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Introduction

You may not think a bird and a bsh
look alike That's becawse mpst I:{'l.‘.ipi-l:
see only the differences thar separawe
things. A scientist also sees the sim-
ilarities that unite things

Hovw is a bird like a fish? Look past
the obvicus differences and vou'll see
that cach has a head, two oves, two
nostrils, and teo jaws, Each hiss o body
with a left side. a right side, and a il
The parts that help them move (wings,
legs. and fins) come i pairs behind
their heads and beneath their iails
Thev alse have similar muscles and
OTgans

For centuries, people belioved that
a fish is a fish, a bird is a bird, and
that's thar But when scientists started
examining the living animals and the
fossils of dead ones, they began to
netice moere and more similarities
Gradually, scientists concluded tha
all lrving things are relaved. In other
words, they all share a common
ancestor that lived long ago, when
Earth was 4 voung planet

Human beings are living things,
oo, and as such can trace thelr ances-
try back w the first living thing The
fact that humans and animals were
nop created individually. bur share a
comman ancestry was, and continues
1o be, hard for some people to accep

The evolution rom simple chemi-
cals to complex men and women 15
the subject of this book. You'll not
only discover what vour ancestors
looked likee, but yvou'll find owt where,
when, and why the various pars of
your own body first appeared. About
three dozen living and extinct model
ancestors are presented in order of
their increasing similanity to humans—
from the heginning of time to the
present day. Many are direct ancestors:
others are only close relatives.

Since this hook is abour human
evolution and neglects the millions of

ather species that inhabit this planet,
it may give the lalse impression that
evolution is a ladder ol progress
reaching roward a goal. The step-by-
step layour of this book regrenahbly
reinforces this false impression; that is
why the “family tree” charts are so
important. In cach cham, the reader
can =e¢ many of the other directions
evalution took in past generations.

Somc readers may also get the false
impression that evolution has been
progressing at a steady rate Actually,
diflerent parts of our body became
“modern” at different moments in owr
prehistory. For instance, we have had
five fingers and five toes for 360 mil-
liom years, but our chins appeared less
than half a million years ago

Following a common practice in
anthropology (the study of apes and
humans), nicknames have heen given
to most of the primates in this book
Similarly, the long scientific names of
most of the other animals have been
chortened to read more like common
names. This has been done simply to
make the names easier o read, not o
give the animals personalities,

How does evolution work? Al one
tme, people thought the oirafle had
scquired a long neck from stretching
teward the highest branches. Actually,
evolution works the other way around
A piraffe eats from the highese
branches because it already has a long
neck—inherited from its parents. If the
opposite were true, then body builders
would have muscle-bound babies!

In actuality, each new generation
inherits its general characteristics—
including body tvpe, size. intelligence,
coboration, and aggressiveness—{rom
one or both of s parents. Yet each
individual varies to some extent
Irom others of its kKind and, if it repro-
duces. MAY piass 115 s on o oa

hew genenition

Which individuals will live long
enough to reproduce is often a matter
of luck. In the wild, only a lew tad-
poles are lucky enough o escape thelr
hungry enemies, mature, and repro-
duce. But cerain widely varying fac-
tors seem o increase an individual’s
luck. Every living thing has some son
of special feature or ability that has
helped it to survive as a species. Some
are able to climb trees 1o escape their
enemies while others can burmow in
the seafloor Some produce thousands
of eggs, thus increasing the chance that
some of their oflspring will survive

. :'"I',J!j.lftl
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The Fossil Record

If oty Irgg Ehanug Mo lafl o recad of s
passing, M o record would fook |ikea
uh, Al This firme, howened the fosall recond

Ik (e o connecl-ihe-dok” goma
Recantly, schentot nave been ooie 1o
figune ot how rrost of ihe dobs are
conneciad 1o ona anofnes

Even a small edge in strength,
speed, or agility can be multiplied over
many generations into a large advan-
tage Many bsh try 1o escape predators
by leaping out of the water With their
enlarged lins, lving fish excel ar this

The ancestors that had slightly langer
Hying fins were able to escape while
their relatives were beimg eaten

However, the charscreristics and
abilities that helped a species survive
in the past may not be as well suited
for changing conditions. Rivers may
dry up or a new predator may appear
on the =scene I the animal cannot han-
dle the change, it may die without
leaving descendants.

Dandelions are an illustration of
how nature selects certain [eatires
and discards others. In the wild, wall
dandelions have a better chance of
attracting bees and spreading thelr
seed over a wide area, B on a subir-
ban lawn, mowers sclect apgainst tall
dandelions: Only short dandelions
escape the blade and thus are able 1o
produce seed, On well-trimmed
lawns, tall dandelions soon become
extnct while shor ones suremve Most
of the offspring of shorties inhent this
trait from their parents. But there is
always some variety If the seeds of
short dandclions doft over 10 an area
that i= never mowed, all dandelions
will eventually reappear

Human beings evolved from a long
series of lucky circumstances. Each
individual ancestor had the gualities
necessary o survive and reproduce
within s environment -I:,_,Ilillilgt.‘.-i- in
this emwironment were met with cor-
responding changes in the human
body, changes that helped us adapt to
the new emvironment. We humans are
the end result of an unbroken chain of
parents extending back o that hirst
glimmer of life in a warm pond.

This book is intended 10 open vour
eves, to invite you to observe what all
living things heve in common, Turtles
and pigeons, carthworms and chimps
—all have at least some charactenstics
in common We are, indeed, all relared
to one another and w our past.



A Human Is...

A Material Object.

Humans are made up of atoms and
molecules arranged in simple o
complex lorms

LTy [kilies 10-1%

A Living '|_|'||||!.I;
Huzmens ean TN, |‘|'|'|:Ili|l'|| " h'\-"h.!llll.
iy stimuli, and evolee

wee pages 16-19

A Eukaryore
FHuman cells contain a nuclens
S pulies 20-21

An Antmal,
Humans are able o move and to ke
m and digest food, They do not con-
ttin ehlorophyll or cellulose. Humans
reproduce by the fermlization of an egg
by a sperm cell

Sce pages 22-23

THE LEET HAhD OF HOMAT SARENS AND
THE LEFT HadWl» OF WOTHARCTLE
AR EARLY PRIFAATE

A Metazoan

Humans are made up of many diller-
ent kinds of cells. They are highly
dependent on one another and are
arranged in delinite tissue layers. After
fertilization, a blastula (a hollow
sphere of cells) develops

See pages 14-25

A Bilateral

Humans are the same on the left and
the right halves of their bodics

See pages 26.27

A Dewte rostormie,

As the human embryo s formed, the
first opening o appear becomes the
anus, and the mouth is lormed
far away from it

See pages 29-31L

A Eucoclomate
Humans have an outer cell |.||:.'-:'1 [the
skinl, am er cell 'IJ:..'-_'r {the l;!l_!:-l""l-'ll'l.'\ll_'
biracE ), il.rl.l.l ] l,-ulu"||.l:|'.'| '|'|-|.'i|'.'.|.'|,='|:'l L|!I|.'|'t|
The coelom (or “cavity™} is a space
cnclosed by a third cell |..l':.'|.'r in which
the muscles, skeleton, and other
organs are found
See pages 31-33

A Chordare

Humans have nerve cords in thesr
backs. Human embrvos have a
notechord and gill slits

See pages 32-37

A Craniate
Fumans have a cranium, or skull
Sev pages 38-41

A Verehrate,

Humans have a backbone of cartilage
and bone

Sew pages 38-41

A Gnathostome.
Hitmuans have jirys
See pages #1-43

A& hoanate,

Humans have nasal passages that lead
into thetr mocirkes

SEE Pages 44-44

A Tetrapod

Humans have four limbs Each limb
has one bone close to the body, two
farther out, and many more at the
end, which form wrist/ankle elements
and five jointed digits

Sec pages =55

An Amniole.

Human embryos are protected by an
ammniotic membrane

See pages 3b-3Y,

A Svnapsid

Hinman skulls have an opening
berween the braincase and the cheek-
hone, In addition, the teeth show
spme varicty in size and shape.

bec pages O0-05

A Therapsid.

Humans have an enlarged skull open-
ing above their checkbones. Their
limbs can raise them above @ sprawl
and each of the outer four digits is
nearly equal in length

Bee pages 6669,

A Cynodont

Humains have no rool ol bones aver
their jaw muscles. They have a
sccondary palate and wide cheek-
bones. A double-headed ball-and-
socket joint amaches their head o
thete neck. Homans have incisors that
are chisel-shaped snd molars tha
have more than one point oF cusp
See pages T0-77

A Mammal,

Human lemales have mammary
glands thar produce milk o nourish
their voung, In addigomn, bumans have
hair, three middle ear bones, one jaw-
haome, and only two sers of teeth (milk
teeth and adult). See pages 78-83

A Thenan.

Human lemalies give harth o live
1'|_||:|1!||,';_ l.|.||,'1.' -:1;‘! F1od h:r I.#\

See pages 84-85

A Eutherian.

Hurman femalis have complex: placentas
and give birth to fully developed
voung, They do not have pouches

bee pages 56-80

A Primate.

Humans have grasping hands, elon
gated limbs, a shorened snout, and
forwardly direcied eves.

See pages S-93

An Anthropoid.

Humans have rounded skulls 1o
enclose an enlanged brain, Damened
faces, well-developed Eactal muscles,
an unclelt upper lip close-sen oves that
look directly forward, fixed external
cars, a real land with a thumb that
moves independently of the other fin-
gers, and a Mattened nail on every
digit

Sec pages Y4-95,

A Homimond.

Humans lack tls and have the ability
to swing by the hands rom branch 1o
Brarsch, with the body dangling below,
The chest {5 wider than deep, the
backbone relatively shorr and snff,
and the molars have live cusps

bee pages 96.07

A Homimid

Humuans stand ercct and the big we is
aligned with the other toes for walk-
ing, not grasping. The canine teeth are
not larger than the others

See pages 98-105,

A Homimine {genus Homao)
Humans have greatly enlanged brains
Sec pages 106-107

Of the species Homio sapiens
Humans have redoced brow lldg{'i
and high loreheads

bee pages 108-109

M the subspecics Homae sapiens sapions
Humans have a dome-shaped skull, a
proruding nose, a chin, and the abil-
ity to speak

See pages 110-113
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he universe started ofl with a
Big Bang™ [t was cilled the Big

Bang because the universe has been
""'-i"‘ﬁ':'llll-'u ke the sound wroeg of an
|'.'H.i:"i-\."-ll\.-:'. ever since, Mo one knows
what caused the Big Bang We only
kicaw that belore (1 ||.|;'-r'-.':|-.'||. |:.":|||||-.:
W Can measire existed—not tme
SEICE EMErgy, OF IMatier

"\-'.'|!-.:-.':'.|:- the universe existed, and
s ¢lock stamed ticking about 15 bil-
liom vears ago

Al Birst. it was {ar too hot lor matier
L0 EXISL, 50 PUIC CTERY filled the wm
wverse As the universe ke el |"-.:-.|||-!| [t
its energy spread thinner and thinnes
s lemperatune beegan 0o conl. When b
coled down o several mllions of
degrees, malter L[ ired. It fiese
.||::|.'.||.'.| as the pamicies that make up
atoims and then, with [urther conling
as amoms themselves The universe ks
still cooling Today the temperature ol
spuice is 430 degrees below zero
Fahrenme

Hyvdrogen and helivm are the sim-
plest elements in the universe. These
gases make balloons and zeppelins
Pl BECais ::"n:. are -:|_'.|:I-'| tham ani
i

i i
I!:I' HUMIYETSE ROCDY 05 '.".I.I. '.'.:'\ll\. My

of bedeogen and helivum. In the begin
ning horameer, the universe was made
upr EnTrely ol these Mo gascs

Stars arc mainly FITal Concenmira-
tions of hydrogen and helivm that
have been condensed and compacted
b the borce of ITAVIDY. Lennvaly 15 4 |I’.'.il.-
understond {orce of attraction that
iets between every atom (o the uni
wverse. 10 increases with mass (the
gracunt of mater) and decreases with
distance but regardless of mass or dis
CAFPCE, 1L s SUWEYSs [ES Tl

In the early universe the Leeble b

{ar reaching ellects of graviry atracted

bvtlrogen and helliwm atoms (0 mass

iogether and condense into clouds

[hese clouds attracted other clouds
[hey didmt remain waspy clowds for
g [ he lorce ol gravity i cliced
clouds with a condensed B
pro-51a0s

As the space between aroms in 2
i'-'-.-l-- slar decreased the atoms
chanced to hit cach other more olten

Belore long they were bouncing off

cach other like lonre balls. Each

THE ORIGIN
OF TIME
AND MATTER

hounce created a little bit of hea

energy. The denser the gas became, thi

hoter it gol. In the end, thes
:I'.'I'I Sl |_'"|"-I S WM COmpnesSisd 1ane

they became denser than any metal
[he atoms were in o feenzy and the
Eerm P T soared

When the PEOR-5140 S COTe e per
ature rose o 20 million degrees

Fahrenbieit, something extraordinary

. .
.'L.I;II'II.'III\.'I\.- Ihe ||'-'\.||l\.'.'l M AlOIms
stopped bouncing off one another and
beman o fuse together By lusing

thiey
hecame helium, and in the process
ransformed a tiny it ol their mater
ko g teemendous amount of enerey

i
(The lusian ol hvdrogen atoms also

powers H boimbs. i

When the energy from the cor
{inally reached the surface ol thi
prodo-star, it caused the gases there o
ive ol fight. A& ball ol gas that pro-
dices its own light is a star Gravits
gnites o star and ke P il burming

Rillions ol stars wswally lorm i
wipst Clusters known as galaxies, such
s our ot MiTky Wiy galas,

A oskar Degins 0 die wihen s sap

i hvdlrogen runs our. The enerpy

wating from the core dies down
LIl raviey, that ever-present 10rce
nulls mo atker imto il e This
midls more matier imio the cor

ratses the core's emperamure so high

that helivm atoms begin to use into

viet hemvier elements, such as carbon
When the = |'_'\-|'. al helivm 1s
exhausted, carbon and other hedav
elements fuse into still heavier ele-
ments. such s OXyEen Thait 1 how
the 92 naturally oocurming elements ol
chemisiry are loemed. Gravery and
{usion COE them within the
inEerors ol sEars

As a star dies, bursts of enerey, Like
{lash bires in the core. can liberally
blow it to picces, A supermova is a star
CXPIOSION S0 SPECCiad ular that it cian
oitshini mitite gy lowr sieverl
dive. At the same tmie the cxpliasio
sends str-matter back Inio spac
This is the wav thar heavy elements
such as carbon, csoveen, pold, and Lead
are shot ol into space. These ele
ments, along with hydrogen and
helium gas clouds, then become raw
material to make new stars and rocky
planects, such as Earth

LIT {1 :|'!|.I.|.I'l.'|_ the Milky YW

ts about 11 hillion vears ald
Mot long after it began, star-matter
from a number of supemovas began 1o
clowd up in our part of the Milky W
Five billion yvears ago, our own star, the
wun., beran o condense [rom within

ol these clouds of maner

When it became dense enoweh and
hot enough, the Sun ignited. Orbiting
|_1'|IF.|.|_'r ol were the ||1J11-.'h lormed
Illl|1.d BELLTE II "-I'II.I.”!'I '|'¢|'|'|l!F"'i|l.|I l.'I.I.'iIll.:'
ol maILee

As the largest clump in its vicinity
Earth soon atracted and swept up
much of the rest of the gas, dust, and
smaller clumps in its path. Only the
Moon escaped by [alling into a stable
orbit around the plinet

About 4.5 billion years aga, Eanh

a red-hot seething cauldron
rescmbling the inside o
hod been heated from above by bom
barding space-matter and [rom belomw
b the loroe of grmvity srith-rocks
remain from this perio .IuF!-I|'| Labebed
the Hadean era (afier Hades, the
mythological land of the dead)

After hundreds of millions of vears
the bombardment of Earth slowed
Earth's surface temperature b
drop as it lost its heat 1o the chill of
spate. The Moon, with less mass,

THE BIRTH
OF THE
SOLAR SYSTEM

cooled more quickly, The craters on
(1= surface were made during this era
They are a permanent record of the
chaothc Hadean era

Abhout 39 billion vears .I_L:n- a thin,

more o less permanent cnist devel-
oped on Earth. This marked the
beginning ol the Archean (or "ancicnt”)
era; Suill, Earth remained a hot and
violent place It spun on iis axis onde
every ten hours, Volcanoes, together
with cracks in the crust, released
Earth's inner heat. They sps ashes,
lava, water vapor. carbon dioxide, and
poisonous gases into the sky Gases
were released when rock meled deep
inside Earth. In contrast 1o the Moon,
Earth had enough gravity o keep i
grseous atmosphere from drilting ol
o Space

soon. the crust cooded below the
hoiling point of water. Storm clouds
rained for decades. Lightning lit up
the skyv. As the vears F'l.l'1"1L'l_'|. wWaler
illed the valleys and basins. In ime,
the great oceans were formed. Rain-
water trickling across the land picked
up minerals and salts. The sea became
galty. Erosion smoothed out Earth's
crater-pocked surface

Billions of years had passed since
the I'"'.'-'-”"““"H ol ime On this lile
planet in the vast universe, it had
finally become wet enowgh and warm
enough lor lileless atoms to begin
assembling themselves into the com-
plex chemicals that would someday
become living matter
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Chemical Evolution—it starts with atoms that are naturally
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ARRCMNLA METHARME
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thie hiuman Cely s

HEa The edses| i
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DS LS thiey Ore Dl frome thousarss of
aminc oo gl logalner in very specil

NG rd PRt g SMicull o unroneal or

aunhcahs

Earth and the untverse are made of
matter Matrer s made up ol wirioms
combinations of elemenmts There are
only 92 clements that occur natasally
Crvgen, gold, and carbon are well
kmonwn .'~:.|:1|;1|4,--

Elemments are made up ol atoms. An
arom s the smallest particle of an ele-
mient thar sl behaves hike the ele-
ment l.': ‘-'-III-\. iz a ;|.|.||

Atoms, in o qwrn, are el upr ol
subatomic particles. The three impor-
[&ant oneés are il:l"-rl"'l'l-\-_ meutrons, and
electrons, The number of [FTOEOTS i1
an atom determines which element i
is. Hvdrogen, for example, has 1 pro
ton, helium has 2, lithium has 3, and
L ] {'II

Wature uses only & elements to
make up 99 percent of all living man
ter Thiese & are hydrogen, oocyen, car-
bon, nitrogen, sulfur, and ;1|a|'--+'-||.l||,-.a

Molecules are combinations of
aroms,. Chemicals are combinations of
clements or the elements themselves
Aroms usually look and behave quite
differently when joined with others,
and ol COUTSE, the combinations are
endless. Water is a molecule made of 2
atoms ol hyvdrogen and 1 arom ol
oxveen. It looks and behaves differ
ﬁ'rltl\- Arerm 'ill'. way cither clement
'.Illl_"\-|_||I||:I_

Molecules do not form randomly
but in ordered, patterned wavs. In
waler, for example, vach molecule s
lapsided because the o hydrogen
ALFTS |II""|||.'|"- !.|||.|' |.|.|" LFEL LRI '||I|-|' III
thie oxveen arom ata 10 %-degree angle
from ome anather Withouwt the natural
attmiction cerain atoms have lor one
another and the precise patterms o
which they align themselves, life itself
would not be possible, Molecules are
like a puzzle with interlocking
NS

Shorrly alver Earths crust salidified

.I!I.I 14 'hl'.:lll.ll ||'\l|l||'l,| O JRE%f |'||,'||'|'|'|

attractive.

walers boiling pomng, ratvwater began
filling in the low spots. As it fell, rain
picked up carbon dioxide, nitrogen
hvdrogen. and sulfur from the
armnosphere As this chermical solunion
h|'l:.'|=||.-.'d on the roc L-_ it dissalved
more clements. The highlands eroded
Their sedimenis slowly senled in the
lewelands Sands and « H lorrmed lroim
muatter that sentled our of Noodwaiters

Evaporation during droughts con
cenirated clavs and the ather rain
water chemicals 1n mud-flm puddles
neir the sea The result was @ goocy
sludge at the water’s edge Sunlight
and lightning bolts zapped the sludge
The simple clemenis within banded
together to lorm a variety of more
._|'-|1'F'-|1"'- chiemicals hased on carbon,
such as amino actds and simple sugars

In time, numbers of amino aceds
and SUATS linked [ I|||'r b Fosrond
long, comples chain molecules called
protweins. Today, proeins make up 2
lange part of the substance in each lis
ing cell. Proceins alsor act 45 enzyvmes
to hasten chemical reachions

The ongin of life from simple ele-
ments could not have taken place
withouwt clay Clav was the hase on
which the chains al amine acids
slowly assembled mito proteins. Clay
i5 lormed of microscoplc crvstals
'.l"\-'.:..l.il'\. (] !l!!'_].\'_'.ll.l.l .|:|I| I..||||J|II.':'1.
shape, These shapes continue growing
in lavers as more clay orvstallizes on
their surface. Each mew Liver “inhierits
the shape ol the one below ir, As
changes occur, the crvsials “evolve
Those early aming acids thar exised
within the Immework of clay crystals
also inherited the patterns of previous
lavers. When they hnally formied cer-
1am I'l.l.lrl.'!.".'- SOITENE -\.\I |E'I."- C LT EE
achd chains became proteins

With complex profeins heng
Il'||r|'!'.|.'!... .||'|‘:aI |.l.'||| 1 I"'."'\-!..H.'ll LEI1 I|-|'.

life insel | was just around the comer

Life-forms hitchhiking to Earth on meteors?

As amvone knows who has seen weeds

growing from cracks in concrete, life
will spring forth wherever it is given
even hall a chance wo do <0 Aming
Al II\.J'\- .||!l_E |l:-:'n'r |'\l.':.:.\,.l1lk |_'r|-.-|||||._||-
lownd i humsen cells have aleo been
lound on mewworiges and comers
-::'-.|'l- wed lor aeons 1o the hazards ol
space Some say that mewears brought

lile o this barren plance. It is more

likely, however, that early Earth had
|LsE as many aminag acids as any
meieor did. AN the maer in this solar
system came together At the same time
and under roughly the same condi-
tons Lucky lor us, Ewnth was just wet
enough and warm enough for com.
plex chemicals to become living

chemicals
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DNA (Deoxyribonucleic Acid)—the blueprint of life.

D this bty portion of a DA, molaculs
HMand. eoch iohene reprasants omna olom
T McHBC LI Pengs Thal Hold thig iodder
IGoethdy deigrrming INe cisign of probaing
R lang Fhngs Lama piodaing will peduce
Doah' DO, OlRErs will DISOUcE DOdy
Shermagaly

Every living cell has architects and
builders, the way buildings do These
architects and builders consoruct
complex body chemicals and bods
parts from the simple chemicals
provided

A a2 the archimects ble cghine
It contins diesuled ]1!|,|.r|'. lor 'r'|||||,||.:u;.:
proteins and other cell substinces thu
have worked successhully in the past
|1 1% &l !.;I:'.IIT .'r:t"ll'-\.ll.f 115.|||l.' ||.'|| |||
aming acids. Tt is shaped like @ spiral
g ladder with hundreds ol thow
sands of molecular "rungs” Despite
the huge number of mungs, there are
only four tvpes. Their plan is coded in
the sequence of their appearance
across a long series in the ladder In
this way, the language of DNA cneates
vETY :_r-|11r:-'!|_"-c “words” with an
“alphabet” of only four “letters

The plans have 1o be delivered
o thie architect to the builldee Mes-
serger RMA, a simpler cousin of DNA
makes the delivery. ENA reshapes
itsell o become a4 chemical mold ol
the DNA paern, It then delivers the
maold of the plan w the cell’s protein
builder, the nbosome

Along with plans, a builder needs
raw materials. The amino acids used
to build the proteins are also delivered
to the ribosomes by smaller BMNA mol-
voules. Then construcion begins, One
by ane, the vanous amino acwds line wp
along the entire length of the mes
senper BNA mobkl, In dobng =0, they
become the long protein chain called
lor by the |1r|;._'||ll.|§ DA |:-|.||| lts waork
limished, the BNA molecule breaks
Iree from the complered protein o
.Ill.'ll.'lll'l |EH.' r.'u"\-Eﬂ. .|.J_'|.||.1'| I:'l" e E"r."-
ciss lasts froam a bew seconds v a how
IMAINLeS

.I-'Il.'\' '.'u”lll."'l: I."""‘-"l |||!.|:.|.'I. |.||l."'|- muis]

have been much shomer and stmpler

than any ke today, They may have
copied less well and made errors more
often

A DNA molecule with one of its
runigs in error is like a record with a
ictatch i bt When re-recorded on a
tape, the sound of the scratch remains
in DA, the ermor produces new pro-
Eéatis, ik III': ]'l I‘l'.ll.! 1 ||I"l'¢'|"‘l|l:|'\. i III'I'I'II'\--
EFy OF SIFUCiures g .II.II'I! mMukatiomns
Will the mutation prove good or bac?
That depends on circumsuances, bur
mest mutations, such as birth defects
are disasters. A wasp without wings
will probably die, but ants have
evolved from wasps that have los:
thetr wings

tarions wsially affect only one
RENE, O 1kt porion al a DA ol
coule responsible for a specilic char
acternistic. Eve color, for example, is
determined by a single gene

In addition o physical traus,
mental” it are also inherited by
wav of DNA. That 12 why soime
humans are naturlly more aggressive
or athletie than others. That 15 also
wivy some have i 1alent for mathemat-
s or music, Humans are basically the
same all around the world, bur not
one 15 exactly the same as another

In the cell {2pe page 163 DA mol
ecitles are wswally found Bincd up by
the thousands, creanng a threadlike
structiire called a chromosome Each
DNA molecule has a specific place in
line. Bacteria have one chromosome,
humans have fortv-six. Some animals
have more

DA molecwles have the ability o
reproduce themselves (see illustra-
pond, something no other molecule
can do. With the first appearance ol
E:-I:I!l!l.!l.\'-\.' DMA molecules in moist

clay, life had its origin (see page 16)

REPRODUCTION IN DNA

DA reproduces el oy slowly unBoping
at one andd. Sch modadd o TTung Dreos
Ing oot in ihe meddia BoCh DoEen fung
ooty 0% 9 Memipdate thod necoamibeings cnby
weth o tnesdiy TS hing modscifdn Danheal o

1By BrEvIOUS DOnO g DOnst. in RS widy
FLirecy o mEndg, aach hall of the laodad
readlaE it missing MOl exccily. In the and
s prochecos Pao idanhoo! sinomds of DA
whaes only ong ko Dean badons

THE SCALE OF LIVING THINGS
Fach ihsdralion above it o laaiold anlonge
el of B Cantrol g of the one i iy
right. Eoch ks lobelod with tha olpipcts thot
Till Pral v O TR S0alE Ol whask thiny oie
wigesesl. I ks wory, Sl COn Cormipan 1ho
siza of an alom on a DA molsculs 1o Ha

gip@ al 3 Fmn rain, ard evandning @
Deatyemean. (N Chemmising of e 8wis?s on an
oo gy ETeol sk Fod B firsk nine
imnihs of Fodh's histony, no Indng hing ones
orgus Ehan tha ema picihuned obove




L 13]

The Orrigin of Life—bacteria are more than just germs.

Only a living thing can absorb nutri-
ents and grow, reproduce on is own,
respomd 1o stimuoli, and evolve When
the clay-based concentration of amino
acids was linally able 1o perdorm all
fovar Tuncriong b irsell, ]1:.' defievition i
became alive

Living things are & part ol this
world, ver each living thing is 2 world
unto lisell The harrier between cach
living thing and the world at Large is
the cell membrane It is a wrapping
that encloses the basic unit of life, the
cell. When cells became packaged in
cell membranes, thiy were free to loat
olf their clay base and continue living
elsewhere

Cell membranes are composed of
I.].H:.' carhaomn ;|:|'|-;| F:-|'h.'-:-.p-|||:-r|.|.h COmi=
pouncds called liphcks, Like oil dropleis
in waner, liphids tend w form round
drops and bubbles. Surrounding the
cell, a lipid membrane allows cemain
substances, such as nuirents, (o enier
while it keeps athers out

Even before life had officially
beeun, nuinent molecules from the
onitzidle had been admitted and added
to the interor structure. Waste maol-
ccules had been expelled. The cell
!'u‘g.‘n'l o gross W hen the !r,mﬂg ',|,L-_.|.|J.
hubble membeane grew (oa ],1”.;.,* [Tk}
remutin i one pece it divided neatly
1 pwo, Surtace remsion, the same [orce
that makes drops out of lalling warer,
kept the two halves intact This buime
ble beginning was the start of cellular
reproduction

Once started, reproduction never
stopped. Those tiny sacs of simple
fucleic acids continued to absorh
benclicial atoms from the seawater
thar continually washed in The cells
!.:H.‘n and didaded until Ihl.j. |._|r1.'rr|_'4_|
the sea and other wet areas with lile
These were early lorms of bactena, the
-|III'||l||:=|I and most |1||r|||.ll'|-'r [FR! :'.1;..',

-
1l
'}
.

THE IA'_ETEI!M.L

MAGNFED

—_— 1 What’s New?

things kneamn

A bacterivm 45 lintle more than a
cetlular membrane with a sirand ol
DMA and seawatery cytoplasm inside
it. Cytoplasm is the salty, organically
rich liguid bath in which the strand of
DA floars

The lossil remains of bacteria dare
back 3.5 billion vears. Even today
many tpes exist only in hot springs
or sullur pits similar 1o Eamh's carli-
esll envkroniments

As we e seen r-';|1:'|:-|_||_|:_'1||||| 1%
:I‘Il '|I:| (14 ] "l'i"i!'.l..'l‘ i'l;].l.tl_"rl.l_ I.I_l_'..ll '-'-|t||.
excess cellular matenal, v takes place
when thie cell has ingested so much, i
has to divide in twe This is called fis
sion. Under ideal conditions, fission
can take place as olten as every hiteen
to thirty minutes, Ik resulis in two
bdentical cells. Mutations occur once
every millon divisions, on the averagpe
Sometimes bacteria do not completely

= CYTORLASM
T HBOSCAAES

FLASTLLA

; MUCLEAR 90300
Hﬁ:;;f;’} :
— o CELL WALL
~CELL AEMBRAME

—

LiTex
The call, ng uling ha plasma
MM ona SIS, Fiosoemes
ang) one snand of Dida
S
Farmanimtion
Ruspinclicon
Pradasymibhasis

disconnect bur form long ilaments,
like beads om a string

In plants and animals, sex precedes
reproduction, but originally sex and
reproduction had nothing o do with
eiach other Sex is the joining, by what-
ever means, of two separate seis ol
genetic maberial. Among bacteria,
DNA s shared, exchanged, ingested,
and ahsorbed Bacter may even ke
intected with the DNA ol others by
waty of a viras, Afrer red iving thins miew
gemefic nilormation, a bacternum's

—

The Bacterial Cell

At s simplest, the cell is com.
posed of an clastic cell mem-
brane made of lipids thar
eneloses 2 nuclear |-.|-|1rj}' wred
eytoplasm, The nuclear body 1= a
single bunched-up chromosome
ll".ll.ltl!-' comaining levwer than
3000 gemes: That is not really
vy many sets ol instructions for
fulfilling every one of the fune-
tions of a living thing

Mot bacteria also have a
toaith outer cell wall Sometimes
protein filaments, called Magella,
priect from the surface and
whip about, pushing the cell
(T4 ] i'l|,:|:_'r I ]15;|.|;f Hll‘l{':'s.n_':rnf:.

are the glant molecules where
proteins are manufactured

internal chemistry is wsually changed
It can be said to have evolved during
its own lifetime. For example, during
sex @ bacterium may receive the genes
that give it immunity to certain medi-
cines It can share this immunity with
ether bacteria in a nepwork that can
often range worldwide, given enough
nme

Despnie appearances 1o the con-
trary, some bacteria are as different
from ome another chemically as they
are from ]:lgh-::r OTEATNISIMS Two major
groups survive o this day. Archachbac-
teria, or “ancient bacteria;” all live in
oireme ervironments or have pecu-
liar food requirements. Eubacteria, or
true bacteria)” live in more common
environments, Both groups are
equally ancient, and both have con.
tributed chemisiry to the cells of all
plants and animals (see page 20)

Visible Variation
in Bacteria

Scientists sometimes divide

bacteria according to shape
Cocci are round, bacilli are rod-
shaped, and vibrios are bent in
the middle Spinlla (spirochetes)
are cotkscrew-shaped. In most
cases, shape has litle wo do with
l]w tl:i[l.'r|'|,|| 1!|'|;:|-c-:_"1||:l o the
bacterium, which is a much
more imporant characteristic

Is a virus a
5w
living thing?
Aovirus is a single RNA or DNA
maolecule surrounded by a
protein coating, Usually it is
much smaller than the smallest
bacterium, measuning only
abowt one-millionth of an inch
across, A virus Lils our
definition of a life-form because
it lacks the ability to
repreduce on ws own. it

requires a host cell

WIS

Q

BACTERIA REPRODUCING

{SIMPLE DiVISHO]

BACTERIAL SEX

OINE SHARES DINA WITH ANCTHER
WHILE A THIRD IS INFECTED WITH THE
DA OF A YIRS
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The Long History of Bacteria—the true masters of Earth.

