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FOREWORD 
How l ife arose a n d  how m a n  developed are two q u es
t io n s  that are as old a s  man h i m se lf, as  the creat ion  
accoun ts of  many civi l i zatio ns  bear  witn ess. But a n c i e n t  
a s  i s  t h i s  con cern , the  i m p l icat io n s  o f  m a n ' s  re latio n s h i p  
t o  t h e  wor ld  o f  l ivi ng  th i ngs  are a s  s ig n if ica n t  i n  t h e  
Space Ag e a s  they were i n  the Sto n e  Age. Th i s  boo k i s  
a s i m p l e  a c c o un t  o f  ma n's search for t hos e  ori g i n s  a n d  
relat io n s h i ps. I t  d escri bes t h e  h i storica l d evelop m e nt  of 
the present  th eory of evo l ution ,  or d escent  with mod ifi
cation ,  the i n d ications  that support it ,  i ts na ture a n d  
mec h a n i s m ,  a n d its resu l t  i n  th e long h i story of l ife. 

The boo k conc l udes with a sectio n  on the  m ea n i n g  of 
evolut io n ,  for the th eory of evo lution  h a s  h a d  a profoun d 
i m pact o n  m a n ' s  view of h i mse lf  a n d  h i s  re lat io n s h i p  to 
th e worl d in wh ich  h e  l i ves. Evo lutionary th eory provi des  
a powerfu l ex p la nat ion of how l i fe d eve loped , yet be
yo nd i t, a n d  un a n swered by i t, l ies  the  ul ti mate question  
of  why l ife d eve loped.  Tha t  questio n ,  confron ti n g  as  i t  
does the  larg er s ig n ifica nce of l ife, thoug h  the  a bstra c
tive method s of sc ience provid e  no  a ppropriate so l ut ion 
to it, is neither m ea n i n g less  nor inconsequentia l . for in 
our response  to it ,  i nd ividua l l y  a n d  co l lective ly,  l ies  the 
future of evolut ion , a n d  with it the future of ma n k i n d. 

I a m  grateful to my co l lea gue  Dr. Alfred S m ith  who 
k i nd ly read the  m a n u scr ipt of  th i s  book. 

Fra n k  H. T. Rhodes  
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OVERVIEW OF LIFE 

Ea rth teem s  with l i fe . living creatures  exist  from ocean 
depths  to t h e  h i g hest mountain pea k s, from e q u a to ri a l 
j u n g les a n d  hot  m inera l springs to  t h e  frozen p o l a r  
waste l ands, from the  b l inding b rig htness a nd a rid i ty 
of t h e  desert to the  d a rk intesti nes  of ani m a l s .  I n  e a c h  
envi ron me n t, unto l d  nu m bers o f  indivi d ua l o rg a ni sm s  
i n h abit every nook  and cranny of t h e  a va i l a b l e  space .  

Most a n imal  and p lan t  species conta in  a myriad 
i nd ividuals .  Thus the surface layer of m ost meadow 
soi l s  conta ins  several m i l l ion an ima ls  per acre . Micro
scopic an ima ls and pla nts exist in  uncountab le  n u m bers . 
One g ra m  of soi l  may conta in  hundreds of m i l l ions of 
l ivin g  th ings .  B i rds and insects exist in  populations  so 
vast as  to constitute loca l "plague" con d it ions .  Aquatic 
l ife is n o  less p rol ific .  

I t  is u n l i ke ly  t h a t  the earth  is  u nique in th is  respect . 
I t  h a s  bee n  ca lcu la ted t h a t  t here may be m i l l i ons of 
p l a nets in oth er pa rts of the u n iverse ca p a b l e  of sup
port i ng  some form of  l ife. 

Each environ ment supports a dist inctive com m u n ity of plants a n d  
an ima ls .  



6. Other invertebrates-2 1 ,000 

5. Wormlike phyla-38,000 

4. Protozoans-30,000 

3. Chordates-45,000 

2. Mollusks-45,000 

1 .  Arthropods-900,000 

MAJOR GROUPS (PHYLA) 
OF ANIMALS-OVER 

1 ,000,000 SPECIES 

DIVERSITY OF LIFE is shown by the existence of 
more than o n e  m i l l ion ki nds (species) of a n i m als  and 
more than  350,000 k inds  of p lants . 

An i mals  range i n  size from a few thousandths of 
a n  inch to more tha n  1 00 feet in length .  They represent 
a vast var iety of ways of l ife-parasites, predators, 
herb ivores, swi m mers, fl iers, crawlers, burrowers . Some 
spend their  l ives fixed i n  one spot; others u n dertake 
seasonal m ig rations of thousa nds  of m i les.  

In spite of the  m a ny ki n ds of a n i m a l s a n d  p l a nts, 
they rep resen t  o n ly a few ba sic g roups  ( phy l a ) .  

4. Algae and Fung i-60,000 

3. Mosses and L iverworts-
23,000 

2. Ferns, Con ifers, etc.-1 0,000 

1. Flowering Plants-250,000 

MAJOR GROUPS (PHYLA) 
OF PLANTS-ABOUT 

350,000 SPECIES 
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THE DEVELOPMENT OF LI FE h a s  a lways been o n e  of 
m a n's great  concerns . Anc ient sa cred writ ings of 
m a ny fa it h s  d iscuss th is  q uest io n .  The  ea r ly  c h a pte rs 
of the Book of Genesis, for exa m ple,  dea l  with the 
seq uence of c reat ion , and Ada m  n a med t h e  d iffere n t  
k i n d s  o f  a n i m a l s .  T h e  need t o  c lassify l iving t h ings was  
p a rt ly  pra ct ica l . So me p l ants were poisonous,  oth e rs 
e d i b l e .  So m e  ani m a ls were h a rmfu l ,  ot h e rs we re n o t .  
Ea r ly  man's s u rviva l depended o n  h i s  s k i l l  i n  recogniz
i n g  each kind . Ma n 's  d a i ly experience and re l i g i o u s  
t ra d ition coincided h e re :  every a ni m a l  a n d  p l a n t  t h a t  
h e  recognized re prod uced " afte r i t s  own k ind . "  

Ma n's ear ly  life a s  a hunter b rought h i m  in c lose 
contact with a n i m a ls, and ancient cave pa inting s bea r 
a record of h is  interest. Later dom estication of a n i 
ma l s  and ha rvesting of crops increa sed thi s concern. 

Creation of Ada m from Miche lange lo 's paint ing of Sist i n e  Chape l  
Cei l i ng .  

r ) 
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ARISTOTLE, Greek ph i losopher, 
was a lso  one of  the fi rs t  a n d  
greatest b io logists .  He wrote 
exten sive ly o n  the c lass ificat ion 
and s tructure of over 500  s pe
c ies  of a n i m a l s  f rom the  Medi
terranean a rea .  Ari s tot le was a 
gifted observer,  a n d  described 
details of s uch  t h i n g s  as  ch ick 
em bryo logy. H e  accepted the 
sponta n eous  g e n era tion of fl ies 
from putrefyi n g  m a tter, but  was 
also concerned about the prob
lems of heredity. 

A R I STOTLE (384-32 2  B. C . ) , pupi l  of P lato and tutor 
of Alexand e r  the Great, observed that  species a p pea red 
to be unchanging . Cows produced only cows;  horses 
a rose only from horses .  Between the two there wa s a 
clea r d ivis ion. Species  were cha racterized by the i r  repro
ductive i so lation. Ind ivid ua l s  developed,  a ccord ing to 
Aristotle, by the capacity ( psyche)  of each  to conform 
to the a rchetype c h a ra cters of the species  relat ionsh ips .  
He constructed a "la d d e r  of  Natu re" showing the unity 
of p lan. 

In contrast to Aristotle's "vita l i st" views, the De
mocrita n s  were "mecha n ists ." They be l ieved that  a n  
o rganism's a ctivity was the resu l t  o f  the interaction 
of the atoms  of which  i t  wa s m a d e .  Althou g h  vita l i stic 
and mechanistic controversies sti l l  pers ist, the s u p posed 
confl ict between sc ience and re l ig ion being an exa m p le, 
the two views a re often com plementa ry, not com petitive . 
In some situations ,  we need to use both ( p .  1 5 5 ) .  The 
d iscuss ion in  th i s  book is  mechanistic ("how" th ing s de
velop, not "why") ,  but that does not  mean that l ife has  
no mea n i n g  and pu rpose . 
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THE ORIGIN OF LIFE wa s long regarded as a spon
taneous event :  l iving things a rose from nonl ivin g  m at
ter. Althoug h the va rious g roups of l iving things were 
be l ieved to h ave been created in d efinite sequence, it 
was su pposed that each k ind of ani m a l  and p lant 
a rose "fu l ly  formed " from the d ust of the earth . Such 
a view involved no obvious contrad ictions . Fl ies ,  for 
exa m ple,  cou l d  be seen to develop from m aggots, 
which a rose " spontaneously" in decayin g  m eat. The 
spontaneous generation of  l iving th ings beca m e  a 
universa l assu m ption. We sti l l  speak of d i rt " bree d i n g "  
vermin.  T h e  view w a s  a l so economical : i t  involved only 
one category of explanation .  Our  cu rrent popu lar  
views req u i re not only an explanation for the  or igin 
of l ife b u t  a l so one for the  or igin of species.  

Early views on the or ig in  of  l i fe  inc luded one  that  suggested s h eep 
a rose from a pla nt.  (After Weinberg.) 
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SPONTA N E OUS G EN E R A T I O N  of l iv i n g  cre atures 
from nonlivi n g  matter beca me increasingly s u spect in 
the seventeenth centu ry. Francesco Redi ( 1621-97),  an 
Italia n  p hys ic ia n ,  beca m e  convi n ced that the m a ggots 
fou nd in m eat were derived not from the meat  itself 
but from eggs  la id  by flies . 

f l i es, decoy i n g  

m eat ,  a n d  m a g g ots 

R EDI p laced a "dead s nake, 
some fish ,  a n d  a s l ice of vea l" 
in four  open-mouthed flask s ,  
and  t hen  p laced t h e  same 
t h i ng s  i n  four  fl a s k s  that  he  
c losed a n d  sea led .  F l ies con
sta nt ly sett l ed o n  the m eat in 
the open flasks ,  w h i c h  beca me 
wormy.  No worm s  a p peared on  
the meat  i n  t he  sea led fl a s k s .  

Knowi ng  t h a t  some  be l ieved 
air to be  essent ia l for g e n era· 
t ion ,  Red i repeated the  exper
i m ent ,  t h i s  t i m e  u s i n g  a gauze 
cover for  the  " c losed" flasks  
to  protect them f ro m  fl ie s  bu t  
a l lowi n g  a i r  i n s ide .  Aga i n ,  no  
maggots a p pea red on  the m eat .  
This  d i scredi ted the most fa m i l 
i a r  examp le  o f  s po n ta neous  
generatio n .  

m e a t  decoy i n g ,  

b u t  no f l i e s  o r  m a g g ots 

A R EFINED VERSION of Redi's 
exper i men t  was used by Pasteu r  
i n  the m id-e ig htee nth  cen tury 
to demon strate that  p utrefact ion 
and  fermentat ion  depend on  
act ion of ai r -borne o rg a n i s m s .  

Ope n-

.., f l ies  a n d  
m a g gots o n  
decoy i n g  m e a t  

Cove red w i th 
g a u ze-

no f l ies or 

m a g g ots o n  
decoy i n g  m e a t  
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A CLASS IFICATION OF LIFE was devised by Aristot le  
i n  the fourth centu ry B .  C .  and  stood undisputed for 
n i n eteen centur ies .  This  c lass ification embraced a 
com plete g ra d at ion from the lowest to the h ig h est 
organ i sm-m a n .  

Fifteenth and s ixteenth centu ry voyages of d i scov
ery a n d  the inven tion of the m icroscope revea led a 
d ivers i ty of a n i m a l  a n d  p lant form and function un
k nown to Aristot le .  With these n ew observations, 
changes  in c lass ificat ion took p lace .  

JOH N  RAY (1627-1705), a n  En
g l ish  natural ist,· introduced the 
present idea of species  and 
h ig her  categories i n  c lassifica
t ion . Ray showed tha t  groups 
of s im i l a r  s pecies cou l d  be 
c lass ified i n to sets,  wh ich he 
cal led genera. This system is 
the  bas i s  for t he  i n tern ation a l  
o n e  s ti l l  be ing  u s e d  today. 

CARL LIN N A EUS ( 1 707- 1 778), a 
Swed ish  natura l i st, developed 
the present syste m a n d  method 
of bio logica l  c lass i f ication (tax
onomy). H e  u sed a u n iform 
system of c lass i f ication and  no
menc lature.  The  1 Oth  edit ion of 
h i s  Systema Naturae ( 1 758) 
marks the beg i n n i ng  of modern 
taxonomy. 



RELATIVE AGE OF 
CATEGORIES OF ANIMALS 

THE L I N NAEAN TYPE CLA S S IFICATI O N  s h ows a n  in crea s i n g  simi
la r i ty of each  g ro u p  from t he  kin gdom to t he  s pec ies .  N ote t he  
modern evo l u t i o n a ry bra n ch i n g  in terpretation on  t he  r ig h t. 

IN BIN OMIAL NOMENCLATURE, 
the  basis of the c la ssif i cation 
developed by Lin naeus ,  each 
species has  two n a m es: the  f i rst 
is the genus  to which i t  be
longs; the second  is the spe
c ies .  The  Com mon Rave n,  for 

exa m ple,  is Corvus  cora x ,  wh i l e  
t he  somewhat simi lar  Co m mon 
Crow is Corvus brachyrhynchos.  

Lin naeus  used this  s hort, and  
internationa l ly  understood c las
sification to c lassify al l  of the 
species known a t  that time.  

L INNAEUS and m ost of his  contem pora ries assu m ed 
that each species was d ist inct and unchang ing, the i r  
degrees of s i m i la rity reflecting s i m i l a rity to the a rc he
types, or  models, u pon which each had been c reated . 

1 1  



THE VARYING DEGREES OF DIVERSITY shown by 
d ifferent species s u g g ested to som e  e ighteenth century 
stu d ents a conclus ion boldly d ifferent from that reached 
by li nn aeus and mos t  of  h i s  contem poraries.  Perhaps,  
i t  was a rgued ,  s pecies were not unchanging and i m 
m uta ble . Perhaps  existing species a rose b y  a s low 
m o d ification of ear l ier forms .  Perhaps degrees of 
s i m ilar ity between s pecies reflected the i r  d eg ree of 
rela tionsh i p  to com m on ancestra l forms .  Perha p s  
change, not constancy, w a s  one essentia l  characteristic 
of s pecies . Perha ps species  have evolved ,  o r  unfolded,  
rather  than h a ving a ppea red fu lly for m e d .  Perh a p s  
t h ey a rose not from a sing le  creative act b u t  b y  s l ow 
p rocesses of ch ange over l ong periods  of ti m e .  

ERASMUS DARW I N  ( 1 7 3 1 - 1 802), 
g randfather of C harles Darwi n ,  
was  a physicia n ,  poet, a n d  
natura list. He  was impressed by 
the extent  of cha nges in farm 
with in  the  lifetime of indiv idua l  
anima ls (frogs ,  for example), by 
the i nfluence of se lective breed
ing in  horses and dogs,  by 
d ifferences due to c l i mate, and  
by  the  close a ffi n i ties of t he  
m a m ma l s-wh ich  h e  reasoned 
im pl ied their  common ori g i n .  

JEAN BAPTISTE D E  LAMARCK 
( 1 744- 1 8 29), French  so ld ier  and  
biologist, was  the fou nder  o f  
the  s tudies of invertebrate a n i
ma l s .  He stressed t h a t  no  ab
so lute limits separated one spe
cies from a nother and that 
s pecies reta i n  consta nt  charac
teristics on ly i n  u nchanging  en
v i ronments. When the environ
ment does change ,  he a rgued,  
the i n creased use of some or
gans  a n d  the relative d isuse of 

.r 



others lead to i nheri table  
cha nges. The  g i raffe's long neck,  
for  exa m p le ,  cou l d  be best  ex
plained by t he  long-conti nued 
habit of reach i n g  upward to 
feed on t he  leaves  of trees. 
By La marck's t heory, the re la-

t ive development  of  any organ 
responds  to i t s  d eg ree of use. 

La marck 's  bel ief that ac
qu i red character ist ics  can  be 
i n h erited i s  no  l o n g e r  a ccepted , 
but  h is recogn it ion of evolution 
was of major i m portance.  

La m a rck's v iews suggested t ha t  
g i raffes reach i n g  upward be
ca m e  i n creas i ng ly  lon ger
necked a n d  tra n s m i tted t h i s  
cha racter is t ic  t o  t he i r  offs pri n g .  

T h e  concepts of  evo l ut ion  p roposed by Era s m us 
D a rwin  a n d  by La m a rck  were n ot o n ly re jected but  
were a l so rid icu led  by the i r  scientific co n te m p o ra ries . 
Th is was  beca use of t h e  excesses of some i n terpreta 
t ion s  p roposed by La m a rc k  a n d  h i s  d i sci p les,  a n d  a l so 
beca use m a n 's  everyday experie nce p rovided l i t t le  
support for La m a rck ' s  theory of species  deve l o p m e nt .  
I n  sp ite of circu m sta n tia l evidence, n o  o n e  had yet 
seen o n e  species turn  i n to a nother. 
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THE DISCOVERY THAT LIFE HAD A LONG HISTORY 

d id  not com e  unti l  the e ighteenth and nineteenth cen
turies, when it became genera l ly recognized that  fos
s i l s  were the rem a ins of once-l iving anima l s  and p lants .  
Foss i l s  ind icated that many species  had beco m e  extinct 
and that most l iving species were of recent or igin.  If 
species were i m m uta b le, how cou ld  these changes in 
the pattern of l ife be exp lained ? During the nineteenth 
centu ry, two opposing schools of thought developed . 

CATASTROPH ISTS attempted to 
reconc i le  the foss i l  record with 
the early chapters of the Book 
of Genesis .  They regarded the 
Flood of Noah as the last  of  a 
series of g reat worldwide ca
tastrophes, each of which de
stroyed a l l  l iv ing th i ngs. After 
eac h  catastrophe,  a n ew crea
tion took place, in which  the 
earth was repopu lated by ani 
mals  and  pla nts of  new and 
d ifferent species.  These in turn 
were destroyed, and their  fos
si l  rema in s  entombed in t he  
strata o f  the next cataclysm . 

GRADUALISTS m a i nta i ned  that  
t he  foss i l  record showed n o  evi 
dence of wor ldwide catastro
phes,  a l thou g h  it d id  show m a ny 
exa m p les of local  eros ion su rfaces 
and c h a n g i n g  env i ron ments  of 
roc k depos i t ion .  A l though these 
changes are often marked by 
the cutoff of one  k i n d  of foss i l  
and its re p lacement  by another, 
th i s was a p iecemeal ,  loca l ,  i rreg
u la r  process, not  a worldwide 
one.  New species or ig i n ated, 
accord i ng  to gradua l ists, by the  
s low modi f icat ion of a n cestra l 
fo rms .  

GEORGES CUVIE R ( 1 769- 1 832) ,  
a n  outsta n d i ng French  a natom ist  
and pa leontologist, s tudied the 
foss i l  verteb rates of t he  Paris  
Bas i n .  The success ion of d iffer
en t  species see med to h i m  to 
i m p ly  a ser ies of u n iversa l  ca
tastrophes, t he  last  of wh i ch  was 
the F lood of  Noa h .  Cuvier  be
l ieved that some species su rvived 
to repopu late the earth w h i l e  
other students  i nvoked a new 
creat ion after each of the catas
trophes.  As m a n y  as  30 catastro
phes were proposed. 



JAMES H UTTO N (1726-1797), 
Scott i sh  phys ic ian ,  landowner, 
and  agr i cu l tur i st, l a id  the  fou n 
dations of modern g eology. He 
recog n ized that  many rocks 
were the res u l t  of eros ion  a n d  
deposit ion i n  env i ro n m e n ts t ha t  
had modern co un terparts .  Th i s  
concept of  uniformitarianism 
soug h t  to e x p l a i n  t he  fea tu res 
of t he  earth i n  term s of  presen t  
processes .  

C HARLES LYELL (1797-1875), a 
Scott i sh  so ld ier, lawyer, and  
geologist, pub l i s hed  The  Prin
ciples of Geology in 1830-33 
The book, wh i ch  ra n to twelve 
ed i t ions ,  had enormous  i nflu
e n ce .  I n  i t ,  Lye l l  estab l i shed the 
sc ience of geo logy, j u st i fy ing 
a n d  a m p l i fyi n g  H u tton ' s  con
cept of  u n i form itar ia n ism .  Lye l l  
f i rst used t h e  word "evo lu t ion"  
i n  i t s  prese n t  sense. 

New d iscove ries  led to t h e  g ra d u a l  re ject ion of catas 
t ro p h i s m .  Fi rst, t he  n u m be r  of catastro p h e s  req u i red to 
ex p la i n  the  foss i l  record stead i ly  i n c reased u nt i l  t he  
who le  syste m b eca m e  u nwi e ld ly.  I t  beca m e  c lea r, a l so, 
that  the rock record could be i n terp reted sat i sfa ctor i ly  
i n  te rms  of present- day, o b serva b l e  geo logic  p rocesses 
rath e r  tha n  u n k n own catastrophes .  In  a d d it ion , t he  "d i -

_____ 1=-uv'--'i a l"  rocks  t ha t  lay  ove r the  s u rfa ce of m u c h  of Europe 
and North Am e rica and we re thoug h t  to b e  the re m a i n s  
o f  Noa h ' s  F lood we re reco g n ized a s  g l a c ia l  deposits . 
More a n d  m o re evidence  of cont i n u ity (o r  evo lutio n )  of 
foss i l s  wa s d e m o n strated . Da rwi n a n d  Wa l lace p roposed 
a n  accepta b l e  m echa n i s m  fo r t he  p rocess  of evo l ution . 
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CHARLES DARWIN'S VOYAGE aboard the HMS 
Beagle chan ged the world ' s  viewpoint  i n  regard to 
evo lution a n d  the developm ent of species.  U nt i l  the  
pub l i cation of Darwin's On the  Origin of  Species, in  
1859, the  idea of  evo l ution was genera l ly rejected .  

Darwin was born at  S h rewsbu ry, E n g l a n d ,  o n  Febru
a ry 1 2 ,  18 09, the same  day a s  Linco ln. After two ye a rs 
of med ica l tra i n i ng  at  Ed in burgh ,  he  went  to Com 
br idge, where he g rad uated in  1 83 1 . Afte r h i s  gra d u a 
t ion ,  Darwin was a ppointed natu ra l ist to the Beagle, a 
240-ton ,  1 0-gu n  br ig,  which was to u ndertake a su rvey 
voyag e  to South Am erica a n d  from there on a ro u n d  
t h e  worl d .  Th e voyage lasted five yea rs ,  a n d  t h e  i n 
s igh ts Da rwin  ga ined  d u ri n g  th ose yea rs were t o  be
com e  the  fou n dat io n of h i s  l i fe ' s  wor k .  Da rwi n mode 
i m porta n t  co ntribut ions  to t h e  geo l ogy of South 
America, the orig i n  of cora l reefs, the re la t ionsh ips  
between l ivi n g  a n d  foss i l  a n i m a l s , a n d  the struct u re ,  
adaptation , a n d  geog ra p h ic distribu t ion  of a n i m a ls . 
I t  wa s t h ese studies t h a t  later  formed t h e  basis  for h is 
evol utio n a ry th eory .  

1 6 

DARWIN took the first volu me 
of Lye l l 's n ewly pub l i s hed  Prin
ciples of Geology on  the voyage 
and  was deeply i m pressed by i t .  
Lye l l  a rgued  that t he  earth's 
su rface had been shaped by 
such  natura l  forces as r iver 
eros ion , vo l ca n i c  erupt ions ,  a n d  
changes  i n  sea leve l s .  Darwin  
used  s uch  ideas  i n  u n rave l i n g  
the  geo logy o f  a reas  he  v i s i ted ,  
and they i n fl uenced h i s  t h i n k 
ing about  the  or ig i n  of  species . 

Charles Darwin ,  aged 31 



The route of the HMS Beagle is shown on the m a p  a bove. I t  is  
proba b le  that Da rwin contracted Chagas '  disease during an inland 
journey in South A merica, m a k ing h i m  a semi - i nva l id  later. 

FOS S I L  VERTEBRATE S col lected 
by Darwin  from Argen t i na  a n d  
elsewhere i n c l u ded Toxodon, a 
heavy e lepha n t-s ized m a m m a l  
t h a t  looked m uch  l i ke a rhi noc
eros.  Darwin  conc l uded ( wron g 
ly) t h a t  i t  s howed the  two 
groups were c lose ly re lated.  

Darwi n d iscovered foss i l  teeth 
of horses that had l ived at  the  
sa me  t i me as  Toxodon and had 
become ext inct  wi th i t ,  a l though  
su rv iv ing i n  other  parts of the 
world .  Th i s  made the idea of 
catastroph i c  wor ldwide ext i nc 
t ion  a p pear suspect.  

THE S I M I LARITY of some foss i l  
vertebrates, such as  the g i a n t  
a rmad i l lo- l i ke Glyptodon, to 
forms  s t i l l  l i v i ng  suggested to 
Darwi n the idea of descent by 
evolut ion .  



THE GALAPAGOS ISLANDS, l ocated in  the Pac ific 
a bout 600 m i les west of the coast of Ecuador, a re a 
d esolate g ro u p  of 1 4  roc ky i s lands ,  representi n g  the 
rem a i n s  of exti n ct vo l ca n oes .  The i s l a n d s  a re sepa 
rated from each  oth er  by deep water, a n d  n o  wi n ds o r  
ocean cu rren ts carry sma l l  a n i m a l s  or  seeds from o n e  
t o  a nother .  T h e  general  a bsence o f  m a m ma l s  has  a l 
lowed g ian t  tortoises to  g raze i n  safety, l izards  to  be
com e  seagoing,  and fi n ches to exist i n  n iches that else
where are occupied by other species.  

D a rwin  d i scovered that ea c h  of the  i s la n d s , a l thoug h 
having  very s i m i l a r c l i mates a n d  env i ro n m e n ts a n d  
be ing o n l y  about 5 0  mi le s  a pa rt, h a s  its own fauna 
and f lora - s i m i l a r  to but d isti n ct fro m those of the 
ne ig h bori n g  i s l a n ds .  This  suggested to D a rw i n  that 
the  s i m i l a r  species m i g ht have d eve loped from a co m 
mo n a n cesto r rath e r  tha n e a c h  having been  c reated 
sepa rate ly .  

The is l a n ds are of recent  o rig i n ,  a n d  t h ei r  fa u n a ,  
de rived fro m  t h e  South America n m a i n l a n d , i l l u strates 
co lon izat ion of, a n d  a do ptio n to, a n  empty e nvi ro n 
m e n t  b y  re la tive ly ra pid  evo l utio n .  

I GU ANAS g row to four  feet long  
and a re fearsome i n  a ppeara n ce,  
but  t h ey are h a r m l es s  h e r b i vore s ,  
feed i n g  o n  seaweeds. Fou nd o n l y  

\r'..:'i"J4f!: i n  t h e  Ga la pagos I s l a nds,  t h ey 
i n c l ude two rel ated spec ies ,  o n e  
terrestr i a l ,  a n d  t h e  o t h e r  mari ne. 
The  latter are powerf u l  swi m m ers, 
with we b bed toes and a f latte n ed 
ta i l  to a s s i s t  i n  swi m m i n g. Ea c h  
i s l a nd h a s  i t s  own ra ce,  s h ow i n g  
m i nor d i f fere nces  f ro m  o n e  gro u p  
to a n oth e r. 



G IANT TORTO ISES weigh in g up 
to 250 pou nds  g raze on vegeta
tion, fil l i ng  a n iche occu pied 
in  other  p laces by mam mals .  
These tortoises a re fou n d  on ly 
in  the Galapagos I s lands, and 
each major  is la n d  has  its own 
variety. The variation within a 
stng le  species of tortoise is so 
s im i lar  to that found  between 
species i n  the Gala pagos finches  
tha t  Darwin wrote, " I  m ust sus 
pect that (th e  fi nch species) are 
on ly varieties." 

THE F I N C H E S  of the  Ga la pagos 
Islands showed a general  s i m 
i larity t o  o n e  a nother a n d  to 
those of t he  m a i n l a n d  of South 
America, bu t  the  fi nches  of 
each is land d iffered s l ig ht ly 
from those of the  next. The  
1 3  d ifferent  s pecies showed a 
perfect g radat io n ,  fro m  g round
l iv ing , seed-eati n g  forms  with 
heavy, large beaks to tree
dwe l l i ng ,  in sect-eating forms 
with long, pointed beaks.  

Darwi n wondered why the 
s pecies,  i f  created separately,  
rese m b led one a n other  a n d  
those of t he  m a i n l a n d  o f  South  
America,  whereas  birds  of the  
Ca pe Verde I s la n d s ,  a t  the  
s a m e  la t i tude i n  the  South  At 
l a n tic,  resem bled those of Afr i 
ca .  " O n e  m i g h t  rea l l y  fa n cy," 
wrote Da rwi n ,  " th a t  . . .  o n e  
s pecies h a d  been ta ken a n d  
modified f o r  d iffere n t  ends ."  
These  a re i l l u s trated on p.  8 2 .  

The Galapagos Is lands,  showing route of  H.M.S. Beag le .  
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THE SEARCH FOR A MECHAN ISM h a d  beg u n .  Ch a r les  
D a rwin retu rned with  the Beagle to Eng land i n  Octo b er 
of 183 6. The fol lowi n g  July he  opened h i s  fi rst note
book on  The Transmutation of Species. He was then  
27 yea rs o l d .  D a rwi n had see n  how sm a l l  var iat io n s  
cou l d  be  se lected b y  a rtificia l b reed i n g  i n  d o m estic 
a n ima l s .  Could the sa m e  tra nsform at ions within a spe
cies a lso occur between species so that  one u l t im ately 
g ave rise to a nother? Darwi n 's observations suggested 
that they could,  but he  could not visua l ize  the  method . 

ALFRED RUSSEL WALLACE 
( 1 832- 1 9 1 3), Br i t i sh  su rveyor 
and  natural ist, i n dependen tly 
suggested the theory of natura l  
se lection . A l ready conv i n ced 
of the fact of evo lut ion,  he con
ceived the  idea of natura l  se
lection w h i l e  ly ing s i ck  with 
fever i n  the Moluccas i n  Febru
ary, 1 858.  H e  reca l l ed  the Essay 
on Population, by Robert Ma l 
thus, wh i ch  he  had read twelve 
years before. He wrote tha t he 
saw its a p p l ica t ion to evo l u 
t ion  " i n  a flas h  o f  i n t u i t ion ."  

Wa l lace was  a l so an  out
sta n d i ng p ioneer  in the study of 
the geogra p h ic d i stri but ion of 
an ima l s  and its s i g n ificance for 
the theory of  evo lu t ion (p .  43).  

ROBERT MALT H U S  (1 766-1834) 
was a n  Eng l i s h  c lergyman  a n d  
economi st .  Unconv i n ced that  
man is  perfect, and d i sbe l i ev i ng  
the  probab i l ity of un iversa l  
peace,  e q u a l i ty, and p l e n ty, 
pred icted by the po l i t i c i a n s  a n d  
u t i l ita r ian phi losophers o f  the 
e ighteenth  century, Ma l thus  
wrote a n  ano nymous  " Essay on 
Popu lation " in 1 798.  In  it, he  
slated t ha t  h u ma n  popu lat ion 
can not expa nd  i ndefi n itely. 
Popu lat ions expa n d  at a geo
m etr ic  rate of i n crease wi th  
wh ich food s u p p l ies  can  never 
keep pace.  Fa m i ne ,  d i sease,  
and war, Ma l lhus  a rg ued,  wi l l  
l i m it t h e  i ncreas ing  s ize o f  hu
man popu l a tion s .  



