xHO 3 Dot

oxompe Of 0 Qrovipo riol’

00, running n shott

s per hour [18 =ph) on lond whilw

ality is what makes h PPt

Some areas of the common
hippo’s imb bones cre
osteosclerotic - espeaially
strengthened with

| compoct bone

Hippopotamues have o very lor

shol

o9 jows with o hinge that i

bock in the This ollo

s hem o O ar oW O maont

180 degrees. The oye sockets jorbits) ore raised onto the tog

}he shu Wiowing the hippo 1o scon for nivols whist sl in

the water

heir toeth are vary large. The lower canines and ‘ower

s of the ©

INCVROY CEMON Mppopolamus can measure more thon
centmetres [15.7 in) and, as oty they

. ot ife and con be shorpenac grinding them foqother
They moatly eat grass, #ough they wil so=etimer eat carticn

|Gecaying dead animals) when food 15 wcorce

A hippo's bite
focce can excoed
8,100 newtons

conhnue Growin

-
These seeth are used o

oo

a8 Woapons

ring aroch

wadle oder

2 With hevCer

Y inc

smbet, d P -J_-vrd o3

They con alwo

1 soginal crewt on the she

the lorce of o

wd 1o omock

a warning o




JUMPING

For bony creatures, becoming airborne even for a few
moments requires a lot of energy. Yet mony animols
need to hop or jump to stay alive. Some animals,
including jerboas or wallabies, jump to travel from
place to place. Some animals, like frogs, jump to
escape predators. Other animals, induding antelope
ond goats seem to jump because, well, it's fun.

46 | JUMPING

FITNESS FLAGS
Moy gross echens ke springbok indeige in o

2 matres [6.5 H vertically inko the i, kiting ol foer
foet off the ground in o siff stance, while bending
worth chasing.

But things that go up must come down. The sudden impoct of
londing pets enormous siress cm bones meaning that kmb bones,
particularly, must be able fo handle many times thelr weight or risk
beecking or sholtering to pieces. For this recson, oll animals buik
for jumping are also buih for landiag. Some animals, including
kongaroos ond hemaons, have found o way of recycling the force
of impoct, turning 1t into a springboard for the next leop.

LAUNCH IGNITION

Mot semcill binds jump into the air os they begin 1o flap their wings.

Fer this they requice powsrful muscles aached 1o their leg bones,
In starlings, 90 per cent of the ensegy invelved in vpward Ickeoff
comes from the legs rother thon the wings.

SIDEWAYS

SIDLE

The sifaki uses its long legs 1o
jump between bronches, but

sometimes it must move along
the grovad between trees, It

jumps by leaping sidewoys,

fee bolonce.

: Mowalsin goots ore well

keeping its hands outstreiched -

MOUNTAIN
RANGING

known for being able
16 jump up ond down
stoep cliff foces. Powerkud

- SHOWING OFF

. Upon its long legs and ioe bones, the male lesser floricon springs
:  indo the cir. Afler an elegant flop of i wing it folls bock into the
. gross whilit pulling o stotuedike pose. This sirange mating disploy
* Is underiaken hundreds of fimes each day. The tollest and most

. statwelike jumpers oftract the most femoles.
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—~— 4 LT, Fl
Some jerboa species con & A 4 2 o . "o

manoge o distonce of
A olmost 2 metres (6.5 1) o

o 4
a single bound.

Maoch hike the
cheetah, the long
tail is used o1 0
counterbolance
while running

Cansensansnnnate

LONG-EARED
JERBOA =

Euchoreutes naso e = T LA 0 O\, @

Deserts and parched grasslands offer little by way Thaugh they have & body almont equivalient in size o a chickans T longedned jerbon han o tail almo fwice a3 lasg a1 i bedy

of food, but the long-cared jerboa has made such egy, longearod jerboas weigh helf as much. Rether than relying o A lale like @ car with fowewheel stoering, jorboas we their long In addinon 1o [h() enlarged
habitats its own by quite literclly making every an meacle, which i a heavy fissue, the longocred jorboa mlies 1ol ©s on ecergyeaving countorbalance, cllowing them to change . s o

step count, on specsal tendons for locomation. These elasie lendons abaorb dicechon quickly whils! travelbng ot high speed. This afows them middle-ear cavities, jet boas have
! ‘ : : v the enorgy of each foot ~ landing, recycling and reusing this o dodge and weave the advances of predators inchuding their lal'ge orbits (eye Sockels) that
lerboos sprng themaelves forwards by colopuiting teir lightweight erargyy for the next pusholf, Esseitiolly, each fime i lands, the . mortol Gy, the Tade owl

bediet off leng, hused bonet within their Bed feel, Almoat like =y
‘-)rqqr.:-\‘u rl" range ‘v.:m (n'-f):n L) pl.)-‘(\ n w-'h 0‘ insect proy

and predator.
which thay detoct with lorge eons and kean ey The longeared jerboa depends on imvects and spiders for food ' f
-

help them to spot both prey

lr.ngonrrd jorboo is rrnfm“t\“ into tha rext stop

oy ks e Gobi Da and much of their siull anatemy is given over 1o the cars. Their
sy s AR NS, shepysaving shulls possess enlarged middleear cavities, which help them

'.J'-"J;“"J'IL"" UJE ks '.‘9“' wgh' e le'b'-\))lclcl.m listen for the telaale sounds of prey = e ccld desert ’x'JM '; .