When life first began, the sea was [ull
of sugars, amino acids, and other
biological chemicals that had not yer
become living things. These organic
molecules, called the “primordial
soup” may have orginally made up 10
pereent of the volume of the entire
sca. The very first bacienia simply
absorbed these molecules as they were
needed. As these primitive bacteria
began eating, they began multiplying
It was not long before the sea was
thick with primitive bacteria and they
had eaten the last of their “soup”
Famine swept through the seas in
Earth's first major extinction event.

All was not lost, however Because
of mutation. there are always a few
bactena that are able to survive almaoss
any situation. Varieties appeared thar
wiere suited o new diets

Shortly before the first lamine
cccurted, some vanetes of primitive
bacteria had evolved the ability o
lerment, or break down, complex
carbon-based molecules into the
simple food molecules once found in
the primordial soup

Fermentation allowed bacteria 1o
ingest their dead comrades. Ever since,
bacreria have been keeping Earth
clean and tidy by recyecling the organic
chemicals of dead things in a process
called decay:

Some food takers became food
makers. They survived by being able
o svathesize their own [ood
molecules from simpler substances.
Seme types made lood Trom common
compounds in seawater and air
Others made food from bacterial
waste products, This process muse
have taken place gradually, because,
even today, some organisms can make
some, but not all, of what they require
some bactenis wsed the bheat from hot
sprifgs as their energy source Others,

called photosynthetic bacteria, used
the Sun

Sunlight killed the first bacieria,
But photosynthetic bacreria required ic
Ultravioler or UV light is a pan of
sunlight that is particularly harmful 1w
living things. It breaks down fragile
chemical bonds. In high enough
doses, LV light sunbums human skin
Some forms of photosynthetic bacteda
survived by developing chemicals
called pigments thar absorbed the
harmful rays. Others lived in the
shade

Shade was created by floanng mars
ol photosynthetic bactena known as
blue-green algae In some localites,
these mat colonies became embedded
with  dissolved minerals. Alter
decades, layer upon layer of these
minerals shaped rocky mounds,
knewn todav as stromatolites
Stromatolites are the most ancient
fassils the naked eve can =ee. Today
stromatolites larm only in lagoons
where it s too salty for bactena-cating
organtsms 1o |ive

Berween 211 and 18 hillion years
ago, photosynthetic bacteria grew
throughout the world. The wasie
product of photosynthesis s the gas
oxygen  As stromatolites spread,
oocvgen levels in the smosphere rose
from ane part in a million to today's
level of one part in five

Miost of Earth’s fermenting bactena
were podsanied by oxvgen This created
ver another worldwide extinciion
event, But just as certain Bactena had
grown talecant of sunlight, certain
bacteria alse became tolerant of
CXYRCM.

Others developed a cell chemistry
that actually required  oxygen
Respining, or oxvgen burning, releases
energy from food many times more
cliciently than does lermentation

Certain bacterda combined photo-
synthesis and respiration. By both
making oxvgen and vsing it they
became well adapred 1o this gas,

With the introduction of oxygen
inta the atmosphere, a type of oxyvgen
called ozone also appeared. In the
upper atmosphere it formed a layer
that acted o filter out much ol the
harmful UV light coming in. As those
damaging rays lessened, lile was
linally able to come oul of the shade

The evolution of cells more
complex than simple bacteria
probably  came  about  through
symbiosis. Symbiotic organisms are
unrelated living things that live
together for their mutoal good.
Eukarvotes, or cells with a nucleus
(see page 20), were composed of
several different types of independent
bacterial cells. Alter being joined
together, they could not live withow
cich other

The original bacterial symbiosis
probably occurred when bacteria
withour flagella acred as hosts o
spirochetes, the speedsters of the
hacterial world, These corkscrew-
shaped bacteria have their flagella on
the inside. so thewr whole body mwists
and spins while swimming Whenever
they gang wp on a host, they usually
feed on the surface with their s
beating in unison. The host ocll, while
being consumed, is pushed around
from place to place

Evidently, certain grant host cells
were large enough 1o sustain a
spirochete attack and sull keep
feeding even though they were being
caten at the same time. Swimming in
unison, the spirochetes kepe their host
well fed by moving it into food-nch
arcis.

Other ewkaryore cell pans enter
the photiire gt Later dites
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Bacteria prepare a planet for higher
forms of life and thev are the only
forms of life capable of maintaining a
living planet. Some scientsts knew
that Mars would prove to be a dead
planet because bacteria had not
created very much oxygen in its thin
armosphere. No other planet in our
svstem has an atmosphere like the
Earth's. It seems as il there are no
other living planets in the Solar Sys-
tem. Perhaps atmosphenc sampling
will be our first clue to finding lile on
planets orbiting other stars.

Although the most famous bacteria
are those which produce discases, the
great majority of bacteria are helpful.
not harmful Some kinds change milk
into cheese and yogurt. Other types
change [ruit, vegetable, and grain
juices im0 alcoholic beverages, such
as wine and beet

Certain bacteria take nitrogen from
the air and release it as a chemical
compound similar 1o ammonia as a
waste product. Animals and plants
cannot take nitrogen directly from the
atmosphere, but they can use this
nitrogen compound waste product In
fact they need it Nitrogen-using bacte-
ria are, therefore, absolutely essemmial
for our continuing existence

Some bacteria deciy other omgan-
isms. Without them. dead things
would never “disappear” Dead things
don't stink. It is the waswe gas of
these bacteria that smiells bad.

Mothers always remind us o wash
because bacteria are abways presemt on
human skin. What mothers don't tell
vou is that bacteria arc necessary to
keep in check the fungi that settle on
us throughout the dav An excess of
bacteria kept moist with sweat is what
leads to body odon particulardy in old
sneakers
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Eukaryotes—bacterial corporations in the ‘“‘nuclear’’ age.

All living things other than bacteria
are pubaryores. A eukarvote (meaning,
“true kemel”™ or “nucleus”) is a living
thing with a nucleus in each cell

Surrounded by its own membrane,
the nucleus is a spherical structure
containing DNA armanged in strands
of chromosomes. Therefore, most of
the cell's genetic information and
protein-making mstructions come
from this organelle (or “riny ongan”)
Smaller bodies, called nucleoli, may
also be included in a nucleus. These
provide sites for making ribosomes,
the protein-manulciuring organelles
within each and every living cell

Eukaryotes are vastly differem
from bacteria. Their protein chemisiry
is different, the cytoplasm is always in
motion, and the cell is subdivided by a
serpes of internal canals Last but not
least, each of the component pars of a
eubairvote is contained within i own
membrane

A typical eukaryote cell is likely 1o
be 10 times longer than a baclerium
angd 1 D00 times its volume The npi-
cal number of DNA molecules in a
cukaryote also rises by a [acior of
1,000, bringing the rotal number into
the millions.

How eukarvores may have evolved
frorm symbiotic bacteria is iniroduced
on pages 18-19. Experiments have
shown that predatory bacteria, unde
certain conditions, can turn from
being harmbul to their prev to becom-
ing a part of their prey, Eventually they
miy become essential to their former
prev's survival, all wathin five years
in a laboratory:

The home, or host. lor all the
organelies, including the nucleus, is
the cell itself. Something like Ther-
mroplasma, a type of bacteria lacking a
cell wall, probably served as the origi-
nal host. Among bacteria, only this

type has certain chemicals also seen
in plants and animals. Today Ther-
maplasma lives in hot coals and scald-
ing springs where the temperature
hovers at 140 degrees Fahrenheit and
the acidity is equal to that of concen-
wated sulluric acid. These environ-
ments are similar 1o thar ol early
Earth, Oxygen-respiring predators
came to live within these wall-less
cells. They provided their host with
the energy and ability 1o live in cooler
and less acidic areas.

The origin of the nucleus remains
unclear Perhaps a lange host engulfed
a smaller bacterium that went on to
become its nucleus. Perhaps the host's
own DNA wrapped itself within a
membrane In either case, whenever
that happened. the host cell became a
eukaryote

The cukaryote cell organelles with
the task of respiring energy for the rest
of the cell are called mitochondria
{my-toc-KON-dree-uh). At one time
they, too, were probably independemt
bacteria. They are similar in size
shape, and chemistry o certain eubac-
teria (see pages 16-17) They have their
oan DNA and divide independently
of their home cells.

O the surface of some eukaryoie
cells are small cell whlp-:-p known as
cilia and large ones known as agella
(not to be conflused with bacterial
Nagella, see pages 16-17). Whether
large or small, eukaryote cell whips
seem 1o be former spirochete bacteria
They propel a cell by their waving
motion o, if the cell is fived in place
and cup-shaped, they wave food into i

Mo matter where cell whips appear.
as sperm tails, on protozoans, or in
lung lining, they are always made up
of the same microtubules. These
microtubules are identilied by their
cross-sectional armangement of 9 pairs

in a circle surrounding 2 single
tibiles.

Whenever cell division is about to
take place, these cell whips disappear
inside the main body of the cell
Shortly thereafter, microtubules
appear within the cell They assist in
dividing the nucleus and its chromo.
somes apart and pulling cach half ino
cach hall of the dividing cell. Afver cell
dinasion is complete the cell whips
reappear again on the outside surface
Because cell whips become absorbed
[FraT o cell division, a culsvrvate cell
cannot swim and divide at the same
time. In humans, some cells have
become stuck in either one stage or
the other Fertilized egg cells have no
cell whips. Their job is w keep divid-
ing until they produce a baby Sperm
cells, on the other hand, hove perma
nent tails and cannot divide ar all
Rods and cones, the highly energized
nerve cells specialized for vision, seem
ter have evelved from cell whips. They,
to, cannot divide and are made up for
the most part ol microtubules in a O-
plus-2 design

lsrit ir fascinanng w think that every
cell in the human body is composed
ol formerly independent bacrerial
cells now living together. each with a
spectal task to do, such as reading this
book?

Most of the five senses hegan with
one-celled oreanisms. Taste and smell
are wiys Lo detect traces of chemicals
b an environment. One-celled crea-
rieres are attracted w thechemical trails
of food and mating partners. They are
repelled by the smell and taste of
predarors, poisons, and other harsh
environmenis Some cells are attracted
Lin 1i.g|ll. and can sense rom which
direction it comes. Cells may also
sense vibrations in the water: lor
instance, the beating of cell whips

CELL MAEMBRANE

GOUE APPARATIS

THE EUKARYOTE CELL
MAGNIFED 1,000 TRAES

-1 What’s New?

M haus

Wil koo

Cell whips

Cihae coll seponelies
Largar overall s2e
Reprtduction ocoasionally with
gomehid. of Lo cpdly

from neighboring cells.

Eukaryotes developed new ways to
reproduce. Some produced spores,
tiny cells that grow o become mature
cells. Some spores have all the DNA
they need as an adule. Others have
only il the amount and are known
35 EIMOLEs, OF sex ceElls I animals
gameres have become specialized as
cxg and sperm cells 1t is necessary foo
wo gamenss 1o meet and combine

: 1
M
- RACTERALRA

their DNA in order to have the full
amount they need The resulting sex-
ual union forms a new individual with
a unigue mix of inherited genes from
both parent cells.

The carliest known [ossils of
vukiarvotes are 1.5-billion-vear-old
.1|g..lr ChaIS It 1% fuite ]:l-n_'rh:ihlf_ b
ever, that cukaryvotes originated some
300 million vears earlier than that

Zl

CELL PARTS

Unlike bacterial cells, cukary-
otes are composed of many
separately packaged parts. Those
not mentioned in the wext are
descnbed here

The endoplasmic reticulum is
the membrane canal system
along which nbosomes are
located,

Lysgsomes are organelles con-
taining a number of differemt
enzymes o break down biologi-
cal molecules and dispose of
worn out cell pans

The Golgi apparatus consist ol
stacked sacks for packaging pro-
weins and enzymes, such as
digestive juices

Centrioles are bundles of rods
connecting microtubules that
form duning cell division

The cell membrane is the
double-walled sack that holds
the cell wogether, separating its
congents from the outside
world, 1t also filters nuinienis
and out-going waste products.

The contractile vacuole is a
sack inside the cell in which
pxcess water accumulates. When
the sack is full, it contracts,
expelling the water to the out-
sidle of the cell. Odher vacuoles
develop around lood to digest i
and finally expel it in a similar
fashion
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The Blastula—get a bunch of cells together and have a ball.

sometimes when cells divide, they !
3
_l

remain stuck to one another Some- THE DEVELOPMENT AND EVOLUTION OF THE BLASTULA =
times they form a long strand of cells [EETe 2001 Tk 2
Chther times they form flat mas. A few oned ="
cell calonics form o Blastula (or “Titele f#P ) 1 I:-
bud”), which s a hollow sphere of g 4 1.
from 8 o more than 30000 cells ‘ﬁ‘ i J_?.'
Lispally, sticky cells domt commu- /‘l ""-:_-I
nicate with ecach other However L / 1_;:,‘
animal cells are an exception. The way ~f % —;_,
thieir cells remuin connected 10 one ' o L 1:'1,
another makes it possible for them to [ EJE_-__ ] iy
coordinate their movements. It is as il m’ J '-:'r'n
the cells were all of one mind g o E
Mowzadavs there are no animals % = 4
shaped like hollow spheres. Bur all - lk":._
animals go through a blastula stage as mﬁ e iy
-.'1|!|h|"!.'l.ll\ It seems lll-:('i'!. thit this form 2 '.I r e %\l
was at one time the shape of their 4 .ﬂ' Y'._ ;
COMIMON ANCESHOE XN
U the surlace of a hollow sphere, .*},-_;:'x
each cell has I:|.|L|.I!| AeCess B0 fILURChis ADULT '_.‘an:.ri
and gases from the owmside world er.-.I.l.,-“.:t:.;.Jrr;quﬂ : ?x‘t}’: .

Each cell feeds by itsell and dumps its
own waste products to the owside In
addition, each cell is defended by
isther cells on all sides but the outside
With a larger size came a greater resis-
fance o attack from predawors. One
billion vears ago, when blastulas prob.-
ably originated, there would have
been nothing else large enough 10 cat
one whole As tiny g% 3 |1:|'||'|..:;||;I_ a
blastula would have been the Largest
animal on Earth g s it time

Volvocines, a family of micro-
scopic pond weed thar exists moday, is
a living model of the evolution and
behavior of animal blasmilas

At first, the most primitive multi
celled creatures had only 2 cells
These split to make 4, then & then 16,
then 321 cells altogether Human
beangs, hike all animals, grow this way
followimg fertilizanion

Ar this \I!.:!.';l'._ .|.|| the |.1'T|h Fermiaied
alike They made a ball with each one

pointing in toward the center and
their wiggling wails {or cell whips)
painting out. A jellylike substance
may have kept them siuck 1o one
another Each individual could have
lived and reproduced alone, bur their
tails beat in unison w keep them all
mowving in the same direction

With a slight adjustment, the ball
of 32 cells could form into a hollow
sphere In this shape, every neighbor
lined up side by side While swam-
ming the sphere spun on its axis, like
a |!|E:'II:‘.||."‘. Ui ]1:::|'I!|t;:|.|:|r coll alwaws
served as the pu!r and .||'l.-.-'.q.'-\. i:-\.1|r|||'d
in the direction of travel

The cells grew -Jr}wndrm on one

gnother Soon, no ccll could live
independently or else it would die
This was not a case of svmbiosis
Becawse all the cells were alike and
relaved o ome anather

The gametes, or sex cells, began to

ke on thear separate obes and wen

no longer identlcal in appearance
One becamie |.||;.'_'rr aited one smaller,
ver both kept their mils They alone
were able o swim away from the
sphere colony and stan others

In the largest colonies there were
up o W0 colls. A few exisoed for
reprocluction only. Tt was ar this stage
that the gametes wok on their idenn-
pies s epg and sperm cells

Fgis became larger and lost their
tails, Sperm became smaller and

cnlarged their wils Egps grew larper,

haoldimg maore [ood for the 1,||.".'|'|'.'|:1ir!F|
cmbryo Sperm becaime smaller aonad
their tuls pushed them even laster
Fpes walted on the surlace of the
S[HIETS lor the "1|5". I 15 ATTENC I"l|""|."|'|:'l
=it otitside the sphiere, strugeling 1o
reach thi L -_||||_|_L|l. as pozaihle o
e v

Whethier from sexual union or
simjple b adding, new colonies LREW
prostected owithin the sphere. Thie oll-
spring escaped with a jellv.dissobving
hormione ithat split 2 temporary. seam
{n the parent sphere, This was the

arliest loirm of “giving hirth”

AN S| "1:"'&%;

HOW S5PERM AND EGG
CELLS EVOLVED
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The Planula—fill “er up!

s

The reproductive cells in o blastula

31
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fed bw neighbornng cells and take up ) .
'-.Ii':l."'i-' ||.I.II -hli..il-: o the surlac f i ALASTULA thE Edlafﬂrﬂ

Animals

Reproductive cells are better off inside
the sphere, where they are not onls puatataa

heltered bt also ot ol e wan
h el previoas]y mentioned moay
Soamiebimies Obher surbbed Cells alsn 3

; ol have been a ;.'||'.||-|i alter
cnter the sphere along with the 1 . |
Al Dol an onginism with no b
gametes Shaped like wandering | .| »
: y N JdesdEnOenis E CATNEESE
aiiochas, they become special tood | | .

e anownt fossils of animals lamye
digesters. The surface -.|.|-.:.-,'.l.||l arcy i

I\.!Ill..'._|:|| have been seen

and pass i unalvered wo the inside EC M
F : . T the raked eve come Irom a mme
where these SMEChL Colls ean 1t and dis- .
[’ MY 05 L0 ||!:. e B "\ll'l-l"'ll
tribte the digesied nuinents among :
| 11 abier the town in Avistrlia in
LI CNEr Colis
which their fossils were firss
A |'|.|.::|||.l. lorms when a sphere
% F e rbedd, Since EReE, siinilar
colony elongates and fills with diges-
: fossils have turned up all
tive cills, reproductive cells, and gela | 4
ol e waorki
pir. Plamula means “lictle Tan one™ 11 is ) ; | :
e Wikl S mdirebed o
e larva, or immaieie Tonm, ol
wirm burrows, Educaran fossils
hvelra, o stmple i nesco relative ol y n ;
1 il ek Py sl Qkat, soli-
corals and pellyhsh :
" heseliedd amimals. Some radiats

Flanwlas have been describe d as .
ke sprivkees om a wheel, Thiey
thie :-.:“'|:1||_-.| AL PEmiive amanmzils

: o0k ke Hamened jellylish
ko The ancestors of all animals % R e A
including jellviish and their ki, muest A PLANULA bR T

VELELS O A loal along i cemtral

tave rescmbsbed planulas
I 1 shafr. &1l of them are as Dat as a
Planulas have special sensory cells

nancake and their many lobies

1 H |
Of One end SEN=0ry Cells surmound
eI Lo e Deen 4 il

1 I 1 1 - - 1
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The Simple Flatworm—get your tail moving, creep!

SERSOY CELLS ‘55-“-%?-“’*’!’ CELLS

PLAMAAA INTERNEINATE
SIGE WIEW
PROBABLE FLATWORM EVOLUTION

By alirablopeng & lingd opaning
fou SO na wiashie dumiping,
il iy shelffineg T sansony
oalt ho tha frond, the plonulo
CECHTies O piimiive Motworm

Instead of maturing into a spectacular
swimming, stnging jellyfish, the poor
primitive {latworm remains tiny and
Mlat, spending its life silently creeping
abour on the ocean floor

The greatest advance of the
farworm was its developing a single
fixed opening for both eating food and
dumping solid waste. Always lound
near the center of the lower side, ths
opening i often called the mouth. T
aleo lunctions as the anus and is
usually located closer o the il As
the simple flasworm has no stomach,
this new opening is merely the

FLATWORM SDF VIEW

SEMGORY CELLS
#

gateway to the special digestive cells
on the inside The imteresting thing 1s
that not only does lood go into this
opening on iks way o the digestive
cells bur sometimes the digestive cells
pour out of this opening hke
applesauce to surround and digest
food owside the body. They return

CAGESTVE CELLS

FOCID PARTICLE
HOW A FLATWORM EATS

SPERSA DUCT

QD

CHILDIA SPINOSA

8 gampde. phimoine Nabwoem

What’s New?

A fiznd body cpaning |moulfiane)
tadnital BrsEning

Lt cnd righl sickes idenlical
Stalocysl [angon of balanca)
SEnanry R

Cross- Doy mausshas
Concanraficn ol narse nad in

e haod™
Fapdoduct ive Calls ner b loil

only after dinner is finished Simple
Matworms eat other flatworms and
other tiny animals They also eat dia-
toms {one-celled sea planis) and any
larger dead organism that may sink to
the seafloor

SPERM-DELIVERY DRGANS

Simple flatworms lind their prey
with special sensory cells clustered
maostly at the front of their body
Sensory bristles may be present, but
CYES dre not

Like most multi-celled animals,
lareorms have a special organ called
a statocyst that tells them when they
are right side up Flatworms creep over
all sorts ol sealloor obstacles.
Sometimes they crawl up sheer cliffs.
The stawocyst (or “stationary sack™) is
a Nuid-filled chamber with a tiny
particle of lime inside This particle
sits on the tips of sensory “hairs”
similar o cell whips. When the
flatworm tilts o one side, the particle
falls to that side, bending the sensory
“hairs” in that direction, which signals
the situation 1o the nervous sysiem. In

MHOT TRTED

HOW A STATOCYST WORKS

this way, Mlatworms maintain their
sense Of balance In all fish and higher
vertebrates, including humans, tilting
is sensed with a pair of similar but
reshaped organs, the semicircular
canals of the inner ear (see page 40),
located next to the sound sensors,

Most of a Marworm's nerves
surround the statocyst. These nerves
form the beginning of the brain.

Flatworms eypically travel in one
dircction only They are guided by the
part ol the body with the most sensory
cells. Although not separated from the
rest of the body, this leading edge is
olten called the head. Opposite the
head is the il

Flatworms are bilateral (“rwo-
sided™) amimals because, like a

human, their left and right sides
are mirror images of each other
Because of their flat shape, flatworms
also have a deflinite topside and
botrom

BILATERAL
ANIMALS
I

Minute flatworms swim within
bottom debris. Larger species creep
about on the surface Cilia push the
lateworm along as if it were riding on a
thousand pairs of stilis. A flatworm's
flattened shape means that a greater
surface area i3 in contact with what-
eVET it is creeping on. Subsurface mus-
cles are used o turn and twist the
body These muscles crisscross the
entire body between the upper and
lower skin layers and are as transpar-
ent as the skin is. Muscle power
becomes increasingly important the
larger the flarworm hecomes

Gland cells form in the skin layer
ar just bencath i, Some provide
mucus or slime on which the flat-
worm creeps, like a snail. Oiher
glands provide glue o help keep a
flacworm stuck w a rock where waves
might otherwise knock it off. Still
other glands produce a substance
that breaks down the glue so tha
the larworm can move on

Tho=e atworms that live in beach
sand where the spaces between the
sand grains are not continually flled
with water are the most specialized
They usually have lomger, more worm-
like bodies for moving hetween grains
of sand

7

A large portion of the fatworm's
body Is devoted to producing both
sperm and egg cells, When two
flatworms meet, they fertilize each
ather with small extendable tbes for
conducting sperm. The lertilized eges
are released in one of three ways: by
passing through the mouth/anus, by
passing through a genital opening
ncar the tail, or by rupturing through a
weak spot somewhere in the surface
laver of cells. The best way 10 handle
the laying ol eges had not yet become
standardized

Most latworms are unusual among
animals in that their sperm cells have
two tails and these tils bave a 9-plus-0
micromibule organization. At least one
species, however, does have a conven-
tional sperm tail

Some flatworms produce eggs with
a volk, the way most animals do
Others produce separate yolk cells
that envelope fernilized yolkless eges
while they are being deposited.

Despite the fact that flarworms
have s0 much of their bodies devored
to producing egg and sperm cells,
many reproduce by simply dividing in
rwio, They are not the most advanced
animals capable of reproducing with-
out sex, Some lizards and beetles are
known to bear young without the
need of 3 mate

Today, flatworms are common in
temperate and arcric seas. They are
bhottom dwellers that are typically
[ound under rocks, among algae, and
on mud. The lifespan of a flartworm
may be from 1 0 5 months long,

Flatworms are unknown in the
fossil record, bur that should come as
no surprise. They are mostly made up
of water and are so small that fossils
would be hard to identify. They
probably ariginated 850 million vears

sl
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The Advanced Flatworm—guts, brains, and more!

[EGESTIVE OPERENG

CEERM-DELIVERY ORGAN

ECAS PROCAC PG CIRGAN

Spilling s guts our in order to cat
umed out to be a shor-lived experi-
mient for the Marworm. [t was much
better off with its meal cked safely
inside during digestion. The organ
that makes this possible is the gut,
digestive cells which form an empry
sack that functions as both a stomach
and intestine

A rut s one of the first thimgs thae
the embryos of all higher animals
develop One side of the blasiula (sce
pages 22-23) develops a dimple tha
continues (o get deeper and deeper
Imagine poking an inflated balloon
with yvour finger until one side touches
the other In the same way, a portion of
the outside cell laver becomes an
inside layer with a new function—
digestion

In some flatworms, the gut is a shm-
ple sac. In others, it branches ofl inwo

VENIRAL TUBE
PROBABLE EYOLUTION OF THE GUT

MESOSTOMA EHRENBERGII

an DOvoncad moRire DoTwomm wilth o simpse gul

WEMTRY, TLIBE

hundreds of tny sacs. Connecting the
gut to the flarworm’s mouth/anus
opening is the ventral tube The phar-
ymx (or “throat”) is a muscular portion
of this tube that can protrude outside
the flatworm, like a vacuum cléaner
hose, to grasp prey

In simple flatworms, the nervous
system is i loose weave of nerve cells
I addvanced Matworms, f becmes 2
separate, easily visible set of tissues.
This central nervous system s made
up of a pair of nerve cords. They run
along both sides of the gut to the
‘head!” where they [orm something

AL
UE DA

GEMITAL
Defhanz
& LIEL WiHIFS [LILEA)
SPERMPRODLCG OREAMN
EG CHLS

. B HOLDNG SAC
YOLE GLAMDE

sN
What’s New?
Ty o S conhioiios

Poirgd primifeg oyves

wardial lubamuseular rool

Gud [digerstive voc)]

Primilfisg kkaney syshten

Monn comsing u Spans

Spndial opening (esbaMes el
ol fubs

like a brain. Many branching filaments

also lead from the “brain” 1o the sen-
sory cells.

Above the brain are pwos eves In
their most pnimitive lorm, cyes are
essentially highly modified nerve end-
ings shaped like cups and surrounded
|':|1_.' l'_li.p;rru:nl cells T]w}' cannmol bocus
images but can sense light and from
which direction it comes. Many
Rarworms iy 1o avioid light

One of the important activities of

every cell in microscopic animals i=
waste excretion. Waste is made up
primarily of water and salt. As the

The Last Billion Years
of Animals

The major living phyla, or primary
divisions of the animal kingdom
according to body type, are
diagrammed at the right. Their most
likely relationships 1o one another
are also shown, By the Cambrian
pertod, nearly all the major living
phyla had appeared

Unfamitiar labels

o this chart are explained in

upcoming pages (see Index)

nurmber of cells in an animal rises, this
activity is urned over 1o specialized
cells, cells that perform only this func-
tion. In advanced fasworms, primitive
kidney cells filter cell Auids for wastes
Urine collects in tiny tubes thar deain
out the ventral wbe

In advanced [arworms, the sperm-
and csﬁ-pﬂulumnn GEEAnS hecoame
more complex. The genital opening
moves 1o just behind the ventral mbe

All weld, flaworms can reproduce
in four dilferent ways: by producing
gametes (sex cells), by fission {split-
ting in two), by budding off Lirtle flat-
worms, or by regeneranng lost parts. A
flatworm chopped into 10 equal
picces can become 10 fully functional
farworms.
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The Ribbon Worm—food in one end and out the other.

Flarworms have only one digestive
opening, and so they nin the risk ol
mixing incoming lood and ouwtgoing
waste. Nemertines, or ribbon worms,
areé the most primitive animals thar
have solved this problem, They have a
mouth in front that moves forward o
seize food, and an anus i the rear thar
MOVES JWIY from 1,'.;~;];u;l.l.|_'-|j waste. The
mouth and the anus are connected by
an intestine. A layver of skin and muscle
cclls closely wraps this one-vway be

How ribbon worms evolved [rom
farworms s not clear There are some
ll-.'mg species that Frn.:-‘-.'ldl; I pOTTant
clues

There is a living Mlatworm with
both a ventral tube and an additional
sucker located beneath its "head” This
sucker is formed from an infolding of
surface cells. It is as if someone had
poked a finger gently into an inflated
balloon o produce this skin depres-
shon. The sucker does not connect to
the wall of the gut, but (i didd, a com-
I:IlL'[E‘ mouth/intesine anus SYSLEm
would have developed, as exists in rib-
bon worms. The mouth of a human
embryo also appears in just this way,
on the outer cell wall far from the
original gut opening

Ribbon worms are suckers. They
suck in fish and other worms, like
kids suck in spaghetti. Early jawless
fish also wok in food in this way

Like Matworms, ribbon worms have
flattened or rounded bodies covered
with cell whips, or cilia They use cilia
to creep over a trail of excreted shime
Inside the intestine, cell whips keep
Fonened moving from one end o the
other

Bibbon worm muscle [thers are
arranged like the basket weaving of
‘Chinese handeuffs” a oy children
use to snare their fingers in, To move,
ribbon worms bunch up and swretch

RIBBON WORM
ACTUAL SITE

What’s New?

Mziudh im Trand, cirsey in near, with g
liree ird@sting Connecling INe fwo

Cueuloion syibemiDlood

Indbwaunts sepanated (o e

Suchkng methd of ecling

Marvas cendralined o heod

Hasad- W musculor sysem
Acirem ot nighi

THE PROBABLE EVOLUTION
OF THE RIEEON WORM

FRO#T e Ll T REAR

SUCKER B

out. Species that swim da =0 with ool
likeé motions.

Typically 1 to 8 inches long, ribbon
worms are larger than typical manne
Natworti= Thelr inmer tissues ane far-
ther [rom the serface Therelore, these
rissues need w be fed nutnents and ocy-
gen by blood, A nbbon worm's simple
circulatory system s so primitive that
there may be as few ds two Blood ves-
sels, one on cither side of the intestine
They are connected to one another
near the mouth and near the anus,
The flow of blood is very irregular It
may depend on the comtractions ol
the blood vessels themselves or upon
the overall contractions of the worm
itsell. Often the blood is clear Some-
tirmes, however, it conins corpuscles
that may be red (like human blood
corpuscles), orange, green, or yellow:
White bleod cells, which ataek invad-
ing organisms, are also present

In ribbon worms, the nerves are
more concentrated o the snout than
I|'|1"_|.' are in lavwormms Tweo o & ovies
are often there as well, Ribbon worms
use their eyes o avold light. they ae
active only at night

Ribbon worms are the most prim:
give amimals in which the sexes are
separated into only male and only
female individuals. Males produce
sperm only. Females produce eggs
only. Mot any ribbon worm will do for
a mite: one of the opposite sex must
he found

Living ribbon worms have cerain
features that remove them lrom
human ancestry (see chan on facing
pagel Nevertheless, samething very
much like a ribbon worm, with the
features described in this text, was a
human ancestor. Fossils of rihhon
worms are known from the middle
Cambrian period, 530 million years

ago

il

The Roundworm—it ““‘swims’’ through the sand.

Frimitive roindworms, o nematodes,
are colorless, unsegmented, tough lit-
tle predators. Their body is usually
cylinder-shaped and tapered ar bath
ends. In these respects they resemble
hatchling fish. A roundworm has no
puter cilia on which o creep. so like a
fish, it moves i entire body 1o miake
snaky S-curves between the grains of
sand or dirt in which it lives

Huundwunns ]'m'n.'# fo Ccilia inside
their bodies, either Even their sperm
have Ao Lills. Chordae ancestors were
probably roundworms that did not
lose their inner cilia and sperm tails

Roundworms have something
close to a coclom, or body cavity It is
a space within a layer of cells berween
the intestine and the skin where new
OFgAns .|J.|:'.'|,'|:1|'| T he appearance of the
first true coclom is discussed on page
|

Within the roundwoarm's Else cose-
lom, its organs float freely in a jellylike
Muid, This Muid is under pressure

ROUNDWORM — ~otua 50

What’s New?