Natura l  se lect ion i m plies that 
ancestral g i raffe populat ions i n 
c l uded necks  of var ious lengths.  
More of the longer-necked gi
raffes s u rvived, a n d  t h ey pro
duced i n creas i ng  n u m bers of 
offspr in g that  i n h er i ted the i r  
paren ts' longer  nec ks. 

"I n Octob e r, 1838," wrote Darwi n ,  " I  h a p p e n e d  to 
read Mal thus  for amusement. Bei n g  wel l  prepa red to 
appreciate t h e  stru g g l e  fo r exi ste n ce ,  wh i c h  every
where goes o n ,  fro m lo ng  cont i n ued observatio n  of the 
hab its of a n i m a l s  and p la nts ,  i t  a t  o n ce struck me 
that u n d e r  these  c irc u m sta n ces  favorab le  va r i ation s  
wou l d  te n d  t o  b e  preserved a n d  u n favora b le  o n es to 
be destroyed.  The  resu l t  of th i s  wou l d  be the  for m ation 
of a new spec ies ." 

Darwi n ca l l e d  th i s  process " n atura l  se l ection ." He 
arg ued that those particular i n divid u a l s  b etter -a d apted 
to the i r env i ro n ment  wou l d  l ive longer  than  t h e  rest. 
S i n ce the  offs p r i n g  wou l d  s h a re the i r pa rents'  c h a r
acteri st ics ,  over m a n y  gen erati o n s, those most favor
a b l e  wou l d  te n d  to pred omi nate. Darwi n m u l l e d  over 
his theory, p repari n g  a brief out l i n e  of it i n  1 84 2 , a n d  
a l o n g e r  ab stra ct two years late r. T h e s e  were not p u b 
l i shed u nt i l  1858 ( S ee p .  2 2 ). For t h e  n ext fourteen 
years he  gath ered data for a four-vol ume treat ise. 
These vo l umes were n ever p u b l i s h ed.  
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THE ORIGIN OF S PECIES. I n  the summer of 1858, 
D a rwi n received from Alfred Russel  Wal lace a m a n
uscr ipt entit led " O n  the Tendency of Varieties  to 
Depart I n defin itely from the Orig i n a l  Type ."  Wal l a ce 
h a d  independ ently reached the conclusion that n atura l  
se lection h a d  p layed a ma jor  ro le  i n  the or ig in  of n ew 
species. D i sm ayed,  Darwin offered to withd raw h i s  own 
m a n uscri pt, but a jo int  paper by the two men was rea d  
before the l i nnaean  Society of london  o n  July 1 ,  1858. 

On November  24, 1859, D a rwin pub l ished the 
Origin of Species-a brief abstract, as he  ca l led i t ,  of 
h is views . The book created a sensat ion .  The f1rst e d i
t ion of 1250 copies sold out o n  the f1rst day of pub l i 
cati o n .  Scien tists were at f1rst d ivided i n  the i r  views. 
Others, wro n g ly as it now appears, rega rded the book 
as a d i rect cha l lenge  to re l ig ious be l iefs. I n  such d iverse 
f1elds  as  ph i losophy, h istory, a nth ropology, pol itics, 
and sociology, D a rwin 's book ra ised profound q ues
tions.  The debate was widespread a n d  i ntense . 

THE ORIGIN OF SPECIES 
Bf !lEANS OF NATURAL SELECTION, 

Bf CHARLES DARWIN, K.A., 
_ ............... _ .. �, ......................... , 

. ..._ .... _ .......... ..... _, ___ .............. "" .. . _, .. ™ ....... ... .. 

LONDON: 
.lORN MURRAY, ALBEM:ABLJ: IITREET. 
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THE BOOK was careful ly writ
ten a n d  cogently a rgued.  The 
fi rs t  four chapters descr ibed the  
resu l ts of  domes t i c  se lect ion 
and breeding a n d  then devel
oped the idea of natu ra l  se
lection .  The fifth chapter, de
voted to the  m echen isms of 
va riat ion and i n herita n ce ,  is 
the  o n ly part of the boo k that 
has s i nce been d iscredited .  The  
s ixth to te nth chapters d i s
cu ssed possible object ions  to 
the who le  idea of evo lu t ion ,  
and  the  re m a i n i n g  cha pters 
treated poss ib l e  evidence  for 
evo l ut io n .  Shown at left  i s  t h e  
tit le p a g e  of the  1 s t edit ion . 



Cartoonist's view, i n  1 8 71 , of Charles Darwin  ( Left )  and  T. H. 
Hux ley, ( rig h t )  who cham pioned his  teachings.  

The i m porta n ce of Darw i n ' s  book on The Origin of 
Species, i s  d iff icult to exagg erate .  It has  b e e n  ca l l ed the  
most i m porta n t  book of  the  n i n etee n th  century. More 
tha n a ny other  book ,  before or si nce ,  i t  esta b l i s h e d  the  
theory of  evo lut ion-or "d escent  by mod if ica t ion ,"  a s  
Da rwin  c a l l ed i t. I n  th is, Darwin  i n i t iated a tra n sform a
t ion i n  t he  stud y of  the  org a n ic worl d a s  profoun d a s  
t h a t  broug ht  a bout i n  the  p hysica l worl d by Newto n ' s  
work w i t h  gra vitat io n .  I n  b io logy, evo lut ion p rovided  
a powerful n ew unify ing  pri n c i p l e ,  g ivi ng  n ew m ea n 
i n g  a n d  i nsig h t  t o  a ma ze o f  confl ic t ing d a ta a n d  a l so 
a n ew i mpetus i n  every fi eld of i n quiry .  

The boo k's i nfluence was  not  confined to  b io logy. 
I f  l ife had a h i s tory, so had m a n ,  so had language, so 
h a d  cul ture . H a d  they too evolved? I f  there had  been 
org a n i c  evo l ution , had there a l so been i norg a n i c  evo
lut ion  in w h ich the earth ,  the sola r  system , the u n iverse, 
m atter, a n d  en ergy itself had u n d ergone c h a n g e? 

A watershed of h u m a n  thought  was esta b l ished . 
Ma n's view of the wor ld,  of l ife, a n d  of h i mself  would 
never be q u ite the same a g a i n .  
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DARWIN'S THESIS for the ongm of new species 
rested on th ree essentia l  foun d ations-two of them 
demon strab le  facts , the other an  inference. 

Fi rst, Darwin  stressed that variation existed throug h 
o u t  t h e  wor ld  o f  l ivi ng th ings .  N o  two in dividua l s  of 
the same species are exactly a l i ke .  In s ize, p roportions ,  
colori ng ,  m ental  ab i l ity, d i sposit ion, physiolog ica l  pro
cesses, a n d  m a ny other ways, each i nd ividua l  i s  un ique.  
Furthermore, m a ny of  these a n d  other  featu res a re 
tra nsm itted from parent to offspri n g .  

Seco n d ly, D a rwi n a rgued that every species over
produces . More young are produced than  ever su rvive, 
for the n u m ber  of i nd ivid ua ls  in a population show re l
atively l ittle va r iation .  Th is  overprod uction exists at  
every level i n  the p lant  and a n i m a l  ki ngdoms .  " Even 
s low-breed ing  man ,  I I  wrote Darwin,  " has doubled ( his  
num bers) i n  twenty-five yea rs, and at th i s  rate, i n  less 
than a thousan d  years there wou ld l i tera l ly  not be 
stand ing  room for h i s  progeny.  11 There m u st therefore 
be a very hig h rate of morta l i ty, a n d  th i s  has  been 
shown to be so.  In m a ny species of birds and i nsects, 
98 perce n t  of the  i n d ivid u a l s  die before m a turity .  

Swarm of locusts exemplifies abundance of l ivi ng things .  



NATURAL 
SELECTION 

+ 

• GRAZI NG HORSES 

Darwi n 's "rec ipe" for evo lut ion was the i n teraction of variat ion,  
overpopu lat io n ,  and na tura l  se lection ;  i l l u s trated here i s  evo lu tion 
of horses ( See p.  5 1 ). 

Third ly, Darwin a rg u ed that m any characteristics 
of p la nts a n d  a n i m a l s  were a d a ptations  to the en
vi ro n m ents i n  which  they l ived . The protective color ing 
of m a ny a n i ma l s  was c learly adaptive . The teeth of 
a n i m als  were c lea rly re lated to the i r  d iet, as were the 
bea ks of b i rd s .  Whales, though m a m ma ls, were so 
adapted to l ife in the seas that they h a d  fish l i ke 
bodies.  Darwin suggested that these h a d  come a bout 
by natura/ selection of favorab le  d ifferences in  a nces
tra l orga n i sms .  Those best adapted to the i r  e nviron
ment wou ld  s urvive longer  and so p roduce more off
spr ing tha n those that were not. The offspr ing wou ld  
i n herit the i r  p a rents ' favorable cha racteristics . New 
species cou ld d evelop in  th i s  way. 

The vigorous debate that fol lowed publ ication of 
Darwi n 's book saw g rad ual  accepta nce of h is views . 
Darwin m isunderstood the mecha n is m  of variat ion a n d  
inherita nce, but h i s  genera l  theory h a s  withstood the 
test of tim e .  
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THE LAWS OF I NHERITANCE, wh ich had e l uded Da r
w in  a n d  Wa l l ace,  were d iscovered by Gregor Men d el 
( 1 8 2 2 - 1 8 84) ,  a n  Austria n  monk .  Men de l  is cons idered  
to  be the fou n der  of  mod ern genetics .  His  work  was  
pub l ished i n  1866, bu t  remained genera l ly u n known 
unt i l  it was i n dependently " red iscovered " by th ree 
bio logists in 1900 .  

Men del  decided to study the i n heritance of one o r  
two rea d i ly recog n izab le  characters i n  the g a rden  
pea-the s ize a n d  form of  the  peas, t he i r  flower color, 
a n d  so on . He cross-pol l i nated one  form with a n other 
and then ca refu l ly recorded the resu lts of th is  over 
severa l  g rowi n g  seaso n s .  ( p .  60 ) 

MEN DEL raised peas by cross
pollinating those with smooth, 
round peas and those with 
shriveled, wrinkled peas. He 
discovered that they did not 
produce a blending of the par
ent characters, as was gener
ally believed, but that all the 
new peas were smooth and 
round. He then used these 
seeds to produce a noth e r  crop,  
cross-pollinated them, and dis-

covered tha t  t h ree-quarters of t h e  
n ew g e n e ra t ion  were s m oot h  a nd 
r o u n d a n d  o n e  q u a r t e r w a s  
wr i nkled. 

Mendel ca l l ed c h ara cters t h a t  
c o u l d  be m a s ked i n  o n e  g e n e ra 
t ion  b u t  a p pear i n  a n ot h e r  ( s u c h  
a s  wr i n k led p e a s )  recessive; 
t h ose  that  ove rsh adow t h e m  ( s u c h  
a s  t h e  s m o o t h ,  rou nd p e a  form) ,  
dom inant. 

Me nde l  co n c l uded tha t  t h i s  
de layed a p peara nce  o f  reces 
s i ve c h a racters  m u st i m p l y  t h a t  
each  c h ara cter  i s  g overned by a n  
i nde pendent  factor (wh i c h  w e  
n o w  c a l l  a ge n e) a n d  t h a t  t h ese 
m u st  be pa ired in t h e  pare n t b u t  
not  i n  t he  ga m etes. 

Me nde l  m ade th ree major 
d i s cover ies : (1) t h a t  c h ara cters 
are gove rned by p a i red ,bu t  i ndi
vidu a l  "fa ctors," (2) that t h e s e  
factors m a y  b e  do m i n a n t  o r  re ces 
s ive, and (3)  that  t hese  fac tors 
co m b i ne ,  w i t h o u t  b l e ndi n g ,  to 
produce c h ara cter i s t i c  ra t io s  in 
the later g e n era t i o n s. 



Hugo de Vries, the discoverer of 
mutations, and the evening prim
rose that he used in his studies. 

MUTATION. Mendel  had shown t h a t  i n herita nce was 
particu l a r  a n d  p red ictab le .  But if this  was so, how 
could a ny new features ever arise? The a n swer was 
found  partly i n  the a ction of n atural  se lection a n d  
partly i n  the work o f  a Dutch bota nist .  

Hugo de Vries {18 4 8 -1935)  was Professor of Botany 
at Amsterd a m .  He studied the m echanism of i n h eritance 
of cha racters i n  the even ing pr im rose and beca m e  in
creasi n g ly suspicious of the then current view that 
d ifferent  parenta l  characters a lways blended in the 
offspr ing a n d  that all variations  were s m a l l .  He  studied 
over 50,000 p l a n ts,  and out of thei r  several  h u n d red 
thousa n d  fl owers, he d iscovered rare exa m ples  that 
were " sports . "  They had giant s ize or  dwarf size, or  
twice the norma l  number of peta l s .  When b red to
gether, they produced s im i la r  offspri n g .  Such new 
forms de Vries ca l led mutants, the c h a nges produc ing 
the m  mutations. I n  search ing  the l iterature, de  Vries 
red iscovered the work of Mende l .  These m utations  
provided the genu inely n ew characteristics upon which 
evolution by n atura l  selection was dependent. 
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T. H. Morgan, a pioneer Ameri- Walter S. Sutton, geneticist who 
can geneticist. identified role of chromosomes. 

THE N EW SYNTHESIS OF EVOLUTIONARY THEORY 

came i n  the early yea rs of the twentieth centu ry, 
ma rked by recog n it ion of chromosomes, m i n ute th rea d 
l i ke structu res i n  t h e  c e l l  nuc leus, a s  the carr iers of 
hered ita ry cha racters . Th is d iscovery, which  a l so 
showed a l inkage of cha racters that  Me nde l  h a d  not  
suspected, was made independently in  1 902 by W. S .  
Sutton and by T. Bover i .  T .  H .  Morg a n  ( 1 886- 1 9 4 5 ), 
exper iment i ng  with the fru i t  fly, Drosophila, d e m o n 
strated t h a t  t h e  genetic determ ina nts were present  i n  
a definite l inear order i n  t h e  ch romosomes and cou ld  
be " mapped . "  

Many workers beca m e  convinced that  i t  was sudden ,  
sponta n eous ,  la rge-sca le  mutations that  were  the rea l 
bas is  of evolut ion rather  t han ,  a s  D a rwi n h a d  sug
gested ,  the m inor va r iations . But why, others ob jected, 
shou ld  so m a ny characters then be  a d a ptive s ince 
m a ny m utations proved to be  letha l  rather than b en
eficial? The d i scovery in 1 9 27 that  X- rays, tem perature 
changes, g a m m a  rays, a n d  var ious c h e m i c a l s  could 
i n d uce m utati o n s  proved that the g reat  m a jority of 
them were m i n ute in the i r  effects and therefore were 
more l i kely to survive . 
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Magnified Segment 

Chromosomes from the fruit fly Drosophila g reatly mag nified. The 
map s h ows loca t ion  of genes  a l o n g  part  of ch romosome  l eng th .  

The s i m p l e  Men d e l i a n  concept of i n d epend ent, par
ti cul ar gen et ic  d eve lopm e n t h a s  g iven way to ac
ce ptan ce of a n  i n d ivi dua l  re presented by a gene com 
plex i n  wh ich g enes a re l i n ked a n d  i nte ract tog eth er . 

The curre nt  synthet ic  th eory of evo lutio n  is based 
on rig orous sta tistica l  an a lysi s ,  s tudy of th e fossil 
record , experi mental studies,  an d observat ion of nat
ural populatio n s .  I t  accepts  as the bas i s  for evo lutio n 
i ndividual variations, arising fro m mutatio n a n d  repro
ductive reco mbinatio n ,  an d acted upo n ,  fi l tered , con
served , inte n sifi ed or eli mi nated by natural se l ect ion. 

Ge netic variat ion i n  Drosop hila expressed by strik ing d iffe re nces in  
form. The fly at left is the normal  wi ld  type. 

vestigia l twisted 
norm a l  wing s  st rap a b d o m e n  n o  win g s  
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INDICATIONS OF E V O LUTION 

The proof requ i red for any part icu la r  statement  va ries 
with the nature of the  statement .  To p rove that  2 + 2 

= 4 i nvolves a n  a ppeal  to reason  a n d  mathemat ica l  
log ic .  To p rove that a n  ath lete ca n run  a fou r- m i n ute 
m i le i nvolves an appeal  to experiment-the run n i n g  of 
a ca refu l ly m easured d i stance under  s pecified con d i 
tio n s  a n d  with accurate ti mekeepi n g .  

B u t  n o  experi ment cou ld prove that  the s a m e  ath
lete ra n a fou r- m i n ute m i le  on Jun e  2 0th a year ago . 
Proof of that  wou ld  invo lve a n  a p peal  to the record 
boo ks  a n d  to witnesses .  No experi ment  ca n p rovide 
p roof of past  events .  Other k i nds  of eviden ce a re 
n eeded, a l though  observation  a n d  experi m ents of ex
isti ng  facts a n d  processes m ay suppo rt the probabi l ity 
of a part icu la r  past event .  Often p roof i n volves an a p
peal  to everyd ay experience to p rovi d e  the most eco
nom ica l  expl a n atio n .  You cou ld  not p rove, for ex
a m ple ,  that al l  of the spa rrows l ivi n g  today descended 
f rom those l ivi n g  th ree h u n d red. years ago,  but  the ba l 
a n ce of exper ience wou ld  s u p port that  i n terpretation . 

"I wi l l  be l ieve i n  evol ut ion , " Wi l l i a m  Jen n i n g s  B ryan 
rem a rked,  "when I can  s i t  i n  my g a rden a n d  see a n  
o n io n  turn i nto a l i ly. " Clearly, i f  w e  h a d  to rely o n  
that k i n d  o f  i n sta nt  experience, evol ut ion cou ld  n o t  be  
p rove d .  But  ne ither  cou ld  the g rowth of an  o n io n  seed 
i nto a n  o n io n  be proved i n sta nt ly.  I t, too, i s  a s low 
scarcely percept ib le event .  We ca n, however, observe 
popu lat ions  c h a n g i n g  a nd can  a lso observe the mech
a n is m s  by wh ich  such change  comes about .  The p roof 
of evo lution a l so l ies in its u n ique pos i t ion as the o n ly 
adequate expl a nation .for the or ig i n  of the  d iverse fea
tures shown by l iv ing th ings .  
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Frog tadpoles, metamorphose 
into frogs by the resorption of 
the tail, loss of gills, and 
growth of lungs and paired 
limbs. Such radical change 
within a few weeks makes it 
less difficult to visualize evolu
tion over countless years. 

CONTINU I TY of l ivi n g  thi n g s  i s p rovided by repro
d u ct io n .  I n d ivid ua l s  l ive , g row old,  a n d  d ie,  but the i r  
k ind i s  pe rpetua ted i n  the i r  offs p ri n g .  We k n ow of  no  
evi d e n ce s u g g e stin g that l ivi n g  o rg a n i s m s  a r i se  i n  any  
othe r way tha n fro m pa ren ts of the sa m e  spec ies . I t  
wou ld  be d iffi cu l t  to p rove, fo r exa m ple ,  tha t a l l  f rogs  
a l ive tod a y  m ust have descended fro m frogs  that l ived 
1 , 000 yea rs a g o ,  but a l l  of our exper ience  s u g g ests 
that they have . 

But if fro g s  a lways g ive b i rth to fro g s  a n d  cam e l s  
to  ca m e l s ,  how do new k i nds ( spec ies) of an i mals  eve r 
deve lop? Two fea tures of cont i n u ity s u g gest  poss ib le  
a n swers .  Fi rst ly, cont i n u i ty between  pa rents  and off
sp r i ng  i n volves both b road rese m b l a n ces  a n d  individ
ua l diffe re nces  a n d  variatio n s .  Whateve r exp l a n at ion 
we s e l ect m ust  ex p la i n  both fea tures .  

Secondly,  con tinuous c han g e  withi n the l ifeti m e  of a 
s i n g l e  i n d ividua l a n i m a l  i s  very g reat. I f  s uch cha n g es 
can occur i n  on e g e n e ration , i t  may we l l  b e  tha t  on e 
spec ies  could d evelop in to a n other.  
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UNITY OF LIFE i s  shown by the fact that, in  s p ite of 
the ir d iversity of form a n d  variety of ha b its , the n ea rly 

1 % m il l io n  spec ies  of p la nts a n d  a n im a l s  a l l  so lve t h e  
bas i c  p rob l e m s  of l ivi n g  i n  m u c h  the s a m e  w a y .  They 
rese m b l e  o n e  a nothe r i n  com position , ce l l u l a r  structu re ,  
l i fe processes ,  and basic patte rns  of repro d u cti o n ,  
a d a pta b i l i ty, a n d  d eve lopm ent .  They a l s o  s h a re a com 
m o n  u n ity in the e n d less  interd epen d ence  o f  a l l  l ivi n g  
th in g s .  I f  e a ch species  i s  a n  e ntirely sepa rate creation ,  
why do a l l  sha re these bas i c  common properties? 

CELLULAR STRUCTURE i s  a ch ar
acteristic  of all living material, 
and the cells are made of pro
toplasm. Most cells are only a 
few thousandths of an i nch in 
diameter, but a few are m uch 
larger. T he yol ks of b ird eggs 
are single cells. 
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AN IMAL CELL 

PROTOPLASM 

Oxyg en  

Ca r bon 

Hyd rogen  

N i trog e n  
P h o s p horus  
Pota s s i u m  
S u l f u r  
C h l o r i n e  

76 .0% 
1 0 . 5% 
1 0 . 0% 
2 . 5% 
0 .3% 0 .3% 
0 .2% 
0 . 1% 

In spite of some di fferences, 
p lant and ani mal cel ls  do have 
a si m ilar basi c  str u cture. Even 
t h e  simplest cel l co n s i s ts of 
thousands of di fferent m ole
cules t hat i nteract together in 
coordination. A typ ical ce ll 
stru cture is  shown below. 

PROTOPLASM is sh ared by a ll 
l iv ing things. It is composed of 
a distincti ve combination of 
large m olecules of no n l iv ing 
substances, inc luding carbohy
drates, fats, proteins ( including 
enzy mes),  and nucle i c  a c i d s  that  
are organized into a co l l o idal 
m i x t u re in water. T he u n i q ue 
p ropert ies of t h is mater i a l  form 
the bas is of l i fe. 



META B OLISM i n c l udes  t h e  n u 
tri t ion , res p i ra t io n ,  synthes i s , a n d  
excret ion t h a t  i s  c h ara cter i s t i c  o f  
a l l  l i v i n g  t h i n g s .  N o n - l i v i n g  food 
materi a l s  a re c o n verted i n to t h e  
org a n i s m ' s  l i v i n g  t i s sues ,  certa i n  
of w h i c h  b rea k down t o  provide 
t h e  en ergy t h a t  i s  v i ta l  to t h e  
processes essent ia l  to l i fe .  Meta b 
o l i s m  i n vo lves  a c o n s ta n t  f low of 
energy a n d  mater ia l s  w it h i n  a n d  
betwee n a n  org a n i s m  a n d  i t s  
e n v iro n m e n t .  

GROWTH of newborn i n d i v id
uals i s  a co m mon prope rty of 
a l l  l i v i ng  t h i ngs .  

REPRO D U C T I O N  of new d u pl i 
cate i n d iv idua l s  i s  characterist ic 
of  a l l  l i v i n g  t h i ngs .  The con
t i n u i ty of form involved i n  re
prod uct ion i s  contro l l ed  by the 
act iv i ty  of se l f-du p l i ca t i n g  
che mica l  structu res c a l l e d  genes  
( p .  56). 

ADAPTAT I O N  of  a l l  l i v i n g  
t h i ngs  i nvolves cont i n u i n g  a d 
j u s t m e n t  t o  a c h a n g i n g  env i ron
m e n t. I n d iv idu a l  a d a pt ive  re
s po n ses  i n c l u d e  rea c t i o n  to 
st i m u l i ,  i rr i tab i l ity, p h ys io log i c  
cha nges,  hea l i n g  of I n J U ries ,  
and m ovem e n t. Over long pe
r iods,  popu la ti on s  show more 
genera l  a d a ptations .  
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Sponges 

Des pite their  diversity, al l  l ivi n g  th ings  s h a re com mon properties .  

THE NATURE OF L IFE i s u nde rs tood la rg e l y  in terms 
of a ser ies  of fu n d a m enta l  propert ies ( p p .  3 2-3 3 ) .  

No s i m p l e  defin it ion o f  " l ife " i s  poss ib le ,  pa rtly 
beca use  of  its co m pl exity a n d  part ly b ecause it is 
un i q u e .  But we can  d efi n e  l ife in term s of some of its 
s im p ler  propertie s .  livi n g  org a n i s m s  con s i st of u n i q u e  
a n d  com p lex  co m b i n atio n s  o f  certain n o n l ivi ng  m ate
r ia l s ,  a r ra n g ed in l a rg e molecu les  that  a re capab l e  of 
g rowt h ,  rep rodu cti o n ,  ada ptatio n ,  a n d  t h e  gather ing 
and us ing of extern a l  food and en ergy.  

So m e  of these i n d ivi dua l  p ropert ies of l ivi n g  thi ngs  
a re a l so  p resen t  i n  n o n l ivi n g  th i n gs,  b ut o n ly l iv
i n g  org a n is m s  e xh i b it them a l l  s i m u lta neous ly .  

Other  k inds  of d efi n it ions  of l ife a re poss i b l e  a n d  
a re equa l ly va l i d .  Sc i ent if ic d efi n i t io n s  o r  stud ies  a re 
l a rge ly  concerned with how l ife d eve loped a n d  how 
i t  i s  m a i n ta i n ed .  Ph i losoph ica l  and re l ig ious  d ef in i t ion s  
a re more concerned with why. T h e  two k i n d s  o f  d efi
n it io n s  a re usua l ly  com p leme nta ry, not c o m p etit ive . 
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I NTERDEPENDENCE is a cha racte rist ic of a l l  l iv ing  
things . Eve ry in d ividua l  exi sts as  part of  a n  i nterbreed
ing pop u latio n  that con s i sts of m any g e n et i ca l l y  s imi
lar  in d ivi d u a l s .  These popu latio n s  of i n d ividua ls  exist 
wi thin com m u n it ies  of m a ny s pecies that i n teract with 
one an other a s  p rey a n d  pred ator, host a n d  parasite, 
co nsu m e r  a n d  prod ucer, a n d  co m petitors for space or 
food . The intera ction  cuts a cross the m a j o r  d ivi s ion s  of 
p lan ts a n d  a n im a l s ;  thus , trees shel ter  b i rds ,  i n sects 
fertil i ze  flowers ,  herbivo res con s u m e  g rass , fish sup
port paras ites, sea  a ne m o nes  shelter c lown fish ,  etc . 

COMMUN I T I ES i n teract w i t h  
t he i r  phys i ca l  e n v i ro n m en t ,  con 
st i tu t i n g  a n  ecosyste m .  C h a nges  
i n  ra i n fo l l ,  tem perature ra nge,  
so i l  type, e levat ion , la t i tude, 
depth of sea water, sedi m e n t  i n  
strea m s, a nd cou nt les s  other  
phys i ca l  factors a l l  i n f l u e n ce the 

deve l o p m e n t  of com m u n i t ies . 
Orga n i s m s  i n  tu rn  may m odify 
t h e i r  env i ron m e n t, crea t i n g  lo
ca l  s h ade in  forests , m odifyi ng 
a n d  e n r i c h i n g  so i l s , preve n t i n g  
eros ion ,  a nd i n  m a n y  other  
ways .  Th i s  i n terde pende n c e  pro
vides i m porta n t  data . 

Oxygen  a n d  carbon cyc les  s h ow i n terde p e n d e n ce of a l l  l i fe .  

CARBON-HYDROGEN
OXYGEN CYCLE 
( o n  l a n d ) 



T H E  S IM I LA R I T I E S  that  exist  betwee n  l ivi ng  o rg a n is m s  
a t  a l l  leve ls  have certa in  i m p l ications .  Offspr i ng  o f  t h e  
sa m e  parents h a v e  a m o r e  or  l e s s  c lose rese m b l a n ce to 
o n e  a n other  a n d  to the i r  parents .  Althou g h  each i n d iv id 
ua l  is  un ique ,  m e m bers of  the sa m e  species  s h a re "obvi 
ous" co m m o n  featu res that  a re conserved and pe rpetu
ated i n  re p rod uctio n .  We do not have tro u b l e  recog n i z i n g  
a l ion ,  for exa m ple-or  even a d o g ,  desp ite t h e  m a n y  
va riations  that dom estic b reed i n g  h a s  p rod uced i n  d og s .  

DEGREES o f  resembla nce a l so 
exist  

·
a mong related species .  

Ocelots, pu mas ,  bobcats,  and  
dom estic cats, fo r  exa mp le ,  a l l  
have ce.rta in  b a s i c  c ha racteris
t ics in  co m mon ,  and these a re 
recog n ized in a n i ma l  c lass ifica
tion (taxonomy) by g rou p ing  
them a l l  togeth er i n  the same 
genus-Felis . But  genera ,  too, 

exh ib i t  degrees of rese m bl a n ce 
so that  we can  g rou p them i n tq 
fa m i l ies of s i m i l a r  m e m bers.  
S i mi lar  fa m i l ies a re g rouped 
in to orders,  orders i n to c lasses, 
and  c lasses i n to p hyla .  Each 
" h ig her" g roup thus i n c l udes  
more forms,  a n d  these have 
prog ressively fewer features i n  
com mon  ( p . 1 1  ) . 

The orioles be low belong to a s ing le gen us, Icterus. They have dif
ferent . colors and  geog ra ph ic  ra nges, b ut they share m a ny common  
features.  They a re mem bers of t he  s a m e  f a m i l y  as  b lackb i rds .  



Torosa urus Triceratops 

Arrhinoceratops 

These h o rned ce ra tops i a n  d i nosaurs  s h ow how deg rees of resem 
b l a n ce s u g g e s t  evo l u t io n a ry re l a t io n s h i ps . T h e

, 
g e o l o g i c  prog res 

s ion  i s  a r ra n g ed from bot tom to top .  ( After Co l bert . ) 

T h e  me a n i n g  of t h e  va r ious  deg rees  of rese m b l a n ce 
wa s a t  fi rst  t h o u g h t  to l i e  i n  t h e i r  a p p roxi m a t i o n  to 
the a rch etype or  i dea l fo rm,  u p o n  wh i c h  e a c h  spe 
c ies  h a d  been  " d es ig ned " or  p l a n n ed . But to later stu
den ts, t hese  c l u stered re lat ion shi ps,  often p ictured a s  
the  b r a n c h e s  of a t r e e  ( a s  a bove) sugg ested o n ly de
g rees of re lat io n s h i p , a l though the c lass ificat ion itself 
wa s esta b l i s h e d  before t h i s  was recog n ized ( p p .  1 0-
1 1  ) .  J ust  a s  t h e  b ranches of a tree g row by cont i nu
ous  d evelop m e n t  fro m a seed , each  b ra n c h  bei ng  
fo r m ed b y  s l o w a nd  a l most  i m percepti b l e  mod ification 
of ear l i e r  b ra n ches fro m an i n it i a l  ste m , so the  b ranch 
i n g  pattern o f  c lass ificat ion sugg ested a co m m on  or i 
g i n .  The b r a n c h es represen ted degrees of re lat io n s h i p  
t o  t he  o rg a n i s m s  o f  t he  centra l  a n cestra l  ste m .  
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DEGREES OF S IMILARITY between l i v i n g  t h i n g s  a re 
reflected by va r ious  features .  The overa l l  form a n d  
structure ( m orphology)  o f  a l l  creatures show va ryin g  
deg rees o f  s i m i l a rity. When we spea k o f  a " deer, " w e  
th i n k  of a p a rt ic u l a r  k i n d  o f  a n i m a l ,  b u t  the deer fa m 
i ly conta i n s  20 d ifferent gen era a n d  m a ny species . Al
though they d iffer in s ize,  a ntlers, color, a n d  geo
g ra ph i c  d i st r ibut ion,  all  mem bers of the deer fa m i ly 
sha re bas ic  features . Their  s keletons  resemb le  o n e  a n 
other,  bon e  for bone;  their  i nterna l  org a n s  a re sim i la r; 
a n d  they d isp l ay m a ny s im i la r  behaviora l  cha racteris
t ics . Thi s com prehens ive s im i la rity, s howi n g  a unity of 
bas ic  fo rm but a d ivers ity of i nd ividua l  pattern,  sug
gests the i r  d erivation from a com mon a n cestor that pos
sessed these com mon featu res . 

