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SEX Hps BEEN AROUND A LOT LONGER THAN
SEXUAL REPRODUCTION — EVER SINCE THE FIRST
TWO STRANDS OF NUCLEIC ACID GOT CLOSE
WAY OF CREATING | ENOUGH TO FORM A CHROMDBOME AND SOMETUING
AND TRANSMITTING L g NEVER, M
INDIVIDUAL DIFFEREACESTINT. Ao SEee e
WITHIN A POPU- R
LATION.. .

EX 15 A GENETIC

IM ONLY DOING

IN PACT, SEX ORIGINALLY
WAS TUST THE OPPOSITE TVanT Yora S
OF PEPROPUCTION . DESCENDANTS To

REPRODUCTION MEANT ONE
CelL SPLITTING IN TWO, BUT
SEX MEANT TWO CELLS
JOIN/NG FOR M WHILE TO
PLAY WITH EACH OTHERS'
GENES. SeX DELA
REPRODUCTION7?

THE EXPERIMENT: TWO STRAINS OF AFTER A TIME, ALL THE GONOCOCCL
THE GONORRHEA- CAUSING BAC- COULD RESIST PENICILLIN. I T TURNED,
TERIUM GONOCOCCUS, ONE OUT THE BACTERIA HAD PAIRED OFF,
g CELL, ARE RESISTANT TO PENICILLIN ANP AND THE RESISTANT ONES HAD
/ THEMSELVES LIKE A THE OTHER NOT, WERE COMBINED MODIFIED THE GENES OF THE
FOOTNOTE TO LIFE. YET IN A DISH. OTHERS — A SMALL BUT
SCIENTISTS HAVE RECENTLY R, -
DISCOVERED THAT BACTERIA,
TOO, CAN HAVE SEX.
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OR BILLIONS OF YEARS,

ALL LIFE REPRODUCED
ASEXUALLY, BY SIMPLY
DIVIDING IN HALE:

RE EXACTLY LIKE THEIR PARENT (EXCEPT FOR MUTANTS).
I, AP 3

WO0P WOOP WOOP

NOW SUPPOSE THE ENVIROW- ‘ ASEXUALS ALL =~
MENT CHANGED: SAY A bfé:\l TASTE THE SAME, 100!
PREDATOR CAME  ALONG.

OUR ASEXUALS, BEING

ALL ALIKE, WERE ALL

EQuALLY LUABLE T
KILLED. |F A FEW OF

OR FASTER, THEY MIGHT
HAVE ESCAPED To PROPA- P
GATE THE SPECIES.

LY, INDNVIDUAL DIFFERENCES BRE A
THING ~AND THATS WHERE SEX COMES IN...
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CARRY MYSTERIOLY
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CALLEDMITO -
CHONDR/A
WHICH HAYE

d FOR A WALK, OR 5

SINCE THE TIME OF THE ALGAE,
ORGANISMS HAVE COMPETED
FOR RESOLRCES, BUT
DON'T GET THE IDEATHAT
EVOLUTION 15 A SIMPLE
WAROF ALL AGAINST ALL,
IN WHICH THE WEAKC PERISH
AND ONLY THE STRONG g
SURVNE ! NOZ»

FROM THE VERY
BEGINNING OF LIFE,ONE
OF THE MOST SUCCESSFUL
SURVIVAL STRATEGIES
HAS BEEN

COOPERATION”

IT15 BELIEVED THAT MODERN CELLS,
WHICH ARE HIGHLY COMPLEX,
EVOLVED FROM COOPERATIVE
ARRANGEMENTS AMONG EARLIER,
SIMPLER CELLS...

HOWZIT GO’
ENP OF \ ABOLIT LOSING MY,

AT Your

TVE BEEN WORRIED

THE PROTOPLASM? ) I Dy VIDLIALITY 21Ty

THEN, SINGLE CELLS COLLABORATED
To MAKE THE HIGHER LIFE FORMS, AND

1 NEVER KNOW
IF I'M TAKING MY
MITOCHONDRIA

VICE VERSA. ...