- "o - % g

> § 0% WCh QUapIcIOs In foct, $ey have the lorgest ecrio-body rofio of any animal »

e on Eorth V .
48 | JUMPING | LONG-EARED JERBOA )

. ‘ m

This PDF snapshot was generated on Thursday 10 April 2025. Visit bookshelf.bonnierbooks.co.uk for up-to-date previews and information.

LONG-EARED JERBOA | JUMPING | 49



RED KANGAROO

Macropus rufus

K°"9°'°°‘ are ‘m'*"“"ﬂ’d O'hh”l ”‘O' monage 'hn, achiove thit incredible deat Oy reuting e neAC onergy As with other leapers. Incuds ) h.'q\ and jerboos k’"q.__...‘." LONQaroos con gae their ails like a third wg that r-.ﬂ-r; them

’°m"""9 few animals can match - ""W possess gothered fom their previews jump. With sach bounca, sout spring off Jong toes In foct, most of thew weight i saken on the rward when maving bem low wooed to b gh speed

both speed and endurance, The secret 1o their success tendons in the kangoroo's legs tum kinefic onergy indo stored torqaroc’s kegtened fourh t1oe. The second and thied does are , . ;
: v s loct, the foece the tad exerts on the ground at low \peedn
comes from a skeleton brimming with adaptotions doatic energy hat con be reused in e next leop. These tendom tused 1o provide a neat lite comb for grooming thair fur ‘ .
i . 3 8 jenerotes maoee lift than even its legs. The upanddown motion
anached o long bones on the legs, essentially serve to cataputt . E

10 reduce weight and reuse elastic energy. Forget

: : hel 5 “hl b P .
e ossively mscled todl of the the ! while running even heips 1o ) itate the ongs, 3aving

: Kongaroos ho he ko ony tod of
e body forward. This impronive adapiation meam ot ONGancos ha 1. The long. bony to

marathon runni ngoroo n"mpe ) Re o o SRosE Snasces. M sad konaoreos ho on "
arath nning., ko ar $ are moro'hon rS. AOOIOOS Wi ¢ loss enara hen troveling of speed San offer o rod Longuroo serves parthy as a coumterbalance whial runnieg ™o tongaroo more enecgy. Male red kongaroos have even boeo
Qaroos wie for less erergy when trovelin oeed T« v : g eTi e
¥ O 30 uie heir ol o3 © sort of third leq h }
In 0 vng'e loap, $e red kangoroo con covee o distance of animals s foct, whet galeping + n eight fockiops but it can olso be used as a hundy prop when resting. But there's Enown 1o uie Their hosl 08 © 30t of Ihird leg Irom which 1o lauach
In ¢ o leap, He red kangoroo N COVEE ¢ . . ¢ ¢ galoping horse ght focksiops £ ‘
B -~ s Shals enils ham 8 his SciarSals ree wr ned S CE s O vl k0 O
8.9 matos [26-29 ‘,; o k.v,: \‘_‘:L’_‘ :" dmost 3 sebies 9.8 [ LonQOrcos monoge with two morte o Beir icais han o 2. JCH iy rocanily -i.‘ crenred et y ] .

o

Komgeroot bave well- 08
doveloped forecrms -
that they use for baxing, :i\ti’c'
= grasping food and (in
females) 1o open their
powch to check on joeys.

RS~ = B0 T\

Kangaroos, like off
morsupealy, have o
o dukachve pav of
eppubic bones thot
foce forward out
from the pelwi.

Na

‘\v
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AMERICAN BULLFROG

Lithobates catesbeianus

The key choracteristic of most frogs and toads is the
long, powerful back legs which can be adapted for
a verioty of purposes including jumping, digging and
swimming. In the Americon bullfrog, these legs moke
for an explosive leap. The American bullfrog con
jump ten times its body length, moking it one of the
most impressive leopers of its kind,

B MOVY Kow "rqx manoagn this IMProsLve foce. scoortists use
slow-molion photography 1o sudy the muscles and bones in thelr
fage. Lke grasshoppers and locusts, [ust bafore thoy leap, frogs
fervie special endons amached %o ther leng legs. As the bady
maves forward. thoy allvw $e1s Sendont 1o 1map back into place
Lo ekastic bands, calopdling e kog for wards with a mitroliks
Injoction of extrn weod. The lang bones in thair feet [orsals

3 ;,c-_u-dv: P boundeson lor added lib

3% than just thair keas

mesonarsaly and phale

ot Yot thare iz more to frox

In most specias, the bones of oG are bqht

nd dramaticolly reduced This olows them o sty

in the oir hor longes

Fre %32 barely hove rbs — the sthoret

b fike bones oce aclvally a part of

thes 1o ana "r--". con t v Bem o

breathe Instead, they pul oir s and out
yF &

of their bodies by pemping their chins

T diow lee o sale londing, e American bullfioyg her extvasvong
~b bones, Unliko moat vertebeates, the lowoer lorearm bones