THE EMBRYO N I C  DEVELOP
MENT of m a n y  s pecies s h ows 
startl i ng  s i m i larit ies, even in 
forms that  have few resem
b lances  as adu lts.  Thus  a man ,  
a p ig ,  and  a c h ic ken have a 
general  s i m i lar i ty dur ing  their  
develop ment. I f  each species is  
entirely d i s ti nct  from every 

other  species,  i t  m a kes n o  sense  
that  they shou ld  have such  em
bryonic  rese mb lances a n d  then  
lose  them i n  a d u l t  l i fe .  A l t hough  
th i s  embryon i c  s i m i la rity i s  less 
than was c la imed by late n i ne
teenth  century zoologists, it is 
an  ind icat ion and an i m print of 
their  re mote k in sh ip. 



HOMOLOGOUS STRUCTURES i n  
many orga n i s m s  suggest the i r  
derivation f rom com mon  a nces
tors. The s ke letons of cats, 
horses, whales,  bats, m i ce, a n d  
men ,  for exa m ple,  a l l  have a n  
essent ia l ly  s im i lar  form .  The 
structure of the  vertebrae a n d  
t h e  fused bones of t h e  s k u l l  a re 
s i m i la r  i n  every vertebrate, 
from fish to men .  So a re the re
lated nerves, m usc les ,  a nd b lood 
vessels .  In less c losely re lated 
species, homology i s  less well  
marked, suggesti n g  their m ore 
d istan t  com m u n ity of orig i n .  

VESTIGIAL STRUCTUR E S  deve l 
op  when an  org a n  i s  reta i ned 
even thoug h its ori g i na l  func 
t ion  i s  reduced or lost. Such  
structu res are fou nd  i n  a l l  a n i 
ma l s .  I n  m a n ,  t he  e a r  m usc les 
are usual ly nonfu n ct ional ,  but  i n  
other a n i mals ,  s u c h  a s  t h e  dog, 
these m uscles m ove the ears 
and d i rect them towa rd part icu
lar  sou nds .  The h u m a n  a ppen 
d i x  has  n o  obvious funct ion 
and  i s  a n u i sa n ce, but  in  other 
a n i ma l s, the a ppend i x  i s  m ore 
strong ly deve loped a n d  serves a n  

ANALO G O U S  STRUCTURES 
show a s i m i lar ity of f unct ion but  
not of deta i led structu re .  The 
wings  of a n  i n sect perform the 
sa me funct ion as those of a 
b i rd ,  but  they have a very d if
feren t  structure .  Such  d iffer
ences res u l t  no t  from i n h er i 
tance from a com mon  a n cestor 
bu t  from ada ptat ion to s i m i l a r  
enviro n men ta l  con d i tions .  I f  
each s pecies h a d  a separa te 
orig i n ,  t hen  a n a logous  s truc
tures s h o u ld be more com mon 
t h a n  homo logous s tructures, bu t  
t he  reverse i s  true. 

i m porta n t  d igest ive funct ion .  I n  
wholes  a n d  i n  som e  s n a kes ,  ves
t ig ia l  h i n d  l i m bs ore preserved,  
suggesti n g  that  they o re the 
rem mon ts of ancestra l  structures.  



BIOCHEMICAL SIMILARITIES a lso exist  betwee n  re
lated organ ism s .  The most stri k ing feature of these sim i
l a rities is the way they confirm in depen dently the vari
ous  g roup ing s of p la nts and a n i m a ls that were estab
l i shed o n  the basis  of thei r overa l l  form . This  i m pl ies 
that  the c lassification that has been d eveloped (pp.  3 6-
3 7) is not whol ly a rtific ia l  but reflects the a n cestra l -de
scendant  (phylogenetic) relationsh ips of  org a n isms.  

Other  more general  b iochemica l  si m i l a rit ies i m ply 
the  com m o n  k in sh ip  of al l  o rgan i sms .  These inc lude the 
use of n uc le ic  acids as agents of heredity (p.  68), the 
use of a particu la r  phosphate, ATP, i n  energy transfer, 
a n d  the use by p lants with ch lorophyl l of this  g reen 
pig ment  as  a cata lyst i n  photosynthesis.  

BLOOD P I GMENTS d iffer in 
d ifferent  a n i ma l  g roups.  I n  
vertebrates a n d  some other an i 
ma l s ,  the blood has a red  pig
ment, he moglobin ,  which has  a 
respiratory function i n  carrying 
blood from the lungs or g i l l s  
throug hout the body. I n  a l l  ar
th ropods, the respiratory pig
ment i s  a b lue copper com-

pou nd,  ca l led h e mocya n i n ;  i n  
mar ine  worms, a g reen i ron 
com pou nd,  ca l led  ch lorocruo
r ine.  These p ig ment s im i l a r i
t ies confirm the re lat io n s h i ps 
between mem bers of t he  g roups  
esta b l i s h ed by other  cr i ter ia .  
Prote in s  o f  each s pecies,  a l 
thoug h d i s t i n ct, s h ow com par
a b le degrees of s i m i larity.  

A serolog ical  test (p .  4 1 )  i s  made by m ix i ng  seru m and an t i seru m 
and  record i ng the  h i g h est d i l ut ion of seru m that  wi l l  s t i l l  g ive a 
wh ite r i ng  of prec i p itate. (After Boyden. )  
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SEROLOG I CAL S I M I LARIT IES  a re m e a s u red  by  i m m u n ity 
tests .  If b l o o d  fro m o n e  s p ecies ,  s uch as a cow, i s  i n 
jected i n to the b l oodst re a m  o f  a n othe r, say a g u i nea 
p ig,  the g u i n e a  p ig  p rod uces a p rec ip i tate ,  a n  a n t i 
seru m,  tha t i m m u n izes  i t  a g a i n st cow ' s  b l o o d .  Whe n 
this a n t i - cow s e r u m  i s  m ixed with the b l oo d  of othe r 
a n i m a l s , it p ro d uces p reci p i tates  of va ryi n g  i n te n s i ty 
that corresp o n d  to the n e a rness  of the othe r spec ies  i n  
the sche m e  o f  c l a ss ificat io n .  Thus ,  a n t i - cow seru m 
g ives 1 0 0  p e rce n t  p rec ip i ta tio n with the b l ood of a n 
o ther  cow, 48 p e rce n t  with a sheep ,  a n d  2 4  p e rce n t  
w ith a p ig . This b ioch e m ica l  i n d ic a t i o n  of co m m o n  
a n cestry i s  a m ethod o f  c l a ss ifica t io n co n fi rm i n g what 
was esta b l i she d i n d e pe n d e n t l y  by c o m p a ra t ive a n a 
tom ica l s t ud ie s .  

Serolog i ca l  tests  m a d e  w i t h  a n t i - h u m a n  seru m g ive varyi n g  per
centages  of prec i p i ta t i o n .  T h i s  refl ects t h e  qua n t i tat ive deg rees of 
s i m i l a r ity betwee n m a n  a n d  oth e r  s pec ies .  

Gori l l a  

O ra n g u ta n  

K a n g a roo 



ADAPTATIONS to the pa rt icu l a r  env i ron m e n ts in  
wh ich  they l ive a re shown by  a l l  l ivi n g  creatu res. Some 
that are so general  they may be overlooked eas i ly  i n 
c l u d e  t h e  won d e rfu l ly efficient b u t  d isti n ct win g  struc
ture of i n sects, bats, and b i rds  (a l so those of the ex
tinct pterodactyls) ,  the shape a n d  structure of fish ,  the 
specia l i zed stem s  of d esert cacti, a n d  cou ntless others .  
Sti l l  other  ada ptations  are more specific .  Of the m a ny 
exa m ples among  b i rds,  those of the wood pec kers were 
fi rst d escri bed by Charles Darwi n .  

Ada ptation i s  so widespread i n  both p lants a n d  
a n i m a l s  that, a l thoug h not a proof o f  evo lut ion,  i t  
suggests that n atural  selection  i s  a very probable  ex
p lanat ion for organ ic  d iversity. 

PROTECTIVE form and colora
tion are adaptation s  s hown by 
many a n i mals .  The  pupae of 
some i nsects resem ble thorns or 
twigs .  Others m i mic  less vu lner
able species by color rese m-

Wood pecker 
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blances.  The color of some an i 
ma l s ,  such  as  the cha meleon,  
changes with the color of the 
backgro u n d .  Experi men ts h ave 
s hown the s u rviva l value of t h i s  
coloration ( p.  84 )  . 

A woodpecker h a s  two la rge 
toes d i rected backward so that  
i t s  foot  forms a n  a nchor l ike 
ho ld .  I t s  s t iff ta i l  feathers form 
a prop a s  t he  b i rd chise ls  with 
i ts  powerful beak.  I t  extracts 
insects with i ts  long,  barbed 
tongue.  All  of the 1 79 species 
of wood peckers have essen
t ia l ly s i m i lar  structure .  



New G &� i nea ( 5 20 species of b i rds) �··�·-=---Salomon Islands ( 1 26) 

• . •:. .: ' 
Fiji I s land 1541 

• 

• Henderson Is land (4) 
• 

TH E NUMBE�S OF ISLA ND S P E CIES a n d  
t h e i r  resemblance  to those o f  t he  m a i n land  
decreas e  with i n crea s i n g  d is ta n ce f rom the 
la nd .  The  n u m ber of m a m ma l  spec ies  s hows a 
s i m i l ar decrea se, sugges t i ng  that  t he  spec ies  
were deri ved from those on  the  ma i n land .  

PRESENT LI M ITED D I S TR I BUTI O N  O F  MANY S P E C I ES, such  as  ta p i rs, 
can be i n terpreted o n ly on t he  assu m pt ion that  they a re descenda nts 
of more widespread foss i l  ancestors, some of w h i c h  hove been found 
i n  i n termed iate areas .  

+ Pl iocene species 
0 Pleistocene species 

� T. indicus 

llr.'-.... .. 

• � . .. . / 
After De leer 

GEOGRAPHIC DISTRIBUTION of many p lants and 
a n i m a ls shows features that  can be a ccounted for on ly 
by suppos ing  that  they a re the d escen da nts of com
mon a ncestors . The faunas  of  the  Gala pagos a n d  Cape 
Verde I s lands  were m a jo r  c lues i n  D a rwi n 's d evelop
ment  of an evo lutio n a ry theory (pp.  1 8- 19) . 

Alfred Russel  Wal l a ce noted that  l a rger  g roups,  
such as orders ,  have a wider  geograph ic  d i stribution 
than do s m a l l e r  g roups,  such as  fa m i l ies  or  genera . 
Species most s im i la r  a re found i n  ad jacent  a reas,  sug
gest ing their  evolution from com mo n  a ncestors .  

43 



LIVI NG SPEC IES of p l a n ts a n d  a n i m a ls a re c h a rac
ter ized by the i r  con sta ncy of genera l  fo rm and t h e i r  
g reat ran ge o f  i n d ividua l  var iat ion .  Each spec ies 
b reeds " true " a n d  i s  reproductively i so lated from other  
species,  even those  that  are c lose ly si m i l a r .  Yet  n o  two 
i n d ividua l s  of t he  s a m e  species a re ide nt ica l .  We n ow 
recog n ize  that  the  i n her i ted cha racter ist ics of a l l  l iv
i n g  t h i n g s  a re contro l led by the i r genes  a n d  c h ro m o
somes a n d  that  these structu res un dergo sponta n eous  
m u tat ions  ( p . 7 4 ) . Th is  i n put  of n ew c h a racter ist ics 
m e a n s  that over a long period of ti m e  species a re not 
Axed e ntit ies as  once supposed . Both in  nature a n d  in  
ca ptivity, we see evidence of va r iat ions with i n  a spe
cies, suggesting  the i r  evolutionary capac ity. 

SELECT IVE B R E E D ING of do
mest i c  p la n ts a nd a n i m a l s  i ndi 
cates t h e  g reat var ia b i l i ty of 
many s pec ies . I l l u strated h ere , 
a re dog s of t h e  s a m e  s pec ies .  

Basset Hound Dach s h u n d  

This  sugg ested to D a rwi n t h a t  
n a t u r a l  se lec t ion  m i g h t  be a n a 
l ogous  i n  i t s  a c t i o n  t o  (ar t i f i c i a l )  
do mest i c  se l ect ion  a s  a n  a g e n t  
of c h a n g e. 

Beagle 

Vendee H o u n d  S t .  H u bert Hou n d  Talbot H o u n d  

-- �  Canis fomiliaris leineri Egyptian Greyhound Sa l u k i  Afg h a n  H o u n d  S l e u t h  H o u n d  



PO PULAT I O N S  show loca l v a r i
at ion  i n  n a t u re .  The  s m a l les t  
u n i ts ,  ca l l e d  demes, a re o n ly 
part ly i so la te d  popu la t ions ,  
with i n  wh i ch  t h e re i s  c lose  gen
et ic  s i m i l a r i ty. Var iat ion  be
tween d e m e s  i s  ofte n ra ndo m ,  
b u t  betwee n  s o m e  i t  i s  non-

ra ndom,  for m i n g  g raded c l i nes  
that  may s h ow corre la t i o n  wi th  
differe nt  eco log i c  co ndit ions.  
Thus loca l races or  subspecies 
develop,  each  a d a pted to the  
condi t i o n s  of a part i c u l a r  a rea 
a n d  i n terg rad i n g  w i t h  o n e  a n 
o t h e r  o n l y  i n  over l a p p i n g  a reas  . 

P. major major • P. major minor 

P .  rnajqr intermedius 
I • Zone of Overlap 

Zone of Over lap 

Geog ra p h i c a l  D i s t r i b u t i o n  of t he  Great Ti t .  ( After  De Beer ) 

Th e G reat  T i t  of Europe a n d  
As i a  s h ows deve l o p m e n t  o f  typ
ical  geog ra p h i c  races or va r i 
e t ies .  T h e  most  w i d e s p read race 
i s  Po rus major major, extendi n g  
from Br i ta i n  to Ea st  A s i a .  P .  
cinereus  and P. m inor h ave 
m o re restr i cted ra n g e s .  

The  i n terbreedi n g  i n  I ra n  o f  
P .  major wi th  the  cen t ra l  As i a n  
a n d  I ndia n var i ety P .  cinere us 
g ives a fourth  var ie ty-P. inter-

medius.  I nterbree d i n g  of P. 
cinereus a n d  P. m inor in I ndo
c h i n a  g ives  a fi ft h ,  P .  com mix
Ius .  But  P. major a nd P .  cin er
eus occ u r  tog ether  w i t h o u t  i n 
terbree d i n g  i n  n o rth  cen tra l 
A s i a ,  a s  do P. minor a n d  P .  
ma jor i n  northeastern C h i n a .  
Reprodu ct ive i s o l a t i o n  between 
geogra p h i c  races s u g g e s ts o n e  
m e c h a n i s m  f o r  t h e  f o r m a t i o n  
of  new s pec ies  ( p . 76 ) .  
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CHANGES IN SPECIES h a ve been observed even d u r
i ng  the l im ited t ime that accu rate observations  h a ve 
been recorded . Some d isease-produc ing bacteria have 
been successfu l ly  treated with d rugs, but one  of the 
s ide effects of this  med ication has  been the develop
ment  of var ious drug resista nt stra ins  of the bacteri a .  
Escherichia coli i s  a com mon bacter ium that has  de
ve loped popu l a tio n s  e n ti re ly resista nt  to strepto m y 
ci n .  Th ese resista n t  g roups  a rise fro m m uta tio n s .  Whe n 
t h ey a ppea r, t h ey a re t h e  o n ly g ro u p  a b l e  to su rvive 
a n d  m u l ti p l y .  

Al though  mos t  evo l u tion  i s  
probably  t h e  res u l t  o f  s low, 
c u m u la tive c h a n ge,  by t h i s  
process of " prea d a ptat ion "  i n  
wh i ch  a m u ta tion  " e nco u n ters " 
a favora b le  env i ro n m e n t, t he  
who le  c h a racter of a popu la 
t ion  m a y  change  very ra p id ly.  
By a s i m i la r  process ,  some s pe
cies of destructive i nsects have 
developed an i m mu n i ty to vari
ous i nsectic ides .  Sca le  i n sects of 
the  c i trus reg ions  of Ca l i forn ia 
have become i n creas ing ly re
s i sta n t  to  hydrocya n i c  ac id ,  for 
exa m ple.  

A sca le i nsect, Aonidella a u
ra ntii. 



I N DUSTRIAL MELANISM ha s  
been observed i n  scores o f  spe
cies of moths d uring the past 
century. In i ndustrial a reas, 
many species have become pro
gressively darker,  or  even b lack,  
wh i le  members of the  same spe
c ies  i n  rura l a reas rema in  l i g h t  
colored. T h i s  demonstrates how 
plastic and  cha ngeable many 
spec ies  a re,  even over short pe
riods of t ime .  The mechanism 
of  th i s  change i s  d iscussed on  
p. 84 . I n  t he  p hotogra ph be
low,  the  l i c hen - covered tree 
tru n k  provides concea l m e n t  for 
the  l i g h t-colored Peppered 
Moth but m a kes the darker, i n 
d ustria l  me lan i c  form con s pi cu 
ous .  The soot-covered tree 
tru n k  from an i n d u s tri a l  a rea 
concea l s  the dark  form of the 
Peppered Moth  bu t  ma kes the  
l i gh t  form conspicuous.  

cred i t :  H. B. D .  Kett lewel l  

Peppered moth,  Biston betularia, showing  l igh t  a n d  dark  forms  
on two d i fferen t  backgrou nds .  



FOSSIL  SPECI ES a re d ifficu l t  to recogn ize beca use the 
test of reproductive isolat ion,  by which  l ivi n g  species 
a re d isti n g u i shed,  c a n n ot be used . But we can recog
n ize  i n  foss i l s  the same deg rees of  structu ral  d iffere n c e  
as  between related l ivin g  species . We ca n a l s o  recog 
n ize  i ndependently deve lop ing foss i l  g roups, a n d  
these, b y  defi n ition ,  ca n be reg a rded as  spec ies .  

The foss i l  record a l lows us to observe c h a n g es over 
fa r longer  periods of tim e  th a n  a re ever ava i lab le  i n  
l ivi ng  popu lations .  I n  fossi ls ,  w e  c a n  recogn ize  evolu
tion i n  action .  Althou g h  they te l l  us  l ittle a bout the de
ta i led m echan i sms  of change, fossi l s  d o  provide pow
erfu l evidence that  evo lution has  occurred . 

FORAMI N I FERA a re microscopic 
protozoa ns,  most of wh ich  se
crete a s h e l l .  I l l u strated i s  a 
mar ine genus ,  Textularia, stud
ied i n  rocks of Tert iary age (p .  
98) i n  New Zeala n d .  When 
traced t h roug h a period repre-

sen ted by the a cc u m u lat ion of 
500 feet of strata,  th ere is a 
m a rked c h a n g e  i n  s h a pe for 
each popu la t ion . Two s pecies 
a re recog n ized.  Horizonta l  l i ne s  
represe n t  s ta n d a rd d eviat ion 
for eac h .  ( After Ken nett. ) 



Foss i l  b iva lve cla m s  (be low) , from rocks  of Pen nsy l 
va n ian  and Permian age ( p .  98 ) of the  m idconti nent  re
g ion of the  U n ited States, s how successive d evelo p m ent 
by descen t  of c losely s im i la r species of the g e n u s  Mya
/ina .  Each of the n u m bers on  g ra p hs represents a d iffe r
ent species,  l isted be low. 

Form Rat io  F IGURE A 
of a n g les b/ a 

Ratio of length 
to Height  

0.9 

1 .0 

1 . 1 

1 . 2 

Missourian 

1 . Myalina cop h a  

2 .  M .  lepta 

2 . M. iepta 3 . M. wyom ingensis Desmoinesian 

4. M. m iope t i n a  

5.  M .  p l iapet ina 

6 .  M. cop e i  

7.  M .  a r b o / a  Atokan 
8.  M.  g /oss idea 
9. M. pet ina 

1 0 . M. a v i c u loides F I GURE B 

Figu re A is a p lot  of t he  form 
ratio of length to he igh t  of the 
shel ls ,  p lotted aga i ns t  the ratio 
of the a n g le b to the a n g le a 
(see d iagram) .  The rig h t -hand  
l i ne  represents i n - l i ne  evolut ion ,  
where new s pecies a rise by suc
cessive modificat ion of ear l ier  
populat ions .  The  left- hand  l i ne 
represen ts spec iat ion by bra nch -

i n g  or s p l i tt i n g  ra ther  than  by 
con t i n uous c h a n ge.  
F ig ure B s h ows  i n ferred evo lu 
t ionary descent a n d  re lat ion
sh ips (phylogeny) of spec ies  of 
Myali n a .  N u m bers refer to the 
sa m e  spec ies  a s  those  i n  F ig .  A. 
The na mes a re those of s ucces
s ive rock  d iv i s ions .  (After New
ell and Moore.) 
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HIGHER TAXA ( g e ne ra , fa m i l ies,  etc.)  of a n im a l s  
a n d  p la nts a re fou n d  i n  t h e  foss i l  record a l so t o  a ri se  
by descent  wi th  s low mod ification from ancestra l fo rms .  
Th i s  i s  evolution .  The foss i l  record provides repeated 
evi dence that  i t  i s  the norma l  m ethod by wh ich  n ew 
g roups of org a n i s m s  or ig i n ate . 

CE RATOPS I AN D I N OS A U RS (a l l  
drawn t o  s a m e  sca le )  l i ved i n  t h e  
Creta ceous Period ( p. 98) ,  7 0  m i l 
l i o n  years ago. T h ey s h ow a n  
overa l l  i n crease  i n  s ize a n d  i n  
t h e  re la t i ve di m e n s i o n s  and co m ·  

p lex i ty o f  t h e  b o n y  a r m or t h a t  
covered t h e ir  h ead a n d  n e c k ,  
Triceratops rea c h ed a l e n g t h  o f  
24  f e e t  a n d  we i g h e d  u p  to e i g h t  
to n s. O n ly t h re e  g e n e ra are 
s hown. (After Co l b e rt.) 
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Equus 

Styfohipparion 

Hipparion 

Anchitherium 

To Rhinoceroses 

1£) 
Epihtppus 

HORSE S  p rovide a c la ss ic  exam
p le  of t h e  evo l u t i o n  of new g e n 
e r a  f r o m  ear l ier  o n e s  over a 
period of 70 m i l l i o n  yea rs .  

Pfiohippus 

GRAZERS 
I 

BROWS E R S  

Orohippus 

After S i m pso 

L a ter  m odi fi c a t i o n s  refl ected 
c h a n g e  in d i e t  from brow s i n g  
to g raz i n g .  R i g h t  u p per  m o l a r  
tooth s u rfaces  a re s h o w n .  
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"MISSING L I N KS," a s  e v i dence t h a t  one g ro u p  de
veloped from a nother, were often d e m a n ded by o p po
n ents  of evo lution  i n  ear l ier  years  of the  evoluti o n a ry 
d ebate.  At the  ti m e  of the pub l icat ion of On the Origin 
of Species, very few of these tra ns it ion a l  forms  were 
known , but  m a ny h ave s ince been d iscovered .  They 
br idge m a ny of the  m a jor  g roups of exist i n g  org a n is m s .  
I n  th e  vertebrates, for exa m ple,  there a re tra ns ition a l  
forms  b etwe e n  fi s h  a n d  a m p h ibia,  a m p h ibia a n d  rep
t i les,  repti les and b i rds,  and repti les  and m a m m a l s .  
They i n d icate t h a t  these m a jor  g rou ps, d isti nct a n d  
sepa rate i n  l iv ing forms,  a rose from forms th a t  showed 
some c h a racters i nte rmed iate betwe e n  two g roups  a n d  
others now restricted t o  just one .  

ARC HAEOPTERYX, a n  ancestra l 
foss i l  b i rd from the Jurass ic  of 
Germa ny, had many features of 
the rept i l i an  g rou p from which 
i t  developed.  Althou g h  it had 
the feathers of a b i rd ,  i t  had  a 
repti le l i ke toothed bea k a n d  
c lawed wings .  I t  had  b i rd l i ke 

feet but  rept i l i an  vertebrae  a n d  
ta i l .  I t  h a d  t h e  wishbone of a 
bird bu t  a repti l i a n  bra i n .  
Archaeopteryx was i ndeed a 
m osa ic  or j u mb le  of variously 
deve loped character ist ics that 
were subsequent ly restricted to 
d ifferent g roups (p. 1 29). 



THE THER I O D O NTS " beast
toothed ") were rept i les  that  
l ived i n  Perm i a n  a n d  Tr iass ic  
t imes (p .  98). They showed 
many m a m m a l ia n  characteristics.  
Cynognathus was a typ ica l  
member  of the  g roup .  An active 
carn ivore, six feet long ,  i t  had 
a long sku l l  w i th  mam mal- l i ke 

Cynognath us 

d i fferentiat ion of the teeth i nto 
i n c isors, ca n i nes,  a n d  cheek 
teeth . I t  had an " u prigh t"  mam
mal ian  postu re, a n d  m a ny de
ta i l s  of  the  sku l l ,  vertebrae ,  
h ips, shou lders, a nd l i mbs  were 
a lso mam mal - l i ke .  Ma m ma l s  a re 
be l ieved to h ave deve loped 
from these or  s i m i la r  repti les .  

P la typus  

LIV I N G  FOSSILS a re s u rviving 
representatives of anc ien t  foss i l 
g roups .  The  monotrem es-the 
duckbi l led platypus and the  
spiny a n teaters ( ech idnas ) of 
Austra l ia-are very pri m i tive 
m a m m a l s  t h a t  reta i n  m a n y  typi 
cal  repti l i an  c h a racters i n  the i r  

ske leto n s .  They lay leath ery, 
la rge-yo l ked eggs a n d  secrete 
m i l k  from modified sweat  
g lands .  Such  a n i m a ls probab ly  
a rose from tra n s i t io n a l  repti l 
ia n - m a m m a l i a n  form s .  G i n kgos 
and a ra ucarias a re p lan t  l ivi n g  
foss i l s .  
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T H E  FOS S I L  R ECO R D  s hows th ree other g e n e ra l  
featu res which suggest that species a rose b y  conti n u 
ous  evol ution .  I t  d i sp lays diversification ,  enviro n m ent
fi l l i ng ,  an d com plex adaptationa l  c h a n g e .  These a re 
p recisely what  wou ld  be pred icted, a priori, o n  the 
bas is  of  the  theory of evolution . 

THE ADAPTATION OF OR
GA N I SMS to a g reater ra n ge of 
envi ron ments has developed 
with t ime .  The o ldest orga n 
is m s  were confi ned to  the seas, 
but fresh waters, the land ,  an d 
the  a i r  were successively colo
n ized . Deta i l s  a re given on p.  
1 1 8  and the fol lowi n g  pages .  

The  h istory of the vertebrates 
s h ows an i n crea s i n g  ra n g e  of 
ada ptation. Birds and a few 
m a m ma l s  and extinct re pti les 
have colonized the a i r; others 
have " retu rned" to the aq uat ic  
l i fe abandoned by the i r  a n ces
tors. Deta i led  adaptations  have 
deve loped i n  each environ ment .  

Mammals  

Modern  A m p h i b i a n s  

AQUATIC 

Cartilaginous fishes 
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The c l a sses of vertebrates show an i n c rease i n  co m p l e x ity a o d  d i 
vers i ty w i t h  t i m e .  T h e  w i dth  of t h e  co l u m n s  i n d i cates  t h e  re lat ive  
a b u nda nce of each  g ro u p ;  dotted l i nes  s h ow the proba b l e  or i g i n  
o f  each g ro u p .  ( After S i m p so n ) 

THE  TOTAL N U M B E R  of spec ies  
h a s  s h own a steady i n crease 
th rou g h  geo log i c  t i m e. I n sects , 
for exa m pl e ,  cons t i tu te  m ore 

t h a n  th ree-qua rters of a l l  l i v
i n g  s pec ies ,  yet t h ey d i d  not 
a p pear  u n t i l  the Devon i a n ,  375 
m i l l ion  yea rs ago (p .  98). The 
c lasses  (a bove) s h ows i n crea s i n g  
n u m bers of s pec ie s .  

GR EATE R C O M P L E X I TY  of orga
n i s m s  w i t h  t i m e  has  acco m pa n i ed 
t h e  i n va s ion  of n ew e n v i ron m e n ts .  
"Co m p l e x i ty" i s  a n  a m b i g uous  
qua l ity, b u t  most  wo u l d  ag ree 
t h a t  f i s h ,  a m p h i b i a n s ,  rep t i l e s ,  
a n d  m a m m a ls represe n t  such  a 
sca l e .  Th i s  i s  a l s o  the  order  of 
t he ir a p pe a ra n c e  in the fos s i l  
reco rd. 
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T H E  P R O C E S S  O F  E V O L U T I O N  

I N H ERITAN CE p rovides  t h e  con sta ncy of form ( a  l i o n  
i s  a l i o n  i s  a l i o n ) a n d  va ria t ion  i n  deta i l  ( b l ue eyes ,  
g reen  eyes ,  b rown eyes,  b l ac k  eyes ) t h a t  a re c h a ra c 
terist ic o f  a l l  l iv i n g  p l a nts a n d a n i m a l s .  lobsters  p ro 
d u ce on ly  lobsters ;  h u m a n s  p rod uce h u m a n s .  B ut no  
two lobsters and  n o  two h u m a n s  a re eve r ide nt ica l i n  
a l l  c h a racte rist ics .  How a re these  two, co n sta n cy a n d  
va riety, t ra n s m itted fro m p a re n ts to offs p ri n g ?  

GENES, a s  demonstrated by 
Gregor  Mendel  (p .  26) and by 
subsequent  students of genet ics ,  
are the  reg u lators that govern 
the deve lopment  of character is
t ics i.n new i n d iv idua l s .  Genes 

many genes .  Each species has  
a defin ite type a n d  n u m ber  of 
ch romosomes.  In al l  but  the 
most  s i m p le  organ isms ,  the  
ch romosomes are  conta i ned i n  
t h e  ce l l  n uc leus .  Characteri s t i cs 

are made of deoxyr ibonuc le ic  of a n  org a n i s m  a re governed 
acid-DNA (pp.  72-75)-an d  by parti cu la r  genes ; bu t  i n d i -
reproduce themselves exactly. v idua l  g e n e s  m a y  i n teract w i th  

Genes  are i n corporated i n  one a n other  o r  co m b i n e  to 
v i s ib le  structu res ca l led c h ro mo- prod uce cont in uous var iat ion 
somes, each of wh ich  conta i n s  of  some characters . 

The h u man  c h rom osomes shown be low ca rry genes  that  determ ine  
i n d iv idual  character ist ics .  X a n d  Y are the sex  ch romosomes.  

2 3  ,.;,. 1 1  KK 81 Jfi  K&  of chromosomes 
i n  order of s ize 
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ch rom osomes i n  spermatog o n i u m  
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THE DEVELOPMENT OF 
SPERMS AND EGGS 
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GAMETES a re the specia l ized 
reproductive ce l l s  of p lants  a n d  
a n i ma ls .  Most spec ies  prod uce 
both male g a m etes (sperm) a n d  
fe ma le  gametes (egg s). 