AS FOR THE HIGHER LIFE FORMS—
WELL, BAVEN'T YoU HEARD OF
THE BEES AND THE FLOWERS 7
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EATING, DIGESTION, SEEING,
CO-ORDINATION, OR REPRODUCTIO
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THE ENVIRONMENT! OXYGEN RUSTED METALS,

THE PLANTS AA/D

FOR THIS POLLUTION :

TURNED AMMONIA AND
METHANE TO NITROGEN
AND CARBON DIOXIDE,
AND FORMED AN
OZONE LAVER INTHE
UPPER ATMOSPHERE
WHICH SCREENED OUT
COSMIC RAYS...

NEW CELLS BVOLVED WHICA

BREATHED QXYGEN MWD ATE PLANTS —THE FIRST AMIMALS rr y

THE FIRST FREE
OXYGEN CAME FROM
PLANTS, AND TODAY
WE STILL RELY ON
PLANTS TO MAINTAIN
THE OXYGEN CONTENT OF THE
AR WE BREATHE.

I ) migHT supposer

1

v @Esvrra 3 BILLION YEARS OF PROGRESS,
[ MOSTPLANTS STILL LIVE IN THE OCEAN.

F EVEN NOW, MORE THAN J/4
©  OF THE WORLD'S FRESH
P OX/GEN COMES FROM
Z ONE-CELLED MARINE
PLANTS CALLED PLANFKTON.
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l,FOR SAVING THE SEASY
7
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= CAMBRIAN .

AFTER AN ICE AGE. MOUNTAIN-BUILDING HAD
RAISED THE LAND, AND GLACIERS RAD SOPKED

AS A RESULT, ANIMALS WHEN THE ICE MELTED, AND SPALLOW SEAS
FINALLY DEVELOPED SOME AGAIN FLOODED THE LOWLANDS, PRACTICALLY
ARMOR Y ’ THE WHOLE AQUARIUM HAD LIMY PLATES OR

ASA CLAM"
ANCIERT Cov

THE CROWN OF CAMBRIAN
CREATION WAS THE
TRILOBITE, WHOSE PLENTIFUL —.
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TOPAY IN MUSEUM GIFT
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BOTTOM-DWELLERS, WITR
THEIR GREAT VARIETY,
FLEXIBLE ARMOR, GOOP
EYES, AND WILLINGNESS
TOEAT ANY SORT OF
MUCK, SEEMED
ADAPIABLE EnOUGH
10 LAST FOREVER!
AND YET ~— 4
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GENES ALONG ONLY ONE LINE. SEX AMOEBA DIVIDES, ITS INDIVIDUAL LIFE
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To GATHER THEIR FOOD MORE ACTIVELY, THERAPS|PS FOR MORE EFFICIENT

GAVE UP THE SLITHERING GAIT OF THE LIZARDS PROCESSING, THEIR

IN FAVOR OF A MORE UPRIGHT STANCE. TEETH DIVERSIFIED
> : INTO CUTTERS AND

" v e«zmp

HAIR PROBABLY BECAUSE OF THEIR STRUCTURE, TEETH, AND PROB-
STARTED AS THERAPSID |  ABLE HAIR, THE THERAPSIDS ARE ALSO KNOWN AS
SIDE-WHISKERS, USED MAMMAL -LIKE REPTILES.

To EXTEND THE SENSE o

OF TOUCH, AND THEN 277 =
SPREAD OVER THE
BODY LATER, AS A
WAY TO KEEP WARM.

ToO ueLY
To SURVNE 7

IN THE 5EA, THE LAST TRILOBITES
PIED OUT,WHILE ON LAND
MANY PRIMITIVE AMPHIB-

THE FIRST OF THREE IN EARTH HISTORY,

DON'T EVERYBODY
TAKE OFF AT
ONCE!_J

THE SECOND EPISODE OF MASS DEATH CAME (60 AND THE THIRD 1S NOW, A5 75U
MILLION YEARS LATER, WITH THE EXTINCTION OF THE WE HUMANS WIPE OUT
DINOSAURS (ABOUT WHICH MORE LATER). - THE -
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= = DURING THE 9 MANY

= N REPTILES BECAME EXPERT SLNBATHERS, CATCHING
ANOTHER PROBLEM THE RAJS WITH SPECIALLY DESIGNED
FACED BY REPTILES COLLECTORS, THEN RETREATING TO SHADE
WAS REGULATING WHEN THEY'D HAD ENOUGH.
BODY HEAT.
THIS IS HARDER
ON LAND, WHERE
TEMPERATURES
FLUCTUATE MORE
THAN IN THE WATER.