Hpchoaiotic skedestonyli Mened Dody
Lods of @aanngl il

Undubafing medhod of DuwErowing
Tough skin

lopered shopea

beneath the roundworm’s tough outer
skin. The pressure acts like water in a
fire hose 1o stiffen the worm along its
entire length. Such bady suppaort
created by liquid under pressure is
called a hydrosatic skeleton (*Tuid-

at-rest skeleton”™). This type of skeleton
WAL Jin lqn]_mrl.l.rl.l: lorerunner 10 one
made of bone

Fossil roundworms are known
from the Carbonilerous perind. 300
million years ago, but some of the
garliest worm fossils are TO0-million-
year-old burrows, tiny winding tun-
nels in the scafllooc It takes a ough
anmimal to burrow through sand or
mud, and no ammal then had hard
parts, such as a shell or a bony skele-
ton. Worms with a coelom and 4
teigh hydrostane skeleton must have
created those burmows

Roundworms eat organic debris
and live prey, but many living today
have become parasites. Pork should
never be caten raw because of the
threat of roundworm infection. The
roundworm population greatly out-
numbers that of all other kinds of
animals. They can be found m great
nufibers in the sobl, resh warer, and
seabeds

Arimabs wath boh 3 rmoaeh and an
apus can be divided according 1o
the way thetr -|'|'|'||!:|r:.--::l |.||.'l.'|:_'||.'r|'|-‘|-_

! ilnﬂ'lll'I“E I'|'|h'|"'r crifena

STARFER & WM

PRaZeyST Qe Figha
EREMNVORET SLASTLLA,
O=EING DECOITHES DNiis

DEUTEROSTOMATES &t PROTOSTOMATES

In protostomates (“first mouth™)
such as segmented worms and their
kin, the first opening that appears in
their blastila ultimately becomes a
mouth. In deuterostomates (“second-
ary mowth™) that same opening ulti-
mately becomes an anus. Humans and

BRI IFCLIS

winiteal oponing is gbih moush and anud

REBON WORNS

PROICSEOAATES

starfish and their kin develop in
this way. Bryozoans and brachio-
pods are sea creatures with sim-
ikariries wo both groups.

SEGMENTED
| RS

ATHRCEODS f ‘|! R LS

ERIBEOMIC BLASTLUILA
s SR RO mouin
QNS Oreers Nanm
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The Wormlike Chordate—a stiff back was a big advantage.

It i easy 1o sce that an earthworm's
body 15 divided into dozens of short
segments. Each segment is separated
from its neighboring oncs by thin
muscular walls. With more muscles w
the inch, segmented worms have more
control over their body movements
than unsepmented worms do

Human ancestors went through a
segmented worm stage. Earthworms,
however, were not a part of human
amcestry. They are related 1o squids
and horsellies. Unlorunately, no
worms are known, cither in the fossil
record or alive today, that come
close 1o being a model ancestor for
this stage of human evolution. Scien-
tists have guessed what this missing
link must have looked like and how i
came to be This wormlike segmented
ancestor would have evolved some
650 million o 600 million vears ago,
and it would have had a true coclom.,

As touched on earlier, a coelom is
an important space that develops
between the intestingl twhe and the
skin. A wough hydrostatic skeleton
results from the pressure of fluids
within the coclom. This space pro-
vides an opponunity for other impor-
tant organs to develop All animals
more complex than worms have a
coclom. The coclom develops one way
in all protostomates and anather way
in all devterostomanes (see page 3.

In our ancestors, the way the coe-
lom probably came to be is described
and (llustrated in the lollowing four
slEps

| Beginming with the ancestral
roundworm, the intestine was a
straight wbe that mn from mouth to
ARLS

1 Later, a senes of pockets, like lit-
tle stomachs, developed along the
length of this wbe These linle stom.
achs provided pit stops lor lood and
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digestive juices. At first they simply
improved digestion. But being
attached to the skin as well, thiey also
had an eflect on the worm's perform-
ance whenever it tried to move Those
worms that could match the filling
and emptying of their intestinal
pockets with the action of their skin
muscles helped themselves move
better.

3. As time went by, these linle
stomachs grew larger and larger
Finally they formed a series of paired
hall rings along the entire length of
the mbular intestine At this stage the
worm probably looked like a tiny
pack of roll candy

4. Owver, around, and between each
ring segment, thin sheets of muscles
developed. They squeezed the contents
of the ring segments into the intestine
and let them fill back up again

Molochord

Spinal cord

Sagmonied Coalam

Baarichisd S ) s has

il oparngs

Codidinghied taimirang o mddily
il lianal unchlarong

Over time, this series of ring seg-
ments and muscles proved 1o be more
wseful i moving the worm from place
to place than in helping it w digest
food. When the last tiny opening
berween each ring segment and the
intestine finally became sealed off,
coclom segments were created

From that time forward. the ring
segments acted more like scaled water
balloons, Whenever they were
squeezed in one direction, they
popped out in the other, usually
against a neighbonng nng sepment, A1
this point our ancestor had a seg-
mented hydrostatic skeleton, much
like that of an carthworm

An earthworm can move in three
ways: (1) It can undulate from side to
side like a snake (2) It can telescope,
that s, strewch out its front then pull
up 118 rear: (3) It can move by peristal-
sis; in other words, segments expand
im a wave 1o push the worm along. In
humans, lood s pushed all the way

Thay is whit @ wormiile choscole mighi
hanen looked hoe. This driawing i@ Boied on
O rouncwonm and G pHmiling choecals, 1ha
anceial (e Goge J4). The wonmlike chioe-
e vt Pechanly Bolh buﬂ{'rwll"iﬂ and
@ Saimming animal feading on single-
peled prganama on ke sealloc: 450
Prillaa |8 S0

e

EARLY CHOROATE
SORARLE
ACTUAL ST

through the digesuve system by
peristalsis

Whe can see [rom the activites of
earthworms that undulanng, relescop-
ing, and peristalsis are perfect for bur-
rowing and crecping in soil, but
telescoping and peristalsis are not well
suited for swamming in open water In
order to swim well, a segmented worm
needs 1o stiffen its body so that it
wont telescope whenever the swam.
ming musches contmct

The orgin thar snffened our seg-
mefited worim  ARCESIor  was
notochord, It is a lirm yet Nlexible rod
than prevented telescoping and
peristalsis. Lancelets and some fish
still bave a notechord, These animals
don't bunch up and stretch out They
undulate from side 1o side

As the muscles on either side of
the notochord ke twms comracting,
they bend the notochord o the left
and 1o the right. When the muscles
relax, the notochord springs back like
a diving board, which s one way this
elastic rod saves energy

The notochord first formed from
thee top of the mtestine along its entire
length

Al animals with a notochord are
chordates. A human embryo also
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develops a notochord, but shortly
thereafter it 15 replaced with a
backbaone,

Alter the notochord appeared, the
coelom segments became useless and
dwindled away, leaving a simple large
coclom space In their place, the coclom:-
squerzing, muscles continued o grow
and develop imo powerlul swimming
muscles. Lancelets (see page 34) and
fish have huge muscles, which maks
them good 1o et

With muscle blocks contracting
rivthmically on either side of its body,
4 chordate (such as a fish) swims with
gracelul side-to-side undulations.
Coordinating this rhythm is the job of
the central nerve cord in the back
above the notochord Where did i
come from?

As seen earlier advanced Mat-
worms have a pair of nerve cards
along either side of their gue A round-
worm is similar but also has smaller
cords running down its helly and
back. In chordates, a merve cord
formed in the back, close 1o the
notochord and the ssamming muscles
attached to the notochord

By swimming [rom place w place,
rather than burrowing, chordates
could get 10 more leeding sites more
quickly, They could also escape

bottom-dwelling predators, Better
swimmers kept evolving Those with
larger, flatter tails were better at push-
ing back more water with every undu-
lation. The streamlined shape that
evolved created a mimimum of drag
Long, low [ins provided stability
in water Like leathers on an arrow,
thev kept the chordare pointing
straight and sure woward its desti-
natan

An early wormlike chordate would
have fed on single-celled organisms
that drifted along the shallow seafloor
It would have spent its days sucking in
and spitting out {ood and water At
least some of the [ood would have
stuicle tos the imside of s throa A coat
of mucus made the throat snicky. Cilia
(cell whips) continwally swep food
particles back woward the imtestine

After millions of vears, the chor-
date developed side exits, called gill
openings, to fMush out the excess water
it was sucking in. This onc-way pump
proved 1o be a much better way to trap
lood particles.

Although todsy most lish breathe
with gills, at this carly stage pills were
not present. There were only gill
openings, Oxygen was still being
absorbed directly through the naked
scaleless skin of the chordave
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The Lancelet—it swims by night and burrows by day.

The lancelet is a swimming animal
sometimes known as the “headless
fish” Among living animals, it most
closely resembles the ancestor of all
chordates. Fossil Laincelets go back as
far as 530 million vears ago Although
they are buile lor swimming, living
lancelets survive by avoiding daylight
;ﬂ--d.lll_ll-_-: siiel as fish, which evalved
Liter During the day, lancelets burrow
something human ancestors never
went back to ance they had begun
SWITININE

Lancelets swim by night o arcas
that are dense with plankion
(microscopic sca life). Lange numbcrs
of adules gather together angd bury
thiemaelves pail Giest in sand o ;._'||.|.1.-:"|
Feathery mouth ralrls permii only
plankion amd water inte thear mouths,
keeping sand out. Microscopic lood is
|ri|;',|p|,'-:| O MRS ‘\.ll'.I.‘IIIJ..‘- "'.*-'|II|:1'
exceas water s flushed out the many
dozen gill opemngs

The lancelet swims like a fish, with
rapid side-to-side flicks of its entire
hody. On the top, the lancelet has a
Lo dar=al in. On the bottom, there 1s
a low ventral fine These lins menge o
the tuil to form a caudal fin, These
irvcresse the lancelet's suelade anea to
push water backward They are sup-
pored and shaped by fin rays, This
hardened tssue & the lorerunner of
an internal skeleron made of bone

Mear the lanceler's snour, on cither
side of the nerve cord, are two small
spots that may be sensitive 1o light A
nerve also leads to g small pitin the
snout that may be o smelling ongin
Evidently neither is very important.
With it statlonary mode of leeding,
the larcelet has little need for eves and
A ERi

Digestion takes place in the Lince-
let partly as it does in the planula and

larworm, by roving digestive cells

THE YOUNG LANCELET

PIKAIA

THE EARLIEST KMOWWIN CHORDATE
£30 MILLION YEARS OLD
ACTUML SUTE

(pages 24 and 26). Secreted juices also
plav a pant in digestion

The tail of a lancelet is made up of
large tail muscles and hard [in tssue
The anus lics forward of the wil np
o] thie belr <idle ol rhe lower il
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The pale pink lanceler has no hean

ot red blood cells. lts colorles hlood
is pumped by contractions of large
arteries and veins

Special tissues in oats throat are
carly pituitary and thyroid glands
Glands telease chemicals the body
firscls wedul In huamgns, the pltuitary
J_'|5.|I11I| stamulares ’:rl".'.!h angd also
stimelates other glands, The thyrokd
gland stimulates the rate ar which the
body bums encrgy and regulates the
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amount of calcium o the blood

Lismceler lemales !.I:r. I.JI.'\I\ZI.'rII- ||| L= LA
in the water, where they are fertilized
by the male’s sperm. The male has no
need of 2 Hi'ﬂ.'l.l.li tilie |G ¢ |'\-|:'L||u.l;111!.;
his sperm o the inside of the female
Therefore the lancelen like most fish
angd amphibians, does not have a
periis

Hatchling Lancelets probably look
like their ancestors, the earliest chos
dates. They have a mouth and one gill
opening for feeding The larva swims
at first along the bottom and later in
the OPE waler with the p|,|11]-.'_|;|,|||

As it matires, the living lancelet
Prones e ;.;151 |.'-r!-|.'1'|:1'|=.‘;- until it l'l.:l*-
100 or so The lancelet ancestors of
fish. in conrast, probably never grew
micee than 7 pairs of gill openings

To protect its many tiny gill open-
ings from clogging while burrowing,
the living lancelet blankets them with
[olds of skin and muscle that enclose
the gill openings within the body
Filtered waste water fills a space (the
atrium) bencath these folds and is
Mushed owt a fear opening (e amo-
pore ) at regular intervals

In contrast 1o living lancelets, the

lanceletlike ancestors of lish never
returned to burrowing after lirst
adopting a swimming lile-style A
blanket for the gill openings, an
atrium. and fearhery sand fliers are
later developments fish ancestors
never fad

As passive feeders, living lancelets
peed the cilia inside their throat to
beat o current of water and plankten
through their gill openings. As active
hunters, the lanceletlike ancestors ol
fish kept swimming o keep a current
of water and plankion flowing through
their mll openings



Chordates—the first 300 million years.

The chart to the right is an overview of
the earliest chordates, One can easily
trace the lineage of himan ancesry by
always staying to the nght Each lefi
tum follows a different evolutionary
path. Major advancements are noted
along the way, Gray bars represent the
known fossil record

Chordates are animals stiffened by
a notochord. In later chordates,
known as vertehrates, segmented bone
or cartilage replaces the nowochord
The notochord was an imporant fea-
ture in the back of every fish and
amphibian covered by this charmt In
some cases it was ringed by bone or
cartilage for greater srength, Today
most lish and four-legged creatures
hive a notochord only as an embrva

A chordate feeds with an open
mouth while propelled foraard through
open water by a muscular ondulating
body and 1ail. On land, legs propel a
chordare forward

Mow ler's mke a look at the chan
Notice how only a small portion of
human ancestry is actually known
from fossils. Much of whar we know
about this period comes from look-
ing at the level of advancemem
achieved by distami relatives in other
branches of the chordate family tree

Young sca squins have a
notochord and swim freely, but as
adults they undergo a change. They
become attached to the seafloor and
filter feed much like a lancelet. Acom
worms, pterobranchs, sea lilies. and
starfish are distamtly related forms,

Except for lancelets and sea
squirts, all chordates are craniates.
Craniatcs have a cramium, or head,
They also have eyes. nosirils, balanc-
ing organs, and a brain.

Conodonts are the cardiest known
craniates. They looked like living hag-
fish but had strange “weeth” lining their

throats that may have been plankton
filters

Jawless fish had the flirst bany
external skeleton. Early types ate
plankton. Living lampreys are para-
sites of other fish,

Gnathostomes had the first jaws
and paired fins. Their origin has not
vet been documented in the fossil
recond

Placoderms, named for their heav-
ily armored “plate skins” were not
closely related o other fish with jaws.
Spiny sharks were related bur had a
single large spine supporting cach fin.
Both groups became exnnet long aga

Fish with fins made of many bony
or cartilage filaments include mose Hv-
ing tish. Canilage is the Hexible white
support material that caps the ends of
chicken bones. Sharks and ratlish
have skeletons made of camilage and
lexible skins covered with tiny tooth-
like scales.

Primitive bony fish were covered
with interlocking diamond-shaped
scales made of bone Many had bomy
mtermal skeletons as well

Ray-finned Lish had fin muscles
insicle the body wall, while lobe-fins
had muscles extending inte the fin
isell. Among lobe-lins, only lungfish
and the coelacanth survive w this day
The extinct rhipidistians had sharp
teeth, strong skeletons, and broad
lobes Some rhipidistians, the pan-
derichthyids, were the ancestors of
amphibians

As adules, amphibians had legs, b
they hatched underwater with gills
and fins. Ichthyostegids were the first
known amphibians and gephyrostegids
were the ones closest to reptiles.

Repriles laid the first egg provided
with a Lurge volk and a special water-
tight membrane

Geologists 1ell us thar during the

Cambrian period, North America
straddled the eguator and was sub-
merged beneath shallow seas Only
the area surrounding Hudson Bay
from Greenland o Minnesota was
lowe-lying land.

By the Ordovician period. even this
area had become submerged A new
mountain range with many volcanoes
emerged along the East Coast

The Silurian was a peaceful period
that zaw the erosion of that eastern
mountiin chainm into a series of
islamds. There was an uplifting of Lind
along the east coast of Greenland.

Morth America was still looded by
the late Devonian period. but land in
east Greenland provided a foothold

lor the lirst amphibians, insects, and,

land plamnts.

During the early Carbomiferous
period, a vast stretch of sw Ampy
lowlands appearcd from the northem
Canadian islands o Virginia. The
forests that sprang up there were the
home of giant insects and the first
repiles.
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The First Fish—it pushed a head with its tail and ahead with itsbrain.

Fish are lancelet relatives that never
adopted a burrowing life-style. They
swam in pursuit of their prev. Resem-
bling modern tadpoles, these early
fish wriggled their wails 1o propel
themselves from one [eeding stanon
1o another They had neither jaws nor
stabilizing lins.

Fish have a more active life-style
and burn energy at a higher rate than
lowver chordastes do Their bodies need
more food, burn more oxygen, and
produce more waste Fish have a more
muscular body and tail and & muscu-
lar mouth for pursuing and capruring
food. Red bloed, which can carey
more oxvgen than clear blood, is
pumped w the cells by a muscular
heart. Gills appear near the gill open-
ings to provide the body with more
axygen. especially during a chase

In lancelets, swimming muscles
extend o the tip of the snout. In con-
trast, fish have only a few muscles on
their head. The main ones that remain
are those that move the eyeballs and
the Mexible throar The head of a lish
is like the radar system of a guided
missile [t tastes, smells, sees, and then
decides the best place w go 1o leed the
mouth. The job of the runk and the
tail is to push the head where it wants
[0 g

Fish have increasingly complex
sense organs, Most, but not all, are
located in the head

Three eyes appear on early fish,
one on each side of the head, one on
top. The top eye probably never
fiormed a clear image as did the lateral,
or side, eyes, Instead, it acted more
like a light-sensitive gland. It gauged
daily and seasonal changes i sunlight
and released body chemicals ar the
correct time to stimulate ege and
sperm production. Today, this gland is

known as the pineal, and i s usually
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buried deep within the brain, as it is in
humans.

A fish's lateral eyes are provided
with a lens o locus ]I:.:'J"II on the sensi-
tive tssues at the back of the eveball w
form an image. As frec-swimmaing

animals, fish need 1w see where they
are going. what they are hunting and
where their enemies are At first, only
black-and-white vision was available
Gradually bony fish did see some
coloe Sharks never did

L

The semicircular canals were
elaborate balancing organs on either
side of the head 1o the rear of the eyes
They were made up of one or two
loops of tissue filled with fluids and
several hard, free-moving ear stones.
These acted like the statocysts in flat-
worms (see page 27). Whenever the
fish swam in other than an upright
position, these ear stones moved over
sensitive nerve endings in the loops
This signaled the situation to the
brain, and the fish could right itsell

The maose primitive fish had paired
nostrils. These were small sacs in the
skin connected to nerve endings. They
sampled trace molecules of whatever
wits ahout to enter the mouth

With odor signals, vision stgnals,
and balance signals all coming in at
once, the nervous system needed help
Three areas in the front part of the spi-
nal chord became larger and special-
ized for smell. sighe, and coordination
Together they formed the brain

A braincase of canilage developed
It protected the brain from injury and
also provided strong tissues lor the
fragile sensory organs 1o nest in

Driving the mouth and the sense
organs toward food was the powerlul
bady and ail, As the tail muscles
enlarged, the rear part of the imestne
and its opening, the anus, continued
shifting forward. The anus swpped
just behind the genital opening
{where it remains in humans), It really
didn’t martter where the waste dump
apening was, but the tail had to push
from behind.

QOur earliest fragmentary records of
jawless fish come from the late Cam-
brian period. More complete jawless
fish of various kinds, some of which
are illustrated above, appear in lager
periods. Mot one has been shown 1o
be ancestral o jawed fishes, however
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Bones, Scales, Gills, and Guts.

We take for granted that a fish has its
bony skeleton on the inside 1t wasn't
alwavs that wav. Abowt 100 million
vears before bone appeared on the
inside, some early fish had a skelewon
|11,:|.!|.- I.FI hone (141 “II." L".'llll'i-lll.lt'. (1 .ll.[-Lll-
tion 10 bone, this external skeleion
had layers of the marenals found in
present-day  teeth: dentine and
enamel. Like the armored suit of a
medieval knight, Large plates protected
a fishs immohile head, while flexable
linked scales covered the rest of s
body like chain mail.

A bony external skeleton did more
than protect and support a hsh. Origi-
nally it may have served as a chemical
dump and reserve Calcium and phos-
phate, the ingredients of bone, are also
important  ingredients  n cell
metabolism, They form deposits
whenever there s more than the body
needs. Whenever calcium ang phos-
phate are not present in the environ-
ment and the body needs them, bone
is a source of these elements

When hone began o grow inside
the body, it settled in areas that didn't
move much, such as the head. The
bones of the human skull actually
[ormed from a combination of three
distinct bony areas in ancient fish: (1)
the bony Intermal braincase (2) a
bony external surface armor and (3}
bony gill bars

The internal hramcase was origi-
nally made of cartilage, a wough vet
Nexilile body tissue that holds 5
shape The human nose and ears are
also shaped by cartilage Carrilage
cups originally formed around the
important sense organs in the fishs
head: the eyves, the nostrils, and the
semicircular canals, One also sur-
rotnded the brain. In time, miost of
these sense-organ cups used w the
braincase to become one large com

INIERMNAL SELEL
ELEMAENTS

EXTORTMAL SMIALL
ARKOR

THE FISH CRAMIUM

plex structure. Only the eve cups
remained movable. Bone, which s
tougher than cartilage. replaced it in
some cases as the ammal mared

On the surlace were scales and
F-I'.m";- made up of three Invers of mare-
rial including bone, dentine, and
enamel These scales and plates grew
only by depositing more material
around their edges, leaving growth
rings, similar to those seen in tree
trunks. These hones shaped the head
like the nose cone of a rocket to slide
smoothly through the wager

The gill bars of ancient fish are
jointed bones lining and supporting
the many gill openings, In humans
they evolved o become jaws, tiny
middle ear bomes, the bone beneath
the tongue, and the Adam's apple por-
tien of the voice box

Along the flexible runk of the
fish's body, diamond-shaped scales,
laid like bathroom tiles, improved
swimming. They were arranged to per-
mit only side-to-side undulatons

(HARSORD-5HAFED S ALES SET
MAGCMALLY IMPEDE VERTICAL
BACTICOR AR ALLONY SI0E-T0-H0E WMETEON

Many primitive fish were sensitive
1o electric currents. When muscles
twitch, they generate mimute amounts
of electnesty. Electrosensory ongans in
fish helped them find their ewitching
prev. whether they were in !r'||.|.'r'|-=1_.
wiaters, buried in sand, or cloaked by
darkness
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IThe lateral-line svstem was
another vseful sense ongan in murky
waters, [t s o senes of uny holes in the
skin and seales connected 1o one
anather below the skin surface and
runming in a line from head w il
The lateral line senses vibrations m
the water. Today, fish use it while
swimming in schools (o avoid crash-
ing into one another

In living lish, scales often have
chemicils called pigment=s in their
cells: Prgments come in many colors
Whiter scales '|l'-|11',1"':|' Appear on thi
baelly, whereas darker ones cover the
siches and top. This pattern s called
countershading. and it appears on
almost every animal that swams. It off

EFFECT OF SUNUIGHT WITHOUT

COUNTERSHADE

COURTERSHADING MGWENTATION

PRFECT OF SUNLIGHE WITH
CCMTETSHADING

i 1 SICRASCH
T ]

GILL PLACEMEMNT [N JAYWED FESH

sets the natural elfects of sunlight and
shade on a fish, helping it to blend in
with its surroundings. Pigmentation
also helps prevent sunbum on fish,
the way a tan does on humans

The exchange of fresh oxygen lor
stale carbon dioxide teook place
through the naked skin of early chor-
dates and vertebrates. An armor ol
scales and plates on some fish pre-
vents this. At the gill openings,
oxypen-rich water was always flowing,
so that became the nawral place for
gills to develop, Gills are large feathery
tissiees full of tiny blood vessels They
are a site of exchange of oxygen and
wiaste gases with the water outside

In fish with jaws, the gills lie out-
side the gill bars so that their delicate
parts will not be hurt by large prey
sliding down the throat. In jawless
fish, which do not feed on large prey,
gills lie inside the bony arches

The earliest fish led upon plankion
and bottom debris. As ume went on,
larger prey wus added 10 the menu.
The stomach, an enlarged sac in the
intestinal tube, became a holding tank
[or Lirge prey

ETORAACH INTESTIME

SPRAL INTESINNE

Primitive fish intestines are shaped
like a large cigar with a spiral inside
The feod goes around and around for
better digestion. In higher fishes and
land animals, this portion disappears
It is replaced by a simple but very
long meandering tube In humans, the
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intestimes reach 27 feet in length

A liver is present in all animals
with a backbone s main job is o
treat food after it has been digested
and prepare the nutrients in food for
absorption into the hloodstream The
nearby pancreas produces enzymes
that aid in digestion, among other
bodily funcrions

The spleen is an organ that fiest

appears in fish, It produces, stores,
arul destroys both red and white blood
cells in most vertebrates

Kidneys first appear as organs in
fish They filter blood for wastes and
remove both excess water and salt

{rown the body,

The wvent, or cloaca {mecaning
“sewer™), is the common external
apening for urine, digestive wastes,
cges, and sperm in fish, amphibians,
reptiles, and birds.

It is hard wo tell if lower animals
sleep or simply become less active at
certain hours of the day. With fish itis
easier to tell Most sleep ar night, con-
serving energy until feeding can
resume. Fish do not close their eyes
because they have no eyelids. There is
no indication that sh dream
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The Gnathostome—jaws!...and also paired fins.

Lnathostomes [(MNAl H-oh-stmes), of
“faw mouths” are animals with jws
Humans are grathostomes, oo [aws
turned nibbling and sucking fish into
predators that could bite Jaws could
dismember large prey. They could alsa
close to prevent small prey from exit-
ing once inside the mouth. Gnatho-
stome fish probably enginated in
shallow seas but spread rapidly inwo
rivers and lakes

lecth originated as sharp scales
that wrapped around the rim of the
Jaws |'|'|-|_'|r ram':l 1.-;;.1“1."- |!|:Et!~|:d srare
prev. Like shark skin denticles, weeth
are made of supertough dentine and
enamel. They grow from the inside of
the jaws and rotate w, or emenge from,
the rim. In ancient fish, teeth
appeared in rows along the rim of the
jaws, as they do in humans. They alsa
grew from the roof of the mouth and
from inside the jaws s well

Teeth are dulled and worn down
with use. As they get old, they are shed
and replaced. Sharp new teeth are
il WIlVE COIMINE up

Gnathostiomes 1.h."l.'1;|.:,||_u.‘|.1 I.'u'lll_',.'
armor much later than did most jaw-
less fish. For a long time these naked
speedsters swam in open waters, while
their heavily armored jowless relatives
cruised the sealloors.

To fleat or sink in water, a fish has
to change its bumancy, or its welght in
relation to that of an equal amoum ol
water Fish are naturally a little heavier
thin water Bony fish developed lungs,
simple pockets ol tissue just behind
the throat, Lungs could be filled with
alr 1o make a fish exactly as buoyant as
it needed 10 be In most modemn Fish,
lungs have evolved o become swim
bladders

The eadiest fish could not breathe
like a human, It did not have ribs, so it
could not inhale Instead, it gulped air

AN EARLY GNATHOSTOME
PROBABLE ACTUAL STE

Tra marly grnaothoshormss Bustroled haea i)
UrRr P O O Bostgl] o canse Pl e
Sy, f dealgn |3 Dosed on known
jrrasbens fish, Bardy sharks, mna baoirey fish

into its throat, then dived headfirst wo
let the bubble of air rise into its lungs.
The fresh air was slowly absorbed by
the body, and waste gases filtered out
through the skin and gills.

In the earliest fnless figh, steenng
wis accomplished by a twist of the
hewd. That changed with the develop-
ment of fins. An anal fin appeared
near the base of the wil. Two dorsal
fins grew on the back. A pair of pecto-
ral fins, behind the glls, and pelvic
fins, near the cloaca, were steering
fins. They also acted like the wings of
an airplane, providing lift as the body
was driven forward

Fins began as raised ridges known
as fin folds. Canilage and bone rays
developed inside the fins 1o make
them sturdy:

Samilar rays of bone originared all
along the notochord, chielly below
the dorsal and anal fins. These bones
formed the basis for the internal skele-
ton. Later they became spines on our
vertebrae (neck, back, and 1ail bones.)

Covering the gill openings of bony

Fit SFIRES

ACTUAL 5TE

What’s New?

Jaws

Tt

Poirict fin Folch

Bony diamansd shapad woakns
Sairachn [ptirmdve sutiachion Mibea)
Inl@rics shedebo

Eusfigrs

il ooy

Urireary EiOcoes

fish were large plates of bone or car-
tilage. These gill covers protected the
gills and helped the fish pump
oxvgen-rich water through the gills

The fish's jaws and gill covers form
a double pump system 1w keep water
flowang past the gills, even when the
fish itsell is not moving, As the mouth
opens and the throat decpens, the lirse
pump pulls water in, When the jaws
close angd the throar rises, warer is
squeezed back woward the gills. At the
same time, the gill covers open, seting
like a sccond pump This creates suc-
non, which draws warer our through
the gills 1o the extenior

In bony [ish, the unnary bladder
appears for the [irst time from a

A LATE S SPNY SHARY

SUBDIVIDED
LS

THE EVOLUTION OF LUNGS
AND THE SWIM BLADDER

pinched-off portion of the cloaca. This
hag stores urine until the fish is ready
o expel it and swim away,

The earlicst known fishes with
jaws were spany sharks (llustrated
above and ot related 10 real sharks),

43

taiheCASE

BOMNE LMK BRANNCASE 700 JA0SS

HOW THE JAWS EVOLVED

The gill bars in primitive fishes
were made up of upper and lower
rods. They were hinged in the mid-

die and bent forwand. The muscles
thuit pulled these bones wogether
were similar to those that closed
the jows, As the lirse gill bars
enlarged and tilted farther forward,
they became increasingly ellicient
at snaring prey. Finally they
became full-fledged jaws lined with
jagned rootless teeth.

The second set of gill bars changed
o link the jaws to the rear of the
braincase The gll opening that
remained between the two sets of

BT HORD

gill bars never completely disap-
pearced. 1t became the spiracle, a
tiny opeming above the gills sull
seem in sharks and rays. In
amphibdans it provided a place for
the lirst eardrum. In humans i
remains a part of the hearing
apparatis, the cusachian mebe It
connects the middle ear to the
throat. Sedden pressure changes.
the kind thar happen when land-
ing or taking off in planes, cause
pain in the eardrum. The pain goes
away when the eustachian wbe
opens and relieves the pressure
instde the car

They were a0 named becawse their fins
were supported by hard spines. The
spines must have hurt anvthing thar

tried o eal these fish, Human ances-
tors probably never had such spines
They would have had fin folds instead
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Osteolepis—the fish that breathed through its nose.

I you should ever get a chance 1w haold
a lossil ol Chdeplepas (os-tec-uh-LEE-
pus), do so. You will be holding the
meosd ancient lossilized ancestor ol
humans kmown o science Yes, then:
are rl.:""'\-'\-l.l"h ||'i.|| I IIIH.II.'u' |I|.||| ||||"h- II‘\I'I
bt they are all ellshoors from the
ditect line of human ancestry In this
book, Ostee 15 the hirst prool we have
that all the advancements noted so far
had indeed taken place

Ostee was preserved as a lossil
because it had a sturdy skeleton, both
instde and out In fact, this Ash was
famed bor it “bony ccales” A stiidy
skeletwon is the most important feature
an animal meest e o live on land
[hae was the |.|.1"-|I:='!. -.1| l..-l'\.h'l';-
descendenis

Chitere was a reslwscer fish. Fresh
water i murky rom dissolved mud
eroding from its banks, It is not as
buovant as seawater because it con-
tains almost na salt Warst of all, its
shllows can casily be warmed by sun-
Haght, Warm water cannot hold enough
oxveen lor moast fish to absorb
through thetr ;._'||'|'|'-

Wk waters miwst have linnted ss
vision Csiecs eves wene rather small
III'I]1.IE'I-\. I||I-\. hish “lel” ks Wil .||.1'.|..'|||
using s elecirosensitive skin and
lateral-line canals (see pages 40 and
411, Certainly Ostee smelled its way
around wsing its enbarged nasal sacs

Most fwed fish have 4 nostrils, 2
aon edch side Each nmsal sac hes an
entrance and an exit dght behind i In
Ostees case, cach exit nostril opened
mear the eyeballs. This exit would one
day become the tear duct in land-
iving smimals

|;_"|g||-..- 1% I]:-,' !t:'\.l_ ||h|1 W |.:|1u'.'. -Llﬂ
that could breathe through its nosmnls
A new nasal passage, the chioama (KO-
an-ah), opened into the rool of s

mouth. Humans and other antmals

OSTEOLEPIS

U T R B A
SAIDTHE DEDINAN

ACTUAL 57

=8 ASKELETAL WEW, SEE PAGE 114

thet share this traic with Ostealepis are
called choanates. From Ostee on, nos-
trils were used for smelling and
hreathing

Oistee was a rhipidistian (“fan a

What’s New?