Eac h  ga mete conta i n s  on ly 
one c h romoso me from each pair  

I I fert i l ized egg 
• • (zygote) 

of the org a n i s m 's d i p lo id  ce l l s .  
U n l i ke the  body ce l l s ,  wh i c h  
h ave a d ip loid o r  2 n  c h romo
so me n u m ber, t he  tota l n u m ber 
of c h romosomes i n  a ga mete i s  
n .  These ce l l s  wi th  un pa i red 
c h romosomes are ca l led h a p lo id .  

C H ROMOSOM E S  of most species occu r in pa i rs so 
that each  ce l l  conta i n s  two s i m i l a r  ( ho m ologous) c h ro
mosomes.  Each  c h romosome i n  turn conta i n s  homolo
gous  genes .  Such  cel l s  a re ca l l ed d i p lo i d .  The  d i p lo id  
n u m ber  i n d icates the tota l n u m ber of  c h ro m osomes that  
these ce l l s  conta i n .  

I n  m a n ,  for exa m ple,  m ost ce l l s  conta in  23  chromo
somes, h ence the usual  c h romoso m e  n u m be r  (n )  is  2 3 .  
But s i n ce t h e  c h ro m osomes are pa i red i n  d i p lo id ce l l s, 
the tota l d ip loid number  i n  each ce l l  is 2 n  o r  46.  
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CELL DIVIS ION-the consta nt m a n u fa ctu re of n ew 
ce l l s-is essentia l  for the l ife a n d  g rowth of a l l  m u lti
cel l u la r  p lants a n d  a n i m als .  I n j u red or worn out cel ls  
a re replaced by this process, too .  The new ce l l s  a re 
exact repl icas of the orig ina l  cel ls, conta in i ng  the sa m e  
k ind a n d  number  of c h romosomes .  

The process of  produc ing n ew ce l l s  by d ivision of 
the or ig i n a l  ce l l  i s  ca l led m itos is .  In most ce l l  d ivis ion , 
the p rocess is com pleted i n  less than two hours.  Mi
tos is  can  produce n ew ind ivid uals  as wel l as n ew body 
cel l s .  In  m ost org a n isms  that reproduce asexual ly, 
thE> new ce l l  is identica l to the parent  cel l .  
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THE STAGES OF MITOSIS  i n 
c lude : I a )  PRO PHASE, fi rs t  
stage o f  m i tosi s ,  i s  marked b y  
th icken i n g  o f  ch romosomes i n  
n ucleus a n d  separat ion o f  cen 
trioles from cen tra l body ( cen 
trosome ) a bove n uc leus .  Fibers 
from cen trioles form as ter. ( b )  
S PI N D LE o f  fi bers then  grows 
between the two separa ted as 
ters. N uclear mem b ra n e  d i si n 
tegrates , a n d· t h e  th ickened 
ch romosomes div ide leng thwise 
i n to two chro m a tids . ( c )  I N  
METAPHASE, t h e  dup l i ca ted 
chromosomes leave the n u 
c leus .  They arra n g e  themse lves 
i n to pai rs across the equator of 
the e n l a rged s p i n d le .  I d l I N  
ANAPHASE, one  o f  each o f  the  
chromosomes pa i rs ,  or ch rom a 
t id,  m igrates to opposite poles 
of the  s p i n d le .  l e l  TELO PHASE, 
fi n a l  stage, i s  m a rked by loss 
of sp ind le,  divis ion of centr iole,  
and divis ion of pare n t  ce l l  i n to 
two identica l daugh ter  ce l l s .  



M E I O S I S  

2N 

Division 

I 2N \ Division 

N N 

, 
OR 

� 2N \ 

N N 
MEIOS I S  is shown for a cell 
with a d i ploid n u mber (2N) of 
four chromosomes. The flrst d i 
vision involves the ra ndom shor
i ng  of exactly ha l f  the nu mber 
of ch romosomes between the 
daughter  ce l l s .  In th is  reduc
t ion d iv i s ion ,  the shor ing  of the  
orig i na l  ch romosomes may pro
duce e i ther  of two com b i nat ions  
i n  the haplo id daug hter ce l l s ,  
eac h  of wh i ch  has  N ch romo
somes-that i s ,  ha l f  of the or ig i 
n a l  n um ber o f  c h romosomes .  

2N 
._.. 

OR 

� 2N \Division 

N N N N 
The second d iv is ion occurs by 

m i tos is ,  in wh ich  each new 
daughter ce l l  d iv ides into two 
further  hap lo id  ce l l s ,  each a l so 
with N c h romosomes.  These form 
the g a metes, or reprod uctive 
ce l l s ,  eac h  of w h i c h  has  one 
ch romosome from each of the 
ori g i n a l  pa irs.  The un ion  of two 
ga metes, each of which has the  
haploid or  N ch romosom e  n u m 
ber, g ives the , offspr ing  the 
orig i na l  2 N  chromoso m e  n u m ber  
o f  the parents.  

S EXUA L R E P R O DUCT I O N  i nvo lves a seco n d  a n d  d if
fe rent  k i n d  of ce l l  d iv is ion , ca l led  m e ios i s .  I n  sexua l ly 
rep rod uc ing o rg a n i s m s, m eios is  is conf ined to the  tes 
tis of the  m a l e  a n d  to the ova ry of the fem a l e .  Al l  the  
oth e r  ce l l s  of  t he  body i nc rease i n  n u m ber  by m itos i s .  
Meios is  i nvolves two d is ti n ct stages of ce l l  d iv is ion .  
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THE PATTERNS OF I N H ERITANCE we re fi rst de m o n 
strated by Gregor Mende l  ( p .  2 6 )  with seven eas i ly 
recog n ized c h a ra cters i n  garden  peas ( s ize,  shape ,  
co l o r  of flowers, and  so on ) .  I n  studyi n g  the i r  occu r
ren ce th roug h  successive generations, he d i scovered 
tha t  c h a ra cters a re contro l led  by factors ( now ca l l ed  
g e n es)  t ha t  do  no t  b lend  i n  the  offspri n g .  He a l so d i s
cove red that  i n  the  second  generation so m e  c h a rac
ters ,  such  as  short stems,  yel low co lor ,  and wri n k led  
peas ,  m ay be  m a s ked by  others, s uch  as  long  stems ,  
g reen co lor ,  and roun d  shape .  The m asked features 
wi l l  reappear  i n  the t h i rd generatio n .  He ca l l ed  these 
c h a racters dominant a nd recessive and conc l uded  
tha t  t hey a re i nherited i ndepend e nt ly of o n e  a noth er .  

THE I N HERITED RAT I O  o f  one 
character to a nother  was s h own 
by Mendel  to be cons ta n t . He 
cross-po l l i nated p u rebred rou n d  
pea p lants (R)  w i t h  pu reb red 
wrin k led pea p l a n ts ( r ) . T h e  Ft 
(fi rs t fi l ia l )  g e nera t ion peas were 
a l l rou nd ,  but those in the next 
genehttion (F2) i n c luded 25 per
cent wri nk led , as shown here .  

(R R  

R 

Rr 

1 .  Pure 
Domin a n t  
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Pa rents  
I rr 

Go metes 

F ,  Offs pr ing  

R r  

1 .  Pure 
Recessive 

Me ndel  con c l u ded that eac h 
plant  had a pa i r  of g e n e s  for  
each c h a ra cter,  beca use some 
p lan ts ( such  a s  t h ose of the  Ft )  
wi th  a do m i n a n t  c h a racter  pro
du ced so m e  offspr i ng w i t h  t h e  
recess ive character. F t  pla n ts 
a re s h ow n  a s  Rr o n  t h e  d i a 
g ra m .  Purebred p lan ts ,  a l so 
wi th  pa i red genes , a re RR or rr . 

Me n d e l  reaso n ed that  t h ese 
pai red g e n e s  m u st  sepa rate to 
form g a m etes. At fert i l i za t ion ,  
they u n i te  ra ndo m l y  w i t h  ot h e r  
g a m etes,  p rodu c i n g  a p redi ct
a b l e  ra t io  o f  c h a racteri s t i c s  i n  
t h e  offs p r i n g. Ma n y  features may  
be i n f l u e n ced by more t h a n  two 
k i nds of cont ra s t i n g  c h a racters ,  
cal l ed a l l e l e s ,  in  each  gene.  Con
t i n uous ly  varyi n g  c h a racter i s t i c s ,  
l i k e h e i g h t , are  acco u n ted for  
par t ly  by th i s  a nd p a rt ly  by  t h e  
f a c t  t ha t  severa l d i f fere n t  pa i rs 
of genes  may contro l  t h e  same 
c h a racter .  



The gen otype of a ny org a n i sm i s  i ts  tota l com p l e ment 
of genetic m a teria l s .  The  p h ysica l c h a racte rist ics of an 
organ i sm a re cal led i ts  phenotype .  The g e n otype Rr 
prod uces t h e  p h e n otype of rou n d  peas .  

TH REE GEN OTYPES - R R ,  Rr, a n a  
rr-a re s h ow n  i n  p l a nts  of  t h e  F 1  
generat ion  a n  p .  60 .  A p l a n t  w i th  
a pa i r  of t h e  sa m e  g e n e s  for a 
part i c u l a r  c h a racter  ( R R  a n d  rr) 
i s  ca l l ed homozygous, m ea n i n g  
"sa m e  pa i r." O n e  w i t h  a pa i r  of 
d i fferen t  g e n e s  i n  t h e  g e n otype 
(Rr) i s  heterozygous, o r  " d i ffe re n t  
pa i r." G e n e s  of t h e  sa m e  g e n e  
pa i r - R  a n d  r, f o r  exa m p l e ,  a re 
a l le les .  

BLENDING O F  S O M E  C H A RAC
TERS may  occ u r  when o n e  a l le l e  
i s  n o t  co m p lete ly d o m i n a nt over 
the oth er.  In s h or thorn  cat t le ,  a 
red b u l l ( RR )  a n d  a w h i te  cow 
( w w )  p r o d u c e  h e t e r o z y g o u s  

Beca use of  the  d o m i n a n ce of 
some chara cters,  org a n i s m s  with 
t h e  same p h e n otype m ay h ave 

d iffere nt  g e n otypes.  Rou n d  
peas ,  f o r  exa m p l e ,  m a y  h ave 
genotypes of e i ther  RR or R. 
O n l y  by s tudyi n g  t h e i r  offs pr i ng  
can  we d i st i n g u i s h  betwee n 
t h e m .  H o m ozygous  ( R R) p la nts  
wi l l  breed tru e ,  p ro d u c i n g  a l l  R 
offs pri n g .  H e terozy g o u s  p l a n ts '  
pro d u ce b o t h  R a n d  r offs p ri n g .  

ca lves t h a t  a re roa n  ( a  m i x ture 
of red a n d  w h ite h a i rs ) . Cro s s 
i n g  a roa n  b u l l  ( Rw ) a n d  a 
roa n cow ( R w )  g ives a prob 
a b l e  rat io of 1 w h i te ,  2 roa n , 
a n d  1 red .  
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T H E  LAWS O F  I N H E RITAN C E  are demonstrated below 
by the i nteraction of two d ifferent characters i n  stud
ies of a com b i nation of pea p lant  size (T = tal l ,  
do m inant; and t = dwarf, recessive) and  pea shape 
(R  = round,  dominant;  r = wrin kl ed,  recessive) . Cross
i n g  a pure round-seeded, ta l l  p lant  (RT) with a pure 
wrin k le-seeded,  dwa rf p lant  ( rt) g ives the results shown . 
Men del ' s  s im ple ratios were obta ined by averag ing  the 
resu lts of crossi ng large n u mbers o_f different plants .  

PARENTS 

RrT t 

MEN D E L I A N  RAT I O  

9 Round-To l l  
3 Rou n d-short 
3 wri n k led-Ta l l  
1 wrink led-short 
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R = Ro u n d  ( do m i n a n t )  
r = Wri n k led ( recessive ) 
T = To l l  ( do m i n a n t )  
t = Short ( recessive ) 
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TAI LS 

Probab i l it ies a re of m a jo r  i m p o rt a n ce i n  u n der
stand ing  genetic m echan i sms .  Probabi l ity is  the l i keli
hood of a part icu la r  event  h appenin g .  If you toss a 
coin ,  there is a 50 percent chance that it wi l l  com e  
down hea ds .  W e  ca n ca l c u l ate t h e  p rob a b i l i ty o f  t h i s .  
P i s  the  p robabi l i ty, f i s  t h e  total n u m ber of ways i n  
w h i c h  the  event  m ay occur, a n d  u i s  t h e  n u m ber  of 
ways in which som e  other unfavo rab le  event may oc-
cur.  f 

P = -

f +  u .  

If we toss a coin 1 00 ti m es, it i s  just as  l i kely to com e  
down h e a d s  a s  it  i s  tai l s  for a ny g iven throw. So the 
probabi l ity of th rowi ng a head (PH) will be :  

f( Heads } 
P Heod = �---f( Heads } + U( rai l s ) 

50 
50 + 50 

50 
1 00 = 

0 •5 

I n  genet ics ,  g a m etes a re com parab le  to the coi ns ,  
and the  zygotes resu l t ing from the  u n io n  of the 
gametes a re comparab le  to the heads  and ta i l s .  In  m a n, 
with 2 3  pa i rs of c h ro m osom es, there are 223 or 
8 , 3 8 8 , 6 0 8  d ifferent com b i n ations  possi b le  i n  the pro
d u ct ion of sperms  a n d  eggs .  S i nce any o n e  of these 
sperm may ferti l i ze  a ny of an equal  n u m ber  of k inds  
of  eggs from a fem a le,  i t  i s  theoretica l ly possi b le  for 
o n e  pa i r  of h u m a n s  to prod uce as  m a ny offspring  as  
t h e  wo r l d  po p u l a t ion  wit h o u t  a ny two b e i n g  i d e n ti ca l .  
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I N HERITANCE PROBABILITI ES ca n be ca lcu l a te d  just  a s  
probab i l i t ies are ca lcu lated i n  fl i pp ing a coin .  With 
the  coi n ,  a va lue  of PH = 0.5 means a 50/50 or a 
one  out of two p robabi l i ty of obtain i n g  a head on  
any  one th row. S i m i l a rly, the  proba bi l ity ( PT) of  ob
ta i n i n g  a ta i l  i s  a l so 0 .5 .  The  sum of  any  dependent  
p robab i l i t ies is  a lways 1 .  I n  the case of the coins,  th is  
ca n be  expressed as  PH + PT = 1 • 

Proba b i l i t ies ra nge from 0 to 1 . 0 .  P = 1 i m p l ies  a 
pa rticu la r  event  is ce rta in  to ta ke p lace .  P = 0 means  
a n  event  is i m poss i b le .  The  p robabi l ity of  two o r  m o re 
i n dependent  events occu rr ing s imu lta neous ly is g iven 
by the p rod uct of their  i n d ividua l  proba b i l i t ies, or  
P = P 1  X P2 • I n  t h i s  fo rmu la ,  P i s  the  p roba b i l i ty of  
the  events occu r r in g s imu l tan eously, P 1  is the  p roba b i l ity 
of one even t, a n d  P2 is the proba bi l ity of the  other .  

Someti mes a s ingle event  ca n have more tha n one 
cause.  B lack  color, i n  gu i nea p igs  be low for exa m ple,  
may be p rod uced by a l l  b lack o r  by b lack  and wh ite 
a l l e les, if b lack  is dom ina nt .  Then the proba b i l i ty of such 
a n  event  ( 2 )  that  may a r ise in  more tha n one  way is 
the sum of the probabi l i t ies fo r each of its ca uses (p 
a n d  q ) .  Th i s  can be ca lcu lated by P2 = P P + PQ . 

P u rebred parents Pure bred parents Mixed parents 

88 ( purebred b lack ) 8b ( m ixed black ) 8 8 ,  Bb o r  bb ( purebred whi te )  
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Checkerboard Calcu lat ion of Possible Genotypes 

CHE CKE RBOARD s hows m ethod 
for  ca l c u l a t i n g  t h e g e n otypes in  
offs pr i n g  of two g u i nea p i g s  
t h a t  a re heterozyg o u s  f o r  b l a c k ,  
s h o r t  h a i r. ( B = b l a c k , b =  
b row n ,  S = s hort h a i r, a n d  s =  
l o n g  h a i r. )  T h e  f o u r  poss i b l e  
g a m etes f r o m  e a c h  a re a r
ra n g e d  a lo n g  t h e  s i d e s  of t h e  
c h eckerboa rd .  T h e i r  co m b i n a 
t ions  a re p l otted i n  t h e  s q u a res .  
S i n ce B and S are  d o m i n a nt ,  a 

ZYGOTES, o r fertil ized eggs, 
a re formed by two i n d iv i d u a l  
g a m etes ,  e a c h  o f  w h i c h  ca n b e  
regarded a s  a n  i n d e p e n dent  
"event ."  I f  p is t he  p roba b i l i ty 
of a zygote wi th  a b l a c k  
c h ro m osome a n d  q i s  t he  p rob
a b i l ity of  a zygote with a w h i te 
chromosome,  p + q = 1 .  

A zyg ote with o n e  b l a c k  a n d  
o n e  w h ite c h ro m os o m e  m a y  be 
produced in two ways-either  
pq or qp ,  each  g iv i n g  t h e  iden
t i ca l  resu

.
l t .  We c a n  ca l c u l ate 

b l a c k  s hort p h e notype c a n  be 
prod uced by BBSS,  BbSs ,  BbSS,  
and BBSs .  

In  the co m b i n a t i o n ,  t h e re w i l l  
be  9 b l a c k  s horts  ( 1  BBSS, 2 
BbSs,  4 BbSs ,  a n d  2 BBSs) ,  3 
b rown s ho rts ( 1  b bSS a n d  2 
b bSs) ,  3 b l a c k  l o n g  ( 1  BBss a n d  
2 Bbss) , a n d  1 b rown l o n g  (bbss ) .  
Th i s  rat io of 9 :3 : 3 : 1  correspo n d s  
to t h a t  of t h e  H a rdy-We i n berg 
Pr i n c i p l e, b e low.  

the proba b i l i ty of t h i s  by ra n
dom m a t i n g  i n  a large popu la
t ion f rom t h e  for m u l a  that  g ives 
the  p rod uct of  the male contr i 
but ion  ( p + q )  a n d  t he  fema le  
con t ri b ut ion ( p + q) X (p + q) =  
(p + q)2 = p2 + 2pq + q2 = 1 

T h i s  re la t ion s h i p ,  c a l l e d  t h e  
Hardy-Weinberg Pri nciple, shows 
t h a t  in a l a rge, s tab le  popu la
t ion ,  freq uenc ies  of d iffere n t  
genotypes a re predicta b le  a n d  
conservative from o n e  g e n era
tion to a nother. 
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T H E  M E C H A N I S M  O F  I N H E R I TAN C E  revea led by the 
stud ies of Mende l  and later  genet ic ists showed that  
each  i n herited c h a racte r, such  a s  seed shape or  col o r  
in  peas, is  contro l led  by a pa i r  of genes .  One m e m b e r  
o f  e a c h  p a i r  ( a n  a l le le )  i s  contr ibuted b y  e a c h  p a rent .  
The genes  a re l()cated on vis ib le  rod l i ke  c h romosomes ,  
whose behavior shows a c lose  pa ra l l e l  to  that  p re
d icted for genes (p.  60 ) .  We have a l read y seen how 
these structu res d ivid e in  egg and sperm fo rmation a n d  
com b i n e  i n  fert i l izatio n .  B u t  w h a t  d ete rm ines the  sex 
of the n ew i n d ivid ua l?  

THE SEX of the offspr ing is  
determ i ned by spec ia l ized pa i rs 
of sex ch romosomes.  The fe ma le  
parent has  one pa i r  of  s i m i la r  
chromosomes (X ch romosomes,  
p .  56) ,  and the male  parent has 
one pa i r  of d i ss i m i la r  chro mo
somes (X a n d  Y). The  d iv i s ion of 
the ch romoso mes when eggs  
and  sperms a re produced g ives 
the eggs al l  X c h romosomes a n d  

t h e  sperm h a l f  X a n d  h a l f  Y 
c h romosomes .  The  ra n do m  pa i r
i n g  i n  fert i l i zat ion  res u l ts i n  
either  X X  (female) or  X Y  (male). 

Other  genes ,  i n c l u d i n g  those 
that  produce h e mo p h i l i a  a n d  
some k i n ds o f  color b l i n d ness ,  
a re l i n ked to sex c h romosomes.  
These sex- l i n  ked cha racters can  
be tra n s m i tted to the  offspr i ng  
of apparent ly " norma l "  parents .  

Sex of a n i m a ls is  determ i ned by the sperm . I f  i t  con ta i n s  a Y 
c h romosom e, t h e  offspri n g  wi l l  be m a l e . 
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GENES contro l  i n he rita nce,  but  what  contro l s  genes? 
How do they t ra n s m it their com plex g enet ic  i nfo r mation 
from one g e n e rat ion to a nother?  

Chem ica l a n a lys is  of c h romosomes  has  show n  that  
they cons i st of fou r  bas ic  com pou n d s : two p rote ins , 
one with a re la tively low mo lecu l a r  we igh t  a n d  the 
other m u c h  h i g her, p lus  two n uc le ic  ac ids , deoxyr ibo
n uc le ic  ac id  ( DNA) and r ibonuc le ic  ac id  ( R NA ) .  The 
co m b i n at ion of these fou r  mo lecu les for m s  chromatin , 
the "stuff" of wh ich  c h romosom es a re made .  DNA 
ca rries and cont ro l s  genet ic  i nform at ion .  

DNA was f i rst s u s pected t o  be 
t h e  "ba s i c  co m po n e n t" of g e n e s  
w h e n  i t  w a s  d i scovered tha t  t h e  
n u c l e i  of b o t h  re p rod uct ive  a n d  
body c e l l s  of a n y  part i c u l a r  spe
c ie s  conta i n e d  i d e n t i ca l  a m o u n ts 
of D N A  for ea c h  c h ro m o so m e  
set . O n e  stra i n  o f  t h e  bacte
r i u m  Pneumococc us cou l d  be 
tra n sformed  i n to a n o t h e r  by i n 
fec t i n g  i t  w i t h  a p u r i f i e d  ex t ract  

from dead cel l s  of the second 
stra i n .  The "tra n sformed" stra i n  
bred t rue ,  a n d  t h e  extract  was 
later  i d e n t i f i e d  a s  DNA. T h i s  
non l iv i n g  D NA f r o m  a second 
stra i n  t he refore had  the  a b i l i ty 
to t ran sform the h e red ita ry m e c h 
a n i s m  of ba cte r i a  c e l l s .  S i m i la r  
tra n sfor m a t i o n s i n duced i n  ot h e r 
bacte r i a  s h ow tha t  g e n e s  a r e  
co m posed o f  D N A. 

The ge netic tra nsformation of Pneumococcus Type I I  cel l s  into Type 
I l l  ce l l s  by the addition of an extract from dead Type I l l  cel ls. 

nutrient, p lus  
Type I I  cel ls  

ster i le nutr ient  

EXPER IMENTAL CULTURE 

type I l l  
cel ls  added 

type I l l  cel ls  added 

CONTROL CULTURE 

type I I  ce l l s  
tra nsform to type I l l  

n o  colonies 
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THE CHEMICAL KEY TO INHERITAN CE IS D NA ( de 
o xyri bonucleic a c i d ) ,  w h i c h  controls hered ity b y  regu
lati n g  i n structions  of g rowth and form from cel l  to cel l  
a n d  from parent to offspri n g .  DNA i s  present in al l  l iv
i n g  creatu res. 

In structure, the DNA molecule is a double hel ix, re
sem bl ing a ladder  that has been repeatedly twisted.  
Eac h  rung  of th is  molecu lar  ladder  is made u p  of  a 
pai r or  two from four  chemical  bases-adenine,  thy
m i n e, g ua n i n e, a n d  cystosi ne .  The size a n d  structure of 
these bases is such that each " ru n g  pair" always con 
sists o f  either aden ine  a n d  thymine o r  o f  guan ine  and 
cystosi ne .  I t  i s  the sequence of  the pairs i n  the run g s  
that provides t h e  code b y  w h i c h  g rowth instructions  a re 
tra n s m itted . From these four  basic code substances, a n  
a lmost i nfin ite va riety of seq uences can develop.  

The portion of a DNA molecu lar  mode l  here shows that  each ru ng 
of the  he l ix  ladder i s  bu i l t  of a pa i r of c h e m ical  bases. 

adenine cystosine 

guanine thymine 

Model of 
DNA Molecule 



The sp l itt ing of a DNA ladder a n d  the  recombination of the  un
z i pped rungs  with appropriately fitti ng new base u n its, ident ical  
to the i r  origi n a l  partners on  the rung ,  prod uces two n ew mole
cu les .  Ha l f  of each new m olecule is derived from the  orig ina l  
" parent " molecule .  

DNA contro ls g rowth by havin g  the u n i q u e  a bi l i ty 
to unz ip  down the m i d d l e  of the molecu lar  ladder, 
thus freein g  the pai red ends  of each chemical  run g .  
The exposed com poun d s  then l i n k  u p  with si m i la r  n ew 
un its that are derived from the organis m ' s  food sup
ply. As the sp l it of the molecu lar  ladder  conti nues, 
each half bu i ld s  an exact rep l i ca of itself by this  l i n k
age.  The r ig i d  sequence of pairi n g  i s  preserved by the 
fit of the orig ina l  structure. I n  th is  way the DNA mole
cu le can reproduce itself over and over agai n .  
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PROT E I N  MAN UFACTURE . RNA ( ri b o n uc le ic  a ci d ) h a s  
a structure m u c h  l i ke that of D NA.  U n l i ke D NA, h ow
ever, it is not confined to the ce l l  n uc leus . It is the  es
sential m essenger  in the m a n ufacture of p rote ins  by 
cel ls .  Prote ins  a re i nvolved i n  every body process . They 
form the basic  m ater ia l  of l iv ing org a n i sms .  They a re 
very l a rge  molecu les, made up  of var ious com b i n ation s  
of 20 essent ia l  k inds  o f  a m i no ac ids .  

RNA i s  m a n ufactured fro m DNA, from which  i t  dif
fers i n  having  o n e  more oxyg en atom i n  its sug a r  
( ri bose) a n d  i n  havi n g  u raci l  i n stead o f  thy m i n e  i n  the 
mo lecu lar  structu re.  S l ig htly d ifferen t  " m essenger"  RNA 
m olecu les  contro l  the m a n ufactu re of each of the m a ny 
k i nds  of protei n .  Each is i m pri nted with a coded tem 
pl ate o f  its structure .  Se lected a m i n o  ac ids  a re then 
tagged by sti l l  other  d i st inctive " tran sfer"  RNA mole
cu les ,  each i m pri n ted wi th  a structure that  enab les i t  
to  br ing  the  parti cu la r  amino acid to  the messenger  
tem p l ate . When these amino ac ids  a re a rran g ed a n d  
combined i n  correct seq uence, R N A  may sepa rate from 
newly p roduced prote i n  a n d  perform its tas k  aga i n .  

The messe n g e r  RNA bar carries the cod e,  w h i l e  each of three 
s ma l le r  co m po n e n t s  of t he  RNA u n i t is s t ructu red to accept  a pa r
t i cu lar  a m i n o  ac id  shape .  I n  the bac kgro u n d  is a DNA h e l i x .  



Tra nsfer  RNA un its locate ( Lef t )  a n d  tra n s port the i r  ( Ri g h t )  vari
ous a m i n o  acids toward the  coded RNA te m plate bar. 

Tra nsfer RNA u n its u n ite with a 
messenger  u n it op posite the i r  
pa i red par tner  compounds ,  so  
arra nged as to bu i ld  a n  a m ino  
ac id  sequence  i n to a part i cu lar  
prote i n  molecu le .  

The  new prote i n  molecu le  
constructed f rom a seq u e n ce of  
a m ino  ac ids ,  separates f rom the 
RNA.  Most  p rote in s  cons is t  of  
h u nd reds of a m i n o  ac id  un its 
that are a rra nged together .  
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WHAT ARE THE SOURCES OF VARIABILITY? I f  g enetic 
equ i l ib rium i n  any popu lation is  so conservative, h ow 
does change ever take p lace? How cou ld  evo lutio n i n  
p la nts a n d  a n i m a l s  occur? What a re the sou rces of 
variations  in p la nts a n d  a n i m als? 

No two i n d ivid ua ls  a re ever exactly a l ike .  These 
i n d ividua l  d ifferen ces a re as  recog n izab le  i n  dogs or  
i n  go ldfish  as  they a re i n  man .  Some d ifferen ces a re 
acq u i red  dur ing  l ife th roug h behavior  or  from the en
vi ro n ment .  D ieti ng ,  or  lack  of i t ,  i nfluences weig ht .  Res
p i ratory d iseases m ay be produced by smoki n g  or  by 
l ivi n g  i n  a po l l uted atmosphere.  But m a ny i n d ivid u a l  
cha racterist ics a re h ered ita ry, n o t  enviro n m enta l .  These 
i nc l ude  such phys ica l  features as  eye color, com p l ex
ion,  color b l i n d n ess, a n d  he ight .  How do these d if
ferences a rise? 

Var iat ions of th is  k ind a re produced in two ways : 
by a s h uffl i n g  a n d  red istri bution  of genes  d uri ng  re
product ion ( reco m b i n ation }  a n d  by spontan eous  
chan ges i n  gene  structure lead i n g  to n ew cha racteris
t ics ( m utatio n } .  

Crowd scene i l l u s trates variab i l i ty  of o u r  ow n species .  



RECOMBI NATION i s  the ch ief sou rce of v a r i a tion . I t  
may occu r e i ther  by a s i m p le recomb inat ion of  the 
chromosomes when  ferti l i zation  between pa rents ta kes 
p lace or  by a c ross ing -over that i nvolves an exc h a nge 
of genet ic  m ateria l  between c h romosomes . Reco m bina 
tion involves the format ion of  new genotypes by the 
res h uffl i n g  of ex i s t in g o nes ( p .  64 ) .  I n  org a n i s m s  t h a t  
reprod uce asexua l ly, m uch  less pote nt ia l  va riat ion  is 
poss ib le  t h a n  in those that reprod uce sexua l ly .  Th is 
has put an evo l ut i o n a ry " p re m i u m "  on sexua l rep ro
d uctio n .  Sexua l rep rod uct ion  i s  the m a jor  source of 
the wide va r iat ion  in p l a n t  a n d  a n i m a l  species . 

CROS S I N G-OVER of chromo
somes somet imes  takes p lace 
duri n g  meiosis, t he  formation 
of sex ce l l s .  This  results from 
ch romoso me stra n d s  st ic k i ng  to
gether  so that  an excha nge  of 
genes ta kes p lace betwee n  
ch romosome pairs .  Where these 
ch romosomes a re joined and the 

exchanges occur a re ca l led  
chiasmata. Eac h  cross-over dou
b les  the n u m ber of k i nds  of 
g a m etes and modifies the l i n k
age of genes ,  thus  prov i d i n g  a n  
i m porta nt  sou rce o f  variab i l i ty. 
I n  the i l l u stration of cross i ng 
over below, d ifferent  colors rep
resent d ifferent genes .  

CROSSING-OVER 
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Horned Hereford Pol led Hereford 

Po l led Hereford catt le lack  horns  because of the  effects of m u tat ion  
of a gene  wh i ch  reg u la tes horn secretio n .  

MUTATIONS a re changes i n  genet ic  materi a l  that 
produce n ew characte risti cs. The change m ay be obvi
ous (as exa m ples, wing form in fl ies, horn less pol led 
Hereford cattle, short- legged Ancon sheep, or  double 
flowers),  or  it may be an inconspicuous and subtle 
chemica l  a n d  physio logical  d iffere n ce .  Particu lar  genes 
may m utate i n  more than one way, a n d  m a ny can re
verse the d i rection of change . . Each gene has a d is
ti n ctive m utation rate . Some wi l l m utate on ly once per 
m i l l ion gam etes, for exam ple,  while others u ndergo 
m utations  more than 500 ti m es as frequently. The rate 
of m utation ca n be i nfluenced by various factors, such 
as temperature changes, rad iation,  a n d  chemical stim
u lants .  Conspicuous m utation s  a re more often harmfu l  
to t h e  organ i sm t h a n  are t h e  s m a l l e r  o n es.  