[ihe radius ond ulra) o hised, cnd likewise, the two bones in

the lower logs {5bia and fibulaj are alwo fused. Thay olso benefit

frem @ sterrum (he long, Rot bone in the center of the cheal|

that works o |als like a shock absorker

The A=ecican bu“‘!og is, like ol ‘wgl, o crectute thaped by
predatons. Every livieg frog yeu have ever seen is lhe o looded
apring, wonchhul for odvoncing cornivores. bn $e long logs held
benocth their bodies, tende=s are prmed and readed for 1eleose
“\.yiump "w,' and rm'". W 10 wrvwwe cnoBer (:'ay

The eye sockets (orbts)
of frags are anormous,
holding eyes thot ollow
for 360 degree vivon

Srsssrasannns

with distinctve fong

leg bones, o three

pronged pahns cod

o highly reduced

tail - come from the

Jurainie peried, doting

back to opproximately

180 milkon yeors ago
A




GLIDING
AND FLIGHT

The only dinosaurs thot remain today are those
that took to the skies, the creatures we call birds.
Today, almost 10,000 bird species rule the skies
(and occasionally the land) and each has the same
basic dinosaur pattern: two legs for walking and two
forearms upon which arm and finger bones have
been adapted into flopping sails that we call wings.
But birds are not alone in being airborne. Many bony animals
have also token 1o the skies cad had their bones adopled into
wings of different shapes ond shydes. Some, like bots, are wrue
fises ~ like birds, their wings cllow for powered Right with
purpose. Others, like flying squirrels or droco lizards, are gliders.

Like paper ceroplanes they can dive with shyle between trees or
dliffs wsing Rops of skin or even long, webbed ioes.

In vertebrotes, the story of Bight is reclly o story of bones
sireiching out gemerclion by generation over many millicas of
years fo become powered or gliding wings. And each animal
fomily has its own unique story = its own unique skeletol
adapiations to peovide a life in the atmosphere above.

BATS

Within the wings of bots are four fomiior
mammal finger bones wretched wide over
many millions of years. Their paired thumbs
are dowed and stick out from the froat of
the wing to asist in gripping when not in
flight. Uke birds, their bones are incredibly
light which helps 1o keep them cirboene
for longee.

54 | GLIDING AND FLIGHT

BIRDS

Bird skeletons ore bosed on the twolegged

cre long ond the wings ends in the clul -

on odopsed dinosour ‘thumb’. This themb

bone controls special Bight fecthers which,

when streiched out, con assist in flying

slowly or landing.
MICRORAPTORS
Uslike birds, some dinosours
evolved four wings rother than hwo.
Microraptor is one of a member
of recently discovesed fossils from
atoched 1o the legs. It moy hove
been thot these extro wings helped
Microraptor and its relatives
manceuvvre heough dense foresls or
allowed these reptiles o ‘parachute’

onio their prey.

PTEROSAURS

This encemous family of Bying reptiles domincted the skies for
more than 150 million years. They Bew with wings that were
mosty held together by a dramatically lengthened fourth finger.
From this finger wos sireiched a membeane moade of muscle and
skin that was copable of connecting with the hind legs ko form o

vou, flopping wpersol

THE GLIDERS

A host of weeliving onimals have evalved ko become gliders
that com move from freedo-tree 1o find food or escope
predators.

the socolled Bying sncke con suck in
its abdomen and strefch its ribs wide |, ...e0eet
fo creale o ‘psevdoconcove wing”.
By confinwing ifs sshaped movement
wisle folking, it con effectively slither
through fhe oir, londing wp fo

100 medres (330 i) owory.

.

Skin flaps

About 50 species of fying
squirrel axist. They hove o long
membrove (the potogum) thot
streiches from wrist fo onkle
and offows them to glide almost
100 metves (330 ) fo sofely.

GLIDING AND FLIGHT | 5§



The fastest recorded flight speed

Tyto alba of the barn owl is 80 kph

To @ rodent, a single look from @ bamn The beak is robust | ‘SO ”]pll).
. and hooked, which | '
owl spolls clmost certain death, Iis oye B e s
SRl AR S S .
» " anows © DOre ow
sockets (orbits) are enormous, and they
to fear prey apart. |

face directly forweords meaning thot the
fleld of vision in cach eyeball overlaps.
This provides binocular eyesight used

to spot prey from above.

A ' b

\..\\ \

....... L E R R L]

L&s many owly, the bam owl hai a neck ot
allows for 271 'v"f‘."- ve rodation. They manoge
becave '4-(:‘. possess |4 nech vearfelroe, wice
Bt of mameals. Thewe meck vortcbme are lemgely

vioce

er s

This wausual neck arrongement allows bam owls 1o scan the ground

In nearly ol disections as they fiy on sllent wings. But thelr sensory

apparatus is about more than just sight. By swivelling their heods as

they By, they can also pick vp telHale nolses of scurying prey uslng

o pair of asymmetrical eor holes in the skl The barn owl fies sifently

All birds of prey have strong wisgs that allow them 1o b vp prey ?dﬁvmm _
and fly @ bock 1o the nest, Carmying this odded weight burde ;H"""Om“
requires long wing bones which provide a brooder swrioce area

for exdra k. The bones in the foot (fused tarsal and metatarsal

bones] are shoet and stout which provide the mechanism for
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Draco volans