Chogng and primitiee fecr ducts

1 Insicie g oWJ®
=ukar firs

o wilh Sk Tang

" e

the tip” |of the fin]) fsh. Related o liv-
ing cockwcanths amd lungfish, rhipidis-
tians had sharp teeth, brood muscolar
fins, and strong skeletons, They were
the wp predators in the resh waters ol
the Dewvonian ;1.'r|-:u|
|,|.r:._1r |||.||'|'|I."||i| "\-11:IF1I'-GI "\-!.'ull.l"u !-l:||||

ted together with a peg-and-socken
arrangement gave Osiee's hody grent
SUPPOT SV LE shallow water Many
bnrge by Hlates covered its head, The
pattern of these plates was identical to
thai of skull bones in animals with
four legs. This is only one of many
ways in which Ostee shows its rela-
tonship to tetrapods (or “lour-footed’

Ccreamres b

The ||l||=;i:'|'~.: avier ol Ustec's teeth

the enwmel layer, folded in on isell
like courrmin [olds. This made each
tooih misch Atromgen Teeth had o be
tiigh 1o handle scale-studded, armior-
plated pires

A roaw of eeeth lined the l;,'dl_"I_'H al
Cstees faws Another row cmenged on
the tongpue side of these Both rows
were normal in size. Large lamgs
emerged from both the palate (the
rool of the mouth) and inside the
lower jaws. These were its primary

weapons., Such fangs were useful for

piercing the hard, thick scales of othe:
ligh

Part of the power to drive those
Earigs camic from a special muscle thai
snapped the front hall of Oswee's
braincase down like a stapler. The
space berween the two halves of the
hraincase is the same space or “soft
-.F'-n'l ] ]11:|'.'..|.|'. E'-.||:'-. ||.|w- |:u'|'.n| s
skull bones belore they knit together

o help dislodge prey impaled
an b laegs, Ostee had a seill, bony
tongue in the bowl ol is mouth

Chspee dlived during the middle and
late. Devonian periods in Scotland
Antarcrica, and Northern Asta At that
time thise places were tropical. Ostee
is one of the earliest rhipidistians
known from a complete skeleton
Cumently, older relatives are known
anly from a scattering of broken

|1I|, L™
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THE HEAD OF OSTEQLEPIS

THE EVOLUTION OF
THE PECTORAL FIN

SEGMENTATION OF

Fid BICHES

THE EVOLUTION OF
THE SKULL IM LOBE-FIN FISH
AND A TETRAFOD

ICHTHYDSTEGA
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Gyroptychius—a larger size put more on the menu.

GYROPTYCHIUS
WELDLAE DEVLPLAN

ACTIRAL SO

Ly ity lyinre -;_j!.'-ru'-['u-E IE=2eiEs ) WhLs
named for the “epciccling folds™ ol
ity bony sciles. It looked like, and
'|1|:q||!1:|.|||1. hehaved like, ||'|.II'|':"_ _|'j.l."t|‘\.h
FThese are 1.;15;‘, lerocious, North
Amwerican FJI!'IZ]J.[I'II'- that prefer quiet,
wieedy, anmdl stagnant hackwater areas

A close relaive of Osienle [E |SEC
page +4), Gyro was large enough to
have given a human a nasty bite
Evervthing from (nsecis to shelllish
and Lirge lish was ||||.l|:|.||||'| on this
fish's meni

Compared to Ostealeps, Gyro's top
fins were smualler and shilied to the
rear They helped the il w increase
i i!.'rqlsn :-|u'|.'.|

Civros oylindrical body was up to 18
inches long and armored with thick
by scales. 1t would have resembled a
beached log waiung in ambush in the
shallows, Gyro thrived in muddy
witer This fish survived in ditches
and pools that were so small and shal-
low, there was hardly any room ar all

to teerm around o The fact that 11
breathed air made this Eﬁ.:.u'[h[.‘- Im
fact, fossils of this and other rhipidis-
fian fish are usually found o mass
graves at the base of drought-stricker
ponds, I seems obviouws that such fish
were niot ahle o craw] to new water
holes during droughits.

Rather than bending up at the up,
Covrovs. gl went straighs out. [F was an
adaptation o shallow water. 1t helped
the @il avoid the doving elfects of air
aborve the surface Youngsters lived in
it 1] -.|1,1|!nw4'| WilleTs Do v rtlln'n_'.'-
ators. They had even longer muscula
tails, The long thick wils of primitive
:|.|||r||11|‘1|.|.r|h {500 pages 317 evolved
from the tails of these fish

Stronger skeletons of bone devel-
oped in some rhipidistians as their
size imcreased, In some species, a
column of jointed bones appearcd
within the lobes ol sach b, The strie-
ture of these bones is close o that ol
the limb bones of all animals thar live

What’s New?

Lewt gyt evemienl] Ling

Long straighl lai

Dzl fisis srmedl bt cefid ahitioa
3 TPl Pome

fsdining poEniad bones

miy bones

MOETHERM
FikK:
A LIVIRG CATIFISH

on kind, including humans (see illus-
1FARIcIE )

Shoulder hiades and a pelvis
lormed a base lor the front and rear
patirs of lims. Joaned e each base was a
single bone corresponding to the sin-
J‘IH.' ”IIJ"I."I Al |||E1I"||\"\1 ;I.rILI t]'ﬂq:[hﬂ]'ﬂ"'l- |Ij
our-leggers. Following these was a

foint, corresponding 1o the elbow and
knee joints. Next in line were 4 pair of
bones, side by side, samilar to the wo
bones of the forearm and of the call
Then there was another joint, like th
wrist and ankle joant Smaller peairs ]
bhones and joims Idlowed. and these
correspond o cermain wrist, ankle fin-
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ger, and tod bones in Four legged
inimals At the end ol the lobe, dozens
ol tiny bomy Hlaments fanned oot 1o
lorm the finny portion of the lobe-fin

In the shallowest water, the showl-
der and pelvic ins had different jobs
o oy The fore fin's main job was sup
port, keeping the fishs weight off s
lungs. The hind [ins were better at
pushing

Cyro was like most vertebrates
iexcept jowless fish and mammals)
I'.!'l.'l...il.l.ﬁl.' within each ol its |'1.'r|'|:|||3. Wik
a ring of bones supporting them, This
ring helped keep the eyeballs shape
when the fish moved into the greater
pressure of decper water [t also may
hawe helped Tocus images.

Civro i known mom lossils found
in freshwscer 1.|lq,'i1-|'-'\1ll'. i1 cast Lareen-
land, Norway, and Scotland, During
the middle Devoman per ol thiese
arcas formed a single large island on a
planet that was otherwise almost comes
pletely under water
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Panderichthys—a fish that was losing its fins.
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WHLIRITIE, & athish when you readd .'.|'-\."'.|r T ERRAEl EEey ol BEs r.'|.||:|'-_|_.. amd covill Treshiilcact B T > " i = .
: : ) : with tldges and wvilllevs Prehiisori
Panderichthys (pan-der-1K-this) stay suhmerged i the shallowest of Evers on fop of sku
Hostrils ot edos of s ne fat-headed amphibians and living

mamed o th L Tanan :..'.\.-..|E.-\..\ lentist
C H, Panler keeping i mnd the ca
fishy, you will ger a good Idea aboue
this peeculor amemal

Pan was nol a specdy swimmer
Uie il lam waas short and slender The
dorsal and amal fing had disappeared
|:r|'||_-' r".'u-'. ||.I.| witliered awainy or thiey
Had mierged with the dhimimishing tail
fin

am Lived imow coastal area J'u,|||,|||-
fear the mud s of 4 dver delia I
wils almost cenainly a shallows wader
Thi= fish mav also have erwled over
land 10 other bodies of water seeking
food. manng parmers, or simply 2 wey
place dunng a drought

Although this fish had gills, Pan
witg prohally able 1o somvave inowet oo
U sarmoundings lor a day or maone
[ ] '!'_"\'||'||'|'I Il ol wWille

Pan had the body, fins, and pras ol
i fish, biit the skull wais attened and

shiaped like that of a '.|II.I|'|l.'|:|_|;I'l.|

El'.--\.l'\..“l.'!'. prodey tecd from the sun's div-
Mg rys. Haiving as low as possible was
the only means of hanling it= musco
bar but otherwise unsupported bods
across the mud Nats The center ol
balance staved low which helped i
avoid toppling over while wriggling
LT IF l_I-I .'|!||:I |:-. .1-_|;|'\-\.

Inorime Pams relitives came 1o rely
e and more upon thelr enlarged
muscular Hns 1o get from place w
|'.!__||_-_' These [ins ..l'\-|l ook somie
wielght ol the chest. enabling Pan's
lungs o B itk i

When this walking fish left irs
home puddle behind, it also left
witters matural buoevancy behind, On
land Fan had a weight problem

Larpe ribs extended fvoam each
I"'-'L.‘C wertehra o |I||['| *iLppor Pairis
internal organs rom the crush of
gravity. e nbs were lamge in pelation
[ 14] "II'\-IZ‘"\.' il otlies ||'.|I I"\-Ill they were

small in relation o those of four-

AT S
I
g0 nig
i loreslims
o i b b vl e
1N 30 I 10

0 arsd anal ing oiso oo

looted animals

When breathong aie, Pan depended
it 1ts throat muscles 1o lorce air hack
inta its nes You can sill see tliis
anclent lorm ol inhaling when vou
walch Irogs breathe The lungs acped
like mibber halloons. Every tdme they

stopped filling, they deflaged

PANDERICHTHYS

Pan's scales were smaller thae
those of ather rhipidistians. Although
Pan lost the Bever i those sciles that
trade them sensitive to minute elect-
cal impulses, the Literal-line svstem
rentined intact

Like primitive an ||||||--__.||-. S
pae 50% and the living moudskipper (a
fish theu spends part of each day on

imudd flaes), Pan's oves W JI!_|-_|';I i

top of 1its flat head Perhaps what
appearcd above the surface was more
important to see than what swam
belerw. Perhaps Pan stnved on the pond
bottom and watched for prev that
SURETE Abhove

Pams nostrils were located at the
very edge of s fawline and they Lced
downward. The very ||r'\.. 'II:..IlI,'I__'\-\.

had nosrils like these

crocodiles are other ammals with sim
ilar skull decorations. These pits and
praks evidentdy provide strengih o
fattened skulls

A double row of sharp teeth plus
paliate langs sugpest that Pan was still a
herce |!'.L._|.|‘.-.l: T O [ |.-'1-:|_ thiis fish

wiauld have been the largest land

espite the great number of char-
acteristics tving panderichthyids with
amphibians, Fan was not the direce
ancestor only g close relative Pans im
Benes did not end in tinger braniches
and s skull was probably much oo
{lat: Pams body was a it oo bene. and
the rear fims a hin woo small

Panderichthys lived 365 million
vinrs e dunne the late Devonian
prried, in what is now Russia A close
relative comes rom Quebec. At thar
time both of those places were
cquatorial and not as far from one

anaLher as 1hey are row
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Ichthyostega—a fishlike amphibian with four on the floor.

L
—_— -

:} —=  CHTHYOQSTEGA

About 300 million years ago, o th
miuid s sandbars, and Averhanks ol
steamy equadoral castern Greenland
here emwereed o creature thay could
both walk on land and swam in waer
It had 4 well-develd |.-r-:| limbs. Thesy
1] evolved from the feshy lobe-fins
of s ancestors. Each limb ended in
webbed feet that had 5 to 7 toes. With
a sturdy intemal skeleton it was able
to hoist its belly off the ground
lehthyostega {ik-thee-O5-teg-uh)
wamed for the “fishlike rool™ of i
skull, 18 the earliest well-known tetra
_:ul-:l Huzmzms are ilso I|'I|.|'|1|'-:|*-
Panderichthys’s lins pointed towsird
the rear (sec pages 48 and 497, [kky's
i | |:-.l||'.h'|| |-.|:'-.-..'.|:||_ in the direction
of travel, Recently discovered Lare
Devonian footprints fram Australia

point out o the sides The creaturs

bt Beln these wiis an evolutiomary link
with evien more primitive leps thian
those all lkky

Lobe-fins and amphibians mas
have lived in such weed-choked
waters that crowling on land was not
much more difficult than crawling
through sopey swamp plints O the
ather hand .|.|1.|'.||||1|.|:|- v have
become good st walking over div Land
beciuse they were trving o sty wer, 1
their home pond dred up, they bad o
lind another Those with better legs
survived., Amphibians know where 1o
find water becawse they can smell i
and thiey lollow thoir noses

When the mating season cume,
femnales would croak o attract suitars
| I"."ll |'I'\.'.||I||_I.'_ them ||I.'||-"" 117 CFEENET
ponds would try o reach theme The

one that fertilized the cggs probahly

1ad the best legs
Walking on drv land was not with-

{ .
st its rewiards. There would have

been plenty of walking lish 10 eat, as

well a8 inwects e rpions L|'|1I|r'-.-.||'-_
andd milbipedes. % |||,||'-u thitz was th
main reason [kky evolved legs

A% i .|||'||I'I'|||1|.|.|:'. {or “double:lhe
being™, Ikky Ladd hundreds of eggs in
the water, The hichlings probahly
resembled smuall adules, bt with termn-

like external gills for breathing

Ikky's legs were very much like

those ol living animals: Evidently evo

atiom from fins had heen guite rapid
The bones and muscles in [kky's
limbs, hips, and shoulders were big
and stout to handle the burden of s
Wi :.._'|1| ot af water 1kky's lees harndly
moved at all back and lonh. Their
main pob was w0 hit the bellv ofl the
Eroand

Forward motian came lrom the
backbone snaking feom side 1o side 1o
advance one side of the shouwlders and
pelvis lorward and then the other
Ikkv's legs stuck straight owt to the
sides, in 4 push-up posture The leet

ﬂ

were far enough from Ikky's backbone
toy gave each strde a big are. They were
not so far ehar the sorain 1o -||.|'|'|I ther
up wis unbearable

I many other wavs, kky was leav-
ing its aquatic angestry behind. Iis gill
covers were greatly reduced, sugpesi-
ing that its gills had virtually disap
peared. lkky's skull was a solid
structure without movahle sections as
in fish. Only the jaws remained
mcehili

A solbd skull and a longer snout
made the “stapler” method of biting
wsed by the lobe-lins bess elleetive iSEE
page 130, That is why there (5 no trace
ol braimcase muscles o lkkv's head
.I|I|I:'.|-.‘:|| unlike all sther lowr :I.'#l.'l‘\.
the braincase did remain in 2 i
able parts. Ikky had no palawe fangs
lone of the factors removing this
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Ichthyostega—continued.

51

THE FIRST HOCHPRARNS

amphibian from direct human ances-
v, but the double row of edge teeth
that remained were larger

With reduced gill covers, the shoul-
der girdle was separated from the
shoull Ikkev’s shoulder bones wrapped
arcund the enlarged rib cage. The
pelvis and one set of nibs made a solid
connection, With its weight supported
b thiese braces, (kky could rest on the
md flats without crushing its lungs
beneath its own bulk

Belore lkky's backbone hecame
completely adapted o load lilung, the
main support ol the orso came from
Ikky's unusual ribs. Unlike those of
almost all other animals, these ribs
had huge extenzions that averlapped
ong another. They protected their con
temts like 4 large mailing tube or
armadillo ]:Il.lll."«-

ICHTHYOSTEGA

AT LA BITE

Ikky's backbone was stronger
because each vertebra linked with s
neighbors, However, each venebra was
still made of several small picces
wrappng themselves around the thick
naotochord

Air-breathing animals need one
circulpory system for their lungs and
one for the rest of their body In tetra-
pods, the hean is divided to handle
both jobs. However, in amphibians
and primitive reptiles, the division
remains incomplete The blood that s
circulared o the body is pever come-
pl{'“'l'.' refreshed the way it is in more

active ammals

Most tetrapodds, from frogs 1w dogs,
are able o retract their eveballs into
their sockets to moisten or protect
them. I eyeballs dry out. they cloud
up Fvery fime amphibian eves are
|1ti||;‘v|1 in, ligls .:||.|1-.1|r|..||||;_;|||1_.' close over
Tiny tear glands provide the needed
‘windshicld-washer uid”™ A third
clear evelid is present as well. It is
inside the other o, 1o protect the
oves withour cutting off vision, This
special membrane is found today in
maost birds and reptiles, as well as in
soime miimimals, such as dogs

Lateral binves, those warer-vilsition
detectors, were sill prominent on
lhckevs shull. Ny muss have spent part
of each day underwater

There was a notch at the back ol
lkky's skull that formed around the
spiracle opening (sce page 43). lkky
probably breathed air through this
hiele while keepimg the rest of i1 body
submerged. The hole probably had a
movithle lap of skin over it erving os
a cover, I many later .|.||1||1'|:||!|i.|.|'|-|. this
flap became an ecardrum, With this
primitive eardram |kky might have
heard only loud, deep sounds, such as

LEG AME
FOOT OF

L HIHYOSTESS

croaks, 1T Ikky could have heard
croaks. Fh|_'r|1,||1n. this ancestor ol the
bullfrog could have made them as well
with newly developed vocal cords

At 3 feer in length, Ikky had few
enemdes under the water and none on
lond. To eat food on dry land this
predator needed some sont of lubri-
cant 1o help a meal slide down its
throar Salivary glands make watery
saliva to lubricate theé mouth. These
glands become especially active gl
hefore an animal s about (o en

Ikl padl wae |.|I-II!{'_ and muscular,

bit some fishy fin ravs sl remaimed
at the “P |J,Ln;q‘_ heavy tails are useful
to tetrapods. A ] acts as a counter-
weight in back of the hips 10 keep the
backbone arched and the belly off the
;._:'ruun-.ﬂ

Large, bony Veshaped scales cov-
ered Tkky's belly, protecung it against
scraping. Bony scales do not scal in
moisture, so early amphibians prob-
ably ventured out on land only at
night, in shade, or on overcast dinys
Even today most amphibians preler
night 1o dav and damp o dry
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Gephyrostegus—a lizardlike amphibian.

GEPHYROSTEGUS .0 vouns

Most of the known prehistoric
.l|:t|]111||||.|ll- seemed o \.|1-:'I'|1! Wore
gieme bnowater than on dey land. Some
of these tvpes developed huge heads,
long bodies, and snaky tails. Some
had no use for legs, so they lost them
[here was at least one exception that
became even better adapted o life on
dry land, and that was Gephyrostegus
{jelf=th-R5-teg-us), mamed for the
|1||.||1_l.., likser rossl ™ anll e slewi])

Smaller than most ol s comtem
POTArics, Gelly wiis a4 miniature
souprd-up version of Ichihyosiega
Wihile its relative bad been thick, like
a fish, Geffy was slender like a lizard
That is because its muscles and hones
had improved and they supported
only a fraction of the weight

Geffvs dove in the water were over
As an adule, Gefly had no fins on §s
tail. The skull bore no trace of lateral-
lime grooves {used 1o sense water-
Boarme vibeations), and Gelly had fo

|_'|I“ LETRTNS

Perhaps Gelly could swim by kick-
ing with s huge Iroglike feer. More
likely, its 5 s were bong 1o give cach
stride the maximum push and w pre-
vent slipping while Gelly scooted over
fallen moss-covered coal forest logs.
The longest toc on each of is “hands™
and feet was the fourth one, the “ong
finger” in humans. The others became
progressively shorter toward the
Thinmb® and firet o A% seen i the
illustration obove, that arrangeiment
allowdd chesn we clear the ground dur
||'|;.1I!||-|' forward swang ol each stnde

I.III.' IILF!-Iln.tLIJIIJ I.|.|||||.I= (4 5] '-;I."‘”:ﬁ =
backbones was quite a b saller The
thick motochord rhar had once made
swimimers out ol burmowers was I”“”“F
phased our, In Geffy's back it
remained only as a slender thread
through each vertebra and as a digk
between cach padin In humans, a
“slipped disk™ is really a slipped
notochord segment

Gelfy had huge eves, perhaps o

What’s New?
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seeing msect prey. They were pose-
toned on the -.|-:_|-.'-\. ol 1es e '.|||'|-.'|
thiaan o vy That is because the skull
wiis considerably less flatrened

I:,u,'!t:.' 5 roalrt s had moved lorwand
i the o ad s smow, whiere thicy coubkd
he poked into burmows and smelly
things. This is where they remain
today in most four-legged animals and

ILLETI TS

The car bone connecting Geflv's
cardrum w s braincase was much
mare slender than that ol |:lh|:1.-1-\..'.';._:|.'
It was more sensitve o a wicde Fange
ol sounds such as whistles and chirps

Limv circular bony scales covered
Gethy's body everywhere except on the
Chest and belly, A series of large V-
shaped scales protected that area from
K I'I..iIIII:L"

Celly's mobile neck helped aim s
mavith ar insect priy e rbs wiere
normal in appearance, That meant
that Gelffyv's mb mooseles were profishly
ahle o expand and comrrace o draw
air im and out |li 115 |||:1!.:-'\. This was a
new. way of breathing, and it is sill
practiced by humans

Il Getly looked so much like a rep
tile, why dsn't it considered one? Scien-
tists have observed thar reptilies hove no
Ui :|1|'-||w|'u'\-r.| .|.r||_| |;|1-,".: ;'-.1.|_I.;
bones connect to one .i"||.'\'r|'||_'] M

strongly than Gelby's did, In addition
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Although only one rose of eeth Hined
the margins of Gelhv's jaws, o few small
palate fangs still persisted. Mo reptiles
have these fangs, Gelfy's head was
larpe. like that of most other amphib-
jans, The top of the skull was fat at
the back and angled o form “homs”
pointed pares above the eardrums
[hise were attachiment paants lor thie
barge muscles needed we hold up the
]1.'.|1.1.. hEad . Sinee 1'.1:|:.' ||'|'\-I||1'h hawie
no eardruem Imes on there skall l;]'.q,'
dix not lueve these “lwans”

Fossils of voung Gallvs have heen

Foumd. They have all the leanres of an
aeluly, Bie warh vouthlul |_:-I-.IF:u‘:-I'II-.1:I1h
{a bigger head and eyes), Like many a
living salamander. Geffy's legs muss
have developed within a short time
¢ither before or after hatching
underwater

Fossils of gephyrostegids are
knewn enly from the cardy and lae
Carboniferous pericds, 320 w 300
il i VTS Apa, (N WeEslErm I:'||||.'-|_-|'
and eastern North America. At that
tiene both were neighboring ponions

ol & single continent
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Hylonomus—parents and eggs were dry on the outside but

The chordares thar have membrane-
coated eggs are the repriles, birds, and
mammals. They are called amniotes
because one of the egg membranes is
the amnion. The amnion forms a
minipond for the embryo to develop
in t's as wet as a pond but contains
no aguatic egg and tadpole caters.

The cutermost egg laver 15 the
shell The shell 15 ||:-|.|g|1 r|111|:|g'|1 I3
resist tiny predators and protects is
contents from drying out in the hot
sun. It may he leathery, like a snake's
egg. or battle, like a bird's. It is tough
to break into an amnioic’s egg 1t is
tough to break out, too Bird and mrtle
hatchlings have an egg tooth, a hard
temporary growth on their snout
Thisy use it 1o cut through the mem-
brapes and shell. Shortly alter hatch-
ing, the e woth Falls off,

Living reptiles and mammals have
separate incestiies dating back at least
as far as the Lae Carboniferous period,
310 million vears ago, ver both have
eggs lavered with similar membranes
We assume that a common ancesior
began laving membrane-coated cggs
before reptiles and mammals went
their scparate ways

When eggs became membrane
coated, lertilization had to take place
before they reached the membrane-
coating glands mside the female The
maost primitive living reptile, the
tuatira, provides an cample of how
=ily repriles pracuced inermal ferili-
gation. The male has no sperm-
delivery organ, so he simply presses
his cloaca against the female’s during
mating

Exacily when membrane-coared
cggs were first laid cannot be deter-
mined direcily from fossil skeletons
Indirect evidence, however, provides
certain clues

There are living salamanders thar

s t';'.!.‘r-». 514 ]J1'|-:1 \.1|'|'|1|.'|r Ik :.,'I::-Illrh
The voung harch our as minfamures of
rheir paremis, Their ¢ggs have larger
than usual yvolks to feed them umneil
they are fully developed. Withour a
special membrane for support, these
jellylike cggs must remain tiny or nsk
falling apant. The largest salamandcers
thuat Loy such eges only reach 4 inches
in length as adulis Lizards of this size
by simiblar-sized eges

Oowing W the ey size of the cgis
they laid, the first repriles grew 1o be
no more than 4 inches long. They
lived 338 million WCATS g0

Hyleromus (hie-LOM-ob.miss) was
3 times as long and lived a few mil-
lion yvears later than the carliest
known repiles. Although it was larger
it was still buile along the same lines
as those early types. Hy found shelver
in the base of a wee-fern stump haol.
lerwisel out by rot and lorest fire. That is
why it was named “wood districe”

In s skelewon and body propor-
tions, Hy was as slender as a living
fence lizard, This early reptile was
built for clambering over obstacles,
such as rocks and fallen tree limbs
Instead of |uﬁﬁ1x'ci':' wiiting tor prey w
crawl or fly by, Hy probably scam-
pered after them Two pairs of ribs
were attached to its pelvis for greater
SUPPOrL.

In contrast to lizardlike amphib-
ians, Hy had o small head, only one
row of teeth on the jowline, and no
palate fangs These features suggest
that Hy lived on insects, perhaps din-
ing on one that is still with us—the
cockroach. A new row of weeth span-
ning the back of the palate made sure
a meal didn't wiggle Tree as it was
holted down the throar without
chewing,

The notch at the rear ol
pephyrostegid skulls (see page 547 lefe

-
= R, i

HYLONOMUS e
LATE CARSONFEROUS

ALCTUAL SITE

FOR A SKELETAL VIEW. SEE PAGE 115

- __l'What’s New?

a space for an eardrum, but Hy's skull
had no such noach. Hy's car bone was
also quite large Like a snake, Hy may
not have been able to hear airborne
sounds very well. This reptile could
have felt the approach of lootsteps,
however, by the sibrations they sent
throwgh the ground o the log on which
it rested. Hy's most sensitive sound
sensors were s lower jawbones. Like
srhes, tarles. and lizads, Hy prob.
ably did not croak ar chim

The only scales that Hy had with
bone in them protected the belly
Unlike hish seales made of bone
1’.:|'|I!:].,' seales are made of keratin, 2
horny substance that usually does no
lossilize Human fingemails are made
of keratin. Reptile claws, which appear
at this time are mide of keratin over
bone Keratin scals in moisture. Hy
probably had keratin scales on its
head, legs, back, and tail. Like living
lizards, Hy liked 1o warm up under a
bright sun. lts keratin scales protected
this reptile from drving ow

Like all vertebranes, repriles can
only live in a kmited range ol emper-
asures, Because they are cold-Blooded,
they can not regulate their rempera-
ture brom within, Instead, they move 1o
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a more comfortable spot when they
can. In extreme weather they seek
shelier. But il it's sunny and warm,
they are usually found basking our in
the open

stayed moist on the inside.
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The embiryos of both amphibians
and reptiles are atached 1o a yolk
sac, the primary food supply lor
the developing embryo, In reptiles
the yolk sac is much Liger
because it will be used for a longer
time Its arachment point

remains on the hatchling as

the navel, or belly button

The embryvo and its

yolk develop in a fluid-filled sac.
the amnion. It serves as a replica
of an ancestral pongd

The allantois (e-LAN-po-is) is a sac
covered with blood vessels
attached to the intesting [t acts as
i bladder and as a breathing organ
The allantais and the outermos:
membraneg the chorion
(KQ-ri-on), wogether operate

as a lung surface

Hundreds of cggs are

laid in a rypical amphibian batch
Predators eat most of the babies,

REPTILE [AMMCHE)

leaving only a few lucky survivors

Repriles produce bewer but
Larger and beter-protected eges.
Each hatchling comes out fully
tormed and ready to fend for itself
Today many of these babics also fall
prey o predators. During the
Carboniferons period, however,
there were few predators in the
high and dry places where reptiles
made thetr nests




The Amniotes—the egg came first.

The chirt to the right s an overview of
the family tree of amniotes [om 320
million years ago to the present
Amniotes include mammals, birds,
reptiles, and their ancestors, All of
these animals had embryos protected
with a number of membranes, one of
which is the ammnion (sce page 361

At the same time that repriles were
lirst emerging, other reptilelike
amimals also appeared. 1t is difficule
to classily some of these as either
repliles or amiphibians. Some were
amoeng the lirst plant caters; others
were toothy predators. They all had
heavy bones and sprawling limbs.
These reptile/amphibians survived for
50 million years before fimally becom-
ing exnnct

The first wndisputed repuiles
resembled Hylonomus (see page 36)
Shortly after they began laying
membrane-coated cggs, a rift began o
appear, separating the synapsid rep-
tiles from the sauropsid repriles.
Mammals trace their ancestry through
the synapsid branch (described in
detail in the lollowing chapters),

The sauropsid branch includes all
of the remaining living reptiles. as well
as dinosawrs and birds. With the
exception of the large plant-cating
parefasaurs, or “wall lzards” which
grew 1o the size of cattle, most Saurap-
sids of the Permian period remained
smiall insect eaters. They lived wnder
the domination of the much larger
svnapsids.

About 248 million years ago some-
thing happened that killed 90 percent
or more of all the animals then living
This event marked the end of the
Paleozolc erd and ushered in the
Mesozoic era, starting with the Triassic
period. The synapsid clan lost their
dominance, bur did not disappear The
sunviving sauropsids gquickly repopis-

lated the planct

The ichthyosaurs (IK-thee-ubi-
sores), or “lish lizards” made the sea
their home Their limbs became pad-
les, and their wils became il fins

[urtles developed a shelver of hard
plates and expanded ribs called a
shell. They had a beak in place of
teeth

Exccept for turtles, all living hl:-p:nlu-,g.,
dinosaurs, and birds are diapsids.
Miapsids have 4 holes i their skull
behind the eye sockets. One pair
opens on top, and another hole
pierces each cheek.

The plesiosaurs (“near lizards™)
and their kin began as divers. Later
tvpes used their broad paddles. much
a5 penguins use their wings, to “lly”
underwater The related placodonts
{plite-toothed ™) were armored divers
Their weeth were shaped like paving
stones 1o crush clams and eysters

Most lizards and their kin
remained small insect eaters, One
growp, howeven, were scagoing giants
up 1w 30 feer long Snakes are lizard
descendants that have lost their legs
The tuatara is the sole surviving mem-
ber of a lizardlike group that became
virtwally extinct millions of years ago

Archosaurs (ARR-uh-sores), or
“ruling reptiles” were the wop pred-
ators on land doring the entire
Mesozoic erw Most can be identified
by an addinbomal hobe in the lower jiows
as well a8 one in the snout region of
the skull

Archosaur kin include unusual
repriles that looked hke lizards, b
their ankle bones indicate their true
kinship with the archosaurs.

Early archosaurs had hony plates
ifi the skin of their back, the same as
in living crocodiles. Early archosaurs
also had legs thar varied in posture
bepween sprawling and nearly erect.

Some archosaurs were able to
stand on their fully erect hind legs
abone A stilfl neck and erect hind logs al-
lod some archosaurs o breathe while
sprinting, something that undulating
lizards cannot doe Prerosaurs { TARE-uh-
sores), of "winged lizards! are archosaurs
that developed wings and learned w fly

Erect legs can support weight maore
cisily than sprowling limbs can. Some
disanrs, or “terrible lizards” grew to
be glants The meat eaters always
remalned close 10 the design of the
first dinosaurs. Some small meat
eaters hecame hirds when they grew
frathers, Birds are living dinosaurs.

Saurepods were dinosaurs with
long necks able 1o reach high plams
Most became so top-heavy, they
dropped back down to all fours

The other plant-eating dinosaurs
had a beak and special hipbones that
allowed their bellics 10 expand rear-
witrd. Some of these were armored
with plates ol bone, wheredas others
had horns and other means for
detense

By the end ol the Cretaceous
period the gianm repriles were in
decline. Many became extinet 63 mil-
lion years ago, perhaps as a result of a
global period of darkness and cold
brought on by the collision of a giant
maeteor with Earth, As soon as the "rer-
rible lizards” were our of the picre,
the surviving mammils and hirds
hegan o repapulate the planet

From the Permian through the
Jurassic periods, all of Earth’s cont-
TS Were Dol her in one supeToon-
timent. That enabled dinosaurs and
mamimtls 1w spread around the world,
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Archaeothyris—had fangs and a hole in its head.