Mutation seems  to be caused by s l ight i m perfections  
i n  the self-copyin g  chemical  structu res of  the DNA 
molecules that m a ke up the genes .  They m ay affect the 
number and structures of the DNA molecules of the 
genes. They may a lso affect the n u m ber  a n d  structure 
of chromosomes.  Occasional ly the c h romosomes d ivide 
but the cel l  does n ot, resu lti ng  i n  a whole new set of 
chromosomes ( polyploidy) .  The n ew m utants b reed true 
and do not revert to the orig ina l  type.  
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GENETIC DRIFT was discovered by the  American 
geneticist Sewal l  Wright, who studied the mathematics 
of population genetics. The gene pool-that is, the 
tota l gene contr ibution of a particu lar  populatio,n to its 
offspri n g-is g reatly influenced by the size of the pop
u lation . In very s m a l l  populations,  such as  those iso
lated from their parent g roup, cha nce plays relatively 
a m uch g reater role  i n  p roducing genetic cha nge, 
someti mes lea d i n g  to non-adaptive changes.  Although 
the real ity of genetic d rift has been confirmed in  lab
oratory experi m ents, i ts  role in  evolution i s  sti l l  not 
c lear.  It  may be of some importance i n  smal l  popula
t ions that later increase in  size and m ay account  for 
some of the puzzl ing,  pers istent non-adaptive or  neu
tral  changes observed in  d iversified wild populations .  

Va riab i l ity thus  a rises from four  possi b l e  sou rces
recombination, crossi ng-over, m utation,  a n d  genetic 
d rift .  Of these, recombination is by far the most im
portant .  Once it  was thought that variabi l ity a lone 
cou ld  produce evolutionary change, without aid from 
add itiona l  factors . Statistical  ana lysis showed,  how
ever, that on ly  natural selection cou ld  account for the 
perpetuation a n d  refinem ent of  the e n d less adapta
tions shown by l iving th ings .  Variabi l ity is not the 
whole of the evolutionary recipe, but i t  is the essentia l  
raw material o n  which everything else d epends .  
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ISOLATION of g e n e  pool s  d ist i n g u ishes species from 
races a n d  dem es,  wh ich  a re popu lat ions ca pab le  of 
i n terb reed ing  when they co me in to contact .  The de
velopment  of iso lat ion between once i nterb reedi n g  
g roups  i s  a n  i m porta nt  factor i n  evo lutio n .  O n c e  i so
lated,  each  popu lat ion wi l l  u n d ergo i n d epen dent, 
g radua l  g e n etic chang e  unt i l  it i s  no  longer  co m patib le  
w i th  the  g rou p  with wh ich  it once i nterbre d .  S i n ce c l i 
matic and ecologic conditio ns u n d e rgo s low c h a n ges,  
th e re is a dyn a m ic i n tera.ction between th e m  and spe
c ies  d istribution .  Ma ny now-d ivided ra nges  of species 
reflect i so l atio n of orig i n a l ly widespread popu lat io n s .  

I so l a t i o n  m a y  a r i s e  i n  d iffe r e n t  ways . I t  m a y  b e  g eo 

g r a p h i c , a s  i n  s o m e  i s l a n d  p o p u l a t i o n s  ( p .  1 9 ) .  R e l a ted 

spec ies  t h a t  d o  n o t  ove r l a p  i n  terr i tory a re c a l l e d  a l 

l o p a t r i c ;  t h o s e  t h a t  d o ,  sy m p a t r i c .  G e n et ic  i s o l a t i o n  

m a y  a r i s e  b etwee n  e i th e r  k i n d  of p o p u l a t i o n .  I t  m a y  

i n vo lve e c o l o g i c a l ,  b e h aviora l ,  m o r p h o l og i c a l ,  o r  p h ys

io log i c a l d i ffe r e n c e s ,  a n y of w h i c h  may p reve n t  m a ti n g .  

Eve n i f  m a t i n g  d o e s  t a k e  p l a ce ,  v a r i o u s  i n t e r n a l  c e l l u 

l a r  o r  d evel o p m e n ta l  ba r r i e r s  m a y  p reve n t  fert i l i z a t i o n  

o r  p rod u ce n o n vi a b l e ,  wea k o r  s ter i l e  h y b ri d s .  

GEOGRAPH I C  I SOLAT I O N  i s  
s h own be low i n  s c h e m at i c  for m : 
(A)  wides pread s pec ies  w i th  n o  
g eog ra p h i c  var ia t i o n ,  (B) d i f fer
ent popu l a t i o n s  d eve lop in ex
t re m e s  of  ra n g e s, (C)  part i a l  
g eog ra p h i c  bar r ie r  deve lops , 

(D)  barr ier  beco me s  a tota l pre
ve n tative to i n ter breed i ng  of 
two popu la t ion s , ( E) cu m u lative 
g en et i c  d iffere nces  beco m e  so 
g reat that g e n et i c  s e parat ion 
prod uces two species,  even i f  
the  bar r ie r  i s  e l i m i n a ted.  



MIGRATION of popu l a tions in to new a reas may l ead 
to perm a n e n t  co l o n i zation . I n  some cases, d ifferent 
a reas may h ave very c lose ly s im i la r  c l imates a n d  ter
ra i n s  but  b e  sepa rated by such barriers as  oceans,  
deserts, o r  m o u n ta i n s .  Over long periods, a few in 
d ivid ua ls  may cross these ba rriers a n d  beco m e  esta b
l ished in  th e i r  new e nviro n m e nt.  The n ew colony wi l l  
i nterbreed in iso lat ion from the parent populat ion a n d  
m a y  i n  t i m e  develop into a n e w  species.  

Some of the  g reatest tra n sformations i n  the h istory 
of l ife have a ri sen by mig ratio n .  These inc lude the col
on izat ion of the l a n d  by p la nts and an ima l s .  

I NTERC O N T I N ENTAL M IGRA
TION of some Pleis tocen e  mam
mal s  is s h own h ere. Asia and  
North Am erica were periodi 
ca l l y  joined by  t h e  Bering  

Straits .  The " fi l ter" effect of 
these i s l and  con n ections  con 
fi ned s o m e  m a m m a l s  ( ci rc led ) 
to their  orig i na l  con ti nen ts .  
( After Kay and  Colbert . ) 



N AT U R A L  S E L E C T I O N  is the seco n d  ma jor  co m po n e n t  
o f  the evolut io n a ry p rocess .  Left t o  them selves, l a rg e  
a n d  ra ndomly  in terbreed ing  popu lations  wi l l  move to
wa rd ge netic equ i l i b r i um  (p. 65 ) .  Natu ra l  se l ectio n is 
the net  resu l t  of a l t  the physica l a n d  b io logica l  env i ro n 
menta l  factors that  tend t o  d i sturb t h i s  equ i l i b r i um a n d  
change  a popu lat ion ' s  g e n e  poo l .  Natura l  se l ection  does  
not i t se l f  c reate n ew va riat ions ;  i t  se l ects , w innows, a n d  
preserves exis ti n g  va r iat ions .  The g enet ic  co m po n e nts of 
a popu l at ion dete rm ine  what i t  may  become;  se lect ion 
dete r m i n e s  what  i t  wi l l  becom e .  I n he rita nce  p rovides  i t  
with its potent ia l ;  se l ection tra nsforms  pote nt ia l to 
actua l ity. 

THE ACTIO N  of n atural se lec

tion depends on the tendency 
of a l l  species to produce more 
offspring  than can norma l ly sur
vive (p.  24) in a n  environ ment 
of l i m ited capacity. Better 
adapted organ isms  wi l l  l ive 
longer tha n the less wel l  ada pt
ed, hence produce a g reater 
number of descendants. The 
descendant popu lation will i n
c lude a n  increas ing ly large pro
portion of individual s  that have 
inherited favorable  features 
from their  parents. 

Natura l  se lection is rarely a 
"strugg le for existence" be-

tween two com peting i n divid
uals. Predation and direct com
petition are on ly two of 
many factors i nvolved, inc lud
ing such other th ings  as mo
bi l ity, physiological and struc
tura l  efficiency, resistance to 
disease, and  sexual vigor. 

Natura l selection produces 
d ifferential  reproduction . It is 
the "survival of the fittest" on ly 
in the sense that the fittest 
produce more offspring.  In ef
fect, i t  not on ly e l im inates the 
less wel l  adapted characteris
tics but also produces positive 
resu lts. 

Strong  b u l l-m any  offspri n g  W e a k  b u l l-no offspri n g  



SELECTION PRESSURE varies 
from season to season and from 
place to p lace. It is influenced 
by such fl uctuating factors as 
climate, population size, food 
supply, and  migration. Selection 
general ly does not lead to long
term stabil ity because so many 
of these and other factors un
dergo more or less  continuous 
change and are re inforced by 
such major changes as coloniza
tion of a new environ ment, iso
IQtion, or change in the existi ng 
geography of an area. 

Natural selection does not 
operate as a steam-roUer effect 
on one character, but as a 
subtle series of i n teracting 
" compromises" that  affect the 

Carn ivore 

whole organism and  may influ
ence many different  characteris
tics. Selection is a cumu lative 
process. Even over a s hort pe
riod, its effects can be s ubstan
tial ( p. 8 4 ) .  Over long periods 
its effects can be enormous. 

The increasing adaptation of 
a population to its environ ment 
is the resu l t  of natural selection. 
Each n iche is genera l ly fi l led 
by on ly a single species, but 
a number of species may share 
the sa me area by their various 
adaptations to speciflc food 
suppl ies or to habitats. The bet
ter adapted leave more off
spring, g radual ly changing the 
character of the descendant 
popu lation. 

Contrasting  effects of m utation 
( B )  a n d  n atura l  selection ( C) 
are shown on a " normal" dis
tribution curve ( A )  of a char
acter in a large population .  
( After Hardin. ) 
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PROOF OF NATURAL SELECTION came long after 
D a rwin presented the theory i n  The Origin of Spe
cies. Darwin compared it with a rtificial  dom estic 
se lection and demonstrated its probable causes a n d  
apparent  effects, but the process itself h a d  not been 
demonstrated . Many laboratory stud ies h ave s ince  
been  cond ucted that  i l l ustrate both the operation a n d  
the effects o f  natural selection .  I n  these, the biologist 
attem pts to dup l icate and to isolate certa in  natural  e n 
viro n m e nts a nd t o  ana lyze their  i nteractin g  processes .  

I N  M I C E  a n c:l  other wi ld  a n i· 
ma l s ,  co lor  changes a re ofte n 
c losely associated wi th  the  pre
d o m i n a n t  color of the back
g rou nd so i l  and  vegetat ion 
where the a n i m a l s  l ive. I n  
F lor ida,  for exa mp le ,  t h e  deer 
mouse (Peromyscus man iculatusJ 
shows a con t i n uous color t ra n s i 
t ion from very l ight  o n  the  cora l 
sand of i s la n d  reefs to dark i n  
i n l a n d  a reas  of d arker so i l .  

I s  t h i s  t he  resu l t  of n atura l 
se lection ?  

Research ers worked w i t h  two 
color var iet ies-g ray a n d  b uff. 
Two contrast i n g  backgrou nds  

were set  u p  i n  a large dark
ened cage.  The so i l  i n  the cages 
more o r  l ess matched the color 
of each of the shades of m ice .  

E igh t  m ice, four of each  color,  
were exposed to a barn owl for 
1 5  m i nutes. The backgrou nds  
were a l ternated with each  ex
per iment .  After 88  exper i 
ments ,"  i t  was  fou n d  that  the  
owl  had  taken 1 07 of the " non
matc h i n g "  m ice  and on ly 62 of  
the bette r concea led ones .  Th i s  
shows how powerfu l  a se lective 
factor p rotective backg rou n d  
coloration ca n b e ,  even over a 
s hort period. 

6 2  Matc h i n g  

1 07 Non-matc h i n g  
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Viab i l ity of seven stra i n s  (A-G) of hom ozygous Drosophila fruit  
fl ies with d e leter ious genes, before and a fte r the  experi ment  
described below. The viab i l ity is  shown as  % of normal  v iabi l ity 
( 1 00 % ). B lack  col u m n s  i nd i cate the  v iab i l ity before the  exper i m e nt; 
the red col u m ns ,  v iab i l ity of u ntreated stocks after 50 genera
t ions ;  the  yel low col u m ns ,  of stocks i r ra d iated with X-rays after 
50 ge nerat ions .  (After Dobzhansky and Spass ky.) 

POORLY ADAPTED AN IMALS 
are rarely fou n d  in nature,  bu t  
the  effect of natura l  se lect ion 
upon such  poorly ada pted 
form s ca n be observed under  
experi menta l  condi t ions .  Dobz
hansky and Spassky ra i sed  sa m 
p les  o f  the fru i t  fl y  Drosophila 
that  were hom ozygous  for 
seven d iffere nt  c h romosom e  
com b i nat ions  (A-G).  Each  was 
assoc iated with some ab nor
ma l ity such  a s  reta rded deve l 
op ment  or deformed w ings ,  
l eg s ,  a n d  abdomens-that  re
su lted in a low via b i l i ty. 

Each  of these stocks was 
ra ised for fifty generat ions  a n d  
kept i n  crowded c u l tu re bott l e s  
to  i n crease se lect ion pressure. 

The populat ions were sam pled 
a t  reg u l a r  i n terva l s  to s t udy  the 
ch romosomes of representative 
i n d iv idua l s .  In most cases,  there 
was a ra pid a n d  m arked de
c l i ne  in the a b u n da nce of the  
deleter ious co m b i nat ions .  The 
experi m e n t  i n c luded ex posu re 
of one  sa m ple  of each stock to 
X- ray  rad i a ti o n ,  but  th ese pro
duced no s ig n ificant  d ifferen ces .  

Of  the  14 stocks, 1 1  s h owed 
m a rked i n crease  in v iab i l i ty, 2 
decl i ned i n  v iab i l i ty, a n d  1 re
ma ined  unchanged .  Of the con
tro l  g roups,  u n m ixed wi th  the 
stronger  natura l  popu lat ions ,  8 
showed a marked deter iorat ion ,  
6 were u n changed or showed 
only s l ight  i m prove ments. 

8 1  



NATURAL POPU LATIONS a re a l so stud ied to dete r
m i n e  the effects of n atura l se l ection .  One exa m ple  is 
how n atura l se lect ion mig ht have p roduced the .d iffer
en ces that exist between the va rious k i nds  of D a rwi n ' s  
fr n ches  o n  the  Ga l a p a g o s  I s l a n d s ( p .  1 8 ) .  Ty pica l 
fr n ches ,  such  a s  spa rrows a n d  card i n a l s , h ave s t ro n g  
con ica l be a k s  t h a t  a re used t o  crush  see d s .  B ut t h e  Ga 
lapagos fi nches show a g reat va r iety of beaks .  Some 
a re sto ut  a n d  co n ica l ,  o thers s l e n de r, a n d  sti l l  ot h e rs 
a d a pted for q u ite d iffere n t  d iets . 

Th i s  d ivers i ty was probably 
produced by the presence of 
m a ny vaca nt  ecolog ica l  n i c h es 
when the  fi n ches  fi rst  beca me 
estab l ished on the  Gala pagos.  

I n creas i n g  n u mbers  of b i rds 
feed i n g  on a l i m ited seed s u p 
p l y  provi ded the  se lective pres
su re tha·t favored those that 
cou ld ex i st on  new food . 

DARW I N 'S F I NCH ES ( GALAPAGOS I S LANDS ) 
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The grou nd- lov ing  fi nches re
ta ined the ir  seed-eat ing habits, 
a l though i n d iv idua l  species 
show ma rked var iat ion i n  beak 
proport ions that  see m related 
to particu lar  types of seed 
prefere nces . Other  fi nches 
turned to k i n ds of food a n d  
habits t h a t  a re c h a racterist ic  o f  
species o f  othe r  fa m i l ies o n  
t h e  cont i n e n ts .  Som e beca me 
tree-dwe l lers,  i n c l u d i n g  types 
that are warb le r l i ke  i n sectivores 
and oth ers t ha t  a re pa rrot l i ke 
vegetar ians .  Sti l l  oth ers beca me 
spec ia l ized for feed i n g  on 
cact i .  An insectivore developed 
a strong bea k that  i t. uses to 
bore i nto bark.  Lacking the  long 
tongue  of true wood peckers (p .  
42) ,  i t  uses  a cactus  sp ine  to  
extract the i n sects fro m the  bur
rows. 

All fi n ches are rather  s i m i la r  
i n  t h e i r  genera l  s i z e  a n d  have 
d u l l  p lu mage,  probably because 
of t he  dark volca n i c  rocks that 
outcrop over m uc h  of their  ter
ritory. 

The Ga lapagos fi n ches prob
ably arose from  an a ncestra l 
South A merican form,  bu t  they 
now d iffer so g reat ly from a l l  
ex i s t ing m a i n l a n d  fi n ches  that  
their  a ncestry can not  be recog
n ized.  This marked d ifference 
suggests that  the fi nches 
reached the  i s la nds  ear l ier  than 
othe r  spec ies, which are much  
c lo se r  to  t he  m a i n la n d  for ms .  
The a ncestra l  fi n ches  pres u m 
ab ly  reached  t he  i s l a n d s  b y  be
ing "acc ide n ta l ly"  carried t he re ,  
perh a ps a ided by ocea n i c  cur
ren ts .  I t  see m s  most  u n l i ke ly  
that  the  Ga lapagos I s lands  were 
ever jo ined  to t he  m a i n la � d .  

I n  contrast  t o  the  d iversity 
of the Ga lapagos fi n c h es ,  David 
Lack has s hown that  i n  the 
ne igh borin g  Cocos I s l a n d  there 
is  only a s i n g l e  species of fi n c h ,  
a l though the  i s la n d  provides  
var ied habitats and lacks  m a ny 
other  typica l s pecies o f  con 
t i ne nta l  b i rds .  Th i s  see m s  t o  re
su l t  fro m the s i ng le  i s land  of 
Cocos lack i n g  the n u m bers of 
s m a l l ,  i so lated env i ro n m e n ts that  
a re provided by the  a rc h i pe lago 
nature of t he  Galapagos I s 
l ands .  ( See map p. 1 9 )  

Tool-us ing  Finch ( Amarhnyncluis pallid us) 



N AT U R A L  S E L E C T I O N  I N  A C T I O N  is shown b y  the 
peppered m oth (p .  47) ,  which  i s  a n  exa m p l e  of a 
spec ies  that  has  s hown a str i k i n g  cha n g e  i n  t h e  fre
q uency of a d a r k  ( m e l a n ic )  fo rm in the last century .  

Th i s  moth  wa s we l l  known to the many a m ateur  
en tom o lo g i sts i n  Br i ta i n  i n  the  ea rly yea rs of the  1 9th  
centu ry .  U nt i l  1 8 45 ,  i t  was known o n ly i n  the  " p e p 
p e r e d "  fo r m ,  wh ich  h a s  d a r k  m a rk i n g s  o n  a l i g h t  w i n g  
backg rou n d .  I n  t h a t  yea r, a d a rk form w a s  d i scovered 
i n  the  i n d u str ia l c i ty of Ma n c heste r .  At that t i m e  the  
d a rk fo rm m a d e  u p  l ess t han  1 percen t  of  t he  tota l 
popu lati o n .  With i n  fifty yea rs i t  m a d e  u p  99 percent  
of the  popu lat ion i n  the Ma ncheste r a rea . The  b l a c k  
m o t h  i s  n ow the  p redom i n a n t  fo rm ove r m u c h  o f  E n g l a n d ,  
a n d  the  or i g i n a l  peppered fo rm i s  a b u n d a n t  o n l y  i n  
non - i nd ustr i a l  a reas  where po l l ut ion h a s  n ot b lackened 
the trees on  wh ich  the  moth l ives .  I n  s o m e  of t he  n o n 
i n d ustr ia l  ea ste rn  a reas o f  the  cou ntry w h e re heavy s m o g  
is ca rr ied i n ,  t he  b lack  fo rm a l so d o m i nates the  ni oth 
popu lat io n .  

Recen t  s tud ies  i n  Manchester 
and other i n dust ri a l  c it ies where 
str i ngen t  an t i -po l l ut ion o rd i 
n a nces h ave b e e n  en forced,  
h ave s h own a reversa l  of t he  
tre n d  towards d a rker forms ,  
and a s low but m arked i n 
crease i n  a b u n d a n ce o f  t he  
l i g h ter peppered forms .  

PEPPERED MOTH D I ST R I BUT ION 
I N  BR ITA I N  

• ( red ) Ma jor  i n d u s tr ia l  c i t ies  
o ( w h i te )  l i g h t  form predo m i 

n a n t  
• ( b lack ) d a r k  form predom i 

nan t  
• ( g ray ) i n termediate popu

lat ion 
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I NDUSTRIAL MELAN I SM (the 
predominance of dark  varieties) 
i s  a l so shown by a bout 70 
other  species of m oths  in 
Europe. In the Un i ted States, the 
P i ttsburg h reg ion s h ows a com
parable  predom inance of once 
rare black forms in a l m ost 1 00 
species  of m oths .  

The cause of i ndustr ia l  me l 
a n i s m  l ies  in  the  i n teract ion of  
a dom inant  gene,  p roduc ing  the 
b lack  mutation ,  and natura l  se
lect ion.  H .  B. D .  Kettlewe l l  has  
demon strated the i m porta nce of 
natura l se lect ion by studyi ng 
rates of b i rd predat ion o n  the  
two form s  of the  pep pered 
moth . H e  released known n u m
bers of m arked moths of each 
form i n  two a reas  a n d  an
a lyzed the n u mber  of each 
form that h e  recaptu red by at 
tract ing them to a l ight  at  

n ig ht .  In  the i ndustria l  B i rm ing
h a m  a rea,  where the loca l pop
u lation has 90 percent b lack 
forms,  he  released 477 b lack 
and  1 37 l ight  i n d iv idua l s .  He 
reca ptured 40 percent  of the  
b lack  forms  bu t  on ly 1 9  percent 
of the pep pered. 

In the un pol l uted coasta l a rea 
of Dorset, from a l most 1 ,000 of 
the two colors of moths  re
leased,  6 percen t  of the b lack 
and 1 2 . 5  percen t  of the l i gh t  
form s  were reca ptured .  So i n  
po l l uted areas ,  t h e  b lack-wh i te 
reca pture rat io was 2 : 1 . I n  u n 
pol l u ted a reas  i t  was  exact ly 
reversed-1 : 2 .  

I n  both a reas,  carefu l  ob
servation and fi l m i n g  of b i rds  
eati ng the  moths  from tree 
tru n ks confirmed that these 
rat ios were the  resu lts of re la
t ive predation.  
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FOSSILS a l s o  demonstrate the effects of natural  se
l ectio n .  B .  Kurten has  shown its effects i n  the European  
cave bear (Ursus spelaeus) that  i n h a b ited northern  Eu 
rope dur ing  the P le istoce ne .  Ku rten col l ected foss i l s  
from caves i n  the  Odessa reg ion  of  the U .S . S . R .  By 
compar ing these with s ke letons of th e  c losely re lated 
l iv ing bear  (Ursus arctos), he was able to d iv ide each 
of the foss i l  populations i nto g rowth stages .  The foss i l s  
from a l l  loca l it ies showed strong separatio n i nto s i m i l a r, 
yea rly g rowth stages, probably because the caves i n  
wh ich they were col lected were i n h a bited on ly  d u ri n g  
a n nua l  " h ibernatio n . "  The ana lys is  o f  these g rowth 
stages demonstrates the effects of natural  se lection .  

Y O U N GEST STAGES of the  cave 
bear eq u a l  in size to n ewborn 
cubs of l ivi n g  bears . a re rare, 
proba b ly  because of the f ra g i l 
i ty of t he  bones .  T h e  most  
a b u n d a n t  g rowth s tage has  a l l  
t h e  perm a n e n t  teeth deve loped,  
eq uiva len t  to about  4 or  5 
month s  i n  l ivi n g  bears,  suggest
ing bir th d u r i n g  t he  period of 
w i n ter dorm a n cy, but a h i g h  
morta l i ty o f  c u b s  toward t h e  

end  o f  t h i s  t i m e .  The  next  
g rowth s tage i s  1 .4 years ,  i n 
dicat i n g  t he  next  a n n ua l  " h i 
bernat io n . "  A t  4 yea rs,  bears 
were f u l l y  g rown . L i fe ex pecta 
t ion a t  b i r th  was  about  3 . 5  
years ;  m a x i m u m  a g e ,  1 8 years .  
D iv id i n g  the tota l n u m ber  of 
i n d ivid ua ls i n  a g iven age 
group by the s u m  of these a n d  
a l l  o l d e r  i n d iv id u a l s  g ives t h e  
morta l i ty i n dex f o r  the  g roup .  

P lei s toce n e  Cave bear 
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Survivors h i p  cu rves from b i rth 
for cave bea rs and m a n ,  s h ow
ing the s i m i la r ity of the  curves .  
( After Kurten . )  

�--------------� o 

24 26  2 8  30 3 2  
Mola r  M '  Paracone Index 

Selection press u re o n  form of 
paraco n e  of seco n d  molar teeth 
of cave bear i s  i n d icated by 
reduct ion of var iat ion  a n d  de
ve lopment  of a re la tive ly  s m a l l 
er  paraco n e  w i t h  i n creas i n g  
age.  ( After Kurte n . ) 

Mola r M' 
of Cave bear 

TEETH of fossi l cave bea rs a re ve ry se n sit ive to n atu ra l  
select ion, because surviva l depends o n  successful feed
ing p rior to h ibernat io n .  Kurten stud ied the form 
of the second molar teeth (M2) . The rat io 1 OOx the 
le ngth of the l a rg est cusp ( pa racone )  to the tota l l e n gth  
of  the secon d  mo lar  showed a s ig n ifica nt  cha nge,  be
com ing  s m a l ler with i nc reasi ng  age .  The you nger  age 
g roups were far  more va riab le  th a n  th e o lder, but  
forms with less wel l -adapted teeth were e l i m i n ated . 

Older  tooth measureme nts gave comparab le  resu l ts .  
Sam ples from oth er  caves gave s im i la r  but  not ide nt ica l  
resu l ts, suggesti n g  d ifferences in  se lective pressure 
between d iffere nt local  e nviro n m e ntal  n iches i n  which 
the bears l ived . 
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ADAPTATION i s  t h e  cont i n u i n g  resu l t  of n a t u ral 
se lection . Ma ny org a n isms  a re very precisely a d a pted 
to particu l a r  n iches  or  to particu l a r  ways of l ife . The 
birds of Hawai i  provide  a c lass ic  i l l ustration of how a n  
a ncestral g roup  becomes adapted t o  specia l  n iches  i n  
a new e nviro n m ent .  Hawai i  cons ists of  a g roup of  iso
lated vol ca n ic is lands  situated i n  the m id - Pac ifi c .  L ike 
m ost ocea n ic  is lands, the number  of  land b i rds  is  s m a l l .  
Th e h i g h  degree o f  specia l i zat ion o f  s o m e  of t h e  b i rds  
m a kes them vu lnerab le  to  e nviro n m enta l  c h a n g e .  

L O B E L I A  

S I CKLEBI LLS, or  drepa n id id s ,  
a re a fa m i ly of b i rds fou nd  only 
i n  Hawa i i .  L i ke Darwi n 's fi n ches 
i n  the Ga la pagos I s l ands  (p .  
8 3 ) , they h ave ada pted t hem 
se lves to a wide d ivers i ty of 
condi t ions .  The ori g i n a l  for ms  
see m  to h ave fed  on  the i n 
sects a n d  nectar of s hortbe l l ed  
flowers. They probab ly had  
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Kouoi okepo 

Hawaii ak ialoa 
(Hemignalhus obscurus ohscurus) 

short, s l ender  beaks.  Other  
forms  show d iversity of ada pta
t ions  to d iffere n t  d iets, i n c l ud
i n g  some  w i t h  re m a rkab ly  l o n g ,  
curved b e a k s  f o r  feed i n g  on  
the long ,  t ubu la r  fl owers of 
the  Hawa i i a n  lobe l ia .  Some of 
the var ious forms  of s i ck leb i l l s  
a re i l l ustrated . N ine  of the  22  
known species a re n o w  ext inct .  



Pseudonestor 
Psittirostra kona 

Hemignathus obsc urus procerus 

Hemignathus lucidus 

P rob a b l e  evo l ut ion of o n e  g roup of d repa n i d i d s  from 
a n  a n cestor, poss i b l y  s i m i l a r  to the  Hon eyeater  ( p .  8 8 )  
i s  s hown a b ove . D repa n id id  bea ks  s how ado pt ion to 
va r ious  d iets . He mign athus ob scurus uses  i ts  e l o n g ated 
bea k c h ief ly to p robe for i n sects in b a rk cavit i es , a l 
thou g h  other  s pecies  u s e  t h e i r  l o ng  " s i c k l e - b i l l s "  c h i ef ly 
to probe lobel ia  f lowers for necta r .  The n ow ext i nct H. 

lucidus had a short lower m a n d ib le ,  wh ich  i s  red uced 
even fu rthe r  in  H .  wilson i, which uses i t ,  wood pecker
fa s h ion ,  a s  a c h ise l .  The l o n g  tu b u l a r  ton g ues of i n sect
eati n g  s pec ies  reflect t he i r  d eve lo p m e n t  f ro m  n ecta r
fee d i n g  fo rms .  Pseudon estor has a p a r rot l i ke b i l l ,  wh i l e  
seed-eatin g  spec ies ,  such  a s  Psittirostra kona, have  heavy 
finch - l i ke bea ks .  
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MIMICRY i s  rel at ively common in  i nsects a n d  in 
som e  flowers . In insects i t  seems to have a risen ch iefly 
for defense; in flowers, for po l l i nation . The influence of 
n atura l selection in the development of m i m icry is 
shown by the d i str ibution of m i m i c  species on ly i n  
a reas where their  models a re com mon .  Where the 
models  a re abundant, the m i m ics show g reater var i 
ab i l ity, which  can be expla ined on ly by assum ing  that  
the lower predator  fa mi l ia rity with the models  in  such 
a reas has p rod uced lower selection p ressure on  the 
m i m ics.  Development of  m im ics depends not  on  " acci
denta l " para l le l  m utations but on a series of in teracting 
genes that have u ndergone strong selection .  

THE SLIPPER O R C H I D  o f  Europe 
and the Midd le  East em its a 
perfume that attracts a wasp 
wh i ch  pol l i nates it. Other re
lated Ophrys orch ids  have 
brigh t, in sect l ike flowers that  
a id i n  a ttracti n g  ma le  wasps.  

I NSECTS h ave developed var
ious protective s h apes a n d  col
ors .  The harm less bum blebee 
moth ,  for exa m ple, i s  a m i mic  
of the  s ti n g i n g  bumblebee. The 
treehoppers below look l i ke 
thorns. 

Tree h opper on 
rose stem 

Ophrys orchid 
a n d  po l l i n a t i n g  
wasp 
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S EXUAL SELECTION i s  the s u m  of va rious cha racters 
by wh ich o n e  partner, general ly the male ,  of a spe
cies attracts a m ate a n d  repels riva ls  of the sa m e  sex. 
S ince it i ncreases the i n d ividua l ' s  reproductive produc
tivity, it constitutes a d i sti n ct k i nd  of selection . E labo
rate ma le  p l u m a g e  a n d  song in b i rds,  courtsh ip  d i s
plays, more i n ten se ma le  coloration,  g reater s ize a n d  
antlers i n  var ious a n i m a ls-these a re som e  o f  t h e  char
acteristics that  m ay resu l t .  The relative i m portan ce of 
sexua l  selection  as  a component of natural  selection is 
sti l l  not c lea r .  D a rwin  was convin ced it was of major 
im porta nce, but subsequent  writers h ave been less sure.  