THIS WORKED FINE AS LONG AS ...OR THE WIND WASN'T BLOWING
THE SUN WAS OUT AND THE TOO HARD"
WEATHER WAS WARM... ~

THIS MEANT THERAPSIDS HAD TO AT MORE THAN

MEANWHILE, IN ORDINARY REPTILES.
COOL- PERMIAN

SOUTH AFRICA, JUNIOR? DON'T WOLF
OTHER REPTILES, YOUR LIZARD! You'LL
THE THERAPSIDS, MAKE YOURSELP
WERE LEARNING

To GENERATE

HEAT INTERNALLY,

BY BURNING THEIR
FOOD FASTER...






OEBPS/images/goni_9781101902554_epub3_034_r1.jpg
HEIR SEXUAL
HABITS WERE
KEEPING THE
AMPHIBIANS IN
THE WATER, BUT
How To LAY EGGS
ON DRY LAND?
A PROTECTIVE
SHELL WOULD BE
NEEDED, BUT
THEN HOW COULD
THE EGGS BE
FERTILIZED 77

SOME AMPRIBIANS LAID SEM/-
SOFT EGGS, WHICH HAD TO BE
FERTILIZED BEFORE THE SHELL

ONE THING LED To
~ ANOTHER -

MAYBE IF 1
| CLIME UP HERE..-

...AND S00N, THEY LEARNED TO FERTILIZE THE EGGS
BEFORE THEY WERE LAID—A METHOP WHICH
HASN'T BEEN IMPROVED IN JOO MILLION YEARS”

N M o

THEIR HARD-SHELLED
EGGS COULD BE LAID

ANYWHERE, AND THESE
AMPHIBIANS WERE NOW
ROMANTIC REPTILES?

PSS
2

N “THE EVOLUTION OF SEX, NO IN MANY SPECIES, THE MALE COURTS THE FEMALE WITA
ANIMBLS HAVE ACQUIRED MORE A GIFT OF SOMETHING TASTY, LIKE A DEAD FLY OR
BIZARRE HABITS THAN THE INSECTS. B A BALL OF DUNG... 2
ALMOST ALL BEES, FOR EXAMPLE, ARE .
FEMALE, AND AT SEASON'S END THEY DRIVE
THE MALES FROM THE HIVE.

TEYou ASK ME,
THE QUEEN HAS THEM.
TOTALLY BRAINWASHED?,

PRAYING MANTISES MY HAVE CARRIED 255, MRzl | AND SPEAKING OF MITES, TERMITES FORM STABLE
THIS RITUAL A MITE T0O FAR, oo~ HerperT Tiis Bl |, MARRIAGES THAT CAN LAST FOR YEARS. !
AS THE FEMALE EATS _asaaffll nas Been A once- [ [} i Jfim BUT EVERYONE KN

THE MALE HIMSELF _‘ 'SQ IN-A-LIFETIME A4 ATERMTE'S LIFE

15 BORING, RIGRT, o
Nicpsalae
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WHEN A MALE AMPHIBIAN
SPOTTED A LIKELY

FEMALE, HE WENT IN
A SONG AND DANCE.