ARCHAEQTHYRIS

LATE CARBOMIFERQUS

ACTLAL ST

FOR A SKELETAL VIEW, SEE PAGE 115

Fhe origin of mammals begins with
the iguana-sized reprile Archaeothyris
(ar-kec-AH-thih-nus), or “ancient open-
ing.” Arky had only one featre to con-
nect it to mammals. [t was an opening
in the skull behind the eve socket

Fhis hole, called the synapsid
opening, 15 also found in the human
skull. It is the space berween the
cheekbone and the braincase. The
waord synapsid means “joined arch!
It relers @0 the checkbone below this
hole, which s often arched in mam-
mals, In .-".:L':. thigz hole served o
rechannel the lorce of each bite
through skull bone mstead of through
skl josings

Except bor its sy n.lf:--ml opening,

Arky was an ordinary reptile, only big

ger than its conemporancs. Arky had
i stronger skeleton, Larger limbs, and
shorer toes than other repiles of s
nme It probably ate lange prey such as
fish, amphibans, and other reptiles
Arky had Farger teeth, including some
that were enlarped to fangs. 1t also had
a larger head and pras than those of
in=cct caters

Arky had a jawline that sloped
down toward the rear, maiwching the
:.||||1|' all 1|'|1' |'h.,|-;;l'. ol |:".|' -,uL'::.'.l In this
wiaty Arky’s Jaw muscles pulled the
jaes closed and 1o the rear as well
This wias mpcrani ke anse othicrwise
Arky's pws might bave become disho-
cated in arempis o tear chunks ol
meat from large carcasses

Arky lived 300 million years ago,

at’s New?

syParEid coaning in skl
L el creecall siom
Propationoiely lorgor heod
L cpimr 3t bncluding conline fang
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during the late Carboniferous period

m Mova Scoti, ':...ll'l..'ilJlul i rk'..ll ELIME
1T W% 51 |rl||"|l..|| coill lorest ST
kv was one ol the earlies)
pelycosaurs, the first major group of
synapsid reptiles, There are pely
cosaur Iragments from [0 million

WL 1'.I1|!I'I LU S I'I. kD III:-II:J.I!1E'|.' |.||.'|'\||.'

1o the ongio ol the sviapsids

THE SKULLS OF HYLONOMUS AND ARCHAEOTHYRIS

fighting against large tecth mighe
have pulled Arky's jaw out of its

Insects do not jrut up

ey ol i atruggle when biten
s Hylomamus jaw minscles

amply closed the jows siraight up
like a drawbnidee, Hyv's tecth were

small like those of modern insect-

|.'.I.|I:I.!_'| lizards

Aschavethyris, on the other hand,
had paw museles armanged at an angle
The jaws were pulled back with
almost as much lorce as they were

|1I|||-:'.!| up Ui hierwi s -ulrll;q_:.llll;._', ey,

socket. The svnapsid opening
shifted biting stresses through the
skull bones themselves, wvay rom
the weaker joints hetwwien thiem
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The Synapsids—masters of the Permian.

The chan to the nght is an overview of
the first two-thirds of the family tree of
synapsids (defined in previous enmry),
Synapsids began as ordinary repiiles
thar adapted 10 eating larger prey In
time they changed into a variety of
shapes and sizes. But as reptiles, none
had fins or wings. or became two-
legged runners.

Three waves of synapsids appear in
thie fossil recond,

The first wave included the
pelycosaurs (“basin [hip| lizards™),
low-slung reptiles that held their
elbows and knees in a perpetual push-
up posture, like a lizard. Most fossils
come from the American Southwest

The second wave included the
therapsids (or “beast arch” [cheek-
bones]), They were much mone mumrmal-
Iike reptiles thar rmsed themselves
higher off the ground by holding their
elbows and knees down ar an angle
Most fossils come from South Africa
and Russia.

The third wave includes the mam-
mals (mamed for their milk glands),
many of which place their feet directly
beneath their bodies in a completely
eredl postuns

than had lost almost all of their weeth
In place of weeth they developed turnle-
like beaks Dinocephalians (“verrible-
headed ones”) had thick skulls, which
they used to ram ane another as well
is encmics. Most gorgonopsians
{“gorgon-faced ones™) and thero-
cephalians (“heast-headed ones™) were
wolllike mear eaters wath huge fangs.
Somie, however ate plants.

Most of the therapsids became
extinget during the Permian/ Triassic
catastrophe, an event that wiped out
90 percemt of the species then living
A few somehow survived.

Cynodonts ("dog teeth”) were dog-
to rat-sized therapsids. Some of them
ate meat, whereas others ate plants
Onie group of plant eaters became very
much like mammals, But the ancestry
of mammals and humans s found in
the small meat-cating cynodonts,

Swillt and deadly dinosaurs came
to dominate the land during the Trias-
sic period, Most of the cynodonis
were killed off. Only those most suc-
cessful ar hiding survived Besides
gradually becoming smaller and
therefore harder to notice, cynodonts
grew used o living ar night. These riny

JURASSEC
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A RADIANGN OF THERAPSIDS

The lirst pelycosaurs were aphia- nocturmal survivors became mammals. % %
codonts (“snake teeth®), meat caters ol £ — = o
that probably stayed near the water .T: g THERAPSIDS ; :
Large-bellied plant-eating caseids _SECOND WAVE OF SYNAPSDS ¥
(named for fossil scientist E. C. Case) it f_,—"'".i.-- o S ABUROGHNATIES
roamed the higher elevations. Plan:- W ' = BUARMOSLICHLS —a
eating edaphosaurs (“dirt lizards™) had nE P
a raised sail of skin and bone on their e E *
backs. Sphenacodont (“wedge teeth™ E
sitilhacks were the largest predators on F
land. Sphenacodonts without sails y
were the ancestors of the more E é
advanced therapsids -
bearme mone widespread and varied than < S ARCHABCTHYR
pelycosaurs had been Dicynodonts 5

JEL#EMHS

{"two dog-teeth”) were plant caters

FIRST WAVE OF SYNARSIDS {_THE FIRST REFTILES
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Haptodus—came with its own set of steak knives.

HAPTODUS
EARLY PERBLAN
AT SITE

FOR A SEELETAL WIEW, SEE PAGE 114

The sphemcodonts were the meat-
CLLRERE ]'H.'l!l.i, oaaiies, Their most amoas
member wis the spectacular finbacl
Dimerrecdon, the largest predator of its
day. Less spectacular both in size and
appearance, was Hapiodus (HAPF-tuh-
dus), named for s “lasiened teeth”™ I
is through this comparatively ordi-
nary reptile that we continue our jowr-
ney through human ancestry

|I.|r'-|1'.' had a il I'|'!n.'1||.l| grir. It was
[demied by the nataral curve of the

fawline, even deeper than that of

Archaeothyris (see pages 60 and 6l
Happy also had larger, sharper,
narrew-bladed, knilelike weeth, ideal
for slicing through meat
Dillerent-sized tecth were put to
different uses. The largest tecth, set in
the middle of Happy's jaw, punctured
the scaly skin of itz victims Happ's
front teeth were shorter 10 nip bits of
flesh from booe The Back tecth wene
il 10 -'I:u'-r'- |.11_|.y pleces inm srevall
ores that could be seallowed. This is

close 1o the pamern of ool and

husean fecth

Happy was among the brst reples
that chopped some of its food 10
picces. Smaller pleces digest more
guickly and release their energy more
quickly. This enables an amimal to
become more gotive, which helps in
obtaiming more food

As g I""'"I"-':"” |E,||1-|1'. had o ke
lwstier tham iis poey, Happy's limbs werne
|-1:|.;_'I anc Yemcdier COMmpr: o warh those
ol ather |1|'|'.'q;|:1;-.1'||.|:-. We know lrom

Tivinng ammals, such as dogs, thar long

slender limbs usually give animals
greater speed

lhree pairs of Happy's ribs con-
nected o fts pelvis. This provided
added strength to keep the body ofl
the ground. Greater support also came
from elongted spines along the back-
hone Fach ane wias an rmportant
anchor for strong back muscles and
ligaments

One miner detail of Happy's anat-
omy deserves special attention

because of its later importance

6%

THIR LOWE RN PROUECTION

What’s New?

Langar knitalike festh

Limis longed, mode shanoar
Shonger Dack

Thoe ribg attach to pabvs

lora with narce mear projechion

Happy's lower jaw had a thin portion
projecting ofl the bottom oward the
rear About &0 mitlion vears laer it

woutld frame a descendant’s eardrm
When TESINE 115 WS o the growmnd,
Happy would have sensed mear vy
footsteps because this thinner bone
would have been sensitive 1o ground
vibrations {(sce page 56

Happy ranged in size from 2 to 4%
et in length, During the early Per
mian peried, 280 million years ago,
Happy lived on dry floodplains in
|"11r|'~['\-|' II.I'II'I im r!'ll_' "'.I'|'|I._":II,':"'I ':'H"'hl;h
west Ab that thime bath arcas were pant
of one Large equatorial continent
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Biarmosuchus—an early-morning jogger.

Maost reptiles live in the ropics, whene
temperatiunes and seasons are more of
les= constant In contrast, many i
.13"‘-|-|"- 1 Sty ||.:',_'|.'- 62-01) -.'l.-\.,'.._l w81}
the ;1_-i._--_ Oine of the most pramitive ol
thiese was Higrmesuchus (Bi-arm-uh
SOWOEAEL o wosshouldeed crocodals

Bee stood with arms and thighs
extended downward af am angle, mol
spratghit out 1o the sides, as im0 Hoaphe
dus (zee page 04) Bee's shoulder
blades were less bulky and rode more
loosely on the nh cage By moving
they helped o lengthen e h stride

Alithough Bee had the saime num
ber of oints in each digit. Bees outer
fomr “fmgers and [Oes were more
ecgual in lengih, This indicates that
Bee was swinging s leel directlv
bencath iis wrists and ankles during
1he q,':-l_ll_' ol each '-til.l.'_ rather than
out 1o the side. Longer toes would
v |,|r.|:.:‘-_'h1_'|.| liWrs SWere '\-tl.lll:l.'i'.Ll.I by
reducing somie of the linger bones to
mere disks

Bee depended more on s swing-
1774 |-.':.;~. andd less an its sw IS baick-
bone 1o get arcund This helped Bee
breathe: Unnl this development, ances-
tors had had to hold their breath
while moving at full speed. While
their hbackbones were swinging Loom
side 10 side. they conld notr have
||':'q.il_|.|:;|-|'\| I".'||'| H:l.!l."- ol their Rb o .:_HL'-
at the same time o inhale One side of
ribs alwavs conmteacted as the other
expanded. By undulating its back less
Bee was able o expand ith sides ol
its rily cage ar thie same nme cver
full speed. With this advantage, Bee
coubd cover longer distances witho
prevwang Tired Inereased staming wiks
helpful in hunting for and rmnning
dovan ey

SMuscle activity creates heat thar
cam be used 0 Wi s a chilly

_.,-|:-||||_ fhee's new stance mav have

BIARMOSUCHUS

ATE FEORAEAN
ol TE & i PR ; R T
LESS THAM OME-THIRD ACTUAL SITI

O A SKELE

signaled the beginning of an
cndothermic (“internally warmed
hody Instead ol walting lor the sun's
warmith. Bee might have shivered
vibrating its miuscles o generstc hear
o produce more heat, the body
feeds maore feod as fucl. This predates
was well equipped to deal with Lirg
prev. Huge canine tecth, typacal of th
therapsads, jumed like sabers lrom the
upper jaws Bees smoul wis lomger anid
its jow was better leveraged, making

cach bite mon |;._.-.-..-|||.'|

=]
& Dt mn )]
i) i a0 4 N |G
STE O b foree
e bt | s m B e LY K IHEEL
Ao Dl DGl
" 1) i “lw i
I WAl gL N AEE
r pocio nckid 0N 1R o
I o | ey

Becs third eve was larger than it
ver had been in proviows ancesiors,

ardl b was raksed on a |1:1I1'-:"' al Bone

s in the st Ash {see pages 38-34)
this third eve controlled hormones
conneeted o reproduction. With
more exireme seasonal changes i
contend with, the b CCEINE eveler heed
to e more .|I\.I\.III.I||'|'- rimed by the
secretions cmiticd from this ovwe/eland

B bived at the start of the late Per
mian pened, 238 million yvears ago, on
flondplains now wplifted by the Ural
maowritains i the Sonnel Linion A that
timie as todav that wreas was not farn

[rom the Arctic Circls

THE RIGHT HAND OF 3 SYNAPSIDS

HAFTODUS BlARMCIUVEHLUS

HUMARN




M [RL |

Aelurognathus—its skull began to open up.

PROGRESSIVE ENLARGEMENT OF THE SYNAPSID OPENING

IN THREE THERAPSIDS
AELUROGHATHUS
LATE PERRALAN

JETHED ACTUAL SI7E

i, r A BT [RET
NOAR A SKELFTAL WIEW, SEF PAGE 11k

BlARMOSUCHUS A GORGONOPSIAN PROCTYHOSUCHUS

™

LETE THAM

What’s

ew?

Enlaged syropsid soull cpening

Riepiti les huvve pw muscles inside their skull im mammals s the slender Wichr, fiofter heod noid process, makes up most of the that its sturdy backbone was taking on Medusa In addition o their upper
skulls, Mammals have jaw muscles heekbone and the bomes of the e I::l-‘.l-:-.l;;In:-.fi-l::.-:::.|.;._.:-“. Brack hall of the human jaw This is thi o |.|.|.|_|-'4'|!r:1'::_'I duties, Muscles that bangs BOrZOmapsiansg also grew Lirpe
outside their skulls In Aclurogrethus I Acly's case, the skull openings o |';,J-'_..|;_~;-..,--_-:,_ jai jraart il rises above the line of teeth ni conmected lee bones o il bongs were lowier canines
[ee-lur-OG-nuh-thus), or "car jow the wmples were growing large and il J-\.ll..,..-,- - the rear It prowides a lever o produce shilting, becoming rump muscles. The Acly lived in the late Permian

e |:|.||l.|'1-.' frovery omae to the other was
just Begirrning

Like primirive hsh (see page 40}, a
reptile has an internal braincase
within its bosty owter skull. Jaw miss
cles fill the space between the e A
mammal. on the other hand, has loss
miost of its bosy outer skull. Only jaw
miiecles and skin cover the braincase

All that remains of the outer r|_'|'-||||._1|'|

close r-.'-_|.'1-.'[||-.'|: l_||.||.|-lr-|1-|'-..' 0N feige fld )
The edees of these openings became
new attachment poines far even bigzer
aw muscles. As these enlarged, the
back of Aclv’s head became broader
Aely's glant jaw muscles were
attached 1o g larpe elevated area on the
one jawbone that had weth grow
g from it (illustrated on pages

1 3A-1210, Thiz area, called the coro-

a strong bite even when the jaws ar
wide open

With the tooth-bearing jaw ele-
ment |'-._'.-,|11'.|.r'|!; moPe |||||1-.1|:I.|.|'.I thies
other fawbones at the back becams
li=s important for feeding. They loos-
ened up, and in doing o, probably
became bever ar conducting sound
wvibrations

Aely had a shorter tail, This meamt

counterbalancing etlect of a long
heavy il was no longer necded
CHnosiaurs used their long ails as a
counterbalance A shoro @l meant
that synapsid reptiles could not rise
iepy o thieir hind leer alone

Aely was a I.:-\.'.ll_l.'\,-\.1[|-.||1'!'-|..’||'| Le{10-
gonppstans were named lor the
mvihological snake-headed wirches
KINOAWTE a5 ROTRONS, O il 'l-'-'||1.|'|'|'| KRG

period, 250 million years ago, in South
Alrca At thar tiime the area was a
prear-polar region of a supercontinent

where there may have been stow fall
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Procynosuchus—the cheeky chewer.

THE PATH OF INCOMING AIR IN REPTILES AND A HUMAN

PELYCOSAUR CYHODONT HUMAN
WITHCLT Wil SECUNMDARY BALATE l,."r
A SECOMDAEY PALATE B SECONDARY PALATE -

———SECONDARY PALATE

PROCYNOSUCHUS s00 valhG
LATE PERMLIAMN

LESS THAM OMNE-HALF ACTLAL SFE
FO A SHELETAL WIEW, SEE PAGE 417

- e

- What’s New?

The changeover from reptile to mam-
mal sped up 250 million years ago
when the frst of the cynodonis (see
pages 62-63) appeared. [t concluded
some 40 million vears later with the
origin of true mammals

Cynodonts are known by their
widely flaring cheekbones, huge syn-
apstd skull openings, multi-poinred
cheek teeth, a new shell of bone
separating their nasal cavity from their
mouth, and other mammal-like
[earures

The 40-inch-long Procynosuchus
{ pro-sine-oh-500K-us), or “belore the
dog-crocodile]’ is one of the earliest
known cvnodonts, Pro chewed its
lood. Chewing breaks down food even
faster than chopping does. It resulis in
even quicker digestion and the faster
release of a meal's energy. Because

Pro's upper eeth slid snugly past the
lower teeth, this cynodont was able wo
shred 118 lood to pieces but not grnd
ft 1o a pulp

Pro‘s broad checkbones served as
places 1w attach new jaw muscles. You
leel similar muscles below your
cheekbone whenever vou clench vour
jws. They line up vour molars when
you chew

Pros chewing teeth had multple
points, unlike ordinary reptile weeth
More poims kept the weth from sink-
ing in too deeply. Instead, they shred-
ded meat apart with every bite

Lungfish, amphibians, and living
I'E]'.l['lh:'h have a low metabolism and i)
through long penods of nme withou
breathing. Unlike them, Pro had a
higher metabolism and had w breache
more regularly. even while chewing,

Aiday floring cheekbonsas froming
farge nynopsid opanangs

BTt Basct chisok fealhn

SeCondony Dokl

Heod-la-nock ool ponk spits in o

RiDa shodian and shalgidan in o
bk

A foart™ Fib connech o polvs

Paivie holas anpeat Balow Fha g
ST

Falote festhy disappaarn

A new shelf ol bone separating
Pro's nasal cavity from the rest of its
mouth, called the secondary palate

helped it keep breathing This new
palate changed the path of incoming
abr from just behind the front teeth wo
the back of the thraat, (See illustration
above.) This shell also strengthened
the skull and was 1 pladorm against

LU P
AT

2

which the wongue could move food
around lor more ellective chewing
Your tongue is probably touching your
secondary palare right now

Palate tecth near the throat disap-
peared because Pro was no longer
bolting down live prey. It killed first,
tharn e

In most reptiles and birds, a single
ball-and-socket joint ataches the skull
o the neck, like a wrailer hitch, This
type is the strongest of all and can
move in any direction. It has one
drawhack Whenever the neck hends
forward, the sensitive spinal cord rest-
ing just above this joint is sirerched
And when the neck bends hack, the
spinal cord becomes compressed. In
Pro‘s case, the ball joint connecting the
head o the neck began dividing in
vy, I muammmeals, ewine ball jints line

up on cither side of the spinal-cord
opening. In this way the cord is nei-
ther compressed nor stretched when
the head nods yes, but it prevenes the
head from moving to the left and right
Twin wrailer hitches don't allow rota-
tion, That motion was allowed by the
next joint in the neck

Ribs in the lower pant of Pro's back
(the lumbar regiond were short and
straight, as in humans, Fossils show
that this area was relatively siff. Here
is another c¢lue that cynodonts were
shifting away from the undulating
backbone style of wallang

Four ribs connected to Pro's pelvis
for greater support. A pair of large
holes appeared in the lower portion of
the pelvis, below the leg socket. These
new pelvic holes were areas [or
stronger inner-thigh-muscle attach-

ments These holes are to be found in
all evmedonts, mammals, and humans

Some animals keep, as adults, centain
leatures ol their youth, This has hap-
pened many times in the ancesiry of
humans, A Pro hatchling closely
reseimbled Tull-sized early mammals
(see page TR) It had a head and brain.
case of a similar size and also a slen-
der checkbone Both Pro hatchlings
and adult early mammmals lacked a
bony strut behind their eveballs.
Unlike baby mammals, however, these
baby cynodonts had a full set of sharp
teeth, Evidently they were fully able to
fend for themselves shortly alter
hatching

Pro was a comemporary of Aeluro-
gnathus (see page 68) Both lived in
South Africa during the late Permian
period, 250 million vears agno.
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THRINAXODON

ALY TIRASSH

SEE PRUGE 117

L ITIORE the early sureivoes of thie Per
rodan )/ Triassie exnmetion ovent wias i
cvoodont known as Thrinayoden
{thrin-AKS-ah-don} It was a long-
hodied predator named for its
i |-.|-."'.'.--'!'|..|.|-|'-.J teeth”

It seems that all adult therapsids
were able to create at least some ol
their own body heat. Cynodonts wern
probably better at it than others. The
best proot ol this comes brom mdges in
Thriny's nose that probably supported
tiny bones called masal sceolls In liv-
ing mammals, nasal sceoalls disr |:]1l the
Meew of air i cach breah, Disrupted
air b= warmaed and Bumidilied belore i

enters the lunegs On the way ol

Thrinaxodon—was it hairy and scaly?

—

moismre from each hot breath con-
denses on these cooler scrolls. This
works the way warm air condenses an
1 glass filled with an ice-cold drink
Thai 5 wine VO -'_|-'--_'|- e 1% alvains
conl and wet (if it's healthyl)

Making hear was one thing. bun
staving warm wils another matter
Bulky bosdies ||._-'|-|| |..||'.1-.'L endotherms
sy warm, swealler ones need some
other form of insulanon. Fary nssues
help 50 dies hair Even a lew dozen
strands per square inch are enough to
break up the llow of air near the body
trapping it as dead mir Dead aar
trapped berween the fulled-up leath-

ers of o down jacket is what insulates

What’s New?

Oy T O 23 0 D S NG

&

OOt 5 cacry obohg

Pecisac serois

SAnrrrnalinn aumiber = el

Thigss-cuipsd Chisdk dealbh with siog
Janed Clodamoni

pADNE PErly Breel BifE st

et Thimneesr o
T Sy PaDsid Soaning
connect 10 sl
PO eSO Rk

Fronnde Hre

thie wearer agiinst the cold

I!l-::- scales and ||:|'.:|'I||.|:E-\. haii =
itl=o madde of keratn. It grows from the
ittt sk lover In mammals with

scaly tmls, such os opossuims, hair

TEOWE a1 TEE Joints |5'|.":'-'-|.|.'|'| ""\.-lll-"‘-
Most other mammals grow habe in pat-
terns as if scales were snll present
aak at the bhack of vour hand and
wont Ul see that humans do, top

Ihriny probably had soft viny
scales with hatrs REOWINgE broween
them. Cyvnodonts priduced two great
clans, one of plant eaters and one of
micdf caters Bath clins |1.‘-:l||:.l..l.'d
many uny codotherms (see pages 62
and 631, We know that the tiny

meil ealers were hairy because thet

descendanis, tiny pimitive mammals
{such as shrews), have dense hale Hal
is the mast likely msulator for the tin
st of the plant-eating clan as well, I
|',.||| -.|||,] ol evalve |||-.Jq.'!1|'I|-.|q.' iy in
each of the two groups, then both
probably inhered this i from chew
Lot covmmion ancestor Thrnadcodon
Thiony had roughly the same num-
ber of 1eeth s a primigive mammal
They were also similar in shaps I e
cheek teeth, for instance, had @ num-
ber of cusps, or points, all in a ow
Following a trend begun by the
first therapsids, Thriny had a sl
back. It= ribs had large overlapping
plaves, making the trunk more ngid

(For an inreresting companison, see
fehehyostega, pages 50-31

Thriny's hind limbs were held
claser o its body than in previows
ancestors. With reduced stramn, the
|:'||.|.l-|l_'|:\."\- |'|!."l_'l_|!.'l,.| iy E'.I'I!..: ||||':|:| IIFll WiEnE
smaller The shape of the pelvis
reflected this change in posture
Fhiiaw's ellows, in conmrast, remained
well out o the sides

Fhrmy beed chaning ehe early Tras-
sic period, 242 million years aga This
cvnodont I.|II:.:|.'-.3 Across Antarcoca
and the southernmost portions ol
Africa. At that time both areas were
parts of one continent and lay just

north of the Antarcie Circle



PROBELESODOM
SMIDOLE TRASSIC
SCO-THERDS AT

RO A SKELETAL

Cyvnodonts more advanced than
Mhrinaxeden (see page 721 come in
three basic varieties: plant eaters, large
mear eaters, and small meat exters.
Small meat caters are known as chini-
quodonis (chin-ch-KWOE-donis), o
“{ |!LIrIi|.|lI.'| { Brazil} rooch;
Probelesodon (pro-hel-EES-uh-
don), or “before dart wooth,” was a
chiniguodont cynodont the size of a
sariall n;‘l:'-._" |'|:.|E1:.'-. aleufl Openings took
up more tuan ball of the skull surace
They must have housed very poweriul
faw muscles, Major portions of the
braticase hucd turmed rom canilage 1o
hone Bone provided a stronger base of
arigin for the powerful jow muscles

obelesodon—with a little spring in its step.

omew 11r.l-|.,-...l_||'-1'| friovm I'r.'.I'.:. 4
preatly enlarged tooth-bearing bone
extended backward (illustrated on
pages 120-121) It supported the much
smaller pwhones behind it stll acting
ws the jaw joint Io so doing, this
projecion nearly towckhed the skall
-\.n,!:' b '.1|_E|' with that soamt o mam
mals, this mew projection indeed s thie
slenall) jw fEremt and the smaller g
bones dwindle in size In Probw's case
they had become almost useless for
eating u better at conducting sound
vibrations

There is a aroove at the back ol
cynodont checkbones. This may hav

held an ear canal leading from a <ur-

argeed Fmapdid GRerengs
frolnocess b lam cadilansd i
"._"|:
Fwonn mie marmimal - ke
st heod
o lEading fo eardun
Mol o long-wasiod

fice hole o an inner eardmm, the
same a5 in humans., Sound came
thirough this hole and also along the
jaws. Mof enough has been learned

about cyvnodont ears to know how

well these animals heard. It was prob-
abdy not as well as lis g lizards heat =

Proby’s head was Large in propos-
mon to its hody The bram, howeset
remiained quite small. Proby was not
so long-waisted as its ancestor had
been. Thie nibs were moadern in appear
ance That meant the torss museles
and backbone had taken over the sup-
porting duty the expanded ribs ol

]I:fl.llul'a'lplllll LHNLE I'.I'III

THRIMAXNGDOMN

PROBELESODON

A COMPARISON OF SYNAPSID HEELS
{1 '

HUMAMN

W

Prioby had longer, more slender
begs than did earlier cvnodonis Tha
Rigdd Fewn had esvtensions of bone oun garoos, and other mammals, this ten-
the rear of each foor, called heels. They don provides spring to cach swep After
formed attachment points for the it is stretched out, it rebounds hke a

Achilles tendons. In humans, kan- fubber band, making walking essier

Proby lived during the muddle Tri-
assag penod, 235 million vears ago, in
rermperile southerm South America

still part of a supercontinent
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Pachygenelus—the little runt with supertough teeth.

About the size of a hamster, Pechygene-
has | pak-ce-JEN-ch-lus) was named for
its “thick little chin™ It was one of the
Last group of meat-canng oynedones, the
“setse] lizands” This groap is known
anly from tiny ragmentary remains
Nevertheless, we do know they wer
the closest cousines of mamimals

With the w "I"'"'i"' el AppeAranCe
I"I .'I'!-\.' syt .IE'.l.I l.!l.'-lll.l'- III.III""‘-.I.'.I':
some 220 million  sears ago
cymodbonts larger than a bbbt didn'’t
stand a chance Only those that were
piny o hidden our of sight survived
Runts had a heter chance of sumvaiv-
ing. They also had the ability to pro-
duce smaller epps that hatched
prermatunely

Fhe smaller an mtermally wamed
animal is, the more bieat it loses to the
air Becanse of irs srall adulr size Pabo
W |'\-|r-|:~._||'1|'.' ||1-u|||,1:|.'|. with a demnse
coat of fur like a hiving mouse o
alinew

Alter making a nest, the lemale
weasel lizard™ probably lost hair on
her bellv In the same wavy, some birds
lose feathers on their brood patches
before laying cges Skin-to-skin conact
dirccts body heat more efliciently 1o
epzs and hatchlings Unlhike thewr par-
ents, the babics of tiny mammals are
not warm-hlooded and they hove a
low mietabolism. Thew are hareless, o
',I':H':.' ",'.|'!|' FECCIVE hl';l'| !I-'I:rl tll.!.'ll
mothers body directly

In the absence ol milk, haby fsod
A I'I.:I'--' ]'H.'I'II. 'I.'I'IIII‘.!"Z! |11 1%] r.:'ll.' esl
by the mather This s how bird nest-
lings andd woll pups receive their food

These tiny, naked, and perhaps
toothless hatchlings could survive
oy with their mother's care Without
having o keep themselves warm, o
feed themselves, “weasel lizard™ babies
could dievore all their energies 1o

matunng quickly

PACHYGENELUS /1

EARLY JURASSIC

Another reason why the “weasel
lizards™ did not grow very large i1s
that their bone-growth patterns hiad
changed. As all verebrates grow, they
replace fexible cumilage with stilf and
sturdy bone In |_1.';1||,,|.| :1'p:||r leg
bones, this process begios o the mid
dle of each shalft and [aro s 1o
either end. The :.|rt||..:._'-.' wioild be
completely replaced in shor order
except for the Lact thar more cartilage
|.-:'|']1-. Browiang al the ends, which
mikes the reptile grow Loger and
larger Thar is why the oldest croco-
diles are also the biggest. In most
mamimals, bone also grows from the
joints back oward the middle Car-
tilage is restricted to narrow bands
between the bomy portions, and this is
where growth occurs. Once these
bands become ¢ |'-|1'.||'.'rlr|'. |-.'E1|.|u'q.'. 17
bone, growth stops. That is why
huswan growth stops dunng or shorly

alter the teenage vears

What’s New?

ol FHSEN  CF LEN SiCES
Changirg bona-growln pofenn
Fyi-iockal-Bong Droce ciDpeon
O E0ras Thindes
Chook ealh widet, wih grooved
ol
LryvEialling erormdl coatling on el
Frobobde
Chgl of nsachy gno wonms

Hoirkess immghure hakshlings
Pargnial nasting cong
Leglps disopnear, axcep on Ko

As in most mammals, there wis no

bar ol hone separating Pakys oye
-.-.'-:_l-;:_-;_u troim its -.'.'n.||:-~|.| skl =|"-.'1 -
ings. In other words, Paky's ecball
and jaw muscle occupied thesame
pace Ju=l atoned the slender aee |ri-
F'\l|||11' II'II' r|||;.; il Ihl1'||' III"\.I||1' :II by b
ball itsell was probably lost an EFRIT
this time oo Mo ranumals hpesa h
& FIng

Paky's teeth wire much wide tlu
those of wypical cynodonts. They
chopped food betrer The roots | the
cheek eeth (molars) were wide, th a

proove running down the midoe In

rurmmal molars, this groove actully

divides the ot in pan lor a srardse
attachment

Paky's teeth were extra tough The
enamel had a ¢ |:.-I.||||||-: struemare than
made cach oorth coating nearly as
strong as steel bug not se bnele Many
mammals have this same kind ol
tooth enamel Sironges teeth are
imiportant 1w mammaks beciuse ey
have only two sers in thebr lifetime, the
'|!|“!. ||.||I'| ilt'.l.l. .r.h!.' Il!.':lll-ll'll.'lll [l.'l.'[ti
Like most repiles, Paky cominued 1o
shed its meeth throughout s liferime
but evidently at a much slower rare
than was typical

Because of s size Paky probubly
e insects .l=|-l.|- YWTITS

Paky lived during the carly Jurassic
period, 205 million vears ago, in tropl-
il i -l.|.h-|!|-l|1:-. il South Alviea aid
Mova Seotia (Canacal Aq that time
these were both paris of the same

SLPercOmInment

MAMMAL BOME
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Megazostrodon—a reptilelike mammal with milk glands.

Mammal mothers leed their voung
milk praduced in milk glands. Glands
are solt tissues that do not become
fossils. The carliest known mammnal
thiit b milk glands is Megazostrod on
(meg-uh-205 troe-don’, named lor
its “big mirdled weeth!” The reason why
Mega's tecth rell scientists thar it
hil-l-l :|:|.|.|-E H[il.rhl'b. 1.Ikr~| 4 lirtle r!'cjih-
FLT

Eeptiles shed their werth continu-
ally. Each new tooth is larger than the
one before it as long as the reptile
keeps growing A mimor drwback o
shiedding teeth is that there are gaps in
cach tooth row This s really no prob-
lem when all of the teeth ane misirly
idlennical '\1|11|1[|' i'l:!mp, connnues

A mamimals molars, on the other
banad, are specially shaped. There
must always he opposite parmers to
slice or mash against. This is why
molars are permanent in mammals
and the milk or first set of weeth ane
replaced only once

In mammals. the baby or milk
tecth develop o chewing can begin
These do not appear until the jaws are
large enowgh to hold them, When the
Jaws grow larger, the mifk weeth are
pushed oun by the larger permaneny
teetl

Mewborn mammals are born
taothless because their jaws are too
small 1o hold teeth and they don't
need them. They depend on milk
from their mother's milk glands for
nourishment

Mega had both molars and premo-
Lars, Onoly mammals have such reeth
=0 scientists assume it followed the
typical mammalian pattern. Upon
|1:.4l:|:'|1:|'|g_ 1t would have been ioothless
and therefore would have found nowar-
ishment only at its mother’s milk
phand=

Primitive egg-laving mammals,

MEGAIOSTRODON
ZARLY JURASSHC

ACTUAL SEE

FOR A SKELETAL VE'W

SEE PAGE 118

MORGANUCODON

such as echidnas and the platypus,
have milk glands that may have been
similar to those of early mammals

The plarvpus secretes fluids from
skin glinds in order o maintain the
suppleness of its fur These fluids are
rich in futs, sales, and nurients. Play-
pus milk glands, on the other hand,
produce a slightly different fuid con-
taining oily fats and proteins. This
milk lacks |':-|||'!.' thiix SiNEATS that maost
mammal’s milk has

What’s New?