MALE S U PERB LYREBI RD of Aus
tra l ia  sta n ds wi th  i t s  e laborate 
ta i l  feathers exte nded a n d  qu iv
er ing, as it perform s  its court
s h i p  d i sp lay. The  female  re
sembles  the ma le  i n  color but 
lacks  the specia l ized tai l  feath
ers. Young male b i rds are l i ke 
the fe ma les .  They do not de
velop the ta i l  feathers u nt i l  they 
a re a bout t h ree years old. 

Each male estab l i s hes a large 
territory, and th roughout  th i s  
a rea, h e  bu i lds  a series of  
mounds  of ea rth , each a bout a 
yard i n  d i a m eter. He  patro l s  
h i s  territory by v i s i t i ng  each 
mou n d  and perfor m i ng h is  d i s
play on i t . The d i splay beg i n s  
w i t h  a voca l performa nce that 
i n c ludes a ser ies of m i m i ck i ng  
sounds  a n d  ca l l s .  
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NATURAL SELECTION I N  MAN i s  red uced in  i ts ob
vious effects by the structu res of society and by the 
e laborate patterns  of fa m i ly care .  Even so, m any body 
featu res show the i nfluence of natura l  selection .  Some 
gene c h a n g es a l so demonstrate i t s  effects.  S ick le-ce l l  
anemia,  a d isease caused by a s ing le  gene,  is  m a rked 
by d i stort ion of the b lood ce l l s  from their  norm a l  d i sc  
shape to  s ick le  shape wh ich  b locks  the  flow of b lood i n  
capi l l a ries a n d  t h u s  causes a n e m i a .  Someti m es d eath 
results when sufferers a re short of b reath or  wor k  at 
h i g h  a l t itudes .  In  West and Central  Africa,  where m a 
l a ria  i s  e n d e m ic ,  populat ions with a s ick le-ge n e  equi 
l ib ri u m  freq uency of up  to 20 percent  a re com m o n . 
Among desce nda nts of these people i n  the U n ited 
States, freq uency of s ick le-ce l l  a ne m ia has d ropped to 
9 percent  in two centuries.  How has this come about? 

The freq uency of a s ick le-ce l l  gene i n  Africa i s  p lotted be low a s  
perce n t of pop u la t io n .  H ig h freq u e n c ies  a re restr icted to eq ua tor ia l 
a reas i n  w h i c h  tert ia n ma laria is a n  i m porta n t  cause of death . 
North  and  sou th  of t h i s  be l t ,  m a la ria is less com mon a n d  i s  
b e n i g n .  S i m i la r  h igh f req u enc ies occur  i n  ma lar ia l  a reas of S i c i ly, 
G reece,  Turkey, a n d  I n d ia .  (After Al l ison.)  

Equator 
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THE S ICKLE GENE was demon 
strated b y  b io logis t  Vernon 
I ng ram to have the  ab i l ity to  
change one  of the  th ree h u n 
dred a m i no ac id  u n its i n  t h e  
hemoglob i n  molecu les  t h a t  m a k e  
up the r e d  b lood c e l l s .  A t  o n e  
point  i n  the  cha i n  of n i n etee n  
d ifferen t  a m i n o  a c ids  t h a t  m a ke 
up  the prote i n ,  va l i n e  is sub
st i tuted for g l u ta m i c  ac id .  The  
resu l t  i s  t ha t  nor m a l  red b lood 
corpusc les becom e  s i ck le -shaped .  

H ETEROZYGOUS s ick le genes 
have compa rat ive ly  l i tt le  ad
verse effect under  norma l  con 
d i t ions ,  b u t  t he  hom ozyg ous  
con d i t ion has far  more ser iou s 
effects,  ofte n ca u s i n g  b lood 
c lott i ng  or p rema tu re death .  

Why d o  s i c k l e  genes  st i l l  per
s i st i f  na tu ra l  se lec t ion  i s  effec
t ive? I t  so happens  that  s i c k l e 
s haped he mog lob in  i s  res is tan t  
to  i nfect ion by the  ma la r ia l  
paras i te Plasmodium, w h i c h  
feeds on  r e d  b lood c e l l s .  I n  
ma lar ia l  a reas,  t he refore, a se
lect ive e q u i l i b r i u m  e x i s t s ,  with 
the heterozyg ous  s i c k l e - ce l l  i n 
d iv idua l s  res i sta n t  a n d  th u s  
favored .  The  homozyg ous  i n 
d iv idua l s  (wi t h  2 s i c k le - ce l l  

Amino ac ids  
in  normal  
hemoglobin  

Amino acids 
i n  s ick le cel l  
hemoglobin 

genes) often d ie .  An  e q u i l ib r iu m 
tends to occur  betwe e n  the  
n u m ber  of peop le  wi th  no  
s i ck le -ce l l  g e n e  ( t hese  a re the  
" norma l "  i n d iv idua ls )  who d ie  
of m a lar ia  and those  wi th  two 
s i c k l e - ce l l  g e n e s  w h o  d i e  of  
a n e m i a  or  b lood c lot t i n g .  I n  
t h i s  case ,  a n  a p pa re n t l y  h a r m 
f u l  g e n et i c  effect m a y  be pre
served beca use  of s ide benefi t s .  
I n  m a l a ri a - f ree  U .  S . ,  t h e  con 
d i t ion h a s  n o  s u rv iva l va l u e .  

T h u s ,  n a tu ra l  s e l ec t ion  repre
se nts not a b l i n d ,  c rus h i n g  wave 
of ext i nc t ion  but the reso l u t ion  
of confl ict i n g  env i ro n m en ta l  de 
mands  on  a popu la t ion .  I t  i n 
volves sub t l e  i n te rp lay  of i n 
tern a l  a n d  exter n a l  i n fl uences .  
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MISSING LI NKS ( p .  5 2 ) confirm t h e  a ct ion of n at u ra l  
se lection  a n d  demonst ra te the  way i n  which i t  oper
a tes . Once i t  was a rg ued t h a t  n a t u ra l  selection  co u l d  
n o t  poss ib ly  h ave prod uced t h e  e l a borate com p lex  of 
cha nges requ i red to br ing a bout such major  evo lution
ary chan ges as the development  of a m p hib ians  from 
fish or  b irds from repti les.  Tra nsit iona l  foss i l  forms, or  
" m iss ing l i n ks, " show how the process took p lace .  

A Devon ian  lobef i n  crossopte
ryg ian  f i sh  c l i m bs ashore. 

RANDOM NATURAL SELEC
TION, the critics o n ce a rgued, 
cou ld n ot have produced the 
ela borate ser ies of var iat ions 
that g radua l ly t ra nsformed rep
t i l ian  arms  i nto b i rd  w ings  and  
gave b i rds  a l i gh t  a n d  mod ified 
ske leton ,  feathers ,  and s i m i la r  
fea tures . Each  of t he se  end less 
m i nor mod ifications, i t  was 
thought,  m igh t  offer no spec ia l  
advantage-not enough to br ing 
a bout the var ious su pposed ly 
i n terdependent  a n d  coord ina ted 
changes  that  were i nvolved .  

But  Archaeopteryx a n d  other 
tra nsi t iona l  foss i l  forms (pp. 
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Labyrinthodont a mphibian,  a de
scendant, goes a shore c l u m s i ly. 

52-53) s how that change from 
one major  g roup to a nother was 
a p iecemea l  process .  There was 
not one big j u m p  or a syn 
chron ized deve lopment  of a l l  
t h e  va rious characters i nvolved . 
I n  A rchaeopteryx, some featu res, 
such  as the  bra i n ,  c laws, teeth , 
and  stern u m ,  were pr im it ive and  
repti l i a n ;  others, such as  wings  
and  feathers a n d  the gen era l  
body shape, were a l ready fu l ly  
b i rd l i ke .  Th i s  j u m bled mosaic
evo lut ion  i s  exact ly what we 
should expect i f  natura l  se lec
t ion has  bee n an effect ive agent  
of  change.  



MOSAIC EVOLUTION is shown 
wel l  i n  the i ch thyosteg ids,  pri m
i t ive a m ph i b ian s  of the  De
von ian  (p .  98) .  They had many 
fi s h l i ke features .  The  chart g ives 

! 75 8 "' 

1 00  
1 00  
1 00 
1 00 

lchthyostega, a pri m it ive De
von ian  a m ph ib ian  from East 
Green land .  About 3 feet long .  
A reconstruction . 

Skeleton of lchthyostega prob· 
a bly rese mbles c losely that of 
the a ncestors from wh i ch  
ph ib ians  evolved.  

D iplovertebron, a labyri nthodont 
a m p h ib ian  of the  Carbon i ferous, 
with many rese mb lances to the 
i ch thyostegids .  

Eusthenopteron, a Devon ian  
lobefi n crossopteryg i a n  fi s h  
2 feet l o n g ,  h a s  m a n y  resem 
bla nces t o  the ichthyostegids.  

a breakdown of t h e i r  a m ph ib 
ian  vers us fi s h l i ke c h aracteri s 
t ics ,  wi th  1 00 poi n ts for  f u l ly 
developed a m ph i b i a n  form a n d  
0 for fu l ly fi s h l i ke form.  

Skull tlructure 

� Eye._titlon of a li 
.c ... limbs 

Shoulder and hlp girdle• 
Skull articulation 
Rlbt-form of 
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T I M E  is the fi na l  com ponent  of the evolut io n a ry 
recipe . Ea rly opponents of evolut ion contended that  
the age of  the ea rth, then rega rded as  less  than  4 0  
mi l l ion yea rs, d id n o t  a l low enou g h  t i m e  for t h e  s low 
process of change  that evolut ion i nvolve d .  These es
t im ates were based on  the rate of coo l i ng  of a sup
posed ly  o n ce molten earth . But the  deve lopment  of 
other m ethods of dati n g  suggested a much  g reater 
age, a n d  the use of rad ioactivity now i n d i cates that 
the earth  i s  p robably about 5 bi l l ion  yea rs o l d . This  is 
a m ple  ti me  for evo lution to have taken p lace .  The de
ve lopm e nt of a geologic t ime sca le  puts the foss i l  rec
ord i n to perspective, a n d  reveals  the order a n d  se
q uence of t h e  va rious forms  of l ife . 

T H E  G E O L O G I C  
C L O C K  

Shows last  
600 m i l l ion 
years of earth ' s  
h i s tory, each 
hour representing 
5 0  m i l l ion years.  

ANALO G I ES he lp  u s  to appre
c iate the enormous i n terva l of 
t ime  t h i s  represe n ts .  Su p pose a 
cos m ic h i stor ia n wri t i ng  a h i s ·  
tory of  t he  ear th  beg a n  to  
write a t  t he  creat ion of the  
ear th  a n d  wrote one  l i ne  every 
thousand years. If the boo ks h e  
p roduced were the  s i z e  o f  t h i s  
one  y o u  a re rea d i n g ,  h e  wou l d  
b y  now have produced 94,000 
books.  
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RADIOACTIVE ELEME NTS, such 
as ura n i u m  a n d  rad i u m ,  have 
u nstable a to m i c  nuc l e i  that u n 
dergo spontaneous  breakdown 
at a consta n t, meas urable rate 
to form othe r, more stab le  e le
ments .  U ra n i u m ,  for exa m p le ,  
prod uces a ser ies  of "daugh
ter"  e l eme nts a n d  fi n a l ly y ie lds  
l ead a n d  h e l i u m .  O n e  g ra m  
of u ra n i u m  prod uces 1 /7000 
g ra m s  of lead every m i l l i on  
years .  Th i s  ra te  i s  u n affected 
by any c h a n ges  in heat or  
pres s ure.  Measure m e n t  o f  t he  
rat io o f  "o ld " u ra n i u m  to  " new" 

SCALI N G  DOWN EARTH'S H I S
TORY i n to a model  s i n g le ca l
endar  year w i t h  t h e  or ig i n  of 
t he  earth  on Jan uary 1 st and  
the  p resen t  day o n  Dece m ber  
3 1 st wou ld  m a ke each  second 
equ iva len t  to 1 67 years a n d  
e a c h  m i n ute to 1 0,000 years.  

lead i n  u ra n i u m  m i n e ra l s  pro
v ides an i n d icat ion of  the age 
of the rocks in wh i ch  t hey are 
found .  

Othe r  radioact ive e lem en ts 
used in age measure m e n ts i n 
c l u d e  lead-thor i u m ,  potass i u m
a rgon , rub i d i u m -stront i u m ,  and  
carbon . S tud ie s  o f  meteorites, 
wh i ch  seem to be " left  over" 
fragment s  fro m  the d evelop
ment of th e so lar  syste m ,  and  
the  rate of ex pa n s ion of the  
un iverse ten d  to conf i rm  a f igure 
of about  4.5-5.0 b i l l ion years for 
the  age of the earth .  

U R A N I U M  T O  L E A D  

B R E A K DO W N  

Oldest 
und isputed 
fossil 

The o ldes t  u n d i s pu ted  fos
s i l s  wou ld  a p pear  about J u ly 
1 ;  t h e  o ldest  a b u n d a n t  fos s i l s ,  
abou t  Nove mber  1 8 . Ma n wou ld  
a ppear  a t  about  1 1  :50 p . m .  on 
Dece m ber  3 1 .  A l l  recorded h i s 
tory wou ld fa l l  i n  t h e  fi n a l  4 0  
seconds  o f  t h e  year. 
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H E  GEOLO G I C  TIME S CALE de
oped from a study of stratified 

rocks a nd their foss i l s, is d ivided 
in to fou r  e ras, foss i l s  be ing  a b u n
da nt  o n ly i n  the last th ree . The 
names of most of the per iods a re 

----f----f----f----f---- d erived from p laces  where rocks of 
that  a g e  were fi rst  stud ied . Thus,  
we spea k of Devo n i a n  fish just  as 
we spe a k  of Rom a n  a rch itectu re . 

----f----t---+------- Whe n  the i r  re la tive sequence is 
known, both ca n t h e n  be fitted i n to 
a n u mer ica l  t im e  sca l e .  Preca m
bria n t ime  covers a l m ost  9 I 1 Oths 

_ ____. ..... ___. ..... ____.________ of a I I  earth h i story.  



RATES OF EVOLUTION vary e n ormous ly from one 
species to  a nother .  The sma l l  brach ipod Lingula, a n  i n 
hab itc;mt o f  wa rm,  sha l low seas, h a s  scarcely c h a n ged 
in  the last 400 m i l l ion yea rs .  But the spectacu lar  d i 
versification of  m a m m a l s  has ta ken p lace with i n  the 
last 60 m i l l ion  years .  Development  of a geolog ic  ti m e  
scale a l lows u s  to a n a lyze a n d  in terpret these d ifferi n g  
rates, wh ich m a y  b e  expressed in  various ways. 

I N  STRUCTURES, rates of 
change can be measured for 
some foss i l  g roups .  In the evo
lut ion of early Tertiary horses ,  
changes  i n  d i me n s ions  of molar  
teeth were on ly 0. 1 5  mm per 
m i l l ion years .  T h is is about 
equal  to the d i a meter of a 
h u m a n  hair .  S i n g l e  populat ions 
ofte n conta ined  u p  to twenty 
t imes as much  variat ion i n  tooth 
d i mens ions .  Such  s low trans for
mation ca n be observed o n ly i n  
foss i l s .  

ECOLOGICAL REPLACEMENT of 
some ext i n ct g rou ps by others 
of s i m i lar  env i ro n m ental habi ts 
suggests that  com pet i t ion be
tween the two g roups may have 
been a factor in some cases of 
ext i n ct ion .  The  width of each 
co l u m n  in  the d iagra m  i s  pro
port ional  to the d iversity of 
the  group. 
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TRANSFO RMATI O N  O F  SPECIES  
from  one i n to a nother for Ter
t iary mam mals  (p .  1 3 2) has  
been ca lcu lated to be a bout 
500,000 yea rs. With such s low 
rates,  i t  is not surpri s i ng  that 
few exa mp les of the develop
ment of new species can be 
observed i n  l i v ing  populat ions .  
Such rates a lso a l low a m ple 
t ime  for  t he  operation of 
" s low" evo l ut ion ary mecha 
n i sms ,  s u c h  a s  t he  se lect ion o f  
s m a l l  variations. 

R A P I D  D I V E R S I FI C A T I O N  of 
Miocene horses f rom brows ing  
to g razi n g  corresponded to  
the  widespread change from  
l o w l a n d  f o r e s t s  t o  u p l a n d  
pra ir ies  i n  North Am erica a n d  
the  f i rst appearance  of fos s i l  
g rasses. Th i s  i n teraction see m s  
t o  conf i rm  t h e  i m porta n ce of 
natura l  se lect ion (p. 1 0 1 ). 

\ 



BROWSING TEETH 
( low.crowned-no cemen t )  

H Y PO H I PPUS 

PARA H I PPUS 

ANCHITHER I UM 

EVO LUTION O F  HO RSES 
( Teeth drawn to scale-After S im pson ) 

GRAZING TEETH 
( H igh  crowned-cement )  

PATTE RNS O F  C H ANGE beco me 
ev ident  i n  some g roups  when  the 
t ime fac tor  i s  cons idered .  The 
ra pid d i vers i f i cat ion of horses i n  
M i o c e n e  t i m e s  represe n ted a 
change  i n  fee d i n g  h a b i t  f ro m  
brows i ng  to g raz i ng ,  correspond
i n g  to t he  wide spread change  
fro m  low land  forests to u p land  
pra i r ies i n  North A m erica and  
the  f i rst appeara n ce of foss i l  
g rasses.  Th i s  see ms  to be a n  i n 
te ract ion con f i rm i n g th e  i m por
ta nce  of na tu ra l  se lect ion (p .  5 1 ) . 
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A RECIPE FOR EVOLUTION s h owi n g  the  i n terp l a y  
o f  t h e  va rious factors i nvolved,  can  b e  s u m m e d  u p  for 
a ny popu lation as  demonstrated i n  the d iagra m  below. 
Such a si m ple recipe does not mea n  that  evol ution i s  
itself s imp le  or  that  it fo l lows a c lear ly predictable pat
tern . The reverse is the case. The in teraction of these 
various processes produces an enormous ly com plex dy
n a m ic system . Both the com p lexity a n d  the potenti a l ity 
for novelty of the evo lution a ry process a re i n d i cated 
by the g reat d iversity of l ivi n g  thi ngs .  

VARIATION : 

Genetic + 

I SOLATION : 

Recombi nation Over-Production 
Limited Food Supply 

EVOLUTION S T I LL C O N T I N UES.  
Many g eogra p h i c  races a re po
te nt ia l ly new spec ies  i n  the 
m a k i n g .  Con t i n ued i so lat ion of  
races  of t he  go lden wh i s t le r  i n  
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NEW SPECI ES 

t h e  So lomon  I s l a n d s  a l l  be
lon g i n g  to a s i n g l e  s pec ies ,  
Pachycephala pectoralis, would  
probab ly  conver t  t h e m  i n to re 
prod uct ive ly  i so la ted species . 



MUTATIONS a re important  i n  
t h e  evo lu t ionary process, even 
though so m a ny i n  l iv ing popu
lat ions see m to be harmfu l .  I n  
a populat ion we l l -ada pted to a 
part i cu la r  env i ron ment ,  t he  
most benefic ia l  mu tat ions  have 
ofte n a l ready bee n i n corporat
ed. In addi t ion ,  m utat ions wi th  
l i m ited v i s ib le  effects a re 
known to be com mon.  

Not  a l l  harmfu l  t ra its are 
e l i m i nated from t he  g e n e  pool 
of a populat ion . Select ion is 
a lways a compro m i se .  Even 
harmfu l  characterist ics may have 
some be nefic ia l  s ide  effects  (p .  
93) .  Prese rvation of such genes 
provides a reservoi r  of poten
t ia l  c h a n g e  that  may be of  
cr i t i ca l  i m porta nce  if env i ron
m e n ta l  co nd it ions change.  

COLOR CHANGES I N  MINK o r e  t h e  resu l t  o f  m utations. 

FACTORS A C CO U NT I N G  FOR 
N E W  SPECIES  or ig i n  seem ade
quate to accou n t  a l so for a l l  
evol u t ionary change .  Som e  
wr i ters  re.fer  t o  m i c ro-evol u t ion  

. a n d  macro-evol u t ion ,  bu t  these  
are not f u n d a m e n ta l l y  d i ffere n t . 
C u m u la t ive develo p m e n t  of new 
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species leads to what  we later  
c lass ify a s  n ew g e n era a n d  
h i g h e r  g roups .  

Sepa ra t ion  of desce n d a n ts 
from a n ces t ra l  ·popu la.tio n s  by 
t i me  re i n forces geogra p h i c  d i f 
fere n ces between con te m porary 
races ,  as shown below. 

I V  ARABIC NO'S .  
( S PEC I ES) 

ROMAN NO 'S .  
(GENERA) 

l i ne-Evol ution of o Species 

Cont inues to E xist 
Becomes Ext inct 
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T H E  C O U R S E  O F  E V O L U T I O N  

Pre-organ ic  evo lut ion that  occu rred before the a p pear
a n ce of l ife on earth left l i tt le d i rect evi dence of the 
processes i nvolved . Much s m a l ler  molecu les were i n 
vo lved than i n  org a n ic evolution ,  however, a n d  the 
process resu lted i n  bod ies of m uch  g reater d i m en sions,  
such as  stars and g a laxies.  The orig ina l  m ateri a l  p rob
a b ly cons isted of su b-atomic  partic les, such as  neu
trons ,  protons, and e lectrons,  that later  prod uced hy
d rogen .  Much of the m ate r ia l  in the vi s ib le  u n iverse 
seem s  to be hydrogen, which cons ists of a s i ng le  p ro
ton .  Heavier e lements were probably produced from 
the l i g hter hyd rogen  by a p rocess of neutron ca pture. 
Each neutron that  was added yie lded a new isotope. 

The process by which hyd rogen a g g reg ated to form 
bodies such as  stars, in  which e lem ent-bu i l d i n g  too k 
p lace, is sti l l  the subject of speculation . It m ay be a 
conti n uous  process i n  which  n ew hydrogen i s  being 
created con sta nt ly.  Altern atively the a p p a rent  expan
s ion of the  u n iverse m ay resu l t  from the  " b ig bang " of  
a s i ng le  ep isode of creation about 5 to  1 0 bi l l ion years 
ago.  The u n iverse m ig h t  u n dergo pu l sat ing m ove m e nts, 
so t h a t  t h e  p rese n t  expa n s ion  wou l d  be fo l l owed by 
co n t ra ct io n .  The " b ig b a n g " h y poth eses te n ds to be 
t h e  c u rre n t  favorite . 

EARTH a n d  the  res t  of t he  so lar  system probably or ig i n a ted by 
the aggregat ion  of a c loud  of cos m i c  d u s t .  Earth ' s  s t ruc tu res s u g 
ges t  t ha t  i t  formed from c o l d  ra ther t h a n  from mo l ten m a teria l .  



THE PRIMITIVE EARTH on wh ich l ife ori g i n a ted was 
an enviro n m en t  very d ifferent from any on ea rth today. 
Th ree l i n es of evidence suggest that the eart h ' s  pr imi
tive atmos p h e re probably cons isted of hyd roge n ,  he
l i um ,  met h a n e, a n d  a m mon ia .  The present atmosphere 
of n itrogen,  ca rbon d ioxi de,  a n d  oxygen ca m e  later .  

METEOR ITES a ppear to  be ma
ter ial  " left over" f ro m  the orig i n  
of t h e  so lar  syste m .  Ana lys is o f  
their  composi t ion provides a n  
i nd ication o f  t h e  poss ib le  " b u l k  
com pos i t ion " o f  t h e  earth .  Most 
meteorites a re made  of i ron
n i ckel or "stony" m ateria l .  A 
few (the carbonaceous chon
dr ites) conta i n  carbon com 
pou nds of extraterrestr ia l  or ig i n .  

Dark l i n es i n  s pectru m a n a lys is  
a re prod u ced by a bsorpt ion by 
coo ler  gas  i n  f ro n t  of g lowi n g  
sou rce.  

3 4 - to n  m e teori te 
f rom Green  Ia nd 

SPECTROS C O P I C  ANALYSI S  of 
l i g h t  f rom  other p la nets shows 
that  the s i x  " bas i c"  e l e m e nts of 
l iv ing  t h i ngs  a re wide ly d i str ib
uted. Hydrogen ,  oxygen ,  carbon ,  
and  n i trogen a re a mong the 
most  abundant  e lements in  the 
solar syste m.  Sulfur i s  n i nth ;  
p h o s p h orou s ,  s i x teen t h .  Th i s  i m 
p l i es  they were a l s o  proba b ly  
presen t in t h e  pr i m i t i ve ear th .  

PA L EOZO I C  

.... 
Cl) 

TH E ATMOS PH E R ES of p l an ets z 0 
m ost d i stan t from t h e  sun  have <( ""' 
prob a b l y  c h a n g ed t h e  l ea st .  :; 
T h e i r  a t m os p h e res i n c l ude h ydro- � 
g en , h e l i u m ,  m et h a n e ( C H 4 )  and, j 
in J u p i ter and S a t u rn ,  a m m on i a � 
( N H 3 ) . Proba b l e  c h an g es in t h e  o.. 
eart h ' s  a t m o s p h ere (water o m  i t
ted) a re based par t ly  on ana logy 
w i th  these. 



T H E  O RIGIN OF LIFE m ust have i n vo l ved t h e  deve l o p 
m e n t  o f  protei n s  from thei r a m i no-acid com po n ents .  
An experi ment  by Sta n ley Mi l l e r  a n d  Haro ld  Urey d e m 
onstrates one  poss ib le  way in  w h i c h  t h i s  m i g ht have 
ta ken p lace on the pr im itive earth . 

AMMO N IA, meth a n e, hydrogen, 
and steam were m i xed together  
i n  a c losed c i rcu lat ing system 
and then s u b j ected to 

·
a n  e lec

tr ica l d i scharge .  Afte r severa l 
days the  condensed water was 
fou nd to conta i n  a m i xtu re of 
am ino ac ids .  The effects of 
l i gh tn i ng  on  t he  pr im itive at
mosphere may have prod uced a 
s i m i lar  non- bio logica l  synt hes i s  
of  orga

_
n i c  molecu les .  

Mi l ler-Urey apparatus,  shown i n  
diagra m mat ic  for m .  
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I norgan i c  synthes is  of other  
molecu les ,  such  as  carbohydrates 
and n uc le ic  ac ids ,  has  also been 
demonstrated.  These var ious 
com poun d s  were probably pre
served o n  the early earth by 
the a bsence of oxyge n  and of  
other l iv ing  t h i ngs .  

ALL LIVI N G  T H I N GS today de
pend,  d i rect ly or i n d i rect ly, 
upo n  g ree n p l a n ts for the i r  
food.  The  ear l ies t  orga n i s m s  
probably " fed " b y  some fer
m e n tat io n - l i ke process  u pon the  
orga nic "broth" from wh ich 
they arose,  b u t  t h i s  food 
source was l i m i ted .  C h a n ges i n  
t he  earth ' s  a tmosph ere ca used 
both by so la r  radiat ion and by 
the  effects of t he  ear l ie s t  or
g a n is m s  produced a n  env i ro n 
m e n t  w i t h  i n creas i n g  q u a n t i t ies  
of n i trogen  and carbon d ioxide.  
Th i s  proba bly enco u raged the 
develop m e n t  of a l tern ative 
feed ing  m ech a n is m s ,  i nvo lvi n g  
fi rs t  t he  s y n t h e s i s  of more com 
p lex  mo lecu le s .  The  m ore so
ph i s t icated process of ph otosyn 
thes i s  i n  w h i c h  s u n l i g h t  s u p 
p l i e s  t he  e n ergy  f o r  t he  con 
vers ion  o f  a tmosph eric carbon 
d iox ide i n to carbo hydrates 
ca m e  la ter .  P hotosy n t h es i s  re 
leases  oxyg e n ,  so  t h e  ear ly  at 
mosphere u n derwen t  tra n sfor
m a t ion from a redu ci n g  to a n  
oxyge na t i ng  env i ro n ment .  



R EPRODUCT I O N  a rose by d u 
p l i cat ion of I o r g e  mo lecu l a r  ag 
g regat ions  by a u tocata ly s i s ,  i n  
w h i c h  e l ectr i ca l l y  a ct ive co m 
poun d s ,  s u c h  a s  p rote i n s ,  cou l d  
prec i p i ta te d ro p l ets of col l o i d a l  
agg regates t h a t  were c a p a b l e  
of d eve lop i n g  i n to o s u rface 
m e m b ra n e .  

W h e n  i n crea s i n g  oxyg en i n  
t h e  a tmosph ere reached a l evel  
to a l low deve l o p m e n t  of  res
s p i ro t i o n ,  h a r m f u l  u l trav io l et 

so lar  rad ia t ion  was  i n crea s i n g l y  
f i l tered out  a s  r e l e a s e  of free 
oxyg e n  produ ced o Ioyer of at
m ospher i c  ozone .  Col o n i zat ion  of 
s u rface waters , a n d  later  of  t he  
land ,  depended o n  the  g rowi n g  
effect ive n e s s  of  the  ozone 
scree n .  T h e  "sudden" a p pea r
a n ce of h a rd - bod i e d  i n vertebrate 
a n i m a l s  in Ear ly C a m br ian  t i m e s  
m a y  ref lect  t h e  d eve lop m e n t  o f  
t he  ozo n e  Ioyer ,  w h i c h  p rovi ded 
a protect ive e n v i ron m e n t. 

EVOLUTION OF L I F E  
bi I l io n s  of years 

befo re present 
EVOLUTION OF EARTH'S 

ATMOSPHER E & HYDROSPHER E 
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• Earl i es t  known foss i I m a r i ne 
a n i ma l s  

* Fossi l g reen a lg a e  ( m u l ti - ce l led,  
sex u a l  reprod u ct i o n )  

* Foss i l  bacte r ia  a n d  b l ue - g reen 
a lgae 

* Ea r l i est known foss i l s  ( s i n g le
ce l l  protists ( bacter i a )  and s i m p l e  
p l a n ts ( b l ue-g reen a l g ae ) .  Devel 
opment o f  ce l l  mem brane 

Co l lo i d a l  CO!Jcervates 

Protei n and ma cro m o lecu les 

A m i n o  acids 

S i m p l est compounds of C, H ,  0, 
and N 

- 1 -

-2-

-3-

-4-

F ree oxygen s ufficien t for a n i m a l  
respiration 

Free oxygen i nvades atm osphere; 
starts to form ozone I oyer w h i c h  
screen s  out u l travio let rays • 

Wea theri ng of rock beg ins  

F ree oxygen i n  hydrosph ere in
creases; oxid izes i ron 

Deve lopment of photosyn thesis ;  re
l eases free oxygen to hydrosphere 

Fermentat ion ( ? ) ;  adds carbon 
d i o x i d e  to h ydrosphere 

Pri m i t ive atm osphere proba bly  
H2,  H20,  CH4 and NH3;  n o  free 

oxygen . I ntense u l traviolet radi
ation 

FO RMAT I O N  O F  PLAN ET EARTH 

Crit i ca l  events in  the ea r l y  h i story of l iv i n g  m a tter a n d  i n  the deve lopment of 
atm osphere and hydrosphere .  • denote foss i l s ,  the earl ier  part of the h istory 
being hypothetica l ( After F l i nt and others)  



THE FOSS I L  RECORD is the basis of our  understa nd
ing of the h istory of l ife and  the course of evolutio n .  
Foss i ls  a re t h e  rem a i n s  o f  or ind ications o f  prehistoric 
a n i ma l s  a nd p la nts preserved i n  the rocks of the eart h ' s  
crust.  Fossi ls  a re o f  m a ny k inds  a n d  a r e  formed by 
va rious processes, but the chan ces of any org a n ism be
com i n g  foss i l ized a re sma l l .  Thus, the foss i l  record is 
a very incomp lete a n d  rather  b iased record of the 
h istory of l ife . Recog n it ion of  th is  is i m portant i n  i nter
preti n g  the foss i l  record.  Orga n i sms  lack ing  h a rd 
parts, for exa m ple, a re ra rely fou nd as  foss i l s .  For th is 
reason records of the early development  of l ife a re 
particu la r ly meager .  

