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Why animals developed
four types of skeletons

From a Hercules beetle tough natural armor to a sea
anemone’s soft fluid-filled body, nature boasts a
variety of skeletons.
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A circa-1910 x-ray photograph of pot-bellied seahorses shows their exoskeleton, which is rare

among fishes.
PHOTOGRAPH BY EDWARD CHARLES LE GRICE, LE GRICE, GETTY IMAGES
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Flying fish are known for their spectacular
acrobatics, bursting through the ocean’s
surface and sailing in the air as long as 3,000
feet.

Why fly? To avoid predators. They're “basically
marine popcorn,” says Steve Huskey, a
biologist at Western Kentucky University and
author of The Skeleton Revealed. "Everybody

eats them.”

The key to their flight is a strong vertebral
column and tail area, which anchors powerful
muscles that move their tails back and forth,
like propellers. Bones keep flying fish fins
extended, allowing them to function like bird

wings.

Flying fish are just one impressive example of
a species with an endoskeleton, an internal

skeleton typically made of bone and found in
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vertebrates, including mammals, birds,
reptiles, amphibians, and fish. (See

otherworldly photos of animal skeletons.)

These structures store crucial minerals, such
as calcium; provide support to the body;
protect internal organs; and enable movement
via skeletal muscles, which attach to the bones
via tendons. Joints, the place where two bones
connect, provide flexibility to an otherwise
rigid skeleton—think of the fluidity of a
primate swinging effortlessly through the

trees.

Though endoskeletons are the best known, the
animal kingdom features three other types of
skeleton: exoskeletons, cartilaginous

exoskeletons, and hydrostatic skeletons.

A diversity of bones

Endoskeletons have evolved to suit their
owner’s lifestyle. Bird bones, for instance, are
full of air pockets, which not only lightens
their load but may help them draw in more

oxygen during flight.

Turtle shells, bony plates that are fused to the

animal’s shoulder blades and backbone, are
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actually ribs modified over the course of
evolution. A turtle shell helps protect the slow-
moving, otherwise vulnerable animals from
predators, but recent research suggests it
originally evolved as a stable base allowing

ancient turtles to dig and escape the heat.

ADVERTISEMENT

Some vertebrates, particularly males, have
additional features on their skulls. Male veiled
chameleons, for instance, sport colorful, bony
casques on their heads, likely to attract
females. Males of the deer family, such as
moose and elk, grow antlers—bony extensions
of their skulls—both to show dominance and to

attract mates.

While antlers are shed and regrown every year,
horns are surrounded by a tough natural
substance called keratin and are never shed,
except by pronghorns. Some females also have
horns, which are usually smaller than those of
males. (Read how bones may have evolved to

act like batteries.)
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An x-ray photo of an unidentified lizard taken in 1890
highlights its endoskeleton, which is widespread in most
birds, reptiles, amphibians, and fish.

PHOTOGRAPH BY GEORGE EASTMAN HOUSE,
EDER & VALENTA, GETTY IMAGES

Built-in armor

External skeletons, or exoskeletons, are the
hard casings that protect arthropods, such as

insects, crustaceans, and spiders.

This natural armor is a very effective defense
against predators, many of which can’t bite
through the exoskeleton, Huskey says. “You've

got something nobody else has got.”

ADVERTISEMENT

Hercules beetles of Latin America and the

Caribbean have particularly tough

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 5 of 18


https://www.amnh.org/explore/news-blogs/on-exhibit-posts/an-extreme-beetle

Why animals developed four types of skeletons 10/20/21, 7:44 AM

exoskeletons. Males grow two long horns that
they use to battle for access to females. The
two insects charge at each other like jousters,
but it’s the one who picks up the other in his
horns and body slams him on the ground that
wins. Females also prefer males with longer
horns, a sign of robust health. (Read more

about animal attraction.)

Among the prettiest exoskeletons are
seashells, which keep soft-bodied mollusks,
such as conch, scallops, and cone snails safe.
An outer layer of a mollusk’s tissue, called the
mantle, secretes proteins and minerals to form

its distinct skeletal sanctuary.

One drawback of an exoskeleton: it’s too rigid
to allow for the animal to grow. A lobster’s
shell, for instance, may be a solid defense
against a hungry seal, but as the lobster gets
larger, it must shed its shell to make way for a
new one. It can take several weeks for a new
shell to totally harden, during which time the

lobster is very vulnerable to predators.

A skeleton made for swimming

A group of fishes called elasmobranchs—
sharks,
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rays,
skates,

and

Elasmobranchs, such as this thornback ray,

have cartilaginous endoskeletons.
PHOTOGRAPH BY SCIENCE PHOTO
LIBRARY, ALAMY

chimeras—have endoskeletons made entirely
of cartilage, a type of strong, flexible tissue.
Because cartilage is tough but lighter than
bone, it allows fish to swim quickly but save

energy.