Mciomn ond premolorns (Engie footh
raplocamant paattarn

Mormmal an oo jaw hinge

Mk and ball riba reducad or fussd
A0 el AR O

MAche Bex ple BOckDone

wmadar overall tiso

PALCh IoHger Brain

FOs0d Coan ingn medpa

Fobable

Hraed milk

Folray SKIN QRGTHCH

P! Ny EnlingH

Lange inderfina | Coamn|

Loas of miosd Color vishor

Incracpad panaivary io Oim kgt

Prirmu g Candy

E'|..'|I:H'||.:'~ milk comes Inian glands
called milk lines that mn along the

adult female's abdomen. In ofher
mammals, milk glands may appear
amywiiere along these lines. according
to species (see Mammal Breasts illustea
thom}. Like living egg-loving manumals,
Mega had no teats, or nipples. Milk
oozed trom milk lines and collected ina
pusclddle on the belly, Babies bad to suck

MAMMAL BREASTS

their milk from this puddle the best
they could

Mega had 2 mammalian jaw joint
(illustrated on pages [ 20-121%. The
woth-bearing bone formed a new jaw
joint alongside the other one Both
continued working together although
the former jaw-joint bones became
looser and smualles, better able 10 pick
up higher-pitched sound vibritions

Early mammals may have been
active only after dark. In thar way they
avoided the dinosaurs that wanted o
cat them and the sunlight thar might
have overhcared them

Orverheating is very dangerous |or
mammals, Very few can run o high
fever withowt lethal resules. Manumals
unload hear by sweating, panting. and
redirecting blood fow to the thinne
and naked pares of their anatomy such
15 the nostnls, mouth, ears, legs, and
tail, where air cools it

THE INNER SIDE OF
MORGANUCODON'S JAW

WSO L\i FENOLARS WICILARS
F':?E‘ SR LT VL SCAVy

SEFTILLAN LA JOMT JRNVBOMES

MAARAN RN SO ST

EARDHRALIY II".

FEPTILIAN LA BORNT

In order o avold spending
energy and water tnyving o coal off, &
mammal’s body temperature is set
slightly higher than the highest out-
door temperature it is likely to
encounter regularly in nature
Humans and other davlight animals
have a temperature of 986 degrees
Fahrenheit because daytime tempera
tures rarcly get hoter than thal. Mam-
mutls thur are active ar night deal wirh
cooler and more constant eI per
BLres i:'l'l.'t\"a\lll'll' IIII.": HI." 15 1n [III'
shade Their body temperatures and
metabholism are set at a lower level
than those of davlight mammals.
Their food requirements are [ower as
well

Mega must have had a low meta-
bolism (see page 38) and also a low
body temperature Perhaps it was 15
degrees cooler than that of a typical
davlight-living mammal. such as a
human. 5o, this mammal was no
exactly “warm-blooded ™ But {f was
able 1o create its own heat and keep its
internal temperature fairly constant.

When the weather 15 cold, most
murmmals hibermate. They sleep and
their metabolism lowers. They live off
food stored in their body Fat

Mcpas sensory system inproved as

thi= madnight rambler scrambled in

the dark through the forest limer of the
Jurassic period

Merves that register warmth, cold,
touch, and pressure are much more
plentiful in the slan of mammals than
in repriles. While reptiles have taste
buds all over their mowth, @ste buds
are concentrated on the tongue of
II|.||||||'|'|;.'|L"\-

Mewns eves became more sensitive
e lower light levels a1 the expense ol
losing sensinvity 1o color Today, most
mammals cannot see LY colors
Primates, including humans, are an
excepion.

As a mighttime predator, Mega
came to rely on senses other than
sight o find prev and avoid enemies
Typically, Mega had w follow wails by
relving on odors. Smell is of lictle
importance to humans, but in most
reptiles and especially in mammals it
is a major source of informatlon

Menganueodon (more-gan-O0K-uh-
dond, namedd For a small town in Wales,
was another early mammal from the
same time period whose skull is better
known than Mega's

Mongan's nasal openings merged o
lorm ome large hale at the tp of the
skull {as in modern mammals and
humans), On the skin surface, how-
ever, two fleshy nostril openings
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Megazostrodon—continued.

Ve

PELVIS PELVIS
SIDE VIEW

THE EVOLUTION OF THE MAMMALIAN PELVIS

BARSUFAL BOMES
MEGATOSTRODOM
PELVIS
FOE VIEW

remained. The pan of Morgans brain
devoted to smelling was greatly
enlarged. This must have meant a
greater ability o detect odors and el
them apart

Morgan had bewer hearing than
any cynodont. The inner-car casing
helow the brain was <o large, it becamse
the bigeest leature there

In the dark, information abowt
their world did not come easily lor
Morgan and Mega. Their brain had w
decipher every shadow, every sound,
and every odor Early mammals had w
imagine the world as if they could see
it. In humans, powerful images and
ermotions still arse from certaim scenis
and sounds. Along with imaginarion
came dreams. Mammal brains keep
forming images even while the rest of
the body sleeps

Morgan had a brain that was sev-
el times langer than that of an advanced
cynodom of similar overall size It
wasn't just a larger brain, it was a dil-
lerent kind of brain. It had new lobes
of gray matter that developed from the
smell centers. Within these new lobes,
memory, association, and learning
conld all ke place Many of the sen-

sory merves went there, as well. With
their tiny brains, cynodonts relied
only on instinct for survival. Mongn's
brain had the ability 1o reprogram
asell s it learmed how to deal wath
new sifuations In now ways. Morgan
could be raught by following its
LHTONRRL

Mega's limbs show a greater range
of moton. The knees mucked in close
e the body, but the e¢lbows did not
Thart is because the pelvis became
entircly mammalian {(see illustranon
above ) while the simple shoulder bones
remained basically like those of
cynodons. In mammals, the pelvic
plate above cach leg socket is a
slender bar that sticks out only in
front. Frogs have a similar pelvis. Like
frogs. small mammals keep their hind
legs bent in a permanent crouch,
readdy Lo spring it prey or away from
foes. Mongooses and polecats can
dodge the strikes of poisonous snakes
because they are always ready o jump

Because of the nature of their inner-
locking vertebrae, hirds and repriles
do not lic on their sides. In Mega's
case. the backbone could rwist, allow-
ing this mammal to lie on its side

" PAIR OF UTERUSES t\

EGGEHELL GLANDSE %

FEMALE QRGANS

With this adaptation, grooming and
attending nursing yvoung became
IS IeT

Mammals have an addition to their
intestines known as the colen or Linge
intestine. Bacteria collect there 1o
break down tough plant hbers mam-
mals themselves cannot digest Belore
undigestable waste exirs the body,
most of its water is reabsorbed by the
colon

Female Megazostodons had geni.
tals similar to those of living egg-
laving mammals. Like its walking fish
ancestors, Mega had a cloaca, a sin-
gle tube inte which digestive waste
urine angd cpes all passed through on
their way to the ourside. At the
deepest end of the cloaca were a pair
of wteruses, In most animals, the
uterus is the ongan that nourishes eggs
and produces a secretion thar hard.
ens 1o lorm a shell around cach one

- i

MMALE OREANS

Male Megazostirodons also had
a cloaca o shunle digestive waste and
wrine 1o the ouside Males also had a
!'_u.-r;l'_-.. which some unknown 5}'n:||:l-.iirj
hasd 2oguired sometime pr{"'.'iv.uusl:-'. In
the males of egg-loving mammals., the
penis is usually kept sheathed beneath
the surface within the cloaca. During
mating, however, it is extended outside
of the body and inserted into the
female’s cloaca o conduct sperm [uid
to her e, Urine was not conducted
through the penis at this stage The
testicles did not descend outside the
body

Mega lived during the earliest pan
of the Jurassic period, 210 million
years ago i southem Africa. At the
same time in the temperate Northem
Hemsphere, Morgan lived in what is
now England and China, At that tme,
all these areas were temperate and
parts of the same vast supercontinent.
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The Mammal Family Tree—a dynasty with humble begimings.

The chat to the right is an overview of
the family tree of mammals from 220
million years age to the present The
history of the muammals can be
divided roughly into thirds

During the entire Jurassic period,
mammals remuined small and secre-
tive. perhaps entirely noctumal. They
were beady-eved, egg-laying furballs
that nursed their young

For the duration of the Cretaceous
period. a time spanning B0 million
vears, mammals never grew larger
than a house car. Some began deliver-
ing live, but premature, babies. Maost
gave up sitting on cpgs. Cretaceous
mammals avorded dinosaurs bur were
attracted 1o the Howering trees thar
were then evolving. Mectar-filled
Mevwers antracted the inseces the mam-
mals were canng Once in the trees,
many added fruits, secds, and bird
ces W their die

Following the widespread exune-
tiom of the dinosaurs, 65 million vears
ago, the mammals enjoved their most
recent and grandest third of their long
history. Gradually they began appear-
ing in larger and more varied sizes, in
the air, on the land, and in the sea
Most of today’s mammals had their
origins after the dinosaurs became
exlnct

Mammals evalved from small
meat= and insect-eating cynodonts
(sec pages TO-T7), repriles with muany
mammal characteristics. Belore long,
subtle differences showed up in the
shape of mammal molars. indicating
that the major groups had split apart

The most primitive mammals were
prototheres (“first-beasts™). Fossils of
these ancestors of egg layers are
known mostly from their tecth and
jaws, Monotremes {Cone hobled " —refer-
ring to the cloaca) are living egg layers.
They include two echidnas (or spiny

anteaters) and the plarypus.

Multituberculbates (named for their
multi-cusped molars) were the first
mammalian plant ecaters. They
replaced cynodont plant eaters and. in
turn, were replaced by rodents,
trvc luding squirrels. rats, and mice

Pantotheres ("all beasts™) were
insect eaters considered o be ances-
tral to all live-bearing mammals, some
say to all living mammuals. Only one is
known from a complete skeleton (see
page 847

Thera ("beasts™) include all mam-
mals with molars having 4 “reversed
triangles” pattern.

Metatheria (“almost beasis™) is
another name lor marsupials (named
lor their pouch). This group includes
both meat-eating and plant-cating
lorms in a huge variety, The pouch
strves as protection for premature
babies. Marsupials huve only a simple
placenta,

Eutheria (“true beasts™) have a
complex placent This organ allows
the fetus to develop longer within the
mother, often 1o a lully developed
sl

The most primitive of the living
eurtherians are the insectivores {insect
carers), such as shrews and moles

Primates are B, seed, and insect
eaters that took to the trees. They
became great climbers. Their close
relatives include tree shrews, bats
{which can fly), and flving lemurs
{which only glide from tree to tree).

Rodents and abbits are gnawing
plant eaters. Their chisel-like from
weeth never stop growing but are kept
worn down by constant use

Hooled mammals began as meat
eaters bur woday include deer, thing,
aardvarks, canle, and pigs. The ances-
tors of whales had hooves but went
back to the sea, developing flukes and
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losing thew hand limbs in the process
Elephants, sea ¢ows, and their kin are
all grazing animals with wsks and
hoaflike mails.

Carnivares have sharp teeth and
claws for killing vertebrates,

In conirasi, sloths, anteaters, and
their kin use their sharp claws 1o
apen up termite mounds, A few of
these ultimately became plant eaters,
bust all of them had wealk teeth with-
out enamel.
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The Portuguese Pantothere—no eggs, no nest.

The molars ol evnodonts and the
carliest mammals had three cusps, or
poines, all in a row. Advanced mam-
muals known as therians, of "beasis
had molars with three cusps arranged
in a triangle The cusp odaes sheared
past one another in 4 very precise way,
enabling them to slice, crush, and
erind a wide variety of food,

Pantotheres, or “all beasts” were
among the carliest thenans, appeanng
sorme 200 imlbion yedars o Most ane
onlv knovan Irom their teeth and s
Some still show traces ol tiny reptilian
jaw clements auached at the back
Oihers do not. These niny hones
movied rearward to help conduct and
amplify quieter and higher-pitched
spunds. One frames the eardrum (see
pges 120-121) External earflaps, what
we Call ears, appeared on the surface
i help collect sound wives.

Whiskers are long hairs on the
spout and head thar act like feelers
They are helphul in geting around in
the dark. Whiskers |'I-I-I'I|'|-I|'I|:..' OrIEh-
bl with pantotheres, because epg-
Laving mammals don't have them and
other mammals do

The pantothere from Porrugal
probably resembled a small opossum
It body was no doubt Livered in fat
and covered with a dense coat of fur
clown e its elbows and koees. But like
rany mammals. such as PSS Lms
and rais, its lower |q':.;;. ardd takl Ay
have remained thio and scaly, [n this
way the pantothere could ewher ek
in its legs and tail 1o keep warm or
extend them w cool ofl Pamiotheres
kept their upper arms and thighs
tucked in close to the body. Some
time= it 15 hard to find a small mam-
mal's elbows and knees because they
are enclosed within the skin ol the
L8] g0

The Portuguese pantothere had

THE PORTUGUESE PANTOTHERE

LATE JURASSH

5 ar
ACTUAL SIZE

I'|'|.It'hl|.|!-|.|i Baonies [RTETE I||||'-|r..1h-.'-r| KL
80). These are bones that appear in
front ol the pelvis of early mammals
An inner thigh muscle onginates lrom
there in living egg layers. In pouched
mammals, |'|'I.'|]""|-|J|'I]..|E bones serve as
belly stiffeners, to prevent a loaded
pouch from swinging oo much
Marsupials such as the opossum
are examples of how the reproductive
process occurred in pantotheres
Orposswims prodoce eggs provided
with a shell membeane and a small
volle, but these eges never grow larzer
than the head of a pam, angd they are
never laid. The timy yolk is guickly

|.|'\-1'-;| |||r The embrve continmnes 1]
absorh nurients lrom s mother’s
uterus vthrough a ssmple placenia

|'r'=-.'| wie ks abver lertiliczation, bivth
occurs. While giving birth, the mother
lies on her back. The babies are
expelled onta the base of her tail
Blind, naked, and underdeveloped,
the fetuses climb withoot assistance
up to their mother's teats, or nipples
A teat 15 the owtlet of o milk gland,
shaped o fic i babw's mouth

woametimes there are mome habies
bevirs than chere are tears Lo i arowd
[he babies that reach the weats sogs

ceasfully don't let ao lor many months

What’s New?

Mioiars with 1hnes cusos aranged I
PGSO IOy
AT Puced N Closs 10 fcs
Larger creanall sipa
MOALDST| Bored
Proboble
Raanhrg mora ooule
Exlarral scriicens
VT sy
Lty [partin
Teoh (nippdai)
oinle »0gena
Funags seporoin from uringGirk
conal
Scrolum

alterward., During this time they
..“u.'ll!.' IO anl ||1">'|.'|.'l|'| as they are
carried everywhere their mother goes

Primitive marsupials have many
offspring They breed often, usually

right after giving birth. Reproducing
this way assures their survival

In female marsupials the anus is
separated [rom the binth and wrine
canal, This canal is shorter than a
cloaca and splits 1 form twin vaginas
(see top |1':||: illustration ke !"'-.-__l

The anus s separte in male mar-
1~I.Ii'|1.'l|~- as well, The penis remains
nearly absent. The penis remains
shicathed witlun the body unless it is
extended for manng In addition o
"hFH.']II! lial.l‘l"-l"h"l:l. ]!||.'-'.w"|.'|_'r ||'|1,' IRRrsLL-
pial penis also expels urine

In most mammals, sperm are
produced onty if the esticles are kept

cocler than body temperatire That is
wihy they descend outside of the body
in a sac called a SLTOLLET 11 HArEy-
|'|'|.I|~i this bag of skin hangs below the
belly in front of the penis. A scromum
and a pouch are the same structures in
male and female marsupial embrvos
Hormones turn them into differem
body parts as they mature

Pangotheres lived during the Juras-
sic perod from 180 million o 140
mutlleomn VLTS AZD in |"|||:|'-[:||'_ morth
Amerca, and Eaxt Alfrdica, Ar that tme
all three areas were lemperate (o
equatorial parts of the same supercon-
timent
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Asioryctes—back to the nest.

Humans are euthernans, or “iro
beasts” mammals that nurtwre their
cmbryos by means of 4 complex
placenta. This placenta evolved Trom
the allamiors (e page 571 ol thi
amniole cgg It attaches 1o the wall o
the mothers uterus, o wombe Tl
|1|.|-. enta’s blood wvessels amd rh
\'ﬁ'llrIII:"\- I"l!."l."li! 'ﬂ.'l.""-"hl.'l"\- .I'l'i"i OITE WiETy
close to one another, allowing the
exic-hange ol food, water, oxyvaen, and
wastes Alter the birth of the baby the
placenta (or allantois), choron sac,
and amniotic sac are all discharged
and often are eaten by the mothe

In most cases, cutheran young are
hom i a well-developed stae alter a
Fuirly ||||:'.:.._l gestation (pregmiancy )
However, small eutherians, such as
shrews and rodems, are borm at an
immiature stage They dre never guine
a= embmvonte In APPUArInCG 35 @ mew-
born marsupial. however

Development occurs more rapidly
in a uerus than in a pouch. A longer
wering development time increases the
brain's capacity, which is especially
evident in primates and whales
Ewtherians generally have a higher
metabolism than marsupials Thei
nerve signals may work a a faster re
and they may need larger saneunts ol
Toodd :_..-nu'|'.|||!. -|1-_'.:L|||!11_ eutheriins
INRLLLTE BTN g Lc|1_. than |::l.|l-\.|l|'|:|.l.|-
Sa oover nme they breed laster somd
e miore -:li1l-||:|:'|!; Furhemnans hove
outnwmbered other mammals on
every continent they have entered
{except Australia) since the disappear-
ance o the dinosaues.

Eutherian cmbryvos develop in a
viery special way. Alter growing ooa
blastula {see page 223, the cells divide
it @n anmer mass, which will become
the halw, and an auter laver, which
will become the placenta (see middle

illustration page B7}) The placenta

ASIORYCTES
LATE CRETACECHES

ACTLAL B

LTS 1N the liming of thie terus, I
e sends 2 hormone 1o the mother's
body that prepares it for pregramncy
The placenta protects the baby from
the mother’s immene Sy SLem T he
immune svstem attacks germs and
other foreign orpanisms that invade
the hody

Eutherians probably appeared
ciarly in the Cretaceous period Tha
earliest eutherdan lostils so far discov-
ered have come from late Cretaceous

rocks

Asiorycles (av-2hee-oh-RIK-tees) o8
Asian diger’ Is a model ancestor for
all eurherians, lrom 1.-.'|1.|.||'-1. .|:|-.|
aratles o bamans The lving mam-
mal it most closely resembles 15 the
tree shirew (see page B}

Ast's shoulder blades, like those of
the unmamied Pormugueese pantoithens rode
loosely over its hack. In this way thes
increased the swide or range of the
forelimbs. Asi’s upper arm fic ino the
shoulder socket by way of a ball-and.
socket joint, which made it strong and
Mexible

SHCHILDER BLADE

F

s New?
Marmmalan-shyle Fhoukdst Beocs
Ty ubaF HIm

What

i Py Lt o s Dack

Danas Sosan

Promot
Pacenha
Paiig e

ngle voging

Paloie ndges

THE EVOLUTION OF THE
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SHOULDER =R0LE
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ALLARBLNE

AR SOCKET

e COLLARBONE

BRE ASTEONE

A feaore thar maost manvmals have
15 3 STROTE I|||.;;|' ot their showlder
blades. 1i runs from the anm socket 1o
the opposite cdge of the shoulder
blade neares: the backbone You can
feel it as vou reach over yvour lel
shouwlder with vour right hond, The
chest muscle that was used to push up
the body when the elbows stuck out 1o
the sides shifted over we the shoulier
hlade when the lorelimbe tuicked
close 1o the hodds AR the -.h;|||||||'|
Plade thss muscle splie i Ball o Tin
hoth sides of the ndge, where it con-
tinued to support the lorelimb in o
T Wiy

Female eutherams have only am
vaging, formed by the fusion of the
twin vaginas in marsupials. The
uteruses remained paired, but their
walls thickened to support larger
[etuses, Humans have only one uters
torrmed] fvovms the fusion of the pair

Most cuthenans have o bone inside
the pems, which lends support dunng
Maning Mo entherians have !1|.'|rh|||l|.1'l
hones. Becanse larger fetuses streteled
the belly of pregnant eutherian
females, helly-stiffening marsupial
bones were phased o

Hard ndges are to be found on the
palate of eutherians. These help m the
manipulation of foed, You can [eel
them with vour tongue. In baleen
whales, these ndges develop into giant
1r‘1|1|1;'1-:'|.|. |r'..||."h. ol “whalebone” lor
filtering plankion from seawater

Like a shrew Asi ate worms and
insecks and came out only afver dark
Duning a life span of one or two yvears
Ast might have parenied + liters of 4
to 7 young. Each pregnincy would
have lasted onlv 4 weeks at a time

Ast lived during the Luie Crega-
cepus penod, 34 million vears ago, in
Mongolia, at that time a temperate
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The Tree Shrew—able to grasp food with its bare hands.

The tree shrew looks and acte like a
squirrel. Instead of cating nues and
sevds, as squirrels dio i ears insects, as
other primitive mammils do It lives
widiay in Southeast Astan rain loresis,
and its only known [ossils are less
than 5 million yvears old. Neventheless,
tree shrows probably onginated before
dinosaurs became extince Tree shrew
sheletons most closely resemble those
of mammals like Asiprycies (scc page
863 of the late Cretaceous period.
Blood tests show that they are relared
most closely to living insectivores
(shrews, moles and their kin) and pri-
maites { hmans |||1III|-:1'}==. and their
kin), They probably form a link
berween the pwa

Linlike a2 squirrel, a tree shrew s a
hunter that must stalk its prey, pounce
o it, and shove it into its mouth for a
killl. Ts must do all this while balancing
on a slender branch. where one bilse
move means & fall to the ground
Many primates are iNSecl-caing wee-
|_|l.-.'v|_'|||_':r'_-. Ih.l.l |1.:H' pakeens these skills o
perfection

Despite the name “tree shrew]” only
one type lives in standing trees all the
nme, The athers climb on fallen trees.
in low bushes, and on the ground. All
iree shrews hove the ability o ¢limb
and leap

Tor mowve quickly, tree shrews gal-
lop Galloping is a new Wiy Lo mowe, in
which all four limbs are 0 the air a1
the same time during part of each
striche Basically o imvalves a series of
leaps

Ty fimmdd foodd b the dense under-
brush, rree shrews rely on their eyes as
much as their noses, and on their
hands as much as their weeth. This is
where a talent for hand-ove coordination
improved Like a primate, a tree shrew
has large eyvehalls. Each one is pro-
tected and supported on the slkde by 3

COMMON TREE SHREW &
PEN-TAILED TREE SHREWY

EEMT DY
1AL SIFF

rim ol hane, A tree shrew cannot
rerract s eyeballs o ther sockers
Mor does it have o clear thivd eyelid
Both eves are angled forward some-
what, giving tree shrews good depth
perception. Tree shrews have bemer
color vision thin most mammals do
other than primates It helps them
spot hidden insects betier They also
have a larger brmn o process this
vigual inlormation

The pen-tail is the most advanced
tree shrew in certaim ways, [ lives full-
time in mees, It has somewhat diver-
gent fiest digits that give it the ahbil-
try 1o grasp objects. Pen-tails use this
ability to capture ffving insects and o
hold them while eating. Some tree
shrews' diet includes rodents and liz-
ards, which they kil with a swilt and
accurate bite to the faeck

Like an opossum, pen-tails have a
scaly tail. b the last inch of its tp is
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decorated wih long feathery hairs
Oither tree shrews hove talls covered

with rich =oft fur A tree shoow wses its
tul for balance

Most pree shrows are active during
the dovlight. Beciuse they are likely 1o
find high alternoon temperatures
thieir |':-.1|:I:c temperaiures ane Sel at UR6H
degrees Fahrenhedt, This is the wm-
perature of humans and most other
daylight-living mammals

Iree shrews have a typically high
mammalian metabolism. Like squir-
rels, they act and react rapidly, pausing
only for briel moments in their ner-
vous daily routines. To fuel their
energy and heating requirements, tree
shirews must cat their own weight in
oo each day

|:r|-'|' shrsas |1||||1 ;|.|.|r|'|-r [|I|'1I. Hily o
aggressive o their own kind, except
whien breeding and nesiing, They
patrel areas and mark them with scent
glands and body wastes. Some scien-
rists think thar this mammalian prac-

tice can be traced back to early

cynindonis

Tree shrews produce only a lew
spunds, ranging from .a snarling hiss
to a piercing squeal. When they are
alarmed, they chatner Most have car-
tilage that shapes and supports theis
cars, as in humans

Males and lemales are almost 1den-
tical in size and appearance Females
give birth 1o beoween | and 3 voung
alter a pregnancy of 50 days. Babies
are bom naked and with cars and eyes
closed. Tree shrew species thal give
birth 10 3 offsprning at a time have 3
pairs of breasts. These that give birth
te a single baby have only | pair of
hreasts

Baby tree shrews are l-ccpl i a mest
separate from their mothers. They are
visited every other day for no mone
than 10 minutes at a time. Alter 6
weeks ard less than 2 hours of mater-
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mal care, the young are weaned. They
miatire by 4 months

The males penis lies side by sade
with the testicles as a pan of the scro-
mm, Evidently, this was a midpoint in
the movement of the scrotum o the
rear In insectivores and marsupials,
the scromm appears on the belly, bu
in most prmates, including humans
it appears behind the penis

Like a dog, tree shrews have a wel
naked nose. Beneath it the upper lip s
split and tghtly attached to the upper
jaw The rest of the muscular lip can
be drawn back 1o expose the teeth
underneath, o ree shrew’s only Bcial
l.':l.E'I“_";'«'\I“]'I

An unusal feature of tree shrews,
also seen in lemurs (see page 92), s a
pair of feathery extra tongues, They
are found helow the main wongee and
are thought to be used as tooth.
brushes for cleaning the front weeth,



The Primates—take a swing through their family tree.

The char to the nght is an overview of
the family tree of primates from 70
million years ago to the present

What made early primates so spe-
cial? The answer 15 not much, MNone
had hooves or homs. None had lukes
or wings. In fact, early primates were
about as primitive as the earliest
mamemals

Living in the complex world of ree
limbs as they did, primates developed
a good grasp and good hand-eye coor-
dination, Primates alse had the abiliny
to &it on their mmps with their hands
free. A dog snifls and examines objects
on the ground, but a primate lils
objects with its hands up w 15 nose
and eves.

Except for their molars, the carliest
known near-primates had no other
strictly primate leatures. They began
to appear shortly before the dinosaurs'
fimal extinction. Some of these very
commaon mammals looked like tree
shrews (see page 88). Others looked
like long-limbed squirrels. After 20
million years all became extinct Per-
haps they lost their low brush habitats
to better-adapted rodents.

Irue primates begin with the
Prosimians (“before the apes™). Many,
such as lemmurs and lonises, are living
tockay

Adapids were primitive versions of
living lemurs. They were at home
amang the canopy hranches of the
highest trees. Their long limbs and
four grasping “hands” were a big
breakthrough. All later primates used
their long limbs and “hands™ 1o great
advaniage Adapids spread across
morth America, Europe, and East Asia
during the Eocene epoch, belore
gradually dying out.

Lemurs, which today live only on
Madagascar and surrounding African
islanls, are the bigger-brained, comb-

toothed descendants of .ld.].]:li.dﬁ.
Lorises, which are found across south-
ern Asia and Africa, are in twrn. the
pug-nosed descendants of lemurs.

Tarsiers are small, nocturmil insect
predators with owl-like eyes. They are
especially good leapers. During the
Encene epoch. tarsier cousins lived in
the jungles ol Europe and North
America. Today tarsiers live only in
Southeast Asia

Monkeys, apes, and tarsiers are
called haplorrhines (“single nose”)
because they all share the characteris-
tic of an uncleft upper lip and a warm,
dry nose.

Ar the end of the Eocene epoch, a
sharp drop in worldwide temperanires
caused most primates outside the
tropics to die oul

At the same time. the bigger
brained monkeys and apes, together
known as anthropoids (“human-
shaped ones”), appeared in many
warm equatorial regions around the
world

South and Central America became
home for the Mew World monkeys.
Their widely spaced nostrils open to
the sides, rather than down, Some
have a long prehensile, or grasping,
tail, which they employ as a “fifth
hand” to swing berween branches,

Alrica, Europe, and Asia are where
Old World monkeys began and live
wday, They have narmowly spaced nos-
trils that open downward Many have
cheek pouches and sitting pads, thick-
emed skin on their rear ends.

Stiff-backed hominoids {“resem-
bling humans”) include living apes,
humans, and their ancestors. Like
some lemurs and monkevs, homi-
naids have Tost their wails

Gibbons perfected a new way 1o get
around, called brachiatng They use
their extra-long arms and hooklike

hands to swing beneath even the slen-
derest of branches

At the end of the Miocene epoch,
temperatures warmed and jungle for-
£s1s once again spread across the
globe. Forest apes moved back into
Europe, East Asia, and East Africa
Some grew larger than gorillas.

Cool, dry weather panems retumed
during the middle of the Miocene
epoch. Jungle forests rewreated for the
Last time back o the mopics. Pongids
(“ape-types™) remained in the shrink-
img jungles. Among the living pongids
are orangutans, which live in South-
cast Asian rain forests, and chimps
and gorillas, which live in Alrican
jungles.

Hominids (“human types”)
adapted 1o life in the newly exposed
grasslands between the trees. Aus-
tralopithecines ("southern apes”™) are
the oldest known hominids. They
stood erect and had feetr they used
mastly lor walking, In sdapting to eat-
ing only plamis, some australopithe-
cines came 1o resemble large gorillas

Hominines (humans and prehu-
mans) are notable for their enlarged
brains and their ability to solve almost
any problem affecting their lives
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Adapids—the long-legged daddies of the primates.

The carliest known true primates are
promitive lemurs called adapids. In the
bar-Froami-1 -'II1|1]|'h' Posstl record, they
first appear early in the Eocene epoch
30 million years ago

While maost primates are kKnown
only from their dencl remains, long.
lepped Motharctus (moth-ARK-1us), o
Talse bear” left a nearly complete
skicleton

Like 3 modern lemur, Notha was a
tree dweller This primate maoy ed
rapidly along the tops of large
hranches |||l'l-:||".:.'_ on with all lour
|-"':'|:.‘_ ||.".:.{-.'I:'|| "hands ||l|:'.;.; ||.:|1;._'|-.'r-.
Wy I.1i‘J|:|-:'-.i around o branch can suppon
more weight in more posinons than
short, clawed fingers can, Unlike
squinrel or a tree shoew, a lemur needs
only one hand to grasp prey or a
branch. Infants gained a firm grip on
their mother as they rode around the
jungle together The baby also recedved
a bener educanon than i1 could satiting
i A nest wanng for s miother's peturm

Zbout the size of a ¢an. Motha had
long arms and even longer legs. With
these it was able o spring from
branch e branch across grear gaps

mNotha's first e was well spread
apart from the other toes. It wrapped
around branches in the opposite
direcnion for 3 hettier grasp While
Moiha was ||'.|['|:'.:q, itx feet acted as
landing gear, The lirst digit on
exch hand was nor vet as thumblike as
each frsi toe

More primifive than a living lemu,
Notha sull had claows, nor nails Living
lemurs have nails on every digit bt 2
A clow remains on cach second tog
and i is used for grooming

Like living lemuars, Motha must
hove had thin, highly sensiive linger
pads rather than the thick ones so
L4 |!Jq..|.| ol H_l:ll|||1d-.|“r|||11=,; Jl:s.unrn.q'lg.