WH OLE AN I MALS A N D  PLA NTS 
are very ra rely preserved in t he  
foss i l  record . Wool ly m a m moths ,  
up to 1 0  feet ta l l ,  fou n d  i n  S i 
ber ia a n d  A laska are exam ples 
of such preservat ion by a deep
freeze process. 

A N  O UTLI N E  of soft parts of 
org a n i s m s  buried in fi n e  m u d  
i s  someti mes  preserved a s  a 
carbon fi l m ,  t h e  more vo lat i le  
com ponents d i s t i l led off by heat  
a n d  press ure i n  rocks .  Exa m ples 
are t he  tri lobi tes and leaves. 

Wool ly  mam moth 
preserved i n  

Ca mbr ian  
tri lob i tes 

froze n ground  

Fos s i l  p l a n t  
leaves fro m 
Pe n n sy lva n i a n  



Growth ri ngs  a re preserved in  
s i l ica i n  petrified wood. 

MOST FOSS ILS consist of on ly  
the hard parts of a n i ma l s  a n d  
plan ts ,  such as  she l l s ,  bones, 
teeth, and wood. In a few cases 
these are a l most u na ltered, but 
usua l ly they a re leached a n d  
partly o r  whol ly replaced by 
other  m inerals ,  especia l ly s i l i ca 
(Si02) and calc i te (CaC03) .  The 
rep lac ing m i nera l s  may some
t i mes preserve t he  or ig i n a l  m i
crostructure, a s  i n  some s i l ic i 
fied wood, but this  i s  u n u sua l .  

IMPRESS I O N S  A N D  CASTS of 
a n i ma l s  a n d  p lants  may be 
formed in porous rocks,  such  as 
san dstone,  when a l l  the orig i na l  
com ponents a re d issolved away. 
Th i s  leaves a cavity, wh i ch  may 
later be ti l led by new m i nera ls ,  
carr ied i n  solu t ion ,  to g ive o 
cast of the  orig i n a l  out l ine .  

BURROWS,  TRA I LS A N D  TRACKS 
may be preserved in sed i m e n ts 
t ha t  a re l a ter con so l idated i n to 
rocks. 

STO N E  ARTI FACTS a re the most 
common re ma in s  of pre h istoric 
man. They represent  various 
types of tools and weapons.  

This  c la m she l l  i s  a l most una l 
tered except for  leach ing .  

Ammonite,  ca lci u m  carbon a te ,  
replaced by pyri te ( FeS2 ) . 

i m press ion  
or mo ld  

D inosa u r  t racks  i n  s a n ds tone  

Preh i s tor ic h a n d  axe  
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THE OLDEST FOSSI LS fou n d  i n  rocks est imate d  to  be 
. , a bout  2.7 bi l l ion years  o ld ,  con sist of si m pl e  p l a n ts, 

i n c l ud in g l i m e-secreti n g  a lgae,  bacteria ,  a n d  fun g i .  
� 

Various organ ic  a m i no-acid res idues a re a lso known 
frol?l these very a n cient  rocks.  Wel l -preserved a n i m al 
foisi ls  fi rst a ppear i n  roc ks 600 m i l l ion  years o l d .  

Microscopic  colon ies  o f  a lgae 
from 1 .6 b i l l ion  years ago.  
.Gu n f l i n t  Format ion,  Ontario 
�x200) 

Preca m br ian  Foss i l s  

Seg men ted worm 
Spriggina flo underi 1 .5 i n .  
(After Glaessner) 

Jel lyfish 
Medusian mawsoni 
about 1 i n .  

(After Glaessner) 

THE OLDEST PLANTS a re p re
served i n  cherts from North 
Am erica, Africa, and Aust ra l ia 
a n d  ra n g e  i n  age from 2 to 
abou t  3 b i l l i o n  years.  They i n 
c l u de fi lamen tous a n d  spher ica l  
a lgae a n d  bacter ia and  othe r  
m i croscop ic  structures that  a re 
not  eas i ly c lass ified.  Some are 
c losely s i m i lar  to l i v i ng  forms .  
Other  more  wides pread Preca m 
bria n foss i l s  i n c l ude  opt i ca l ly 
act ive organ i c  co m pounds  of 
su pposed org a n i c ori g i- n .  

Stromatolites, w ide ly d i str i b
uted in rocks of Preca m br ian  
age, are mou n d l i ke, la m i nated 
stru ctures,  a few feet in d iam
eter, fou nd  i n  ca lcareous roc ks. 
They represent  the deposits  of 
l i m e-secret ing  b lue-g reen a lgae. 

THE OLDEST AN IMALS a re 
known from Ed iacara, South 
Austra l i a ,  in  Preca m br ian  rocks 
that l ie on ly  500 feet be low the 
Ca mbr ian .  They a re soft- bod ied 
a n i mals ,  i n c l ud i n g  je l lyfi sh ,  seg
me nted worms, sea pens ,  and 
some a n i ma l s  of u n k nown affi n i 
t ies .  I n  con trast  t o  the o ldest  
pla nts,  which a re pr i m i t ive, the  
o ldes t  a n i ma l s  a re relat ively ad
va nced type s,  sugges t i ng  a l o n g  
earl ier  h istory. 



Obolella, lower Ca m br ian  
brach iopod . About  0.2 i n .  0/ene//us, a lower Cambr ian  

tr i lobite.  Le ngth to 9 i n .  

The " s u d de n " a p p e a ra n ce of fossi l a n i m a l s  about 
600 m i l l ion  yea rs ago i s  o n e  of the  m a jor  evolution a ry 
prob lems .  I t  h a s  been various ly sugg ested that :  (a )  no  
Preca m b rian  a n i m a l s  existed ;  (b )  Preca m br ian  an ima l s  
d i d  exist but  l acked h a rd parts a n d  were not fossi l i zed ; 
(c )  Preca m b ria n an ima l  foss i l s  have been  d estroyed 
by erosion a n d  meta morphi sm ;  a n d  ( d )  Preca m bria n 
a n i m a l s  were confined  to isolated, oxyg e n - rich  a reas 
and are as  yet  u n d i scovered o r  u n exposed as  fossi l s .  

None  of  these  expl a n ations  i s  n ecessari ly u ntrue .  
Ear ly  C a m b ri a n  d ivers ification of  a n i m a l s  extended 
over 3 0  m i l l ion  years,  hence was  not  rea l ly " sudden . "  
I t  seems probable  that a n ima ls d i d  not or ig inate i n  
late Preca m br ian  ti m es, that  the i r  ea r l iest representa
tives were soft-bodied forms  of restricted d istri bution ,  
a n d  t h a t  the later  widespread appeara n ce o f  h a rd 
bod ied for m s  i n  Cam br ian  tim es may m a r k  a response 
to some env i ro n m e ntal  change, such  as  the atmo
sp her ic  co m posit ion o r  cut-off of u ltravio let rad i at ion 
(p.  1 06 ) . I t  was probably rapid because of the rela 
tive " e m pti nes s"  of  many  enviro n m ents to  a n i m a l  l ife, 
a n d  the stron g  se lective pressure that the  d evelopment  
of  h a rd pa rts by a ny o n e  g roup wou ld  exert o n  others . 
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Mi.dd le  Ca m bri a n  sea based on s pecim e n s  fro m  Bu rgess Sha le  of 
Bri t i sh  Co l u m bia : ( 1 ) je l lyfi s h ,  ( 2 )  sponge,  ( 3 )  t r i lobi te, ( 4 )  
worm , ( 5 )  brach iopod, ( 6 )  xenopod ar thropod 

MARINE I NVERTEBRATES were t h e  m ost dist i nctive 
a n i m a l s  of C a m brian ,  Ordovic ian , a n d  S i l u r ian  ti mes
a period of some 200 m i l l ion years .  Although  verte
brate fra g m ents a re fou n d  in Ordovic ian rocks, they 
were rare unt i l  Devon ian  t imes .  The ea rl iest inverte
brates ( p .  1 1  0) i n c luded je l lyfish,  sea pens,  a n d  seg
mented worms,  but  Cam br ian fau n as were dominated 
by tr i lob ites, riow extinct a rth ropods .  Sponges, sna i ls ,  
ech i noderms, and s m a l l  horny b ivalved brach iopods 
were abundant  i n  sha l low seas. In the Ordovic ian,  
cora ls ,  b ryozo a n s ( m oss a n i m a l s ) ,  a n d  m a ny n ew 
k i n d s  of b ra c h iopods  a n d t ri l obi tes a p pe a re d .  P ro
tozoa n s  were ra re. Squ id l i ke  cepha lopods, so m e  1 5  

feet long, d eveloped . I n  the S i l u rian ,  eurypter ids, a r
th ropods to 6 feet long ,  l ived i n  de l ta s  a n d  estua r ies .  
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Represe nta tives of a l l  t h e  m a jor  l ivi n g  i n verte
brate phyla a n d  n early a l l  the c lasses were estab l i shed 
by Ordovici a n  ti mes .  S ince then,  the major  patterns  of 
invertebrate l ife i n  the seas h ave cha nged l ittl e .  A few 
major g roups h ave becom e  exti nct, d ifferent g eo
g raph ic  areas a n d  d ifferent e nvironments h ave sup
ported d ifferent  faunas, and genera and spec ies have 
shown varied patterns of mod ification a n d  exti nction .  

EARLY PALEOZOI C  AN IMALS 
showed many ada ptat ions to 
d ifferin g  modes of l ife. They i n 
c luded fixed benthic  forms,  such 
as cora l s  and  brach iopods ;  va
g rant benth i c  types, such as 
starfish  and sna i l s ;  free-swi m 
m ing forms,  s u ch  as  cepha lo 
pods  and  eurypter ids;  and  free
float ing forms,  such as  je l lyfi sh .  

Comparable d ivers i ty existed 
in feed ing  hab its. The p hyto
p lan kton,  on which m a ny l iv ing 
marine i nvertebrates feed,  have 
s i l iceous a n d  calcareous hard 
parts .  These types a re unknown 

i n  the Early Pa leozoic, perhaps 
because their foreru nners were 
soft-bodied.  The hard parts of 
Early Paleozoic i nvertebrates are 
com posed of various m i nerals .  
Ca mbrian forms  cons ist ch iefly 
of phosphatic,  s i l iceous ,  and  
ch iti nous mate ria l s ,  but  ca lci u m  
carbonate beca me  t h e  predomi 
nant  she l l  substance i n  O rdov i 
c ian  t imes .  Litt le i s  yet  known 
of the s ign ifica nce of this  b io
chem ical  evolut ion.  Or ig ina l  
she l l  com posit ion i s  ofte n mod i ·  
fled by  su bsequent  al teration 
during  foss i l ization ( p. 1 08 ) .  

A Devon ian  cora l reef :  ( 1 ) t r i lobi te, (2)  cephalo pod, (3)  bryozoan,  
(4) brach iopod , (5) cora l ,  (6) cora l ,  (7) cora l 

------



THE O LDEST VERTEBRATES a re fra g ments of a rm o re d  
fish  found in  rocks of Ordovicia n  age i n  Wyo m i n g  a n d  
el sewhere. Fish rema in  rare as  fossi ls  unti l l ate S i lur
ian  times .  They beco m e  d iversified a n d  abun d a nt d u r
i ng  the Devonia n .  

The or ig in  o f  vertebrates i s  obscure. They belong 
to the Phylum Chordata, conta in ing  som e  m e mbers 
that  lack  a vertebral  colu m n  (acorn worms,  sea squ i rts, 
la n celets, a n d  the i r  k in )  though they do have a sup
portin g  n otochord and other featu res shared with the 
" h igher"  vertebrates . Larva l acorn worms show stri k
i n g  s im i la rit ies to l a rva l ech inoderms, suggesti n g  that 
both g roups may have a risen from a com mon but  un
known a n cestra l stock. 

AGNATHA, the most primitive 
g roup of fish ,  are represented 
today on ly by the hagfish and 
lam preys. Agnatha lack  the true 
jaws a nd paired fins typical  of 
most l iv ing fish.  

Ma ny of these oldest and 
most d ivers ified of  the early fi sh  
had a bony armor. Cal led ostra
coderms (" bony sk i n"), they 

B irkenia 
An S i l u r i a n  a g natha n 
f i sh  a bout  4 i n . l o n g .  
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rarely exceeded a foot i n  
l ength .  They l ived ch iefly in 
streams and estuaries  where 
presumably they fed on bottom 
m uds  or on suspended materia l .  
They a re not known i n  rocks 
younger  than the Devon ian,  per
haps because they were soft
bodied-like their  l iv ing repre
sen tatives. 

Pteraspis 
Upper  S i l u r ian  to De
von i a n . About 6 i n .  

Drepan aspis 
lower Devon i a n .  
T o  1 ft.  



PLACODERM$ ( late S i l ur ian to 
Perm ian )  are the o n ly vertebrate 
class to have beco m e  extinct .  
They reached their peak i n  the 
Devonian and  a re rare in 
you nger Pa leozoic  ro'cks. Placo
derms d iffer fro m  Agnatha i n  
havi ng pa i red fins  and  pri m i tive 
jaws, i m porta n t  fea tures i n  
later d iversification o f  verte
brates .  

P lacoderms  i n c luded both 
freshwater and mar i ne  form s, 
such as the  30-fool, joi nted
necked arlhrod ires ;  s m a l l  fresh 
water sp i ny acanthodians ;  and 
mass ively a rmored, strong-f inned 
an t ia rch s .  

Clacloselache, a sha rk from the 
Upper Devonian,  with a stream
l i ned naked body. To 4 ft .  

SHARKS A N D  RAYS belong to 
the Chondrichthyes, a class of 
predaceous, cart i la g i nous,  open
g i l led fish.  Sharks show many 
adaptations to l i fe  i n  the  open 
ocea ns ,  i nc lud ing  strea m l i n ing ,  
wel l -developed teeth ,  and  spiny 
sk in scales .  Some l iv ing s harks 
reach a length of 50 feet .  The 
earl iest me mbers of the  g roup, 
which appeared in Devonian  
t imes ,  l ived in  f resh  water. 

Climatius, U pper S i lur ian to De
vonian,  was a spiny aca nth odia n 
"shark" with rhomboid scales, 2 
spines on back, and  5 pa i rs of 
ventra l fins .  Length  3 i n .  

D u n kleoste u s  was a j o i n ted
necked mar ine  a rth rod ire to 30 
ft. long .  It was the largest verte
brate of Devon ian l i m es.  

shark jaws 
and teeth 

Teeth of Carcharoclon, a 
40- to 50-foot shark from 
the Miocene 

Skates and rays,  flatten ed for 
bottom-dwe l l i n g  existence,  h ave 
fla ttened teeth for cru s h i n g  
she l ls .  

Loss of the  bony armor, de
velopment  of efficient jaw sus
pension,  and more flexible fins 
prov ided both sharks and bony 
fish  with an advantage  over 
the ir  placoderm ancestors. I so
lated teeth a n d  spines a re the 
most com mon fos s i ls .  
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Rece n t  I EVO LUT ION O F  F ISH  

Tertia ry 

Cretaceo u s ) Bony Ray-Fi n ned Fi s h  

J u rass i c  L u n gfi s h  

Tr iass ic  
Crossopteryg 1 a 1  

Perm i a n  Cart i l ag i nou s  F i sh  
P l acoderms  

::::::�·:1, �= ? ....... . . . . . . .. ---- - - - - -·-- - - - - · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· ' . . . . . . . . . .  . 

Ordov icia n Ag n a th a  

BONY F I S H  (Oste ichthyes) i n 
c l u d e  near ly a l l  l i vi n g  fresh 
water and  mar ine  species. They 
have strong,  but f lex ib le, bony 
ske letons  and either sca les or 
p lates .  Most  k i n ds have a n  a i r  
bla dder.  Bony f i s h  l i ve i n  every 
k i n d  of aquat i c  env i ron ment  
(even caves), a n d  they  outn u m 
ber  a l l  other vertebrates com
bi ned, both i n  n u m bers of spe
c ies a n d  of i n d iv idua ls .  The 

Cheirolepis, a Midd le Devo n i a n  
fi n ned fish.  Length  a b o ut 1 1  i n .  

o ldest mem bers were freshwater 
forms  from the Midd le  Devo
n ia n .  They i nc l ude  f i sh  wi th two 
types of f i n s .  

The ray-f i n ned f i sh  were a 
rare, f reshwater g roup i n  the 
Paleozo ic, bu t  they beca me the 
dom i nan t  group i n  the  Mesozoi c  
a n d  Cenozoic .  The i r  scales be
ca m e  t h i n n e r, a n d  the i r  jaws 
and skeletons  s howed progres
sive i m prove men t. 

ray· 

I ,,, 

Deta i l  of ray fi n ,  w i t h  
typica l s u pport i ng  bones .  
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EVO L U T I O N  OF AMP H I B IANS 

U ro d e l e s  

To  Rept i l e s  
Ste reos po n d y l e  

. . . ... 

La by r i n t hodon ts 

Am p h i bi a n s  

AIR-BREAT H I N G  BONY F I S H  
(Choa n i c hthyes) , a s m a l le r  g rou p 
t h a n  t h e  ray-fi n n ed fi s h ,  have 
i n ter n a l  n ostr i l s  that  open i n to 
t h e  mouth ,  a s  do those i n  l a n d 
l iv i n g  vertebrates .  L ivi ng fo r m s  
i n c l ude t h e l u ngfis h ;  t h ree g e n 
era a re known,  one  fro m each 
of t h e  sou t h e rn  co n t i n ents .  Th ey 
have powerfu l  fi n s ,  s u p ported 
n ot by a fan of s l e n d e r  bones 
as i n  t he  ray-fi n n e d  fish but by 

Osteolepis, from Midd le Devo
nian,  with th ick, rhomboid sca les 
and  short, lobed fi ns.  To 9 i n .  

. . . . . . . . . . . . . . . . . . . . . . . . ) . .le-f)ofp·Q"� d y I e 

a strong bony a x is . Th ey use  
these stout  fi n s  to " wa l k "  f rom 
pool  to  poo l  dur ing the d ry sea
son .  

Lobef i n s, t he  other  ma jor  
group,  i n c l u des t he  l i v i ng  ma
r ine  coelaca n ths  and  the i r  more 
genera l ized, freshwater, carn iv
orous,  Devo n i a n  crossopteryg ian 
forebears. I t  was t hese tha t  gave 
rise to the terrest r ia l  verte brates 
( p p . 94-95). 

- fr inge 
Lobe fin ,  show i ng the 
strong s u pport ing bo nes 
from wh ich feet deve loped. 
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LIFE ON TH E  LAND was a compa rative ly late de
ve lopment .  life p robably o rig i nated in the s h a l low 
seas, where the m ajority of i n vertebrate g roups a re 
sti l l  restri cted . Life on  the land  i nvolved m ajor changes 
for these c reatu res that orig in ated a n d  l ived i n  the 
ocea n s . The mod ifications  i n cluded changes necessary 
for protection aga in st d ryi n g  up ,  new m ethods of sup
port i n  a i r  as  opposed to the more buoyant water, 
b reath ing  oxyg en as opposed to extracti ng  it from the 
water, n ew sources of food a n d  water, a n d  n ew repro
ductive mechan i sms  to assure ferti l izat ion i n  the ab
sence of water.  Colon ization of rivers a n d  l a kes was 
only s l ig htly less formidable, for i t  involved develop
ment of mec h a n isms  to prevent d i l ution of body fl u ids  

A RTH R OPODS h a v e  exceeded 
al l  o ther  g rou ps in the d i ver· 
s ity and n u m ber  of  t h e i r  terres
tr i a l  and f ly i n g  re presentat ives . 
They g a i ned a " f l y i n g  start" 
by t h e i r  tou g h ,  f l e x i b le  outer 
coveri n g  and by t h e i r  s t rong  
appendages . The  o ldest l a n d  
a rth ropods a re l a te S i l u r i a n  

m i l l i pedel i ke for m s  t h a t  m a y  
have b e e n  part ly  a q u at ic .  I n 
sects f i rst  a p peared i n  the  D e 
von i a n . By Carbo n i ferous t i mes ,  
a va r i ety of  a rt h ropods,  i n c l u d 
i n g  pr i m i t ive w i n g ed i n sects,  
coc kroa ches , s p i d e rs ,  and scor
p ions ,  h a d  a p pea red . Most 
g roups a rose in t h e  Mesozoic .  

A RTH ROPODS 



that, in a l l  a n ima ls, conta in  d issolved salts p recisely 
adjusted to the osmotic balance of sea water.  

land dwe l l i ng ,  in  spite of i ts  problems,  offered al l  
the adva ntages of an em pty envi ro n m ent.  Because of 
the del icate i nterdependence of a l l  l ivi ng  th ings, it is  
not surpris i n g  that both plants and an ima ls  seem to 
have colon ized the la n d  at about the same ti m e  d uring 
the Si lu rian a n d  Devon ia n .  The i nvasion of the land  
a lmost certa in ly  involved the  ear l ier  i nvasion of  fresh 
waters. Many l iv ing g roups, wh ich a re essential ly ma
rine, conta in  a few freshwater  colon ists (c la ms and 
crustacea ns,  for exa m ple) ,  but on ly the p lants and 
three major  g roups of animals  (snai ls ,  a rthropods, and 
vertebrates) have become fu l ly establ ished on the land .  

VERTEBRATES have establ ished 
themselves on  the land with 
varying degrees of success .  Most 
a m ph ibians  a re l i m ited to a reas 
near e nough to water to a l low 
them to return to it to repro
d uce. Most rept i les are restricted 
to a reas from the tropical  to the 
tem perate zones.  Ma m mals  and 
birds  are more widely d i stri b
uted and adapted. Some verte
brates, i nc lud ing  turt les a n d  
other ext inct rept i les ,  porpoises,  
wha les,  and pengu ins ,  have u n 
dergone a secondary adaptat ion 
to m arine  l ife (p. 1 28) .  

SNAI LS have i nvaded fresh 
waters and  the  land .  Some 
have reta i ned the protective 
she l l ,  but others ( s lugs )  are 
na ked . Land forms  m ove and  
feed by  b rows ing ,  m u c h  l i ke 
aquatic  forms. They have de
veloped lungs for breath ing .  

Skeleton of  Perm ian  a m p h i b i a n ,  
Eryops. L e n g t h  a b o u t  5 feet. 

La nd Snail, Helix 
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600 Psi lophytes 

Sphenophyl ls  

Cycads 

terids 

LAND PLANTS p robab ly  a rose from g reen  a l g ae, 
which now exist in  both the seas and i n  fresh waters. 
Like an ima ls, d ifferent  g roups of p lants show varyi ng 
deg rees of adaptation to land l ife . 

BRYOPHYTES (mosses a n d  l iver
worts ) need water in reproduc 
tion and for  protection from 
desiccation . Their  partia l  adap
ta t ion  to  l a n d  l i fe  i s  a n a logous  
to  t ha t  of t he  a m ph ib ians .  
Sma l l  p lan ts,  w i th  leaves a n d  
stems, they l a c k  woody t i s sues  
for s u p port and c i rcu la t io n .  

1 20 
' '  

THALLOPHYTES, wh ich includes 
the a lgae, f ung i ,  a n d  bacter ia,  
lack the roots, s tems,  leaves, 
and vascu lar  s u p port ing  and c i r
cu lat ing syste m typica l  of h ig h 
er  p la nts.  They a re e i ther  u n i
cel l u la r  or cons is t  of loosely or
gan ized groups of ce l l s .  li m i ted 
to d a m p  envi ro n m e n ts .  



Ang iosperms 

G i n kgo 

Cordaites Conifers 

VASCULAR PLANTS ( Tracheophytes ) i n c l u de t h e  ma
jority of  l ivi n g  p la nts.  Al l  have specia l ized vascu lar  sys
tem s  of con d ucti n g  t issues that tra n sport water a n d  
n utrients from t h e  s o i l  t h roug h  the roots t o  the other 
pa rts of the p la nt .  Th is  system a lso provides support, 
a l lowi n g  som e  of these p lants to g row to g reat sizes.  
They a lso have an  outer layer (cutic le) that p revents 
desiccation . The ear l iest vascu lar  p lants were seed less 
kinds, such as those shown in  Devon ian  forest below. 

Devo n i a n  forest  sce ne. Shown a re :  (1) a primitive lycopod (Proto· 
lepidoden dron), (2) tree fern (Eospermatopteris), and (3)  sco u ri ng 
rush (Calamop hyton). Psi lopsids are low g rowi ng pla nts in fore· 
g ro u nd . 



PSILOPSI DS, which include the 
ear l iest known vascu lar  plants, 
lack roots . They have ei ther 
pri m it ive leaves or are leafless. 
Though widespread i n  Devonian 
t imes,  they re mained smal l  in  
s ize. On ly two genera survive. 

SPHENOPSIDS include the liv
i ng scour ing rushes  a n d  s i m i lar  
Paleozoic p la nts that  g rew to 
40 feet ta l l .  They h ave roots 
and long, seg mented, ribbed, 
cone - bearing stems with c irc lets 
of leaves at the nodes.  

S E E DLESS VASCULAR PLANTS i n clude psi lopsids,  lyco
pods, ferns,  a n d  sp henops ids .  The adu l t  p lant  produces 
spores that develop into sma l l  specia l ized l eafless 
p l a nts  ( g a m etop hytes ) .  Th ese l ater produce g a m etes, 
or sex ce l l s .  Because sperm req u i re wa ter to reach  the  
eggs, these seedless plants a re restricted to · damp 
envi ro n m ents . Widespread in  the  Paleozoic, they de
cl ined as  seed-bearing pla nts expanded in Mesozoic.  

LYCOPODS i nclude the l iving 
club mosses and g ia n t represen
tatives from the  Pe nnsylvan ian  
coal forests . 

1 22 

FERNS, which sti l l  survive in 
large n u m bers, a re spore-bear
ing p lants. Some foss i l  a n d  l iv
ing forms g rew to 50 feet ta l l .  



SEED-BEARING PLANTS are of two basic kinds:  non
flowering a n d  flowering . I n  the non-floweri n g  g roups 
(gymnosperms) ,  the seed i s  not protected ; it i s  " n a ked" 
-as in  pine cones.  In flowerin g  plants (angiosperms) ,  
the seeds a re protected.  In both kinds,  resistant pol len 
and eggs a re produced d i rectly from pa rent p lants. 
Pol len ferti l izes the egg, wh ich develops into a seed 
which is protected from d rying .  As a resu l t, seed-bear
ing plants have colonized a g reat variety of l a nd a reas 
and are the dominant l iving g roup of pla nts. 

GYMN O S PERMS i n c lude  ( 1 ) ex
t inct seed ferns, perhaps a n ces
tral to other g roups; (2) cycads 
and their extinct relatives, which 
were abunda n t  i n  the Mesozoic;  
(3) exti nct cordaites, perhaps 
a ncestra l to conifers, (4) the 
l iving ginkgos; and (5) the 
widespread, abundant con ifers. 

FLOWERI N G  PLANTS ( angio
sperms) a re represented today 
by over 250,000 species.  They 
appeared in the Mesozoic a n d  
rapid ly d isp laced t h e  gym no
sperms,  which were then domi 
nant. Their  flowers a re repro
d uctive structures, m a ny of them 
specia l ly developed to  a ttract 
i n sects that carry the m a le pol
len to ferti l ize the fe ma le 
flowers . Enclosure of the seed 
in  a protective cover ing a lso 
represents an advance over the 
gym nosperms .  Flowering  pla nts 
s how nu merous adaptations to 
d ifferent  env i ro n m ents,  ra nging 
from desert cac t i  to tropical  
s w a m p  t r e e s  a n d  f l o w e r s .  
Changes  i n  some a n i m a l  g roups 
appear re lated to cha nges i n  
vegetat ion ( p .  5 1  a n d  1 0 1 ). 

Ear ly 
cycad 

F lowe ring P la nts 
of the C retaceous 



A M P H I BIANS were the fi rst te rrestr i a l verte b ra tes, 

but  they a re on ly partly ada pted to l i fe on l a n d .  They 
need to retu rn to water to lay their  eggs,  a n d  the i r  
young develop i n  water. Most k inds  a re confined to 
d a m p  envi ro n ments as ad ults .  

The o ldest a m p h ib ians, the ichthyosteg ids  from the 
Upper Devo n i a n ,  a rose from the crossopteryg i a n  lobe
fi n ned fish,  possi bly i n  response to population pressu re 
in the pools  where the latter l ived ( p .  95 ) .  The stout 
bony axis a n d  m uscles of the fi n s  a n d  the presence of 
lungs  adapted lobefl ns idea l ly  for m ig ration from stag
n a nt a n d  seasonal  ponds .  Life on  the l a n d  provided 
un l im ited oxygen suppl ies, the poss ib i l ity of add itiona l  
food sources, escape from predators, a nd the  means  of 
reaching other bod ies of water. 

LATE PALEOZOI C  AMPH I B IANS 
showed g reat d ivers i ty. Their  
adaptive rad iation onto land 
was rapid,  and  some forms  u n 
derwent a secondary return to 
:he  water.  Some labyri n tho 
donts were 1 5  fee t  i n  l eng th .  
Amph ib ians  d o m i na ted the l and  

fo r  over 1 00 m i l l ion  years .  
They dec l i ned  in the  ear ly 
Mesozoic, perhaps  a s  a res u l t  
o f  compet i t ion w i t h  the i r  better
adapted reptilia n  descendan ts .  
L ivi n g  a m ph i b ia n s  i n c l ude 
newts, s a la m a n ders,  frogs ,  
toads,  a n d  caeci l i an s .  

Late Pa l eozoic  coo l -for m i n g  swa m p  wi th  la byri n thodont  a m ph i b ians .  



Early rept i les d iffered from the i r  a m p h i b ian a ncestors i n  on ly  m i
nor ways. They u n derwe nt  rap id  d ivers ificat ion i n  Perm ian  t i mes.  

THE RISE OF THE · REPTILES ma rked a new stage of 
adaptation to l ife on l a n d .  Repti les  d evelop from a n  
eg g with a toug h outer covering ,  provi d i n g  a bui l t- in  
food supply and a sea led ,  l iqu id-fi l l e d  capsu le for the 
deve loping e m b ryo . The infant repti les e merge from 
the eg g  more o r  less fu l ly  formed . Repti les  were thus  
ab le  to co lonize the land  a reas fa r removed from 
strea m s  a n d  la kes . Repti l ian  sk in  is scaly or  corn ified,  
a protection aga inst d ryin g  up;  the l i mbs  and c i rcu la
tory system s  of  repti les a re genera l ly su perior to those 
of a m p h ib ians .  Repti les underwe nt g reat  d ivers ifica
t ion i n  Mesozoic t imes, dominati ng  l ife not only on 
the land but a lso in  the seas and i n  the  air .  The i r  de
c l ine, sti l l  not fu l ly understood, was m a rked by the ex
p a n s ion  of t h e i r  desce n d a nts, the birds a n d  m a m m a ls .  
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Turtles 
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Plesiosaurs 

JURASSIC 

AQUATIC REPTILES were abun
dant  i n  the Mesozoic, as rep
tiles mastered every major en
v i ro n m ent .  Some were fi s h l i ke, 
others resem bled the later 
sea l s ,  and s ti l l  oth ers were ser
pent l i ke .  
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R h yncocephal ians  

1it·y < ', ��· 

Ichthyosaurs 

FLY I N G  REPTI LES had l igh t ,  
s t rong  s keleton and wings ,  sup
ported by a n  e longated fi n ger. 
Som e  were s m a l l ;  oth ers had 
2 0-foot wing spans .  They were 
con tem pora ries, bu t  not  a n ces
tors,  of ear ly birds .  



lizards 

D I N O SAURS dominated land 
l ife for the  1 40 m i l l ion years of  
the Mesozoic .  Aris ing  from the
codont ancestors, t hey inc luded 
two groups with d ist inct h i p  
structures : rept i le- l ike sauris
chians and b i rd l i ke orn i th is
chians.  Worldwide i n  d i s tribu-

Birds 

Crocodiles 

��� -

::::... Sauropods 

t ion,  they were adapted to 
many d ifferent  enviro n ments .  
They inc luded herbivores a n d  
carn ivores a n d  a l so  the  largest, 
most heavily a rmored l and  a n i
ma ls  that  have ever l ived. 
Reasons for their  ext inction in 
the late Mesozoic are obscure. 
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ADAPTIVE RADIATION of repti les in to forms a d a pted 
to l ife i n  d ifferent envi ronm ents was para l le led by 
birds a n d  m a m ma l s  after the repti les beca m e  exti n ct .  
Adaptive rad iation occurs i n  the ear ly h istory of m a ny 
g roups, usual ly fol lowed by more specia l ized adapta
tions to niches with i n  the wirler environments . 