In the treetops of Southeast Asio there exists

o lizard with a secret. When being hunted by
predators this lizard relies on a truly spectacular
adaptation, The common flying dragon hizard
can loop from trees ond, as if by magic, unfurl
vast wings upon which it glides away. But these
are not wings like those of birds or bats, Their
wings ore on extension of their ribs,

r?v.)_“.'_r \zoeds have o el of specioly o j)|~:d by coveres

o ’C.’Y’IL'.ZH(‘ \.)‘ ;mn L_}f‘ﬂﬂf" "‘C é'_’l' "'L". C:V'd ‘1"".!;
bour or tive of thewe Sarocic nbs fold againgt one oncthar ond are
held tight egainat the body. When spocked, drogon lizords erect

these specal nbs

crechng giont sails [patogio) which catch the

wind oad con be used 1o escope
But dragon lizards have ancther vick vp thei Theiwr

|

Teecve

wriyt h'---t’. Ore Mmoo Mo o hon most ll:.ﬁvdl n‘.l."nmj hom

The common flying
dragon also uses
its patagium to

swoop down upon
potential rivals.

1o octvally grosp theit sV orge w ~3 membrones o3 they fly

ll:m:; their daws, they con stolch heir wing membranes axtra
wide oher tabeolf, much like o :-_p-:v;-:'l:- ving il cape o

glide o building

The comman 0'2,'-'.1 drogon lizard s assisted in ity gtd 9 “'.;’H

by o ’._.'.3 tad which can be vsed like the rudder on an oere
o door through the oir, Their bores am light, ollawing tham 1o
stay olrborne foe longer. Some drogon lizards can moke Hight
of 10 metres [32 H) or more from tree %o troe, which is IMprosLve

for an animal ltle more Ban the size of a mouse

I

‘r,, ng crogon

But glid A !.:;M it &l abeut escaping predatory The common

lizard s incredibly territonal If o male spots

an interloper on thew turl, they will immediotely swoop down

on them, exposng their blue vadersides as o warming. Specio
yellow flaps behind $eir nech serve ar an extra method of

intimidation. Of course, thee oo ‘-1::1 = lod throat

lappets] also help them 1o glide
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The female common

While ofl other lizoeds
brectte by exponding
and centroctng Mew
riboage, the Sying
drogom bove odopted
1o use the muscier in
thewr cheyt — s nbs
ore baing used for

somethng elise’

fpng drogon bos
a pownty shll wheh
sbe vset fo dig
burraws fo lay her

eggs -

COMMON FLYING DRAGON | GLIBDING AND FLIGHT |59



The bat bos increcible conired ’

over s wings, and con moke ‘}

the shightest movement fo |
change direckon.

Bat's claws are capable
of locking in place while
they hang upside down on
branches to sleep.
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LARGE FLYING FOX
Pteropus vampyrus O }/

With @ wingspan of up to 1.5 metres (5 f1), the P f'; A
large flying fox is the largest bat on Earth. Like / ,
us, this fruit bat has molar teeth, indsor teeth and
canine teeth; it has seven neck bones, a rib cage
and pelvis, and, like us, it has distinctive mammel >
hands with four fingers and a thumb - a familior
mammalion skeleton, but this one is built for flight.
..¢/

con caly move in o lew directicns, bats have meee than
two-dozen joints in their wings. They have o huge amount of
conirol over how each of the joints move, allowing them to
odustthaie ight occordingly.

A bot's wing membrane (patagivm), is supported by the orm ond
by four highly elongated fingers. The patogiem estends ol the
way arcund o the bot's hind legs and iail, where it foems o flop
colled the wopatogim, wpported by specialised foot bones
fly and manceuvre ; in some bat species it Is also used

10 sweep pray, swuch os insech, info the bat's mouth
while the bat is In flight.

The shull of the kuge fiyiag fox is heavier

than most bots. In some woys, its shell
resembles o crash helmet. In lorge groups,
eanpy,g&bhgmpo-h.hmdu
with its chaws belore tearing freids apart with
lange canines and molars thot are sharpened
like scisscr blodes. Bots con beeck bones
while landing in this way, but they are
impeessive hoclers.

Flying foxes are the kargest members of the
frit bot familly, the Megochiropera. Most
scientists think that by losing their abilay 1o
echolocate many millions of years ogo, this large
fomiy of bots unlocked the ability 1o evalve to grecter
size. Today, there are 186 known species of living freit bat,
and the losge flying flox is the biggest of them oll.