Adapids gradually adopted a new

HOTHARCTUS
EOCENE EPOCH
FOR A SKELETAL VIEW

SEE RALE 118

way (o get irom place o place It is
known as wertical clinging and leap-
ing. Many living lemurs rest by cling-
ing upright to slender tree trunks
They lind it comfortable o sit erect
because their neck bones are at an
angle below thewr skull. From this ver-
tical position they can al=o |.|_'-;||1 o]

distances w other tree trunks. They

Lesipad crmanall slba
LM DTG O Mg
Licenagyesr o =
Fudiy appocbds Big 1o
orger oy
bsprhar snoul
nr__-||'|r oralr
Eor bores encased In Sona
ool
varical clingang ond eacing
e e | L
g and hooting
SO0ET pragnoncy, ChIlGnGHo
el lihe s
Fepatolion odded ko dhal

NHOTHARCTUS

AR

SMILODECTES

17F F

land feet first with their long bushy

tails zailing out behind for balance
Although plant lood was the
gredatest part of s dier, Mot shoved
imto s mouth whinever looked :.!'l.'-."ld
while scrambling through the brush
A modern lemur has g3 dier that
includes shoors, {ruit, insects, tree

lizirds, and cpgs

93

NOTHARCTUS HAND AND FOOT

maotha had a smaller briain than Liv-
ing lemurs but a larger one than that
of the near-primates and tree shrews

Notha's leflt and right jawbanes
fped an the “clhan” making one w1
pirwhone, as in humans

A bony oovver encased Notha's tiny
middle sar bones in their can litle
AN EET

Motha had both eyes pointing
straight ahead, not owt to the sides
Overlapping vision gives depth per-
cepiion without having 1o cock the
head from side 1o side 1o fix the dis-
f@noe 1In I,|:.|; n|||1-;1 This is ||1'.]1|:|‘..|-:|I!
for stalking prey, as much as for leap
ing berween branches. Insects and liz
arcs are great motion detectors, bt
SECTN Mol I recognize a5 dangerous a
pair of big eves inching toward them
Squirrels mervously cock their heads
from side to side to sccurately judge
leaping distances. In contrast, lemurs
have a steady gaze, like thar of 3 ca

Motha's sight became more impor-
tant, but a lemur's habin of marking
ferniones wiath --'_-:_':|'|!-!.:|:|I||.| |'.|.|'||1|113¢.
indicares a CONTINMNG IMPOTIance ol
thie sense of smell. Smilodectes was a
close relative of Notha's with a simalles
smoul. The trend toward larger cves

and a smaller snout shows up in a
wicle VilEeRy il .|-;_|.:|E1||| descendenis

Some living lemurs are tiny noc-
murnal insect emers. Others are Linge,
are acuve in doylighe, and ear frue and
leaves. Some are ncarly tailless Others
have long bushy tails. Some never
come o the ground, whereas others
are often found there Some lemurs
live alone, but others form social
groups of up 1w 5% Some are silent,
\\'III'T:'J‘\ Il-llll.'r:'h I.'.I-':-l.' I:I.'h '\1||'|’_'L I-”'.I ]1I'\-II:
Such soundds muy act as threats or as
claims w termitary On'chilly mormings
TTRRELY |.|.'r'|||||~\. can be !-I!'III'Il.j wilh arms
ostretched, warming themselves bn
hasking in the sunlight. As in most pri-
miates, the chest, belly, and the insides
of the arms and legs are much less
hairy than the sides and back

Lémurs usually have only one baby
at i tme after a 126-day (18-week)
pregnancy. The baby clings to s
o e |.-:1'.'|5~'..|'.1'.|':. amel matures i |8
months, A typlical lemur’s lile span ks
18 vears

MNotha lived during the Eocene
epoch, 50 o 47 million years ago in
what is now the western United States
At that time that area was a dense
tropical foress
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Grant the Aegyptopithecine—an adapid, monkey, and ape mix.

L he ancestor ol humans, ApEs, and
|I1.'I|l.lj|- all Ol World monkeys as
well was a very pamitive ape with a
tail known as A Eypopithecus (ee-jip
toe-FITH-uh-kuss}, the “Egyptian Ape”
The firse skull of Aegyptopithecus ever
louind was nicknamed Grant, aler its
discoverer, Grant Mever Three later
specimens were named Tom, Dick,
aned Harry, Since thése creitureés are
becoming increasingly human, it
seems only reasonable to begin calling
thiem |1:|' thieir nickmes

Cirany resembled o living monkey
but he had the long snour of an adapid
isce page 92 No complere skeleons
of this carly ape have been found
All four skulls so far discovered prob-
ably belonged to males They cach had
large camines and large molars, Female
skulls were probably smaller in size
gnd more [ragile They may have
already crumbled o dust

In living primutes, oversized males
with large fangs are signs that the
-||::||:||.1| II'\I."_: in il :rl."l'\]'l '-.\.'E'-['rl_"' |,I'|l_'
dommmance of a leader is important
Such a leader mantains a harem al
sivieral bemales and s ehe st o Banle
imruckers. The other members ol the
troop recognize their leader and each
other mot by smell but 11:.' 'Hlj_"hl Fach
roop member las a urigque e and
hody shape In life, the four aegyp
topithecine skulls must have had
individually unique faces. One had a
shorter snoul. Another had a higher
skull crest. A third had wider
cheekbones

Like all Old World monkeys and
Apies l'.'||.1|||:"- 11-.|-.|:r|i:h u-!'u-nq_'-d close
together and faced down, not out o
the sules a5 in New World monkeys
'|.'|||.E Ii‘"a‘l."l'!i] I:'I.I."'I'll‘:l'?a"\- .II'!q.I .ll'l]_"‘- I.,Il_'l-l;
catlike whiskers, Their upper lip i=
unclefr, and it is not bound w the
_|.'|'.II!|‘..-'- henearh '1|||"El|:-|||.'-;1 w|I|1 |.|.|._'|.;|

miuscles, the upper lip moves and con-
tributes o facial CXrEss1ons

Grant had 32 tecth, the same num-
ber as in humans. The incisors were
chisel-shaped. the canines were |large
and pointed, and the lower molars
had & F-cusp pactern, This Last charac-
teristic delines ape and human
mokirs. GEnt's canines were «{o |,|r_|,;‘.._-
that they mibbed bgainst one another
honing theie edges the way a knife
"\:]'Iuli FH'I‘II.'E I.I':'II."\

Cerann, ke birmans, hisd a full plice
ol bome completely separating his eve-
balls from the bulging jaw muscles in

What’s New?
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his 1_|,-|1'||::|Jq_'=. Il those muscles had
pressed against the backs of his eves.

they would have throswn his vision ol

ol lodus

Apes and monkeys have excellent
color vision becawse they have mamny
color-sensing cells in their retinas
The retina is the light-sensitive layer
inside cach eye A special pant of each
retina focwses details for extra-sharp
visicr This is the area that helps us
read fine details

Apes have thinner hair than lemurs,
and what they de have is less bushy
Maked skin shows up on the buttocks
amel the face This last feature helped
others read Grant's facial expressions

AEGYPTOPITHECUS
CUGOCENE EPOCH
ACTUAL SUE

Sometimes the skin ol monkeys
can be gquite colorful. Mandrills, with
their red, white, and blue laces, are
perhaps the most siriking Genials
can alsa be hright red or hlue Reds are
produced by the color of blood near
the surface Blues are produced by
clear skin cells that refract only blue
light

Strong emotions bring skin colors
o their peak imtensiny. Humans blush,
redden with anger, and become paler
with [ear, revealing their emotions
through color

On the buttocks, Grant probably

hawl targe, naked, calloused pads. Old
Wiarld menkevs wse them o sit on
Apes, which make nests, have them
only occasionally Dunng the mating
season, those on the female ofien
hecome swollen and brilliantly
colored

Girant was the size of a living lemur
and had a tail of unknown length. The
small amoiint ol hiz shkeleton that has
been lound shows an animal maore
poimitve than any living monkey or
ape I other words, except for his lace,
teetly, and eve sockers, Grang was more
adapid than anthropaoid

Grane had a small brain, a linle
aver 1% cubic inches in valume 1t was
smaller than that of any living mon-
ke, but larger than that of o lemur,

Considering the angle at which his
neck and skull connected, Grane was
probably on all fours full-time Esti-
mated at 11 pounds in weight, Grant
was primarily a fruit cater that occa-
stonally ate meat [or protein. If that
was the case. then this ApeE Wik |11|:-11
ably a tree climber cather than o
groamd rover His thumb would have
been well separated from his other fin
gers for a good grip. His claws would
have disappeared, leaving only finger-
frails and toenails Mails are the remains
of clows, with the bony core remaoved

Like most apes and monkeys
Grant was most likely awake at dawn
and asleep after sunset. Apes tend to
be not so sensitive o changing tem-
perature as lemurs are. They are also
able to leam from their companions
ancd to share newlound knowledge

-L_ur.lrll liveeld |J.|.|||:|'||.; thie garly l._!|le_!p-
cene epoch, 33 million years ago, in
Egvpr. What 5 now a barren desert
wis then i lush :mpi:.'.l.l. vine-covered
forest, bordering rivers, streams, and
lakes.



hlh’rm:ﬂnsul the dryopithecine—the great granddaddy of the

Procomsul's skull looked so much ik
that of a chimpanzee to his dis
coverers that he was named alier Con
sutl, a Lomdom Foo chimp of the 19405

vceording to Mlood tests, 98 per-
cent of a human's DMNA 13 wdentical wo
that of a chimp Belore the human and
-..|||""i'- lim« Aces Wit thier separiite
wiavs Proconsul may have been the

hoth shared in

last ancestor they
COITOE

PFroconsul's scientilic name is
Dvopithecus (drv-oh-FITH-uh-kKuss)
orF “oalk A |‘:|:|:'|-.': the carly Miooene
cpoch, oak apes came inomany sizes
Fhey sumumbered monkeys 20 o |
just the opposite of the present sit-
LIALRCEN

Like Argypiopsthecus (soc page %4
Proconsul had ape teeth but otherwise
was similar to an Old World monkey

Proconsul's canines were Large
Apes vse their linge conines as weap
ons lor s .E-|l|.'-:| ctlon. They also use
them o discourige mivals, They do not
use them for killing prey. Apes use
their Eangs lor plercing the outer shins
il L -||:._'I'| Pt sid 1 ST MOEeLation

[he skull of Proconsul was round
and smaooth, like 0 monkeyvs. Mo
adaptdlike muzzle nos .I||'|.'|IL-..' birony
midges stuck our from i

Proconsul had monkeylike limb

bones that were probably best suited

for ninning on all fours along tree

branches, His hands were similar to a

human's They had not vet evolved inm [ agar.

long-fingered, short-thumbed hooks,

like those of living apes. 50 rather Proconsil did thes 1o hodst Bimsell 1o
than walking on his knuckles, Procon hagher hranches in the trees Experts
sull wailked with all four of his “palms” disagree. however, whether or not this
[lar o1 the :.:rlllll'u.E Ape was .|'!1§|' o beac iane. Brag NIECINEG
Most mammials koep their elbaws 5 an ape's way of moving among tree
mucked inm against their nbs. Procon- branches by swinging kand over hand
sual's s |JCWERES WEET loose l'II-:l:._Ltll 13 [|||' hll-:_!'-. \[.LIIHIf‘\- b lona by the shiol-
permie him w hang by his hands ders, Children beachiare on “monkey

alone, with his arms over his head bars™ and “jungle gyms” The advan-

lage to this is that brachiators can
hanig below branches that are lar too
thin to walk upon In this way even
liarge brachiators can reach hang-
ing st the very edges ol slender
branches {where it is most Hkely o by
fownd)

It many four-footed rumming

mammals, the collarbone disappears

DRYOPITHECUS

ICCENE EROC

o alloaw the shoulder blade o move
even more freely In primates it serves
as g strut connecting the shouwlder
hlade to the breasthone Brachiaiors
necd their collarbones to anchm
important shoulder muscles and to
keep their shoulder joints far apart
IIII' ||'|!.|ri.|l..':|'. II:I'H' TTALNS] I.Ir:|_'l.' (R EEEE

muals that run on all fowrs, las a theep

narrew chest, The brachiamor has a
wide, shallow ane. S0 do humans
Winh this kind of chess, a smaller spa
nal rielge forms along the middle ol

the back. It is more comtormable lox

MONKEY

MARROW |

CHEST V

The tails of Old World monkeys
dangle uselessly. for the most part
lails are dabseiit boin MY O e
and all living apes, Proconsul's tail
appears to be absent (at least from the
|I.tJ_'.III-.'iI'.-|'|:f fosssl record)

The mumber of vertebrae in
Proconsuls lower back is probably 5
ar & i|'.'||1_|_'h apies have 3 oF 4 lower
backbones. Humans have 3 Monkeys
arid lemiurs lunve 7. More bones imply
i springy lower back, while lewer
bones imply a sturdicr one

Apes don’t often have buttock cal-
luses, probuably because they build
cushiony nests 1o act as siting plat-
bormees, But butock and genbial swell-
img may still rake place in females
during the maing sciason

Proconsul lived during the Mios
cene epoch, [B million o 14 million
vears ago, in East Abrica. Ac thar nme
the ares was a4 lush jungle
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The Nut-cracking Prehominid—it took the first steps toward becoming a human.

There 15 a gap in the fossl record of
humuin gncestry, I occumed betaween
10 mmillios and 4 @million vears apa Ta
(il this gap an imagined primate has
b prir iogecher based on the featines
of its known ancesto |"'r'.|l['.'r|||-.||-
[sce page 96), its known descendent
Ausirelopitheous (see page 102}, and s
cousins, including chimps

Hlumanmn ¢ '-l"'I"il""l 15 [Ore ||'I.I|'I LIS
the evolution of body pans. Lesumed
hehiavior also evalves. The leviel ol
II'.||:'I'|I l':"l I!.l.'\. 13E 11 I"lll".l.".l-_'J'il,'l.J. I"rl.'-
historic sgncesior would have been
miost similar v thar of 4 chimpanzee
living ooy in s own society and
natural habiw Perhaps clomps g
ns & glimpse imeo our own guast il
tics and behaviors

Chimpanzees  are  primarily
vepetanans. The enamel on their eeth
is thin, so it is suited only for soff
plant foods such as fruit and occa-
sionally meat Chimps hunt and eat
bush pigs and other primates when
thev can, They also savor wermites

L ||-|||||'l"- sinp wigEs ||'||.I- BN [0 L=
i ||-i'.||1|_'| EeFiminies Out ol '.|'u':|
mounds. Chimps alse mash leaves o
help sponge up water, To counterat-
ek i:-h'l'.tl-\.lr-\- such as big cars
chimps pick up sticks and stones as
weapons. In these wavs chimps both
wse angd make wools

Chimps constantly form and dis
band social groups, “Friends™ grec
each othier with hugs, kisses, and pats
Chimp sociery is wsually riendly and
CoOpCranye Sometimes, however
packs of chimps wage war againsi
other chimps

Males may hunt together for smmall
anpmals amd barg s Although at
camp malies maw shire ther lood with
lemuiles, couples do not pair ol per-
ety

Chimp pregnancies usually Luse for

i weeks, which 15 pwioe as long 35 a
lemurs and only 4 weeks shor al a

humans. Females are sexoually manure

at 10 vears of age & mother chimp will
[T MALe Al s long as her imfaoe is
nursing. Inlamis may nurse 1o age 5 0

mianis arnye every 5% vears, 4 piakr o

chimps will luve ondy 5 ollspring in
typrcal Lile spamn ol 4 vears

St only b5 the bimh rate lowe b
40 percent of all chimp balvies dis
whitle they are sill imants They die
loF o reasons: Lick ol interest on
the mother™s part and bojuties ron

falls. Firsthorns suffer more ofoer

because of their mother's lack ol expe

ricnce i addition o loraging bor her

well overy gy, a0 mokher « 'r'|"-|'- ly

15 14
carry and care Tor her voume This Bu-
der is not shared by the males Using
all four bmbs to get aroond 10 the
irees and on the ground chimp
mothetr cannotl hold her babsy whil
fovrapamge Thie haby st hold on o s
mother lor dear lile during the long
jeurmeys the two make every din

Our imagined ancestor had |
chimp's basic anatomy and lile-swvle
Then it evolved bevond thar fewinda
Mo Lnknowingly 1t was becoming

hominid, primaie bt wy ld =oamm

dov walk erect like a human
The frst adapmanon made by thas
prehominid broadened its menu
Unlike chimps, a prehominid would
hgvie b a short snowt, small cinines
angd molars Lo witly thil k enami
4 toth pantern like this would hovw
helped them en hard oods, such as
nuts and ‘.:'ln,'_:". |'-|'.ih Preloitiianicls
could remaowe the hard nnd o oger ar

the rich tood inside BEoors (dog swith

STICKS ), fnuts, ¢oes, sinnall animals, and

scavenged picces ol large carcasses

I Bk anamal
P eI
ami-pract wolling, conry
ket st e
7 kissing. tmaggirg. &
2, Gnd
[ | maang
Toermidms and miser in dial
NgEE prsgnancy, infancy

malurty

el |

a
Whiles

g ik SEEF
T

TR

- g =r

B

G

A HYPOTHETICAL PREH

OoMI

NID

would have ronnded oun their dies

With large immterlocking langs
chimps can only grind their molars
[oresard and back. With smuall canines
I“l_ll:'l'.'.l"!ul'\- WA III-\.I ||.|'|I I'|l_ (4] II:'l [l 18]
gring their teeth from side 1o sade as
well, the way humans do

5 |l'|'!|-l:'.'-::::.| wortiled hurve looked
more like Dryopihecus than a chimnp
Although it probably was good m
i |III|""..:'.'_’.I-.'|'- and | .|.I|.'_II|:,'_|"-\. {1 fan
huiry arms, it would have spent most
il its fime foraping on the ground, A
prehominid would mor have been o
lmb swinger or a knuckle walker, as
chimps ari

In the middle of the Miocene
Jual h. climates cooled. The mn for
st gradually shrank back o the trop-
ics Derpsdlands and deserte ok their
||:.'.q;-

There et enough living space
n rhe jungles, so some apes wer
forced owr The :"\I|II1'.,;:|!'- O Ereal LT
staved behind i the shrinking woo
lands, while our ancestors, the
hominids, made 4 new home on the
opening |'.|I|-.|.'.:.l.5'- and prassy arcus
beétween the trees. An expanded dier
and primitive tools and weapons (dig
ging sticks and clubs) were all the
adaptations prehominids needed to
LK I'.'-\.i 1L |.E'a:'\- INEW SOVITCImLOmna

There was a smaller supply of food
on the plains than in the same anea o
lorest, A Ebe ol i |'||-.lr1:||:||_|- || TR
learn o new wiay 1o hind food, Males
began o search lor i larther away
Irom home o this wa I:I'.;'!. ~||'|:'|1|'.|
CITIE e with the females amdd
infanis for lood near the base camp
Becase of this, lemales were akle o
find all they needed in o smaller arca
and in lewer hours than before Fower
miles trimveled meant lewer chances of
babies falling. Mothers had more time

o cire for their babies: The death rate

04

of prefusminid babies went down

Sometimees males would bring
back extra lood w the base Gamp and
share itwith i lavonite lemale Perhaps
in this way sharing parmners became
lifelong mates. Males who gave food o
their mates and offspring helped them
survive Similarly, woll and bird males
help in caring for their voung, In thiese
Cases the F"q.lll.'!:r"- AN LISTIEY  [FATTRECETS
for lile, toa They camry lood back to
their nest i their belly Prebhominid
males could hive carried more in their
hands

Chimps are able to stand upright
om thelr hind leg< lor only short
|:-.'I|w|*- ol time Thisy ise I|:|- .|"1 Lt
w see over wll grass and o carry
thimgs with their arms ind hands
. |1I='|'|"- are mot well -.|-\.'-|J::'n'|.|. LinE
walking on just two legs, They tire
quickly On the open plains. walking
spright became necessary for survival
Those prebominids best suited o the
Linsk survived

1|-"|-.I!5-CIII||! woan ellicient way 1o ravel
long distinces without iirng. fe also
teaves the hands [ree lor carryving
irems ol iImporiance. As i tr b of
nonuds, prehomimids eould hive car
ricd everviliing lrom babies e wir
cluhs to exira lood

In searching lor {ood, hunting
technigues must have cvolved Ooe
such techmigue involves staring
sifently, like a bird dog, at potential
prey. It is a natural habit of humans wo
ook wherne others are looking. This is
eavily done becawse the whites of our
eves signal 1o others exactly where our
anennon is riveted. Mosr chiimps, Liki
most mammals. have dark-stamed
whites" Such eves are more dillhcih
o lollow, When a rare mutation
appears that bleaches a Chimps
whites” white, they give the uncanny

gppearance of being almost human
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The Hominid Family Tree—humans are the only ones left

HOADCEME o BECENT EPOCH [last $00000 yoars)

The chart to the right is an overview of with the early australopithecines. It is major change o appear The evolution " — F_
the hominid family tree from 4 mil- likely that “capable man” made his of our civilization, on the other hand, le]= f HUMANS ? §
lion years ago 1o the present own cutting stones by crudely chip- has been rapid. There have been new 1olull= g 5
Primates that walk only upon their ing them against one another inventions, new fshlons, new govern. 1=1lof= " 3 ey
hind feet are known as 1'I.I|.::!'i.nldb ' nffumu :f:cm:- made stone hand ments, and new ways of thinking 1% = Th'e Hﬂmmm Ez'1 E
{“human types™). Changes in the legs, axes, wooden spears, and fire During  about things appearing every decade 34 : s Farnﬂy Tree f %
pelvis, and feet enable hominids to the | million years ol his existence, Walking upright imposed stresses g_, EJ £
walk ercct over long distances. The “upright man’s” brain grew larger So on the legs and abdomen that had wl. | E
lower back curves inward o keep the did the area of his ravels. never been experienced by any ances- é o 2
trunk balanced over the hips. The Hemo sapiens [irst appeared tor of the hominids, The stress of 1P ‘5?
neck is held vertically and joins 300,000 years ago Mot much is known moving blood up the legs back to the e b B ]
directly below the skull. Hominids about “wise man” until about 100,000 heart weakens some blood vessels n.|°F
have Large molars with high square vears ago. At that time a European creating varicose veins. The stress of 3 N
crowns of thick enamel for eating subspecies appeared. Because he carrving the weight of the abdomen = ‘j =
tough foods. Their canines are not buried his dead (which helped fossil- on top of the hips leads to hemnias. On ]2 |w H‘.::
much larger than their incisors. ize his bones), we have a better picture the other hand, hominids can dance. =
Hominids split apan from the Afri- of his life than that of his contem- which is something few apes have lal=
can pongids (gorillas and chimps) porarics even tried g
sometime between 15 million and 3 The African subspecies Homao There s no direct evidence that 5
million years ago. sdpiens sapiens (“wise wise man’) is any hominid other than Homo sapiens | b
According to fossil footprinis and lirst known from cave litter that is sapicns still exists at the present. There 5_, %
bones, the first ancestor of all known 100000 years old. The oldest known are, however, intriguing repons of huge =1 g
hominids was probably Australopithe- skeleton of "wise wise man” is 35000 hominids still living in the Pacilic E i
cus afarensis, the “southern ape from years old. It comes from France, where Morthwest United States and in the "
the Al a region in Ethiopia. In the this human is known as Cro-Magnon Himalwas of Tiber and Nepal in Asia Al
dry open parklands of East Africa, this {crow-MAN-von} man. About 35000 Fomprinis, photographs, and eyewr-
hominid with the head and brains of  years ago our ancestors took the final ness reports describe these phantom jo|v
an ape walked fully wpright more than great leap forward by evolving the beings as walking upright and stand- ~|o L=
3 mllion vears ago ability o speak in a very complex ing about seven feet tall or more They 15_ i =Y :,__:_"
Over time, the australopithecine manner. ldeas were shared more eas- are said to be quite hairy and shy, No et P
branch became chiefly vegetarian and ily. which led to increased coopera- bones or other hard evidence of these ﬁ' a
developed tremendously strong jaw tion and trade hominids has ever been found, so g' &
muscles lor dealing with tough loods. In the last 10000 years, “Wise wise their existence has yet to be proven % -
The homimine (or “human™) man” has expanded w all the conti- Eyewitnesses also report that alien = =
branch of hominids ate a meaty diet nents and separated into a variety ol beings arnving on UFDs seem to be "o | .
Hominineg teeth :r-r_ smaller but races. This subspecies is the only nn.r hominids, too. These come iﬂn'rn.nrt}' 4{_Ju AUSTRALOPTHECINES
stronger, built for tearing meat, ten- of the hominids thar survives to this of shapes and sizes. Some are said 1o lole — =
domn, and skin from a carcass. Homi- day: be very good looking while others are ==
nines grew increasingly dependent on Humuins became farmers, They said 1o have large heads and small T ¥ :
tools made from plants, antmal skins, tamed wild animals. They formed vil- bodies. Once again, until hard evi- 1 AUSTEALCPTHECUS AFARENSIS
animal bones, and stones. lages and began to record their daily dence comes to light, the exastence ol l§_| i
Hominines appear in the fossil lives as history. such creatures remains unproven 0
record in three waves. Each one had a Today human evolution continues. & FD‘:IN"S
Larger brain and smaller teeth and jaws However, no changes have appeared
than the one that came before it (See yet that would put anyone into the é ERECT WALRERS
pages 102-111) category of another sepanige species E'
Homao habkilis lived side by side Too lintle time has gone by for such a 1
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Lucy the Australopithecine—she had an ape’s head on a

For many years it was assumed that a
human's superior brain appeared firse
an an apelike body. The discovery of
Awstralepithecus (aws-truh-lo-PITH-
uh-kuss), or “southern ape;” lossils
proved that just the opposite was rue
A semicomplene skeleton was discone-
ered in Fast Africa Beraeen 26 and
13 million years old, it was given the
nickname “Lucy” after a popular Bea-
tles song Other bones and human-
looking footprints have been discon-
cred from a close relative walking in
volcanic ash 36 o 38 million years
ago

Lucy inhabited dry, open parklands
near wooded bikeshiores She walked
almost complerely upright, like a
human, Unlike the thumblile fiest toe
of an ape, her Lirst e was Lke thar ol a
humn, It lined up with the other toes
It acted with the other toes to provide
push-ofl power to each of her steps

Other primate babies grab on 1w
their mother's hair with all foiar al
their “hands” Lucy’s babies weren't
ahle to do thi= with their humaniibes
feet. They had to be carried. With her
arms free, Lucy was able o do this

Lucy did not hold her head fully
erect. Her neck joined farther tovward
the back of her skull than in humans

Lucy had large, nut-cracking
malars covered with thick enamel
With these she ate a wide vanerwy of
difficult-to-chew foods. Her canines
were not much different from those of
males, and in no case were they fang-
likee The lower part of her e was a
muzzle Her checkbones were broad-
ened by large jaw muscles

Lucy was knock-kneed, like a
human, rather than bowlegaed as all
chimps arc The shape of her knees
kept her center of balunce beneath her
|I.|[r-. while 'u'.'.ilul-cll'lg Liuey's ]1-|'|'.'|¢. Wi
more like 3 human's than an ;IE:H'“"i_ et

her Birth eanal waasny L g The bahics
of early hominids had small brains
that did not require a large birth canal,
as big-braimed human babies do

Lucy's braim size of 27 o 36 cubic
inches is about ane-fourth larger than
that of a chimp of the same size. It was
about a third as lamge as a human's

AL 25 vears ol | ey Sl sl abosuir 3
{eet B inches all and 'u.m.;.','u.'el 6%
pounds. Her mate would have been
aboue 3 feer mall and weighed 120
pounds, A smaller body size meant
that female hominids needed less o
eat than males. Females probahly
looked for food over a smaller arca
than males did. The burden of an
infant or two would have also cut
down on the distance a female trav
cled. The larger size of the male en-
abled him to cover more ground with
each stnide A larger size also helped
against predators,

As male chimps grow up they form
||'|.1|_!l I'_I.,'ll_LC"a r'.I.II.'I.I I:I'I. L I'!-\..II.L'. I-I.':h.j-t'r
Such packs are necessary lor anack
and defense against rival packs. On
the other hand, as lemale chimps
mature, they join new wibes. This pre-
vents inbreeding and keeps the tribe
miale-oriented

Within a group, there are more
chances for learmning Lucy would have
learned how to observe and imitate
behavior She probably stayed near the
camp with other femiles, grooming
and MUrsing her awn VISLLAE Firmales
probably scarched the local area lor
nuts, roots, bernes, and other loods
Wale prlﬂ!:_:ll‘:-l:.' toak off or the fron-
tier, collecting and scavenging when
ever possible, By throwing stic ks,
rocks, and dry uprooted bushes, they
i |j_l|]11 have driven vuliures and
h:ﬁ_':];,t:ﬁ L lr LTI !.I.I::L"I' LallLalaSl™S

The first unigquely hominid tools
were probably not hunting weapons,

human body.

AUSTRALOPITHECUS AFARENSIS
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but sun-dried animal skins wsed for
collecting food.