1S NAMED FOR COAL, THE EVENTUAL BY-PRODUCT
OF THE FORESTS WHERE ICHTHYOSTEGA'S CHILDREN
LINEP THEIR SEMI-FISHY LIVES. ESPECIALLY
FISHY WERE THEIR SEX LIVES. CONSIDER.:

SHE SIGNALLED ACCEPTANCE BY ...AND LEFT THE REST TO HIM.
LAYING A HUGE NUMBER- OF SOFT, THEY NEVER EVEN TOUCHED%”
SHELL-LESS EGGS IN THE WATER... | e . »

o I3

e

THE MALE FERTILIZED THE EGGS THEY HATCHED, AND ANOTHER
IN PRIVATE. GENERATION OF AMPHIBIANS
7, BEGAN ITS M/SERABLE
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SOME DARING FISH BEGAN WRIGGLING | | THE ONES THAT SURVIVED WERE
OUT OF THE WATER IN SEARCH OF
FOOD OR GLORY — sy

WE ARE THE BRAVE )

PIONEERS..

S0 NATURE SELECTED THE RESULT OF THIS BIT OF EVOLUTION WAS
IN FAVOR OF A STRONG |~ /CHTMYOSTEGA— THE FIRST AMPH/BIAN.
SETOF FINS..WHICH  Wfli] /) ) =
GRADUALLY EVOLVED m

INTO LEGS. FOR |
BREATHING PURPOSES I
THE LAND-FISH
ADAPTED ITS AIR
BLADDER, 0RiGINALLY
USED IN THE WATER
FOR BUOYANCY, INTO
LUNGS...

WHAT ACCOUNTS FoR +~ —:aaﬁ FLiEs?
L, .
HE BlIGS' SPECTCULAR (| TONT Jou ony

WHILE WE USUALLY THINK OF A
LUNGFISH AS THE FIRST ANIMAL
QUT OF WATER, THE TRUE PIONEERS
WERE THE BUGS (INSECTS, MILLIPEDES,
SCORPIONS, ETC). wal

y

WILLINGNESS

EAT ANYTHING,

INCLUDING OTHER /°
IGS...

SOME HAVE DEVELOPED 00U
REGIMENTED SOCIAL
g SYSTEMS... ¥ gi“
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COMPETITION INTHE Ao USUALALANTS LED | THEIR PECAYING
SEAWAS GETTING TRE WAY. DURING THE REMAINS SLOWLY
50 INTENSE THAT ORDOVICIAN AND BUILT UP A
EVEN LIFE ONLAND SILURIAN, THE ALGAE LAYER OF
STARTED TO LOOK BEGAN CREEPING ONTO G00D 50,
. A AND A NEW

BY THE DEVON/AN, PLANTS HAD COVERED THE LAND —
AND THE ANIMALS FQLLOWED. FIRST CAME THE BUGS,
AND THEN THE F/5H...

HMM... APPEARS
THE BUGS ARE
ALREADY THERE!
DON'T WORRY—THE
WON'T GET THE CREDITY

BECAUSE MY
PESCENDANTS WILL
WRITE THE BOOKT
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BY ENOWING SUPERIOR BRAINS, BACK-
BONES, RIBS, SKULLS, SCALES, SPEED
AND - OF COURSE—JAWS, THE FISH
SURVIVED AND THRIVED. THE ;

THE FIRST FISH LACKED JAWS, AND EXACTLY HOW JTAWS ™
TODAY TWO SPECIES OF JAWLESS EVOLVED IS NOT KNOWN. 77
X EARLY FISH JAWS ARE
MADE UP OF SEVERAL
BONY PIECES, EACH
APPARENTLY SECRETED
ALONG A NERVE
LINE.

THEYRE THE :
IN MAMMALS THE TAW HAMMER AND ANVIL" v
HAS BECOME ONE OF OUR INNER EAR, &
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Volumes 1~7

e e From the BIG BANG
"SR . toAlexander the Great

& : Larry Gonick
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THIS CARTOON HISTORY
15 THE OUTCOME OF MY

NINE YEARS AT HARVARD 1A

WHERE 1 STUDIED
MATHEMATICS"

OUTF, 1 BUILT THIS:
MY TIME MACHINES
LET'S HEAR ‘EM

\\\\‘ T R T ‘-'1//1///I/l/l 7/

IF I READ THE RIGHT
BOOKS AND € ATE
HARD ENOUGH, THE MACHINE
ISPORTS ME—IN MY
IMAGINATION — ANYWRHERE
INTHE PAST THAT I WANT?