Maryy fruit bats, inchuding flying fowes, olso drink from Bowers,
They use kong hairy kcagues 1o lop up neciar which they keep
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RUNNING

In grasslands where predators lurk, it is often the
In their seasonal Some crocodiles,
fastest individuals that live to survive another day. A. b for food, C. ek o Aamtradion
In this way, over many years, the presence of corbou moke o journey freshwoter crocodibes, con
predators causes prey to evolve. The skeletons of of more thom 4,830 kilometres lrerclly gollop towards
many prey species have therefore become adapted (3,000 mies) eoch yeer, threats in on atlempt 1o score
for speed. occasionally docking speeds them off. By pushing off with
of up to 80 kph (50 mph). both hindimbs ot the some
Bet predators con also evolve. As prey get faster, 50 100 must the For them, fime i of the fime, ond landing with the
prodaton. I this way, peedator and peey can sometimes become ossance. Their kng leg booes forelimbs betore pusking off
enlangled in an evolutionary battle [or arms race) that can go on ond serdy toe bones provide ogain, their unvsual runming
fer milkions of yeors and reach dizzying speeds. meeathon unner erduronce style resembles thot of o rabba.
Running laa' cndy cbout short & botles bes Like their predaton, caribou By galloping kke this, they con
lmdpny.kmnlnglmtoonhobonhohho ber of ore cho builk for sedden bouts manoge o speed of 16 kph
m',myoooonmmhn . of speed. Within 24 hours of (10 mph) - pretty impressive for
being been, o caribou covld o crocodile on lond,
outrun on Olymepic sprinter. s including the Achilles fendon,
“ Prrunnnnnnnnnnnnn wamwﬂ
Alricon wild dogs Bosdisk lizords hove o \l enhanced efficiency whilst renning.
o werk in pocks bo wear o renning style kke no \
cut ond exhoust their fleeing other. When confronted by =
species, they wil hownd ond ::mum.u : HOMO SPRINTIAN
haress o potential meal for boay daws are oftached to : Compared 1o other primates, hemans have a variety of skeletal
op 10 60 minutes or more, Bops of skin thot copture : : Fectures thot help us 1o rus long distances. For our overoll size,
maintairing speeds of up 1o o loyer of oir bubbles, keeping *  the bomes thot make up human legs are long. Like esormous
thew peey collopses with Yowng bosiisks con ren up to . e

stride. Human leg bones clso have karge joint surfoces ko
] o 0 63 e o
ehovsiicn and the kil is made -.:“l Mdﬂ :  more widely spread the forces created during runming.
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CHEETAH

Acinonyx jubatus

Occasionally reaching speeds of 112 kilometres per ho cheetah's long tail allows it to moke sudden changes in
hour [70 mph), the cheetah is the fastest land enimel lirection whilst running al lop 1poed, wiing it &2 a counterbalance
on Earth, Each of its bones is optimised for speed anG a h 2k ' tnock
2 " 1) Hh 5] v ’
and its skeleton chiselled to almeost defy gravity.
. ) R i - S FASS T
most - it )
i 3 ' ' r ‘o . o
A ' i ] nost & > 'é‘l
. t hit 1 s Ae 2 : .
, ey dista ’ L tlom por b - < 4
he 3¢ ) 30 | i Re 3
g A\
j > gor s o b
wit AW word 3
tha i . t 1
Y j * .
RS ) bl ¥ the ¢ '
' ' b i Lt off ¢ The widened nosal i
' ' r. but com W passoges allow fo !
" ot ‘ " Beonsesrsansanconnsnnes
4 ' ! greater valumes of
~ hey 3k . ol ) y
" " oxygen i and out
j c :
of the lungs l

;N* choetah’s
e oliq-d\ them
to keep thew
head up ond
steady, s eyes

\ To allow extra grip, P s
e pads Of the cheetah'’s prey os they sprint
toes are patterned, like the ,' e A

soles of running shoes. ;

Speed is determineg ty
M‘Q"ﬂ;““”o
Iloqonqolmtm
SAARRAARRARR Y wd*‘“‘*b‘“
© | perfacted bath o
thopm things.
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Ostriches possess a
stride length of up to
5 metres (16 ft).

i

g 243 l Ostriches are wellodapted
X to spot predators. Portly & > s
% for '."onxo.-ufonn.-ﬁg o N Ry

PO «

‘ . . e ‘Hey possess long aecks
2 ) . - vy faith-17 vertebroe), and
m v S e : e ilaia s e ‘ ihe fargest of oll lgndlivag .
. ) ; . Ostnches
: Ek ‘ use thew

so+f feo! to hick
forwards at

vardebrate A T
5 em (2 in) in diameter

.
.
.
.
.
.
»
.
.
“.

P

PPOSTRICH /

Struthio camelus —

Though the cheetah is celebrated os the fostest

$
I

animal on land, the ostrich is the fastest over As with hoesos” hooves, catrich fegt are o slimmed doan and elastic than other creatures of their size. As they reloase their
distance, and then soeme, Ostriches regulerly reach simpliied version of what they once wore. Whore most birds walk  elastic eneegy these tandons Hng the limb bones torwards
sponds of up to 70 kilometres per hour (43 mph) 0 howe loed, the ostich is the caly living bird to wallk ca two foes providing 83 per centt mare by woy of cutput with each stride
or more as they move across their grasslend end The big tee supports the iojeelly of Body mass, and e smaler o a

desert habitats, They are the fastest sprinting bird 150 cchy like a vabidiser, helping the amnch dodge and woave 2o hull of s3peed and saming are catriches that, if thay weee