Lucy’s tribe, like those of apes and
baboons, was probably nomadic, The
tribe probably moved to a new lorag
ing outpost daily and almost never
slept in the same spot two nights ina

W

Among |:'||l|11[!ill'|:1"-|"~. and ather
apes, the bond berween mother and
young remains strong throughout life
Males are not invaleed in child rear-
ing When male hominids took on the
role of parent, they became much more
successful at reproducing themselves
Parenthood also helped the mating
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Lucy the Australopithecine, continued.

pariners 1 lform more Listing bonds
Im that way, lemales amd infans wery
assured of food. Males were assured
that their mates offspring were theirs
s When the male i||'||'-\.'.:. his mate
tor-lile, he was helping his own chil
e po =urvive ton

| he salety af the tribe, combened
with lood broughe in by a mate, meant
than specd amd tree clunbing were no
fonger of lirst importance to Lucy's
survival. Walking crect was more
Imporiant. An crect posture made i
casier for Luey 1 carry a baby 1n one
arm and e one arm (ree ['-,'||'|,',Jl|-
for & second infne When thisy wene
able o care for more than one off-
spring at a time, the hominid’s re-
productive rate increased . Even
twins could survive Todse the hnman
rate o reproduction is about 3 rimes
that of apes

vovpical lemale primate experi
ences changes in her body when ket
cegs have matured and are ready 1o be
fertdlized. Her geniuils swell and they
cend ont an odor, Only a lemale
human decs nod show o change when
she becomes fermile Lucy was prob
ably more like o modern human in
||||'\-| r\:.\'_.hrll

In most primale Socicies, every
maale knowes whiem a lemale v thie anen
% lertile and receptive 1o mating. 1
nore than one male shows an interes
fights [or dominance usually resul
[hose that maintain a harem of
females puard them fiercely from
other males

Ihar sverem waorks line (o Apes
becanuse thes NCVET WIlneseT LEr Anonm
thaeir harems in search of lood In the
case ol hominids, however a lot ol
e wiks spent scarchimg lor lood, and
the males had to go far Irom camp to
ook lor it They couwld Aot Femuinm

hoeme guarding theer lemales aeabnse

rivals Im addition. they could nmiot
athord 1o lose the COM M ralian of '|'||.|.'
hunting pariners by flighting with
them over mating parmners

lhe lifetime bonding of one mal
with one femule has evolved as tha
best way to keep peace within the
tribe In an ideal situation, éch mals
can count on a faithful mave and each
female has a fithiol food provider

It was the fertility signals that
drove the miles into a frenzy during
the short mating season. Lucy hed 1o
rEELE T dErtile on order B [RIC I ITRCL
Bt the ferfliny signals had to stop o

reduce the felning amone the males

wormien. In gime they Became recepive 1o
mating throwghour the vear nob jusi
whemever they were lerile By mating
every 2o oftenn throughout the vear
homimds =il had a pood chianoe ol
hecoming pregnant by accident
Matuee increased the odds by making
homanids Tectile more olten, o lew
din= every month

In most primate socicties, males do
nek try to atmact lemstles, Inswead. thes
iy 1o repel other males froam the area
b a display of their targe camine langs
Male hominids did not have 1, rint
fangs to repel rivals. Instead, the
numuan male strateey is o atract the
!Il:lllll' ds & MMAatineg i'|_|::|||': |9 M= .
nuch as the lemale attracts the mabi

It took time lor females and males
to decide o make their bond perma
nent (desnie love it HITST 51 '.il'
Humans wsually o throuph a courn
ship period in order 1o get to know
e sinaother as individigals and estahb
lish erust

In all human socicties the b on
one s Mhead s comsidered an amractive
feawre. On other parts of the bods
havimg ligtle ar no halr is often consid

ercid atractive. Hun s e 38 many

hairs as apes, but over most of the
body cach onc is so tiny that one can
=gy humins ane l"\-"!'.'||||.|||"| nude Har
I"'l.'-.l"-'l II'lr“!l'l an Lter hominids o
prevent overheating while hiking long
|,i|'\-|I,.I:IZ| s under a hot EL LAt |] SANE

What looke like normal primate
hair grows on the human scalp, where
it Tormes o sort of sun cap Whiat makics
it nmusael s that old haes do e fall
out to be replaced by new ones. They
koo growing throughout a lletme In
lerh apes and humuens thie hair grns
with old age

Human males wsuslly grow laor on
their face when they reach sexual
maturity. Facial hair also never stops
growing T humans ol bt sexes, b
in the armpits and groim area also
appears at maturiiy. Har in thes
regions prevents chafing while walk-
ing and matng. These regions are also
thie sttes ol thi atrongest hiimian body
pedors, and hair traps these odors

Onéer most of the human body, ghe
pactern of hair growah s similar o tha
of apes In some arcas, however, pat
terms have changed 1o form runoll
channels lor excess sweat, such as in
iront of the cars and at the back of the
neck

Humans can swepl much more
than maost apes. Sweal cools the skin
iy 1L cvaporates, This system works
st on hunirless skin

SIS € |I|.".||r- tume Black Esces, othiers
havi pink or boown Lces, and a lew
hawe a moitled combinaton of the pwo
Whatever color homifld <kim ITIg-
nally was it probably Garkened by the
tme Lacy armivied. As hoir connnued o
thim, profective tanning pigments

wionld have increased vo resisd sunbum

AUSTRALOPITHECUS

IAL SIZE
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Louis and Eugene, Two Early Hominines—a rock hound and

About 2.5 million vears ago, Earth
entered the lirse of four Pleistocene lee
.-‘!I.|_'|\|_'h. As elimates cooled, Afrdcan for-
ests once again shrank and scrub-
brush grasslands ook their place
Antelope lirst appear at this ume in
the fossil record, along with other spe-
cies adapted o these drer conditions
Watching them from the shade was
the first member of our own genus,
Homer huabnlis, or “capable man”

[he differences hetween Liouids
(nicknamed for his discoverer, Louis
Lcakey amd J!I.Lr'urulfl.lplrhl‘n: iis, (see page
102) were not great. Louis's brain size
had increased up to 41 cubic inches
This increase came about by flling
out a pinched-in portion of his skull
at the temples and raising his forehead
a bit. An arca of the brain responsible
for speech and manual dexterity (fin-
ger agility) first appears at this time

Filling out the wemples with brains
made Louis’s jaw muscles smaller His
molars were Narrower, h.'th'l.'l!if!lg a
change 1o a more meaty dict Meat is
more nuritious than plant food and
Louls could survive by eating less.
Mear the site of Louwis's remains have
been found lava cobbles with one end
chipped to a point. These crude hand
uxes are the oldest stone tools one can
identify. They were used in many
ways, including to break animal bones
1o get at the marmow The sharp leh-
over chips worked well as knives

From the shape of these rools, we
know that Louis was right-handed, He
probably slept in trees, using his long
arms o hoist himself into the
branches. He probably matured
guickly, becoming a parent in his
teens and old by age 30, Males seem to
hive been much larger than females
Currently, the fossil record of Home
hahilizs comes to an end 2 million
VIHITS g0

HOMO ERECTUS
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THE EVOLUTION
OF BRAIN SIZE
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What’s New?
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Himo ereclis, or "upright man;’ first

appeared 17 million vears aga AL this

time there was a warming peripd
berween the first two loe Ages. Eugene
(nicknamed lor his discoverer, Eugene
Mabais) grew 1o over 6 feet in height,
which s taller than most living
himans

Compared with Louts, Eugene had
shorter arms and longer legs, In lact,
hie would have fic into modern cloth-
ing. But his face had a wide, apelike
miose, A jutting muzzle, and absolutely
ni chin. To wp it off, his thick skull
had linle or no forehead and an ape-
like :|'|.|:|:._I;;: ran across his hrow

Hiomtin ereclids ~|-j1:r..-Ld ACTOSS F.'IJ:I'L‘|1-.‘.
Africa, and Asia, all the way to Indone-
sia, One had a brain size of 67 cubic
inches. more than 60 percent larger
than that of his immediate ancestor
Social activity between lamily and
ribal members, both at camp and in
the field, probably caused this lage
increase in brain size The ability o
deceive others and 1o detect deception
probably appeared o this time In
COmiTas! h:lj_l.l'm'i STOTIE rhlppll‘lﬂ_
skills show no big advances from his
origin to his extinction, which took
place over a million years

Brain size alone is not an absolute
indicator of imelligence Talent and
genius have more to do with the
guality ol brain connections

There is a limit to how karge a brain
gan pet. A lorme-brabmed baby can die
and kill its mother during birth it her
pelvis is not large enough to let it pass
through. Uniil recently, childbinh had
been the number-one killer of young
women. Womer's hipbones may have
reached their maximum width with-
ot hampering their abilicy 10 wall I
this is true, then a baby's brain is
limited in size to about 21 cubic
inches In apes, as in most amimals
brain stae only doubles fram birth o
adulthood, In humans, it quadruples
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Modern humans are the slowest
growing and longest-lived of all the
primates. Pregnancy lasts for 38 weeks
nursing may continue up to the
age of 5 or 6 in some cultures. Sexual
maturity occurs anywhere berween
the lith and 16th vear Human females
typically cease to produce eggs at
around age 30 (although 65-year-old
mothers are on record). A human life
span usually lasts into the 70s, and a
lucky few pass 110

It takes a tong while to leam sur-
vival skills. A longer life span
has developed because tribes with
mimbers who live longer lave rended
te succeed on the wisdom of their
elders

Eugene leamed w use fire: 700000
years ago he camed glowing embers in
hide sacks to make fire wherever he
went. Fire helped Eugene bring the
heat he knew from the ropics norh
to the colder climares of Asia and
Europe

Fire also cooks lood, Cooking
mutkes meats and vegetables softer and
casier to eat. Foods Eugene could not
Al raw were now on his menu
Because of his new diet, Eugene's
molars had become smaller than
those of Louis.

In present-day hunter-gatherer
socicties, women provide food in the
form of roots, berries, grains, and
ather collectid I'_I-!Jh[\i The men bang
home rats, turtles, baby animals, and
other small prey They seldom go in
search of big game But that doesn't
mean that Eugene would pass up the
chance 10 butcher a fresh elephant
trapped in a bog Perhaps Eugene's
iribe drove one there by setting fires to
the surmounding reeds. This event was
preserved in the fossil record 300000
VELrS ago
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Early Homo Sapiens—finally learned to eat seafood.

e fumal chopters in humon evolution
involve fower changes in the body and
maore culural changes. Whar humans
wiere doing was becoming maori
LE peortans than the '-'I""”.'-'\.'-'“'“ ir their
Dolies

Ahloop SOO000 VIS Ao .!l:':-ll:.;
||||' WA F'H'I 1i |I|. '|1r|'1'.-'-.'|'r| ||'|I' b I'I:II
and thied loe Apes, the carlisst exim-
Jli..'h ol o oram spechts, Homo sapens
LA § W T 1“.:Lr|' I‘Ir-\.l .-Ii"r'ia':lu'l'il .||!."|.|||-i|
the Meditermnean Sea, Anaromically
Mr Wiseman had o barger heincase, a
higher forchead, and smaller teeth
than his predecessor, Home erectus
Ohitherwise there was liitle difference

When the third and fourth Ice Ages
chilled morthem Europe, some humans
remained who were adapted o the
curled I.'It]';;'r'\- =-|1-r|'.|..| =-|'-||||| .|.|||| e T
Alrica and Asia. By 100000 yvears agno,
Mr Wiseman had spread throughot
thie O Warld, Continental hoid-
aries then divided him ino theee dis-
[NCT groups

lThere are oo few human bones
troen Asta 1o say musch<about them. It
can be noted thar they are differem
Irom those ol the other two subspe-
cics. Members ol different subspecies
stuch @s wolves and dogs, look differ-
ent but are still able to imerbreed

Char own aneestors, the subspecies
IrI”?II"‘ ".ulll'ln:'ll': '-..Jl:lu'lr-_ O  WisE wWis®
man. ciame Imom southern Afnca (see
page L1OY. Cawes from that dme show
seal amd penguin bones, along with
molluse shells This s the Lirst time
we know ol humins |'.|I|||J._'| sealood. A
souchy of thie murmmal bones i these
cavies sugaest that these early hunters
avoided dangerous prey im face-to-face
bamtle. Instead, large numbers of bones
sumaest that early humans had killed a
whole herd of antelope at once, per
haps by driving them over a cliff

The colid-adapted burman subspecies

HﬂH'ﬂiAPIE NS [ARCHAIC)

—_— | What’s New?

phut fived in Fumope s the ome best ko
today, From 1HWO00 o 32000 years
ago, Homo sapiens neanderthalensts, o4
Meander Valley Wise Man, existed
He lived just south of the placiers chat
were chilling Europe during the last
fwin lee Ages. Mr Neanderal was
strongt, thick-honed, and «Il._1||;-|4,'-.1_.:||,._|
like living northermn peoples. He had a
laree Lace and heavy brows. His bran

wis larger than ours by 10 percent, b

Highwar cranem
smallar Deow nioges

ol el L T

WO W
L0 Ol s
Sk andd ogeed ang corad 1o

edant

it was set back lower in his skull

Hisavy neck muscles were needed o

balance his head on top of his spine
I addition w simple stone 1wols,

Wir Meandertal made wonden ones

such as spears. Bundles of animal furs
served as clothing o prorect these
humans from the hitter cold

During the course of Me Meander-
tals existence there was little develop-
ment of new or relined ools. Mr
Meeanderial was not a great wanderer
arked b could not nr-::._'n!p: e well os g
modern human can [F he had a new
wlea, 10 wies nob oo caied (o pro-

ple in other tribes who could have

1

THE BASE OF THE SKULL AND VOICE BOX IN A CHIMP AND A HUMAN

BECY RIDGES

HOMO SAPIENS
MEANDERTHALENSIS

added to that idea

Communication skills speed up
the spriead of new deas. Homo habalis
had a brain with a speech center, but
his voice box was probably not capa-
ble of making a wide range of sounds
il Afhes e human wlants, the voice
beivs s |1|:q|'| in the throat In teither
case are they able o produce many o
the vowel sounds of aduly *-.If:u'-n'h In
both cases a high voice box helps
them o keep breathing withour 2 danger
of choking while they nurse. As infancy
ends in humans, the voice box drops
haltway doswn the neck Ar the same
time, the skull develops a noach in its

HOMO SAPIENS
SAPIENS

hase which means this feature coan be
noted in fossils. The earliest ime this
notch appears is with Homa sapiens
sapiens, not Home sapiens neander-
thelensis

The remains of Me Neandertal
HIT [I.'I.1|I'\.'|.'II'\. NI IS I'-l_'l_.||_i'l-|l_' I'Il,'
Il.n.'lprll thie fo=sil Process, He bured
his dead. Comrades pul in his grave
many of the possessions the dead
PErson hud wsed dunng lite Some of
the bodies show signs of having
sulfered through disease lor guite
some time, indicating thar Me Mean
deral cared for his sick and elderly
Hoawever, fewe lived past age 43
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Modern Homo Sapiens—a new face worth talking about.

The lasr commaon ancestor of every
:'I'\.IIIF I'IIII'I'I:ITI t"l'|||;|_'| r"ll"l'l.lt\l:-' \'-'JHL:I'!.J
the earth [OOMW years ago in East
Africa (see page 108) This mother of
humanity, called Eve by Adam in the
Bible, was the first member of our own
subspecics, called Homo sapiens sapidens
by scientists worldwide

Eve had a smaller face and more
slender arms and legs than a typical
seandertal, Her Gee was under her
iorehead. not i front al i She had o
b raddzes and beer mizzle hid prasc-
teally disappeared. Eve had a more
5 ||.'r'.||1'| Neeg I'a l]:lul | I | ?“h‘l'.'l:l'll.tl' I ‘n.‘ll.
Isecauese her skl wis bener balanced
on fop ol her spine

Fue had a chin, a shelf of bone that
promuded from the end of her slender
livwer Jaw o strengthen it Apes also
have a strengthening shelf, bur it
lies on the inside of the jaw

Eve's nose wis erect and protrugd-
ing, shaped by cartilage. Her nostrils
were small, close rogether, and opened
below the np With this nose. humans
Cam _t.l.l.|||11uz'J;~|' I_|:'.|_'rr:~.|_'|1.q.'1. ||||-:_||.':'-'.:|.r|.'|
something nearly all apes avold. 5o
omg as the air pressure inside the nos-
trils equals the water pressure, water
does met enter the nese and air does
not bubble our. The water-loving
proboscis monkey also has a protrud-
ing nose with nostrils opening
bencath it {For an interesting compar-
ison. see Pandenchthys pages 48-449)

Eve had evebrows, wfts of hair over
each eye that no apes have, They actas
traps for forchead sweat and as eye
shades, bui mostly they are wsed for
CUmirmuac et "| ||I|"¢|_'I_I I,,_E.l.,'l:lll.'l'n'n L4lll
deliver a message [aster than words

II':E:[:I.:III Il.r'l'u H (g SR 'hlrl.'IE!ll"a |'||:|:':||||'
tissues that scal ofl the mowh, They
have o different color and testure Trom
the surrounding skin. Lips added an
appeal 1o Eve's face They also helped

HOMO SAPIENS 5

EPOCH 0 PRESEMT Dy

What’s New?

her communicate in three ways: by
[orming sounds, by their role in Excial
expressions, and by kissing

About 35000 vears ago, modern
humans appeared in France and other
places. Their presence 15 marked Ty
fast changes in civilizanon. New roals
WEAPOns, and wilys ol dint ng [!IIrl_L“\.
suddenly came into being There was
a skill aned artistry never seen belore
Humans were learning and com
municating at a last rate. And they
were trading with one another over
long distances. An ability to speak and
communicate may have been the rea-

(E=lin iy [peg-tal- oo 1

Seglarn Irorael
*OICE DI Orops
Seectar comemunicotion sk

= omcenalion wood and slon kol

Do domshcohod
Beg parms Funtad

ST Clalhing
e CHOINIn g

3 rasical insirumants

RATIW RIDG

PROTRUL

CHIMPANIEE

THE FACES OF TWO LIVING FEMALE HOMINOIDS

= PRESEMT DY

1
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AD. 1000
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= 1000 BC.

PN REPLACES BRONZE 1

PO W
HROMTE B

MERDENG OF CATTLE B SHEE

ELEPHANTS DISAPPEAR
c FRCMA ELIROPE

sont Tor these rapid changes

As Eve's skull became highly
{‘Il."ll'l..'»,] I-'I'Il_ T} |'| .|r||_| |||_|_'||11'|-|'\-.'.:n-|*-r||r|;.."
centers were the parts of her bramm tha
expanded the most. Her brain size
increascd o between 73 and 838 cubic
inches

Reindeer, bison, and mammoih all
||'.'|_ |_| weithin '\::._'I'Il ol Adam and Eve
Adam hiked o Bieme retndeer bese, b
he pursued and ae all the animals
His '.1-|.'..|1-.l|.'.- included the H|Jl.'-|-'
thrower, the barbed harpoon, and
Lyer, the bow and armow

Early people carved tools from
bone and antlers. They tied or glued
waooden handles on stone wools 1o
INCredse :tll.'lr |:".|'r.:!._'-.' SO ST
have |1|.|._|| nets, because the |*-|II'|-|'- ol
spmall swilt rabbizs hisds, and fsh li-
FeF Cortanm Gives

Abowt 18000 vears ago |"L"-.l|1|l.'
bewan wosew clothing with needles
made of bone and ivary, Fars and
skins were the original outerwear
secklaces ol peims, shells: bone, and

feathers were the first jewelny

Adam and Eve had plenty of free
time, which they devored wo play. the
ans, and r|'|1|,;|.|:-|| ”lr:n.' made musical
instrments ranging from rattles 1o
futes. They engraved beautilul designs
imte bone and wvory. Their cave paoint-
ing= and clay Hgurines may have been
objects of worship rather than mere
works of art

':1I|Ll_|r'||'t| l|I:-l_"| ]Jn.l‘l!l-':" 'hlll|:'|r'|'|-| 'u.lI'I:'?I'-
arrived in Europe, the Heme sipiens
neanderthalensis subspecies became
extinet E'J'rll::|:-h 1:|1|':-. were killed
|h.'|_|||:._'l| compelition ot In ri||.|.||.'||m
fdiseases. The history ol modern
humans is filled with equally tragic
CRICTIERTLIONS

During the last glacial age, lower
sea levels provided land bridges
hetween the continents. By 11000
vears apo tribses had seuled e all the
coniinents |'-|.|I: one. ARlbGrchica wiis
first sighted in 1820 and explored
shanly thereafter In 1969, Homi sapiens
seppreris Birsy set foor on other than his
tative Farthe He landed on the meon

L RS EDECE OF FARVARNG

e 15000 BC.

» 15,000 8.G. ‘ﬁ:‘%"‘?

[~
ROOTH AMERICA REACHED %, o~
b N
b 30,000 B.C.
MEAMNDERTAL HUNLANE DISAPPEAR

L A ETRALLA SET :.:'.'.E h -.-.r"ill"'x

b 35,000 B.C.



| B

The Isolation of the Races.

As modemn humans spread across the
globe, mountain ranges, deserts, and
rising sca levels once again separated
the various peoples. Alone, each group
changed w better bt local conditions
and local standards for attractiveness
Inday scientists recopnize as few as 5
or a5 many as 30 different races of
humankind, Severtheless, the differ-
PACES FEMEIA &0 minor tha EVETY
individual alive roday suill fits the
descripiion of the species, Heme
SfHrns saphens.

Arctic humans tend o be chunky
and shon w hold heat. People of the
dle=ert tend o be slender to cool off mone
casily. Where food is scarce, humans
are small so they wall not need much
feod. Large humans live only where
food is plentiful

Some northern groups have lighter
skin. This helps them absork the
‘.L’il‘l-li_'ﬁ'l.l”.'_ﬁ' I'{'4.||.|.|. |_'|.|. :.1,.||'|||.H|!|l Eh 'Frr:_1_
duce the vicamins all humans need
Equatorial groups tend 1w be darker-
'.-kil'l!ll."l]. which |:|h.:-l:|'r.1i1 1|‘|.::rr. |r1_1n'|
sunbum

Asians are noted for the fold of
skin around their eves, It may have
developed to protect them from glare

and bitter winter winds. On the other
hand. since similar eye folds also
appear in such unrelated groups as the
San people. Laplanders, and infant
Eurcamencans, the responsible gene
may be primitive and universal w the
species.

ASIAM EYE PLAD

T i
#'_-"?'ﬁ'w.r,rf"

The races are divided chiefly
accarding 1o geography

South of the Sahara, Alricans are
dark-skinned with brown eyes, tightly
coiled black hair and rthick lips

In Alnca north of the Sahara, in
Europe, and in southwestern Asia,
the people are light to dark-skinned,
with curly to straieht hair that may be
colored black, red, blond, or brown
Same have blue gray, green, or hazel
eves, People from India are related to
Europeans but usually they have brown
evies, brown skin and black hair

Asta lrom Siberia o Indomesia is
home 1o people with yellow.brown

ASLAMNS

- WELANESIANS

skin and swraight black hair Many
have eve lolds and pads of fat over
their cheekbones

All Mative Americans come from
the As:an groups and share many sim-
ilar features

Mative Australians have light to
black skin, large teeth, and a narrow
skull

I he islands of the South Pacific
contain three distinet races. To the
north, Micronestans have duck skin
anil wawy 1o w:ml:.' lene Maost of them
are small, Around New Guinea,
Melanesians have dark skin und are of
miediuem statre To the somih, from MNew
Zealand 1o Hawaii, Polynesians have
light o browm skin and are usually tall
am srot

The 1solation of the races came o
an end when great conguerors spread
war beyvond their natural lronticrs.
The 1500 throwgh 180 brought
shiploads of white Europeans and
bliack Alncans o the MNew World, as
well as o many other pars ol the
globe, Today worldwide travel has
made racial IENEEFTELEX A II'I{TI."-lF-tﬂ,EI'ﬁ'
possible as a matter ol choloe, rather
than farce
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Human Evolution Today, Tomorrow, and Beyond.
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Evolution did not come to a screech-
ing halt when humans appeared on
this planet. Minor changes have
already been noted in certain groups

In most Asians and Matlive Ameti-
cans, the backs ol the incisors have
extra ridges not found in other
human teeth, Cenain West Africans
have one less bone in their wrist
because two have become [used
together Many adults have only 18
tecth, not 32 The missing ones arc the
rearmost molars, or “wisdom teeth”
absent in oanly 3 percent of some
races, up to 70 percent in others.

What evolutionary changes does
the future hald for humans? Iul:lﬁ-
term forecasting is as impossible w
predict as the weather Remember,
evolution is a senes of rindom rials
and errars that either succeed in their
time and place or don’t. Nevertheless,
the following trends have already
become apparent

Racial differences are blurring with
worldwide travel on the upswing, and
an increase in the acceptance of
mixed lamilics and socketies,

Larger brains will once again be
possible as the limitations of the birth

canal are avercome by cesarean
sections (surgically removing the
unbom baby [rom its mother}

Famine will hit hard unless birth-
rates come down. All living things
need some way to keep thelr numbers
in check. Humans have done away
with most of their natural ills and they
have no natural enemics, Populations
grow faster than the food supply. Fam-
ing then brings the death rate back in
line with the birthrate

In the past, new subspecies have
appeared during ice-cap advances and
retreats, The next lce Age is due in
about 20000 years. Will that be when
we finally see a new species of
human?

What are the chances of linding
humanlike life-forms on arther planets?
Mot great. The chances seem 1o be
much bewer that others will lind us
first. Perhaps they already have

Considering the long history of
Earth itsell, what we will probably find
on other planets is a peek into our
own planet’s past. Where life exisis m
all, it will probably be no more com-
plex than hacteria. A few dozen plan-
ets in this galaxy will probably

contain multicellular organisms. Even
fewer might contain large dinesaur-
like orzanisms.

in its 45-billion-vear history, the
carth has supported speaking human
heings lor less than 30000 vears. That
is only one-thousandth of | percent of
the total ime Considering the twists
and merns that evolution has aken o
produce us, what are the odds of that
happening again? Perhaps there is
only one other planet in this entire
galaxy with humanlike beings on i If
there is. then perhaps someday we will
be able to compare our ancestry with
theirs.

15 THES A

FUTURE HLbAAM,

AN EXAMPLE OF
PARALLEL EWCLUTION
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A Summary of Skeletal Evolution in Lobe-fin Fish and Early

Thie bomy skeleton in human ancesiry
lirst appears as an extemal skeleton of
{1} imerconnected scales and {2 head

plates, and an internal skeleton con

sisting of (31 a jointed braincase, (43

¥ O a5
gill bars, and (3] disconnected cle LGP = '

: ;-: ; ! ' -l.r__ 2 — -
memnis surrounding the notochord, (6) T {ﬁﬁﬁﬁﬁﬂf{{{ffﬁffﬂ%iﬂﬂff f{lf#ii‘f‘#{f-’-é""';:éﬂ"‘rh
7 S PELARA A A AN d LR
Teeth rim the edge of the jaws. (7) o '1.,_-..“"-?-‘-'!!3-'- e
Fangs descend from the forepart of the ‘ F "‘aﬁg
braincase o . ~ i, §

I adapting o life on land, the follow-
g E'I.I.II;!-\."'\. peeur: (1) The hody
[lareens |_3'I Dopsal and { -!-:! anal lins
disappear (1) Ribs appear (3] Joimed
Pomes appear in the muscular fins (6]
Jowline deepens as (7) the gill covers
shirink. (83 Mostrils face dowmward (197
Eves migrate to top of skull (10)
beales become smaller and more
MIIMENIS

The first tetrapod has (1) legs, ankle-
bomes, and (2 five jointed digits. (3)
Fin ravs are absent on the Lews, (4) Ear-
drum nowch appears. (5) Gill covers
shrink. (6) Shoulder girdle enlarges
and disconnects Trom skl -.._'l Hal:-:.
develop large overlapping plates. (8)
Vertehrae interconnect. (9) Pelvis
enlarges and connects o one pair of
ribs. (10} Tail lengthens, (113 Tail fin
shirinks

W TR ANL SICE VIEWWS

(e
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Land-dwelling amphibians have the
[ollowing adaptations: (1) Nostrils
migrate 1o tip of snout. {1) Eyes
enlarge and (3) skull squares off. (4)
Neck appears (3) Limbs become thin-
ner (6] Rib plates disappear  (7) Each
vertebra solidifies as notochord
shrinks to a thred and disks. (8) Feet
become Larger (9) Tail fin, gill covers,
and lateral-line canals are all absentin
aduli=

The first reptiles display the following
changes: (1) Smaller skull {2) without
tabile horms or (3) eardrum notches
(41 Srronger backbone with notochord
reduced to disks only (5] Pelvis
attaches to two pairs of nbs, (6) Shape
becomes more slender overall. (7) Pal-
ate fangs disappear but back-of-palae
tecth appear

Remains of carly synapsids show the
following: (1) Larger skull with (23
new opening m cheek l:r:r|.|_:-|1' ||.'Fi.l.'l'|'l
(3 Larger smoul ._||".|'|.-:1|1*-\. {4 The
downslope at the rear of the skull (3)
1% matched |:-1_. the -|-.1t:u.' ol the |.1"'-'='|II'I|.'.
(5) Large canines appear. (7) Larger
vertebrae support larger body. (8)
Larger limibs and shorter toes appear
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A Summary of Skeletal Evolution in Early Synapsids.

'\l-_‘

Meat-zating |'._1r'|:.' synuapsids
{pelveosaurs) display the following
characteristics! (1) Longer weeth (espe-
cially canines) with Ramter blades. (2)
Jawline develops “grinning” curve (3)
Rear jaw bone develops thin flange. (4)
Claws enlarge. (5) Limbs become
longer (6) Three pairs of rbs attach
o pelvis,

The earliest I||-e".'.|.|'.‘|.-|.'.- e b ol bose-
ing madificanons: (1} Longer smoaa
{4} Larger upper canines. {3} Bear jow
Mange enlarged and thinner (4) Mars
rower shoulder Mades that “floar™ over
ribs. (5) More slender limbs. {6} Digits
all more neary the same size as some
joints shrnk. (7) Enlarged third eve

Larer mean-e ATLEE |i|.|'r-|]'l"\.ll.!:'| shiow !|1;'
following changes: (1) Larger temple
openings. (2) Smaller third eve (3)
Larger lower canines. (4) Larger tooth-
beanng jawbone, with upward flange
(5} Elbows-hack, knees-forward stance
(6] Bibs chorten in lower back {7 Tail
shortens

— i F
i Eh il o
o - g -

o 41

"

e

)

MYessg
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WDLAR

-_.' ; Early cvnodonts show the following

f?- modiflications: (1) Widely flaring
éﬁm . checkbones frame enlarged temple
K 'k ﬁ iy 20 openings meeting at midline ar o of
skull (2] Mult-pointed cheek teeth

{3 [:1|.||||||1':r|:|' wecondany |"..5|.|I-a' (4%
Head/neck joim doubles. (3% Hole
appears in pelvis. (6) Fourth pair of

ribs connects o pelvis

]
. tﬁ:’"tmq,g.a-'f In more advanced cynodonis the fol-

lowing occurs: (1) E‘.tl.‘u:;.;rd temple
openings. (L) Larger tooth-bearing

THRMARIOCHN
—— fowhone simaller other jawbones. (3)

Ribs develop overlapping plates. (4)
Pelvis much smaller below legs. (5}

B Bear legs mone erect

Advanced cvnodonts had many new
leatures: (13 A I-”.!-'."-': e L&) Bonier
braincase, less cantilage (3 Jawhones
ar rear very rny, but sull forming a
trose jaw foing, (4) Ear canal al back of
checkbone (3) Rib plates disappear
(6 Shorter waist (7) Five pairs of ribs
attach to pelvis. () Longer, thimmer

Hmbs. (97 Larger hieels on hind feer
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A Summary of Skeletal Evolution in Mammals.

The first mammals show the [ollow-
ing changes: (1) The nostnls merge 1o
form one hole (2) Mo bone sumounds
the eve socker, (3 Cheekbone more
slender (43 Much |.||!.;rr braincase (3)
Enlarged woth-bearing jawhone lorms
new jaw joing. (61 Neck bones come-
|'lr'-e'-~|-.'|.i. 7 !‘lll.?_':'l arch o hackbone IH!
Lower backbone withouwt ribs. (9 Mar-
supial bones probably appear. (10)
fop ol pelvis disappears, except in
front of leg socker. (11} Molars with
TWin rocs

wT R

Living tree shrews have many primi-
tive characteristics yet display the fol-
lowing advances: (1) Bone once aguin
surrounds cye socker (2) Bramm much
enlarged. {3) Shoulder blades broader
and with central ||r];.;1' (%Y Fllmws
tucked in at sides, (53) Longer sail, {6)
Marsupial bones absent. (75 Digls

dhle po Erasp

Most prmates are tree clumbers with
the I-:'-'Ilul-'-.'.'lr',: traits: (1) Longer lirmhs
arc -:|1gl.l'- (3 On the feer the big toes
diverge Trom the others. (3) The eves
face torward, (43 Body Lrger overall

il l\.'I | '\hl 1 I I

1
L=

K Wik

LY

1%

Apis present the lollowing leamures:
{13 A Barger skull with {2) a shor
snout, and [ 3) larger braincase (1) The
hackbone is shomer and stiffer, but (5)
the shoulders and other arm joints are
more fexible {6) The thumb diverges
from the other digits. {7} All digits
hiave nails, not claws. (8) The tail s
ahzent

Homanides walk erect with the lal-
lowing adapations: (1) Pelvis shorer
and broader, (2) Legs knock-kneed
beneath body (1) Big toe no longer
diverges but works weeether with other
digits. (4 Snout reduced. (35 Smaller
canines, larger molars. (&) Chest wider
tham |,|m,-|'.- {) MNeck inserts below
skull

Humans have the ollowing new fea-
ruiress (1) :I'|1|.,|r:q:;|_! braincase. {2}
Reduced temple openings, (3)
Rieduced snowt, (47 Prominent lore-
head. (5) Smaller teeth. (6) Head bal.
anced on meck. (7Y Chin AppPears as
paws shrink, (B) Shorter arms. {9)

Longer legs
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The Evolution of the Human Jaw and Ear Bones—the best
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example of gradual change in evolution.

THE OUTER VIEW OF THE JAWBOMNES FROM AMPHIBIANS TO HUMAMNS

HARTOLIUS = page &40

IRSERTION SITE
FCHR L0 MILSCLE
¥

PR RO UG —o0gs M BECRICTD By LA

220N BT

THEANA MDD — page T2

EFTLLAN
LA
SOAME

MELALER
REARLIAN
ELEMIENTS 4

BAARILL AL LAY
PRCHELE SO0 —pope T4

2N
JOHMT
IMCHARS

1
FRANE FOR
EARDEIN
MACEREAMNUCODON —pags T8

Joupd ELERALMTS
HECOHAE
EAR BORED

‘.\"H“'H.

Dy

——

ASOIVCTES—page B4

JASY SO

FLAMESED CLUSEPS

g JANBONES FUSE TOGETHER
et

T Ay
MO AR TUS—poge ¥ fraat

CORORCA
PRORCESS

CAMIME RACHLARS
NCIs0Rs | JI?F!-.H'I'.-IM'E

CHB

HOHAD) SAPENS SAPEAMS—poge 180

THE INNER VIEW OF THE JAWBONES FRROM AMPHIBIANS TO HUMANS




I

[

WITE -
F 30 -
EARLY CHORWIE

B 22433
h A
#. & o _. :

-
GHATHOSTOME \

e 4243 1 r

SEILA LR vl o R e . oo - TEE R aataie b Sl Lr 4 At
S LT 7T LI i ! i 1 I E Y |
S | ) - i Ly i g T S F N ELARMOSUCHUS

e LT o S, [ fy . _ e A7

PO HARCTLES
O -1

HCAD ERECTLS
po W0 107

ARG PTOPTHECLS

oo 94-95




Recommended Reading

For those wishing to learn more about human evolution or prehistoric antmals, |
sugpest the lollowing boaks:

General

Grizmel's Encyclopedia of Evolution. The articles by W E Gutmann (en chordare
evolution) and H. Wendt (on microorganisms and the origins ol life) are especially
helplul

Microorganisms and the Origin of Life

Margulis, Lynn, and Dorion Sagan. Microcosmos, New York: Summit Books,
1986

Woese, Carl “Archebactena” m Scientific Amenican 6/ 198]

Vertebrate Evolution

Carroll, Robert L Vertebrate Faleontology and Evelution. New York: W H, Free-
man & Co., 1987

Romer, Alfred S5 The Vertebrte Bodv—Shorter Merston. Philadelphia- W B
Saunders Ca,, 1971,

Savage, B | G., and M. R Long. Mammal Evelunion, An [lhestrated Guide. New
York: Facts on File, 1986; London: The Britsh Museum (Natural History)

Primates and Tree Shrews

Ciochon, Russell L. and John G. Fleagle. Primate Evelution and Human Origing
Menlo Park, CA: The Benjamin-Commings Publishing Co., 1985

Clark, Wilfred E. The Antecedenis of Man. New York: Quadrangle Bools, 1971

Rosen, 5. 1. Introdudtion o the Primates, Living and Fossil. Englewood Cliffs, NJ
Prentice-Hall, 1974

Szalay, F 5., and E Delson. Evolutionary History of the Primates. San Diego, CA
Academic Press, 1979
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