JINTRODUCTION-

NINE YEARS TRE MATR T2
DEPARTMENT SCOFFED. o
AT MY THEORIES”
EUT WHAT Do17}l:‘>_’

NOW ABOUT 77,
TRAVEL ? SNORT 7

f MOST MATHEMA-
A TICIANS CAN'T TELL

PARTED WAYS

INI972...

HMM —ANOTHER

OVERDUE LIBRARY
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EIGHT BILLION YEARS AFTER
THE BIG BANG, THE UNINERSE
LOOKED MUCH THE SAME
AS IT DOES TODAY: GREAT
GALAXIES OF STARS, GAS,
AND DUST MONING APART
THROUGH EMPTY SPACE.

1T WAS THEN THAT OUR SUN
MADE THE SCENE ¥

THE BIG BANG IS
ONLY THE LATEST AND

MODERN THEORIES HAVE MORE
TO EXPLAIN, SUCH AS WHY THE

NOWADAYS, NEARLY EVERYONE
ACCEPTS THAT THE UNIVERSE

MOST RESPECTABLE
THEORY OF THE ORIGIN
OF THE UNIVERSE. YEARS
AAGO, BEFORE ACCURATE METHODS
OF OBSERVATION, ALL SORTS OF
by IDEAS PREVAILED. ,
THE SNAKE MATED §
R WITH THE DUCK,

GALAXIES ARE RECEDING, FOR

INSTANCE , THERE'S THE LITTLE-

KNOWN CONSPIRACY THEORY
(VERY MODERN):

ARE FLEEING

HATEUS!

a8

STARTED WITH A BANG, BUT
NO ONE CAN FIGURE OUT HOW
IT'S GOING TO END/
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AFTER SEVERAL MILLION YEARS, THE EXPANPING GASES CALMED
DOWN ENOUGH TO ACCUMULATE INTO CLOUDS, WHICH CONDENSED —
HEATING UP AGAIN — INTO CLUSTERS OF STARS.

IN THE STELLAR FURNACES = AS THESE FIRST STARS GREW OLD,

HYDROGEN AND HELIUM SOME EXPLODED INTO SUPERNOVAS.
FUSED TOGETHER, CREATING  THE HEAVIEST ELEMENTS, LIkE GOLD
THE MIDDLE-WEIGHT AND URANIUM, WERE FORMED IN

ELEMENTS, LIKE CARBON,  THE INTENSE HEAT AND BLOWN
OXYGEN, AND IRON.... INTO SPACE.
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IN THE FIRsT
30 MINUTES, ALL

HELIUM WERE
FORMED.
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EFORE TIME BEGAN, THE ENTIRE UNINERSE WAS PRESSED
TOGETHER IN ONE HOT LUMP. TREN CAME...
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ONE DAY, MORE
TUAN 3 BILLION

RS CELL DISCOVERED
CHLOROPUYLL. Wien
EXPOSED TO THE SUN, THIS
GREEN STUFF ENABLED
TUE <ELL TO GET ENERGY
FROM THE SIMPLEST
FOOD: CARBOK/ DIOXIDE
AND WATER. NoW
THE LARDER HAD NO
LIMIT??

FIRST CAME SELF-PROMOTING CUEMICALS :
THEIR VERY PRESENCE CREATED A BETTER
ENVIRONMENT FOR MAKING MORE OF
THEMSELVES? ONE OF TUESE “"4ELF -
CATALYZING REACTION CYCLES" CREATED
THE EARLY GENETIC EQUIPHENT,

UNTIL THE LITTLE CHEMICAL FACTORIES,
PROTECTED BY THEIR FATTY SKINS,
BROKE FREE OF THE SURFACE

AND COLONIZED THE OPEN SEAY

DESPITE THE FACT TUAT THE)’ NUsT 417
THERE, THESE BLUE-GRLEN ALGAE, THE
FIRST PLANTS, $WEPT ALL BEFORE
THEM CEXCEPT BACTEN uRSE!.
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UNTIL, IN LATE 1098, GERMAN BIOCHEMIST GUATER WACHTERSHAUSER
WORKED OUT AN ALTERNATIVE: LIFE BEGAN NOT A% A SOUP BUT A