on the planet, sdvoncing predators. Likg o speinter in running sples, the lorger underaking o 42kilomere [26mile) moaPon olongsde the
- pencicie the ground whilst echieving high 1peeds beit homen athletes, #ey wold complete the race wice as
For thoir size . the trich has angost logs of any living Hi Thtless assisting with arip fost, using haF the endeay thet a human woald Bduire
bird, achieving o siride ler g of up o 5 meves [16.4 M. As wih ) A E
he choolah, the astrich’s muscies are Bghty packed high up ink Yot aven with hase adaplations, e soming ond spedd ™ot
the body upah the '.d| bones [hemws) This maimises the ostrichos 30 eFardoss y maindain cppoar otharworidly, Haow d

powet & raie Bt which the lower logs con be Ricked they manoge &7 The secret lies in their tendons, which are for mor
A'waulv'.‘) ond bockwards whilst rune “q
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Pronghorns have been
known to cover 11 km

6.8 miles) in just ten minutes.
hw

Antilocapra americana
Occasionally clocking speeds of 88 kph (55 mph)
or more, the pronghorn antelope is the fostes?
land animal in the Americos. Yet what makes the
pronghorn stand out compored to other sprinting
animals is that it can endure speeds like this over
very long distances. Pronghorn can maintain their top

speed for almost a kilometre (around half a mile),
easily more than enough 1o outrun its predators.

The secret of te pronghorn's 1 fes moatly in i o bones

Az with thoir .1.1-');1,’ ondg "vfx;‘. cousing, e :n.‘---_q‘.'.l-. anloiope
VJ‘(I much '.; N W™t on Mo i'.m} pointed ool which ore
'.p#cojl-“, cushionas o Lmil the impoac! of each stop | LS lvr-;
e bores incrpase shide L{J.:‘l v, which meons thot ecch push H
or gr‘m'»:’ p.l"-": Qroghor dalonce le redoce weer ond hoor, Be
pv.‘_.v."ﬂv.;:n ovelope olia possesses specal inmerlockir g grooves

. x.‘nnh of ™ vwa boret. which enwure 2.at the, move tocgethar

ooy as W on hl'n;c: This limas e lhe "‘_-_-J L'; spraing o
Cochens. The dno and rodiur ore glo partialy ited, to Fathe:

imit the bhelhood of breaboges

The prasghern artelope has o large, borrelshoped ribeoge e

which & Sound an MPreAsve wing

y, gont lungs and o shghtly

orget Mon expecied hear!, which

3 pomp blood 1o the muscies

of e fegs. Az wih mooy proy ecion, ho ove ockets (orbits) of
peee n entelope ate ‘orge ond sdewrys o 1 Mmeon m hat
orenchorny can boep o o yee wasch for predators
Precaton have clearly hod a big impoct on #e pronghorn

antelope, Their speed hints $hal, at one poist in recest hittory

they lived glongude o very oyt predonor which W hav
orovided the driving lorce for their evoliton The prime canddare
s The mypslenious Americon cheetah, 0 croature | jiscppeared
som the Noeth American plaine meee than 10,000 years ago

.
0 \
. _ L A4 L 3 ™

As with giraffes, skin covers o
bon,' skull outcrop thot mokes
vp the hoens. In proaghorns,

a hardened sheath the! covers

them i1 thed end regrown
eoch year
T

N

The pronghorn’s thoulder
blade (scapaia) bes fot
ogoins! the side of the
ches?, where #s rotahon
swings the powerful

: .‘ [ forelimbs forwards
\‘/' and bockwards

Though not a true antelope,
it is known as such because
of its resemblance to the

antelopes of Africa
and Asia.




SWIMMING

Moving through water is more difficult than moving To move theough woler ahio requires o means through which %o

§\ N

-

-
"

through cir because water molecules bind tightly propel the body korwords, While many asimals like whales and
with one another. This means that underwater swillish depend on muscledaden toil vertebeoe 1o drive the body
creatures often have streamlined skeletons that forwards, some creatures have hit vpon other skeletol adaptations :
slice through woter, giving them a torpedo-like o push their woy theough waer, 03 you con see on these pages. [
(fusiform) shape. : )
o CRAWLING . UNDULATING
v NG The hb gurnard hos long peciorol spines which peoject from - Pipelish hove an armourplated skeleton with  long dorsal
) ROWING the sides of the body. They use these spines like fingers 1o help fin thot is copable of undulating like o ribbon, These frequent
N . Leatherbock turfles have bong bony #am move ocross the boticm of the wa. These sronge spimes :  unduofions move in waves down the body, powering feeword
\ Rippers mecuring up 1o 2.7 metres are also highly sensitive o movement. They help the gumard :  movement. This helps the pipefish move quietly through is
; . : o z:yﬂw&hhwb::;d detect potential prey bereath the sand. :  seagross hobitots without drowing ollention from predators.,
~ 7 gy e :
G ) N\ legs 1o steer their body theough the :
\ " ‘\\ \\\ woiw losherbeck ivliss avw the ™ sescesssansmanancenvansenneaneansnnsansaaseansnssnassnoansennelsesasnneensensanotaoyannn aneansuaniansansasonsnanbeaness
f* N oD ki bsodpudhontpntd CONVERGENT EVOLUTION
\ T g g the shell. Throughout the history of ifs o Earth, Rusiform shapes have
- 3 ruled the oceans. Here are two very dilecrent sheletons that