Many vertebrates with endoskeletons—
humans included—also have cartilage, which
gives noses and ears their shape, for instance.

Early in development, most mammal fetuses
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have cartilaginous skeletons, which slowly

ossify into bone.

ADVERTISEMENT

It’s long been thought that modern-day sharks
derive from a primitive ancestor that hadn’t
yet evolved bones. Instead, in 2015, scientists
announced the discovery of bone cells in a
380-million-year-old fossilized shark—
suggesting sharks may have evolved from
ancestors with bones, had bones themselves at
one time, and then lost them in favor of lighter

cartilage.

Elasmobranchs are also covered in what’s
called dermal denticles, textured scales that
scratch like sandpaper if you rub them the
wrong way. When they’re aligned, these scales

reduce drag and increase swimming speed.

A 2017 study found that dermal denticles in a
species of skate originate from the same cells
as teeth. This supports a theory that the scales
of ancient fish may have evolved into teeth as
we know them today. Teeth are considered
part of a skeleton, though they are made of

enamel, a hard collection of minerals, not
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bone. (Read more about how teeth may have

evolved from fish scales.)

Skeleton switcheroo

Hydrostatic skeletons are fluid-filled columns,
or cavities, inside invertebrates, including
jellyfish, flatworms, nematodes, and annelids
such as earthworms. Muscles and connective
tissue form a tough body wall around the
cavity, explains Bill Kier, a biologist at the

University of North Carolina.

Earthworms’ columns are filled with
hemophilic fluid, which essentially functions
as blood, Kier says. The columns are
segmented so that the worms can expand and
contract their muscles independently, creating
waves of movement allowing the animal to

wriggle along the ground.

Sea anemones have muscles around their
internal cavity that work together—similar to
how our biceps and triceps maneuver our
upper arms—to move the animal and escape

potential predators, Kier says.

Some animals, such as blue crabs, can switch

from an exoskeleton to a temporary
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hydrostatic skeleton when they’re in a
vulnerable state. In a 2003 study, Kier and
colleague Jennifer Taylor found that during
molting, the crabs’ internal water pressure
greatly increased, so that the fluid inside the
crabs’ soft bodies acted like a hydrostatic
skeleton that allowed the animal to move.
After about three days, the newly formed
exoskeleton was tough enough to take back

over again.

ADVERTISEMENT

Huskey says skeletons are incredible feats of
evolution, particularly in how each little piece
is crucial to an animal and how it navigates the

environment.

“Without a skeleton we’re just a big bag of
muscles that lay there and twitch on the floor,”
he says. “We can’t get anywhere without the
skeleton that creates the locomotion, feeding,

and behaviors we enjoy so much."

K] sHaARE W TWEET N EMAIL

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 10 of 18


https://www.researchgate.net/publication/10665852_Switching_Skeletons_Hydrostatic_Support_in_Molting_Crabs

Why animals developed four types of skeletons 10/20/21, 7:44 AM

READ THIS NEXT

SCIENCE CORONAVIRUS COVERAGE

How to confront COVID-19's toll on kids’ mental
health
Anxiety, depression, and self harm have all increased during the

pandemic. Here's what experts say and what interventions are
needed.

MAGAZINE PLANET POSSIBLE
An icy world is in meltdown, amid penguin population shifts

TRAVEL

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 11 of 18


https://www.nationalgeographic.com/science/article/how-to-confront-covid-19s-toll-on-kids-mental-health
https://www.nationalgeographic.com/magazine/article/an-icy-world-is-in-meltdown-as-penguin-population-shifts-signal-trouble-feature
https://www.nationalgeographic.com/travel/article/western-shoshone-fight-to-turn-bahsahwahbee-into-a-national-monument
https://www.nationalgeographic.com/science
https://www.nationalgeographic.com/science/topic/coronavirus-coverage
https://www.nationalgeographic.com/magazine
https://www.nationalgeographic.com/pages/topic/planet-possible
https://www.nationalgeographic.com/travel

Why animals developed four types of skeletons 10/20/21, 7:44 AM

This sacred valley could become the next national monument

ENVIRONMENT
This 50-year project is tracking the Cascades' melting glaciers

ADVERTISEMENT

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 12 of 18


https://www.nationalgeographic.com/travel/article/western-shoshone-fight-to-turn-bahsahwahbee-into-a-national-monument
https://www.nationalgeographic.com/environment/article/this-50-year-project-follows-the-impacts-of-the-cascades-melting-glaciers
https://www.nationalgeographic.com/environment