SANOWICH (_OPEN-DACFD) B
ERIE . ik

ACCORDING TO THIS THEORY, PROTO- LIFE
ol WAS 2-PIMENSIONAL: A GROUP OF

Al CRYSTAL SURFACE IN A BOILING SALTY
A BATH. TUE SURFACE HELD THE CHEMICALS
IN PLACE, WHERE THEY COULD COME [N CONTACT

AN EXAITING
IMPLICATION OF THE
NEW THEORY |5 THAT LIFE
MAY STILL BE “ORGIMATING *
TODAY AT UNDERSEA VOLCANIC
VENTS !
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HE EARTH CooLED.. K7
175 SURFACE SCum
WARDENED INTO
CONTINENTS... STEAM
CONDENSED... OCEANS
FELL FROM THE <KY...
AND, IF YOU BELIEVE
MOST BIOLOGY BOOKS,
LIFE EMERGED FROm
NUTRIENT- RICH

THERE'S ONLY ONE THING WRONG WITH
THE QRGANIC-50UP RYPOTHESIS: \T%
{ ALMOST CRRTAINLY FALSE... AND
SCIENTISTS KNOW \T. BUT, (N THE
ABSENCE OF A BETTER IDEA, THEY
ONTO TW$ ONE.

SINCEIT'S IN THE
NATURE OF RADIO-
ACTIVE ELEMENTS
TO DECAY INTO
STABLE ONES, THE
EARTH MUST HAVE BEEN FAR
MORE RADIOACTIVE 4 BILLION

THIS MEANS GEOLOGISTS CAN
DATE ROCKS BY COMPARING
RELATIVE AMOLINTS OF (FOR
INSTANCE) URANIUM AND LEAD.
THERE ARE LESS EFFECTIVE
WAYS OF DATING ROCKS, TOO...

WELL, THEN HOW
ABOUT A WEEK
FROM SATLRDAY ?

ONE $URPRISING RESULT OF
RADIO-DATING 1% TUAT THE
EARLIEST EVIDENCE OF LIFE—
%% BILLION YEARS OLp—1%
ALMOAT A% OLD A% TUE VERY
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MOST OF THE CAST-OFF MASS ESCAPED il
FOREVER, BUT SOME REMAINED IN ORB!T g

THE SUN ISN'T
THE ONL‘/ STAR
INTHE U ﬁ%ﬁE

IN T:E MILKY WaY
7 A
ALONE, SCIENTIS\"Y A
ESTIMATE, AT LEAST A §
BILLION STARS HAVE I8
PLANETS CAPABLE OF
suPPoszmG LlFE
92

(GUESS WHAT THEY sA\/

ON ALPHA CENTAURI 5]

THEYRE JusT
LIKF US, I
TELL You?!

OVER THE NEXT FEW
MILLION YEARS, BITS OF
THIS "SPACE JUNK"STUCK
TOGETHER, UNTIL IT HAD
ACCUMULATED INTO NINE
PLANETS, PLUIS ASSORTED
MOONS, As‘razoms, AND

FOR SOME TIME NOW,
EARTHLINGS HAVE BEEN
BEAMING SIGNALS TO &
OUTER SPACE, BUT 90

M /AR NO REPLY.

SEE 2 JUST
LIKE HUMANS!
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AT THE EDGE OF A SPIRAL GALAXY CALLED THEM/LKY WAY, A

CLOUD OF GAS BEGAN TO COLLAPSE. PULLED TOGETHER BY THE FORCE
OF ITS OWN GRAVITY, THE COMPRESSED MASS HEATED UF, SPINN!NG
FASTER AND FAeTEw . .

THE CLOUP BECAME A GIANT
HYDROGEN BOMB—A STAR,

... AND SPUN OFF A BLAZING
HALO INTO SPACE. R