FLAPPING

Rottened pectoral fins thot con
mecsure more than 7 melres

22 f) tip %o tip. Unlike many

conloin the Bnger bones of thew
....... ond-iving ancestors. Their for tod
is aMoched 1o o spine thot goes up ond
down, Their fod is Boffened borizostally
rather thos verticolly.
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BLACK MARLIN

Istiompax indica

The black marlin is one of the world’s fastest Meariin are bett known for thee pointed upper aw, the costrem
fish, sometimes reaching speeds of more than With this chariamatic sword-like adaptotion, the black marfin

129 kilometros por hour (80 mph) as it fravels is Hio & knibe thet oy, quin serally, through the weter

through the open ocean, Its missile-shaped skeleton

has been fine-tuned 1o travel fast in short bursts, all "4 1hee s e 1 et B B Mol can e et
e s o il el i e etk e i Selendlie i
%o propel itself through water, the block marlin wies ity srong han shown $hat # s sirengthened along it op and sides, moking #
mncdor kil Along ity spine here an numeross ploce wheen much stroeger than it ook, Though almost iroe-bke, marlin bilh do
munclos attach ¥ provide axro power. Many of those muscles cccasionally snap off. Sometimes they are found impaled in other 100
are high twitch' musdes which allow lor ense buah of powee: croahens, inchiding sharks,

Unkke cthor smarding, h&:&ndhhmdiu%m
kocknd in ploce. Like enormous osroplane wings, thoy mainkain
wwwmnummﬁuwhm
environment. A long, thick dorsal fin, which looks almest ke o cres,
clmoaddm

The black marlin
vves it powerful asnevenuns @

_Ntom




BLUE WHALE

Balaenoptera musculus

With o skeleton upon which can heng 200 tonnes
(220 tons) of Resh, the blue whale is perhops

the biggest enimel thet has ever lived. Almost
every single bone hos been siretched to the
limits of physics,

The bl whcle i1 an ccean fraveller hat con sometimes cover

almost 450 Liometres ::‘9?:‘ mides) in 0 single day os it journ vt

between ‘ce-:(n'q paxes Lite o gront ocecn Lner if i3 powered Dy

an IMErossive engm a %d donse Y pockod w th musclos which

o

cunt foe 40 por cont of ith woght

The last fow~
cowdol vertebrae
ore Rottened out

EE R
.

-3
-

These muscles attach to the lower spine of #e blue whale

Each il vortelbira is more $an o metre [3.3 ) wide and contains
outstretched regions colled neural spines ond rossvense processes
Me bony peojocions on aither side of the vertebeoe] onto which

becod 1ol muscles con anoch. Unlite most mammals, the mddle

part of the %

0 I3 Ngic, rater like an iron :"nrt‘rv

meous lood source, kndl. Us

v vas! bosy plates made of

' : : >
qgemontie matena |boleen| et hHang Som their o

A bloe whale skoll i
around & mefres
(20 £} long, byt dve
to the dimensions

of their throot, -‘"(',V
cannct swallow

:myf.‘“ g '~‘Jrgo> thon

o beochball

Canasssnsnne

they sieve these finy crustaceans from the water with the help of
-] p-:rnf.v;u ongue To prr/-\:ic the an:".rtnng 'oquumd ‘n( oo
heovy baleen plates, the whale's sop jow s hused 10 the sl

ﬁ._.030| well adopted, whale shuletons retain momy of the features
of thow lendliving mammalian ancestors. They heve four sots

of finger boses [pholenges) in each Ripper, shoulder blodes
copuion), wven w# nock vertobeao and dafinct nostnls thee
form the blowhole. Indeed. their spine moves up and down in

o chariamatic mammal way rather then left and right like a fish
Thete are even 1o called veshge bones found deep wihin the
belly that hint ot $eir landiiving pot These unuwal bones are the
remains of finy hind ¥mbs that today serve no purpose, rather Ake

the tod bone of apes, ond the wings of he Fighdass kiw

3 . ’ - —re
1€ Previews ana inrormasion.



EMPEROR PENGUIN

Aptenodytes forsteri

On land, emperor penguins look almost comicel.

But under the water, a penguin is a fish-eating
submarine torpedo, with a skeleton chisoled 1o

perfoction for flying through aquetic environmaents,

Compared 1o volent {oeriolflying) birds, the most striking
thing about penguins is haw heavy their boses cre. They

lock the it pockets thet most birds possess which reduces
their huoyancy {the abiley to float in woter] and cllows them
to chose fish for deeper than expected without being pulled
back up, Emperor penguins have been known 1o dive as deep
as 500 matres (1640 ) below the woter, o fec? impossible
withou! weighty bones

Flying throwgh water is harder than flying through oir, The
density of woter meons that every flap tokes more energy
Every thrust tokes effort. But penguins moke use of something
that aericl birds connot - the upwoed slroke

Mot Bying birds make use of downword strokes only to gather
b, but penguiny - being surrounded on all sides by liquid -
con generate thrust from both upward and dowrword sirokes
For this reason, compored to birds that fly, they have highly
developed musdes suodated with upward Bapping that cach
o gient paddiebke shoulder blodes [scopulos)