Why animals developed four types of skeletons 10/20/21, 7:44 AM

ANIMALS ANIMALS

Why animals developed four types of This odd Colorado River fish faces an

skeletons uncertain future
ENVIRONMENT

ENVIRONMENT PLANET POSSIBLE ENVIRONMENT

How to brew a greener beer This 50-year project is tracking the

Cascades' melting glaciers

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 13 of 18


https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons
https://www.nationalgeographic.com/animals/article/this-odd-colorado-river-fish-faces-an-uncertain-future
https://www.nationalgeographic.com/animals/article/sea-otters-make-seagrass-meadows-resilient
https://www.nationalgeographic.com/animals
https://www.nationalgeographic.com/animals
https://www.nationalgeographic.com/animals
https://www.nationalgeographic.com/environment/article/how-to-brew-a-greener-beer
https://www.nationalgeographic.com/environment/article/this-50-year-project-follows-the-impacts-of-the-cascades-melting-glaciers
https://www.nationalgeographic.com/environment/article/weather-disaster-related-deaths-are-downwarming-could-undo-that-trend
https://www.nationalgeographic.com/environment
https://www.nationalgeographic.com/pages/topic/planet-possible
https://www.nationalgeographic.com/environment
https://www.nationalgeographic.com/environment

Why animals developed four types of skeletons 10/20/21, 7:44 AM

HISTORY & CULTURE

HISTORY & CULTURE HISTORY & CULTURE

HUNGER IN AMERICA
From LGBT to LGBTQIA+: The evolving

recognition of identity Residents take on ‘food apartheid’ in
Chicago’s South Side

SCIENCE

SCIENCE CORONAVIRUS COVERAGE SCIENCE CORONAVIRUS COVERAGE

Why vaccinated older people are stillat  How to confront COVID-19's toll on kids’
risk for severe COVID-19 mental health

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 14 of 18


https://www.nationalgeographic.com/history/article/from-lgbt-to-lgbtqia-the-evolving-recognition-of-identity
https://www.nationalgeographic.com/history/article/grassroots-activists-take-on-food-apartheid-in-chicagos-south-side
https://www.nationalgeographic.com/history/history-magazine/article/terrifying-visions-of-the-apocalypse-revealed-the-fears-of-medieval-spain
https://www.nationalgeographic.com/history
https://www.nationalgeographic.com/history
https://www.nationalgeographic.com/history/hunger-in-america/
https://www.nationalgeographic.com/history/magazine
https://www.nationalgeographic.com/science/article/why-older-vaccinated-people-face-higher-risks-for-severe-covid-19
https://www.nationalgeographic.com/science/article/how-to-confront-covid-19s-toll-on-kids-mental-health
https://www.nationalgeographic.com/science/article/coronavirus-vaccine-tracker-how-they-work-latest-developments-cvd
https://www.nationalgeographic.com/science
https://www.nationalgeographic.com/science/topic/coronavirus-coverage
https://www.nationalgeographic.com/science
https://www.nationalgeographic.com/science/topic/coronavirus-coverage
https://www.nationalgeographic.com/science

Why animals developed four types of skeletons 10/20/21, 7:44 AM

TRAVEL
TRAVEL TRAVEL
This sacred valley could become the Discover an isolated Alaska island where
next national monument walrus sing

SUBSCRIBER EXCLUSIVE CONTENT

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 15 of 18


https://www.nationalgeographic.com/travel/article/western-shoshone-fight-to-turn-bahsahwahbee-into-a-national-monument
https://www.nationalgeographic.com/travel/article/the-isolated-alaska-island-where-the-walrus-sing
https://www.nationalgeographic.com/travel/article/ghost-stories-scare-up-new-life-at-historic-hotels
https://www.nationalgeographic.com/travel
https://www.nationalgeographic.com/travel
https://www.nationalgeographic.com/travel

Why animals developed four types of skeletons 10/20/21, 7:44 AM

MA MAGAZINE

[Ronw wAIneEs SrGeaE oxart
waesie

D
m
1

= READ

SEE MORE

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 16 of 18


https://www.nationalgeographic.com/magazine
https://www.nationalgeographic.com/magazine/graphics/see-how-nasas-new-mars-rover-will-explore-the-red-planet-feature
https://www.nationalgeographic.com/magazine/graphics/see-how-nasas-new-mars-rover-will-explore-the-red-planet-feature
https://www.nationalgeographic.com/magazine/article/see-how-people-have-imagined-life-on-mars-through-history-feature
https://www.nationalgeographic.com/magazine/article/why-are-people-so-dang-obsessed-with-mars-feature
https://www.nationalgeographic.com/magazine
https://www.nationalgeographic.com/magazine/article/why-are-people-so-dang-obsessed-with-mars-feature
https://www.nationalgeographic.com/animals/article/greyhound-racing-decline-united-states
https://www.nationalgeographic.com/animals
https://www.nationalgeographic.com/animals/article/greyhound-racing-decline-united-states
https://www.nationalgeographic.com/magazine/article/viruses-can-cause-great-harm-but-we-could-not-live-without-them-feature
https://www.nationalgeographic.com/magazine
https://www.nationalgeographic.com/magazine/article/viruses-can-cause-great-harm-but-we-could-not-live-without-them-feature

Why animals developed four types of skeletons

10/20/21, 7:44 AM

THE BEST OF NATIONAL GEOGRAPHIC

DELIVERED TO YOUR INBOX

Sign up for more inspiring photos, stories, and special offers from National

Geographic.
Email Address

Enter your email

Yes! | would like to receive updates, special offers, and other information from
National Geographic and The Walt Disney Family of Companies. By creating an
account, | agree to the Terms of Use and acknowledge that | have read the
Privacy Policy and California Privacy Notice.

SIGN UP

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons

Page 17 of 18


https://disneytermsofuse.com/english/
https://privacy.thewaltdisneycompany.com/en/current-privacy-policy/
https://privacy.thewaltdisneycompany.com/en/current-privacy-policy/your-california-privacy-rights/%23heading1

Why animals developed four types of skeletons 10/20/21, 7:44 AM

LEGAL OUR SITES JOIN US FOLLOW US
Terms of Use Nat Geo Home Subscribe
Privacy Policy Attend a Live Event Customer Service
BE United States (Change)
Your California Privacy Book a Trip Renew Subscription
Rights .
Buy Maps Manage Your Subscription
Children's Online Privacy ) )
Poli Inspire Your Kids Work at Nat Geo
olicy
Interest-Based Ads Shop Nat Geo Sign up for Our Newsletters
. Visit the D.C. Museum Contribute to Protect the

About Nielsen

Planet
Measurement Watch TV

Pitch a Stor
Do Not Sell My Personal Learn About Our Impact v
Information

Support our Mission
Nat Geo Partners
Masthead

Press Room

Advertise With Us

https://www.nationalgeographic.com/animals/article/why-animals-developed-four-types-of-skeletons Page 18 of 18


https://disneytermsofuse.com/english/
https://privacy.thewaltdisneycompany.com/en/current-privacy-policy/
https://disneyprivacycenter.com/notice-to-california-residents/
https://disneyprivacycenter.com/kids-privacy-policy/english/
http://preferences-mgr.trustarc.com/?pid=disney01&aid=natgeo01&type=natgeo
http://www.nielsen.com/digitalprivacy
https://privacy.thewaltdisneycompany.com/en/dnsmi/
https://www.nationalgeographic.com/
https://www.nationalgeographic.com/events/
https://www.nationalgeographic.com/expeditions/?cmpid=int_org=ngp::int_mc=website::int_src=ngp::int_cmp=exp_hp::int_add=ngpexp201904-book-footer
https://www.natgeomaps.com/
https://kids.nationalgeographic.com/
https://www.shopdisney.com/franchises/national-geographic/
https://www.nationalgeographic.org/tickets/events/
https://www.nationalgeographic.com/tv/
https://www.nationalgeographic.com/impact
https://www.nationalgeographic.org/give/
https://nationalgeographicpartners.com/
https://www.nationalgeographic.com/pages/article/masthead
https://nationalgeographicpartners.com/press/
https://www.disneyadsales.com/our-brands/national-geographic/
https://www.nationalgeographic.com/subscribe/magazines?cmpid=int_org=ngp::int_mc=website::int_src=ngp::int_cmp=subs_ngm::int_add=navsubscribe_us
https://help.nationalgeographic.com/s/
https://ngmdomsubs.nationalgeographic.com/servlet/ECareGateway?cds_mag_code=NGM&cds_page_id=226717&cmpid=int_org=ngp::int_mc=website::int_src=ngp::int_cmp=subs_renew::int_add=ecare_nav_button
https://w1.buysub.com/servlet/ECareGateway?cds_mag_code=NGM&cds_page_id=226717&cds_misc_1=NGM
https://www.nationalgeographicpartners.com/careers/
https://www.nationalgeographic.com/newsletters/signup?gblftr
https://give.nationalgeographic.org/page/53299/donate/1?user_id=wb8em7wclp2gec8f8rj9f6lp88q9dftd
https://www.nationalgeographic.com/pages/article/how-to-write-for-nat-geo
https://www.nationalgeographic.com/