And then there are the pholonges the bones within the fingers.
Within their wingy, most birds possess three fingers onto which
are anchored feathers, particolarly those fecthers 1hat guide
weored flight and controllad londings. Pesguins, of course, have
irle need for such feathers

Their pholanges instead have become long and Rat, almost ke
a penccke. The thied finger, noemally tiny in birds, is anormous
n penguins. These wide phalanges improve the surface crea

of the wing, greatly fluencing the theuat thot they can achieve

with eoch wing wroke

These cce the engines thet peopel panguing forwords

during the chase, ofter all

Their stomachs full, they come bock 1o land. Shwifling,
squawking, ungoinly once agoin. And we chuckle,
unawore of the aguanautic feats that such o skeleton

permils baneath the woves

Whilst swimming, the peaguin
tholeton fapers af the front cad
the bock (o closwe fadorm
thope), rother hke o dolphin or
o swordfish, This reduces drog
ond allows them o cu! '*..'(;-.'._)h

the water v_‘ﬂl.",




GLOSSARY

Acceleration
Speeding up

Adaptation

The woy on cegonism chonges over
generations 1o be betler ot survivieg oad
ek I aa

Asymmetricol
Net even on both sides

Baleen
The bony plates found in the mouths of
some whales used o fiker food

Carapace

A shield or shell (sometimes made of
bome, chiin or excakelelon) covering
some or ol of an animal’s upper or
lower side

Carnassials
Paired vpper and lower teoth thot are
used for cuting, rother than learing

Carnivorous
An animal that eats meat; o carnivore

Cartilage

A firm, Boxible, connective tissue found
in momy areas of the body, inchding
in betwoen joints. Some onimals have
skeletons made only of cartdoge

Cavity

An emply spoce within a solid object
Charismatic

A featwe or oltribute of an object or

body part thot gives # waique charm
which is recognised and celebrated
by those that stedy it
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Coccyx
A set of compressed bones that sit ot the
very bottom of the spine and represent o
vestigicd tail

Decompression sickness

A poinful condifion where bubbles of
nivogen form in your bones, coused

by diving koo deep underwater and

Diastemao
The spoce between two teeth

DNA

The chain of molecules that carries

e genefic imatructions kor growth,
development, function and reproduction
for all living Sings

Echolocation

A techmique used by onimals, such os
some whales and bat, %0 locale objects
using reflecied sound fechoes)

Endurance

The ability o do something for o loag
Sime, o over a kong disance

Evolution

The gradual changes cbserved i o
species over lime, coused primarily by
noturcl selecticn

Foramen magnum
The hole in $he bose of the skell through
which the spinal coed posses

Fossil

The preserved remains cr impression
of any oncediving thing from ancther

Fusiform
A shape that is wide in the middle ond
fopers of both ends

Herbivore
An animal thot eats plants as the main

component of its diet

Interlocking
Two objects that overap or Bt logether

An intruder

Invertebrate
A creature without a bockbone

Keel

A curved exdention of the beeastbone on
1o which flight muscles aach, usally
fownd in birds and bots

Kinetic energy

Ligament
Connective fissuve

Mandible
The jow or jawbone of on aniesal

Marrow
A sch, fotty substonce found in the hollow
parts of bones

Marsupial
A type of mommal which carries ils young
in o pouch, like a kangoroo or a koolo

Membrane
A thin layer of tissue foeming o barrier

e
Opposable thumb

A thumb thot is able 1o foce and sowch ol
of the fingers oa the some hond

Patagium

The membrane or fold of skin between the
forelimbs ond hindlimbs of onimaols like
bats and gliding lizards

Prehensile
Part of the body, usually a tail, that is
copable of grosping

Quadruped
An animal which has four feet

Rostrum

The becklike projection evolved
from the jowbone, like the swordike
beak of o mordin

Sagittal crest

A ridge of bone running aloag the top of
the skell, wswally indicoting thot here ore
very sirong jorw muscles

Sauropods

A grovp of dinosowrs with four thick,

pllarlite legs, long recks, long toils

and smoll heads hat appeared in the
late Triassic pericd

Schizodactyly

A Sorm wsed 15 describe grasping with the
second ond third digt fingers, instead of
the Shwmb and ony other digit
Sclerotic rings

Rings of bones found imside the eyes of
sevoral groups of vertebrates. They support
the oye

Sedimentary rock

Rocks formed by sediments thot

have setfied o the bottom of o lake,

300 Of Ocean

Serrated
With @ jogged edge

Strata
A single layer of sedimentary rock

Subterranean
Undeeground

Territorial
When an animal is protective of o cerfain
area ond defends it from wsaruders

Undulating
Moving with o smocth, rippling motion

Venomous
An animal that is oble 1o inject venom,

often through hollow fangs or o stinger

Vertebra
One of the small beaes that forms the
bockbone

Vertebrate
An animal with a backbone

Vestigial

When only a very small of part of
remains, uswally dee to having become
functicnless in the course of evalution

Zygomatic arch
and behind the eyes in manmacls
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