OCEANS FRESHWATER 

EVO LUTI O NARY CONVERG E N C E  
i n  form between genetica l l y  un 
re la ted pen g ui n s ,  do lph i n s ,  ich
thyosa urs and s h arks res u l t s  
from ada ptation to s i m i l a r  e n 
viro n m e n ta l  cond i t ions .  I t  i s  
a l so presen t  i n  m a n y  other  
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g ro ups .  A l t hough  each of the  
m a m m a l i a n  tetra pod c lasses 
represents a new or d i s ti n ctive 
ado ption to life in var ious e n 
viron men ts ,  t he  th ree " h ig h es t"  
c lasses  h ave each s u ccessf u l ly 
ada pted to a l l  env i ron ment s .  
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Loo ns  

Grebes 
Ralites 

Crones, Rai ls,  
a nd Al l ies 
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� ' �- It 
.{;<!�- C l i m b i n g  B i rds  

Perch ing  B irds o nd Rol lers 

B I R DS a re ra re as  foss i ls ,  beca use of their  frag i le  
ske letons a n d  because m a ny b i rds  l ive i n  a reas where 
bur ia l  cond ition s  that lead to p reservation a re u n co m 
mon .  B i rds  sha re t h e  egg- laying  cha racteristics o f  rep
ti les  from wh ich they a rose, but the i m po rta nt, d istinc
tive features i n  the i r  d iversification and su rviva l a re 
thei r  superb a d a ptation to flying,  the i r  ca re of the 
young,  the i r  feather  cover ing,  and their  wa rm -blooded
ness . The h istory of som e  im porta nt  g roups of b i rds is  
shown above . 
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EVOLUTION OF MAMMALS (Tr ias s ic to Recent) from 
the  m a m mal - l i ke therapsid repti les  ( p .  1 24) i s  wel l  doc
umented i n  the fossi l  record . Some fossi l s  a re so 
transitiona l  i n  character between the two groups that 
there is  doubt which they represent. Mam mal s  a re 
typica l ly covered with ha i r  or  fur, have d ifferentiated 
teeth, a re warm-blooded, and h ave h ig hly developed 
senses.  Nea rly a l l  m a m mals  give b i rth  to their  you n g  
o n l y  after a l o n g  period o f  protective embryon ic  d e
velop m ent  with i n  the mother ' s  body, a n d  then the 
mother fee9s the youn g  m i l k  secreted from her m a m 
m a ry g l a n d s .  These featu res a n d  t h e  h ig h ly developed 
brains  of most m a m ma l s  must have been of ma jor  i m 
portan ce i n  t h e  evolutionary success o f  t h e  g roup.  
Mam mal s ' regulated body tem perature enable them to 
survive i n  a much  g reater envi ro n mental range  than 
d id the repti les .  

An cestra l  fos s i l  m a m m a l  

Ec h id n a  
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THE OLDEST MAMMALS were 
s h rew-s ized creatures, a few of 
which reached about one foot 
in length.  They are kno�n 
from the i r  tiny foss i l  bones. 
These mammals  re mained in
conspicuous throughout the 
Mesozoic.  

MO NOTREMES, l ike the echidna 
(spiny anteater) and platypus 
(p. 53), lay eggs and secrete 
m i l k  from modified sweat 
g lands.  The i r  pri mit ive repti l ian  
characteristics s uggest  t ha t  they 
are an  anc ient  g roup,  and  they 
a re l im ited to the  Austra l ia 
area. 

P la typus 
n u rs i n g  you n g  



SOUTH AMER ICA 
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Toxod o n t  
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Homa lodoth ere 

MARSUPIAL MAMMALS (Creta
ceous to Recent), s u ch  as kan
garoos and opossu ms ,  g ive birth  
to very i m mature you ng that  
are she ltered and fed ins ide  
the i r  mother 's  pouch .  Marsu pials  
were widespread i n  South 
America i n  the Cenozoic, s h ow
ing  many exa mples  of conver
gence (p. 1 28)  wi th  placental  
m a m mals  as  i l lustrated a bove.  

The jo in ing of North a n d  

PLAC ENTAL MAMMALS i n c lude 
most l iv ing m a m mals .  Because 
the e m b ryo is  nourished and  
susta ined by  the p lacenta with i n  
t he  mother ' s  wom b, t he  n ew-

NO RTH AM E R I CA 

South America by t h e  e mer
gence of the I sth m u s  of Panama 
i n  the la te  Cenozoic ended the  
isolation i n  wh ich  these  marsu
pials  had developed.  Com peti
t ion with  the better adapted 
North A merica n placentals  re
su lted in the ext inct ion of most 
marsup ia ls .  Ma ny have su rvived 
in Austra l i a  beca use of t ha t  
con t i nen t ' s  con ti n ui n g  i so lat ion .  
( After S im pson ) 

born a re more mature t h a n  are 
marsupia ls ,  presumably a n  i m 
portant evol utionary adva ntage. 
The o ldest ( Cretaceous ) were 
s h rewl ike  i n sectivores .  
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EARLY CENOZO I C  MAMMALS s h owed a period of ex
plos ive rad iat ion, rep lac ing the Mesozoic ru l i n g  repti les 
in  a l most every environment. Reconstruction a bove of 
scene some 50 m i l l ion  years ago inc luded a ncestra l le
m u r  Notharctos ( 1 ) ,  carn ivores Oxyaena ( 2 ) ,  Mesonyx 
( 3 ) ,  hoofed m a m ma l s  Palaeosyops (4), a tita no 
there (5) ,  and the a m blyods Eobasileus (6) ,  Uinta
therium (7), a n d  Coryphodon ( 8 ) .  

Phenacodus A R C  H A l  C H E R B I V O R O U S ,  
H O O F E D  MAMMALS i n c luded 
Phenacodus, an adva nced con
dylar th , with a l ong  ta i l ,  five 
toes, a n d  a carn ivore l i k e  s k u l l .  
Con tem pora ries were a m bly
pods and u i n ta theres  ( a bove ) , 
w i t h  teeth mod ified for chew
ing vegetation .  The  c lawed 
toes of a n ces tra l forms  later 
beca me mod ified to h ooves. 



UJ 
J z  � UJ 
u u  J o  ) ,.... ' �  
J �  ) CL  

� 
u ' 
u w  5 �  
u u  � 0  L. UJ  

EVOLUTION OF CARNIVORES (After Colbert)  

ARC HAIC CARN IVOROUS MAM
M A L S - th e  creodon ts - were 
mostly smal l ,  s lender, long
ta i led creatures.  They deve l 
oped c laws, sharp teeth ,  a n d  
s u p p l e  l i m bs.  So me  reached the 
s ize of l ions .  Most  c reodonts 
beca me ext i nct  in the Eocene.  
From wease l - l i ke m e m bers of 
t h i s  g roup  there s u bseque nt ly 
developed the  a ncestors of l iv
ing cats, dogs, a n d  bears.  

LATER CARN IVORES i nc luded 
a ncestra l forms of flss iped (sp l it
footed)  cats,  dogs ,  hyenas ,  a n d  
weasels ,  a l l  o f  wh i ch  a ppeared 
at  d ifferen t  t imes .  Web-footed 
carn ivores (sea l s ,  wa lru ses) i n 
vaded the ocea ns  i n  Miocene 
t i mes .  The c losely re lated ceta
cea ns ,  i n c l u d i n g  do l p h i n s  a n d  
whales,  a p peared i n  the  Eoce ne  
a n d  a re s u perbly ada pted to 
mar ine l i fe. 
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M O D E R N  MAMMALS a rose in  Eocene a n d  Ol igocene 
times.  P leistocene reconstruction shows g i a nt g round 
s loth Megatherium ( 1  ) , bison (2 } ,  saber-tooth cat (3 ) ,  
horses (4) ,  wool ly  m a m m oth (5 ) ,  came l - l i ke Camelops 
(6) ,  g lyptodont  (7}, a huge beaver Castoroides ( 8 ) , and  
g round s loth Mylodon (9 ) .  

MODERN HOOFED MAMMALS 
( Un g u la tes ) i nc lude odd - toed 
horses, tapirs ,  a n d  rh i nos ,  a n d  
even - toed, c love n - hoofed cat-

t ie, pigs, ca me ls ,  and deer, 
which d i sp laced the earl ier 
odd-toed u n g u lates.  Changes 
i n  vegetation had  a n  ef fect . 

Camels  
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FAMI LY TREE OF 
EVEN-TOED UNGULATES 



Pr imates 
I nsectivo res  Dermopterans 

�� . �. t'  ��.' ,t!jf> .> · C h i ropterans 

Pyrotheres 

Adaptive rad ia tion of p lacen ta l  m a m m a ls .  ( After Col bert. ) 

Ra d iat ion of m a m m a l s  i nto every e nvi ro n m e n t  
is  typified by thei r  m a stery o f  t h e  a i r  a n d  t h e  oceans  
as wel l  a s  the land .  Bats a n d  ancestral whales both ap
peared i n  the early Tert iary.  On the l a n d ,  specia l ized 
m a m ma l ian  g roups · developed . Rodents and rabbits 
adapted to a variety of foods  a n d  ways of l ife, i n clud
ing  burrowi n g .  Pr imates, m a ny adapted to l ife i n  the 
trees, a rose ea rly i n  the Tertia ry.  E lephants and eden
totes (s loths and armadi l los) represent further special
ization i n  adaptations.  
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EVI DENCE OF EVOLUTION of o n e  species i n to a n 
other  over geo logic  t ime i s  p rovided by m a ny m a m 
m a l ia n g roups .  Two typica l exa m p l es a re g iven h e re .  

TITANOTHERES were a g roup  
of  large Tertiary mam mals .  Their  
evo lut ionary deve lopment  i s  
shown i n  h i storical sequence 

t 

Brontotherium 
platyceras 

Manteoceras 
manteoceros 

.
• ,.,"),< 

\ . .
.
.. · /-�.; 

.· �{' · Mesatirhi�us 
·1. ; petergon1 t:::;t �> 

;;f 

below. Other  forms  a l so ex
i sted, and the i r  evo lut ion  i s  a l so 
we l l  documented.  (After Os
born.) 

*" _,., Brontotherium 

y 
� � .�cr.;.;• � --, . 

leidyi 

Dolichorhinus '\ 
hyognathus 

��- � 
Lambdotherium 
popagilum 

Eotitanops 
princeps 

.... ·� 
Eotitanops 
gregoryi 



EVO LUTION O F  PROBOSCI DEANS, GREATLY S I M PL I FI ED. 

Elephas 
Pleist .- Rec . 

P l io . 

Mammut 
Mio.- P i io .  

Moeritherium 
Eoc . -Oi ig . 

Palaeomastodon 
Olig.  

( AFTER OSBO RN. ) 

Gomphotherium 
Mio. -P i io .  

Stegodon 
P l io .- Pieist .  
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G E O G RAPH I C  DIST R I BUTION of living m a m mals  re
flects the pattern of interconnection between conti
nents during the geologic past. 

EUROPE, ASIA, AND N ORTH 
AMERICA were con nected for 
m uch of Cenozoic t ime,  a l low
ing m ig ra tion a n d  exp la i n i n g  
m a n y  si m i la ri ties o f  t h e i r  pres 
e n t  fa u na s .  The  d ifferences t ha t  
do ex i s t  reflect differi n g  c l i 
m a tic  env i ron m e n ts a n d  recen t  
developmen t  o f  desert a n d  

Reindeer 
B ison 

Hedgehog PlAEARCTIC 

1 , -t�- .. 
•• 

m o u n ta i n  barriers to m ig ra t io n .  
The faunas  o f  South A merica, 

Austra l ia, and Africa south of 
the Sahara a re q u ite dis t i n ct .  
These continents have been 
separated from one a nother 
throug hout the  Cenozoic. North 
African m a m mal s  a re more s i m 
i l a r  t o  those o f  Europe. 

Wild Horse 

O R I ENTAl 

.. . ... .. 

Marco Polo 
Sheep 

I n d ia n  E lephant 

F ly ing 
P h a l a n g e r  

Koa l a  K a n g a roo 

AU STRAliAN 



ISOLATION of South America 
and Austral ia p roduced very 
d ifferent ma m mal ian fau nas, i n  
wh ich marsupials were a t  first 
the dom inant forms. They re
main abundant in Austra l ia be
cause of its continu ing isola
tion. I n tercon nection of North 
and South America in  the late 
Tertiary led to competition 
and exti nct ion of m a n y  South 
American p lacenta ls .  

Convergent evolution in  ex
ternal form between North 

American placental mammals 
and fossi l  South America n mar
supials (p. 1 3 1 )  demonstrates 
the influence of natural selec
tion in adaptation to s im ilar 
modes of l ife. 

Geographic distribution of 
other a n i m a l  groups does not 
n ecessari ly show same bou nd
aries as  m a m ma ls .  Pla n ts and  
marine  invertebrates, for  ex 
a mple, have q uite different  dis
persal  means,  a n d  therefore 
different d istribution patterns .  

Mou nta i n  Goat 

Caribon N EA RCTIC Musk Ox 

Porcupi ne 

Pronghorn A ntelope 

K i n kajou 

Howler Monkey 

Capybara 1 39 



Arboreol 
i n sectivores 

Relation s h ips between the m a i n  groups of pri m ates. ( After Co l 
bert. ) 

PRIMATES a re the  m a m m a l ia n order to which l e 
m u rs, ta rsiers, mon keys, a pes, a n d  m a n  belon g .  They 
ten d  to be rather rare as  foss i l s, l a rgely because of 
their  characteristica l ly  a rborea l ha bits . Most pr im ates 
show two fun d a m ental  adaptations to their  tree-dwel l 
i ng  existence : stereoscopic v is ion a n d  hands capable 
of g raspin g .  These two features, present i n  a l l  but the 
m ost pr im itive mem bers, a l low the pri mates to judge 
distances accurately a n d  to swin g  from bra n ch to 
branch .  They were a lso i m portant, together with his 
large brain ,  i n  the development  of g round-dwel l i ng  
man,  a l lowin g  h im  to  develop i ncreas ing ski l l s  i n  m a k
i ng  and  us ing tools .  
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PROSIMIANS (pre-monkeys) i n 
clude l iving l emurs, aye-ayes, 
bushbabies, a n d  the more mon
key- l i ke tars io ids .  They arose in  
the Pa leocene,  probably from 
arborea l i n sectivores, and be
came d ivers ified d uring the 
early Tert iary. They dec l ined 
in n u m bers dur ing late Tert iary 
t i m es, proba b ly  beca use of 
com peti t ion from their  descen 
da nts, t he  an th ropoids .  Pros i m 
ians  st i l l  s u rv ive i n  such p laces 
a s  Madagasca r and Southeast 
As ia .  Prosi m ia n s  have less we l l 
developed b i noc u la r v i s ion and  
g rasp i n g  l i m bs than  other  pri 
mates .  

ANTHROPO IDS inc lude mon
keys, apes, and  men.  They de
veloped i n  the  O l igoce ne  a n d  
Miocene from pri m i t ive pros im 
ian  a n cestors . O l d  World m o n 
keys show funda mental d iffer· 
ences from those of the  New 
World .  F lat-nosed,  prehens i le-

P L E I STOCENE 

Notharctos, an Eocene prosi m
ian, about 1 8  i n ches h igh .  

ta i led South A merica n forms, 
such as  marmosets, ca puch ins ,  
and  spider mon keys, see m to  
be more pri m i tive. O ld  World 
and New World mon keys arose 
i ndependent ly  fro m  prosi m i a n s .  
Their s i m i la rit ies are t h e  res u l t  
of convergent  evol ution . 

New World - �-
Monkeys 

onkey 

; \ PI i o p i t h e c u s  

Australopithecus-Homo , _ _ _ _ _ 
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-
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Ramapithecus 

APES MEN 

EVOLUTION OF PR IMATES 
(After McAlester) 
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HOMINOIDS-a pes a nd men-a re cl a ssified together 
in  a s ing le superfa mi ly, Hominoidea.  They show fewer 
d ifferences from one another than do the Old World 
from the New World mon keys, which a re i n  separate 
superfa mi l ies .  The h istory of the hominoids  above 
shows their possib l e  evolutionary relationsh ips  as re
vea led by sku l l s  and  by dental patterns .  
1 42 



.,.,, ,,, - , .. . ., I> ., -
. ., 

Ora ngutan Austra lopithecus Homo 

. 
I 
I 
I . 
I 
I 
I 

· - - - - - - - - - - - - ' 

R a m a p ithecus 

I . 
I 

· - - - - - - - - - - - - - - - - - - - - - J 

? 

Ramapithecus 

LIVI N G  APES inc lude the ch im
panzee a n d  gori l l a ,  which are 
ch iefly g roun d- l i v ing  forms,  a n d  
t h e  g i b bon and  the  ora ng uta n,  
which a re beauti f u l ly ada pted 
to a rboreal l ife. All  lack the 
typical ta i l  of mon keys. Al l ,  ex
cept perhaps the g ibbons,  seem 
to have arisen from genera l -

Homin idae (Men) 

Austra lopithecus 

iz:ed a pes that were widespread 
in the  Old World in M iocene 
and P l iocene times. Dryopithe
cus (Proconsu/J, wh i ch  i n c l uded 
severa l forms most probably  of 
apel ike proportions , may a l so 
h ave given r ise to t he  a ncestors 
of m a n .  ( I l l u s tra t io n s  a da pted 
from m a n y  a u thors . ) 
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THE FAMILY OF MAN wh ich spa ns  t h e  l ast 2 m i l l i o n  
years, inc ludes th ree genera .  Two of t h e m  a re n o w  ex
t inct .  Because of the ra rity of pri mate fossi ls  a n d  per
haps a l so because of the i ntense i n terest in the orig in  
of  m a n ,  there i s  some disagreement con cern i n g  the  
deta i led relationsh ips of  particu lar  species with in  the  
broad pattern  of  evolutionary development .  New d is
coveries a re sti l l  bein g  made, a n d  the provis iona l  ac
count  g iven here m ay wel l  requ i re later mod ification .  

RAMAPITHECUS, a sti l l  poorly 
known h o m i n id,  has been 
fou nd i n  late Miocene and  Pl io
cene rocks of I n dia and Africa. 
The pa.ttern of its teeth s hows 
a rather smooth semic i rcu lar  
outl i ne, which is far more simi
lar to that of l ivi ng man than 
to the quadrate pattern of  the 

apes (p. 1 4 2). Litt le is k nown 
about other parts of th

.
e skele

ton ; and because of th is, the 
reconstruct ion shown below is 
very ten tative. But the tooth 
pattern i s  so " h uma nist ic" that  
i t  seems probable t h a t  Ramapith
ecus was close ly re lated to 
modern man.  



AUSTRALOPJTH E C U S  (Southern
ape) i s  a lso regarded as  closely 
re lated to modern m a n ,  prob
a b ly d i rectly a n cestra l to t he  
genus Homo to  which we as
sign our. own species, Homo 
sapiens. 

Austra lo p i thec i nes , o n ce w i d e
s p r e a d  i n  A f r i c a ,  a r e n o w  
thou g h t  t o  i n c l u d e  two spec ies  (p .  
1 43) .  They were g ro u n d  dwe l le r s  
about  4 feet  ta l l .  A l ready,  how
ever, they had a n  u p r i g h t  pos
t u re .  Bones fou n d  w i t h  t h e i r  re
m a i n s  s u g g est th a t  t h ey were 
ca r n i vores,  but t h i s  i s  not  cer
ta i n .  In d e n ta l  pattern a n d  i n  
genera l  s k u l l  fo r m ,  they  were 

very m a n l i ke,  desp ite their rath 
er  protrud ing  jaws and  brow 
ridges. The ir  bra i n  capacity 
(about 600 cc) was only half  
that of modern man.  

There is st i l l  some doubt  
whether  crudely c h ipped stone 
tool s  associated with fossi l  de
posits were made and u sed by 
a us tra lopi t hec ines  or by the ir  
descenda nts and  u l t imate con
temporaries, Homo erectus. 
Austra lopi thec ines  beca m e ex
t inct  a bout  ha l f  a m i l l ion years 
ago. Rece nt d iscoveries i n  
Kenya suggest  that  early forms 
may date back as  far a s  2.6 
m i l l ion  years. 
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W H AT I S  M A N ?  Th i s  quest ion is s u rp r i s i n g l y  d iff icu l t  
to  a n swer  when  a p p l ied to  foss i l s .  I t  see ms  bette r to 
restr ict the  term " m a n "  to o u r  own spec ies ,  Homo sa

piens, and to re g a rd other  c lose ly re lated fo rms  a s  p re
h u m a n ,  though  so m e  of these m a n l i k e  c reatu res d i d  
sha re t he  h u m a n  cha racter i st ic o f  too l m a n ufacture .  
Mod e r n  man a p pea red a bout 500,000 yea rs a g o .  

HOMO ERECTUS i s  known from 
foss i l s  fou nd  i n  the Ple istocene  
sed i m ents ran g i ng fro m  about 
750,000 to 200,000 years in 
age.  Though sometimes de
scribed by other names (most 
common ly Pithecanthropus}, i n 
d iv iduals  of the species are 
known from Java, Ch ina ,  Af
rica, and Asia. H.  erectus was 
an erect, g rou nd-dwe l l i ng  ind i 
v idual  who fash ioned various 

tool s  and was a pparently a 
hu nter. Ma n l i ke i n  structure and 
in  appeara nce, H. eredus had 
a bra in  capacity of 900- 1 1 00 
cc, i n termed iate between that of 
A ustrafopithecus and modern 
man. H. erectus was a contem
porary and perhaps a com peti
tor of later  austra lopi thec ines 
from whose ear l ier  mem bers 
"he" evolved. H. erecfus used 
fire and led a comm unal l ife. 



MODERN MAN, Homo sapiens, 
seems to have arisen from H.  
erectus. For a lmost 200,000 
years, the  two s pecies were 
con temporaries.  Modern man is  
characterized by less  conspiCu 
ous  brows and  jaws  t han  the  
earl ier h o m i n id s  a n d  had  a 
m uch  larger bra i n  ( av. capa
city about 1 35 0  cc ) . · 

Severa l races were invo lved 
in the foss i l  h istory of man.  Ne-

garded as a race of our  own 
species,  l ived t h roughout  Eu
rope ,  the Mediterranean area, 
and parts of Asia Minor from 
about 1 1 0,000 to 35,000 years 
ago, a period that inc luded 
three episodes of g laciat ion.  
Nea nderthal  men l ived in caves 
a n d  were sk i l l f u l  too lmakers 
and h u nters. They were not the  
s tup id  brutes they are  often 
pictu red as being.  

CRO-MAGNON MAN replaced 
Nean dertha l  Man i n  Europe 
about 35,000 years ago,  prob
a bly migrati ng  fro m the Mid
d le  East. Phys ica l ly  s i m i la r  to 
modern m a n ,  Cro- M a g n o n  m a n  
m a n u factured s u perior tools 
and prod u ced m asterpieces of 
art and scu lp tu re ( p . 1 4 9 ) . 

andertha l  man ,  long regarded 
as  a d isti nct  species, was a race 
of heavy-browed,  muscular in
d ividuals .  The later Cro-Magnon 
race had facial  features that  
more c losely resem bled those 
of modern man .  Although  these 
d ifferences are real ,  t hey seem 
analogous o n ly to those of l iv
i ng  h u m a n  races, between 
wh ich in terbreeding frequently 
takes place. 



THE EVOLUTION OF TOOLS. Wea po n s, societ ies ,  a n d 
cu l tures a ri se from a n d  reflect m a n 's p hysical  a n d  
m enta l  evo lution .  B inocu la r  vis ion ,  m a nua l  dexterity, 
a n d  i ncreasi n g  m e ntal  capacity were para l le led by the  
i n creasin g  perfectio n  of  man ' s  work as  a craftsm a n .  

THE O LDEST TOOLS were prob
ably used but  not made, con
sist ing of stones and bou lders 
conven iently shaped by natu re. 
La ter too ls  were crudely ch i pped 
and shaped axes and scrapers . 
These were gradual ly su pple
mented and replaced by de l i 
cately ch ipped b lades  and ar
rowheads of a variety of mate
r ia l s ,  i n c l ud i ng  bone. 

BONE AND A N T L E R  WEAPONS 
Magdel in ian 

About 1 0,000 years a g o, the  
ear ly cu l t u re of c h ipped i m 
p lemen ts, t h e  Pa leo l i th ic ,  gave 
way in Europe to the Neol i th ic ,  
wh i ch  was marked by f i n ely 
g rou nd and pol i shed too l s  a n d  
wea pons.  About 5,000 years 
ago, man f i rs t  learned to fas h ion  
i m p lements of meta l .  The "stone  
age" st i l l  pers i sts a mong some 
l iv i ng  peop les .  

HAND AXES 
Acheul ian 

SCRAPER 
Mousterian 

SPOKESHAVE 
A u rignacian 

WEAPON H EADS 
So l u trean 



CULTURAL EVOLUTI O N  of m a n  
i s  g l i m psed i n  cave pa in t i ngs  
and  carv ings  that  date  to  about 
2 8 ,000 years ago. Both a re 
ch iefly depicti o n s  of h u n t i n g  
a n d  ferti l i ty .  They m ay h ave 
had " m agica l "  s i g n ifica n ce .  

MAMMOTH CARVING 
Magde l in ian  

Ma n 's a n c ien t  belief in s u r
v iva l  a fter death is s h own by 
Neandertha l  a n d  Cro-Magnon  
s ke le to n s  b u ried i n  feta l or  
s leepi n g  pos i t ions ,  w i t h  i m p le 
m e n ts and tokens  to be used 
i n  t he  new l i fe .  
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EVOLUTION O F  H UMAN SOCI ETIES a rose from man ' s  
growing adaptation to h is e nvironment. Such land
m a rks as  the  d iscovery and  use  of  fire  by  Homo erec
tus a n d  the development of crop cultivation ,  an ima l  
h usban d ry, a n d  pottery by Neol i thic men  prod uced 
rad ical  changes in the patterns of human l ife. Man,  
orig i na l ly a nomadic  hunter and  herbivore, cou ld then 
construct dwel l i ngs  and gather into g roups who estab
lished settlements. 

The need for com m unication fostered the d evelop
ment  of increasing ly sophisticated language.  The g row
ing  size of com m u n ities necessitated the d ivision of the 
various tasks involved i n  surviva l and the creation of 
some form of govern ment .  We know l ittle  of the de
tai led development  of any of these, for writing was 
not i nvented unt i l  a bout 5,000 years ago.  Ear ly re
corded history is  very patchy, being  infin itely more 
com plete for some parts of the world,  such as  Egypt, 
than for others . The earl iest societies and  thei r u nwrit
ten languages, u n l i ke the i m plements of early man,  left 
no records i n  the stone.  
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TH E M EAN I N G  OF EVOLUTI O N  

Even before Darwin publ ished The Origin o f  Spe
cies, some re l ig ious leaders attacked the concept of 
evol ut ion beca use they t h o u g h t  it t h reatened the i r  
viewpoi n t; others have e m b ra ced it  as  a n ew i n si g h t  
in to the  wor k  o f  G o d  i n  t h e  created worl d .  Evo l ut ion 
a ry th eorists h ave c la imed evol ut ion a s  a justificat ion 
for mi l i ta nt pol i tica l  tactics; others h ave endorsed it as 
i l l ustrati n g  the i nevitabi l i ty of harmonious political  de
velopment .  Som e  economists have c lai m ed i t  as an ar
gument  for laissez-faire economic  pol icies,  whi le a few 
scientists have used it as  a basis  for a n ew code of 
ethics .  Som e  popular  writers, attack ing  trad itiona l  re
l igious bel ief, h ave adopted evolution i sm as a new re
l ig ion . Se ldom has  a scientific theory so quickly beco m e  
a l l  th ings  t o  a l l  men .  Seldom has  a n atu ral process 
been so carelessly used as an expository basis  for the 
whole pattern of human  l ife .  

Contem porary cartoon a n d  
verse i nd icates Victorian in ter
est i n  the mean ing  of evolution • .  

Am I Satyr o r  Man? 

Pray  te l l  m e  w h o  con ,  
And sett l e  m y  p l ace i n  t h e  sca le ,  

A m o n  i n  a pe' s s h a pe,  
An a n t h ropoid ape,  

Or m o n key depr ived of  h i s  ta i l ?  
T h e  Vest iges ta u g h t ,  
T h a t  a l l  c a m e  f r o m  n a u g h t 

By "deve l o p m ent , " so c a l led ,  
' ' prog ress ive; " 
T h a t  i nsects a n d  worms  
Ass u m e  h i g h er  form s 

By m od i f i cat ion  excess ive ,  
T h e n  DARW I N set fort h ,  
I n  a book of m uc h  worth 

T h e  i m porta nce of " N at u re' s se lect io  

M O N K E Y A N A. 



V i ctor ian  ca rtoon dep icts a pu zz led Darw i n  a n d  h i s  a n cestors.  

The Impl ications of Evo lution 

The process  of evo l u t ion i s  a 
fact .  N u mero u s  l i nes  of evi 
dence i n d icate t h e  desce n t  of 
new s pecies by m odificat ion of 
a n cestral  form s over extended 
periods .  A l t h o u g h  t he  mech a 
n i s m  i s  s ti l l  t h eoret ica l ,  t here 
is very s tron g  evidence t ha t  
n a t u ra l  se lection ,  genet ic  var i 
a t ion ,  a n d  i so la tion a re t he  
ch ief com po n e n ts .  ( p.  1 0 2 )  

Evol u t ion ,  l i ke any  other nat
u ra l  process or  sc ient i f ic  the
ory, i s  t heolog ica l ly neu tra l .  I t  
descri bes mecha n i s m s, b u t not 
mea n i ng .  I t  i s  based u po n  the 
recog n i tion  of order b u t  i n 
corporates n o  conc l u s ion  con 
cern i n g  t he  ori g i n  o f  t h a t  or
der a s  ei ther p u rposefu l  or 
pu rpose less .  

A l t hough  evo l u t ion  i n vo lves 
t he  i n terpretat ion  of n a t u ra l  
eve n ts by  n a t u ra l  processes,  i t  
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ne i ther  a s su mes  nor  provides 
part i c u l a r  con c l u s i o n s  concern 
i n g  the  u l t i m a te sou rces or the  
s ig n ificance of m a ter ia l s ,  events 
or  processes .  

Evo lut ion prov ides no ob
v ious  co nc lus ions  concern i ng  
po l i t i ca l  o r  economic  systems .  
Evo l u t ion  no  more  s upports evo
l u t io n a ry pol i t i cs (whatever they 
might  be)  than  does  the  Secon d  
L a w  o f  Thermodyna m ics s up
port pol i t i ca l  d i sorder or eco
n o m i c  c haos . 

Evo l u tion  offers no bas i s  for 
ethics .  I t  i s  no t  se l f -ev iden t  t h a t  
s u rviva l i s  t h e  h ig hest  good 
a n d  that any mea n s  of i t s  a t 
ta i n men t  i s  v i rt u o u s .  T .H .  H u x 
l e y  wrote "The  eth ica l prog
res s  of society depen ds ,  no t  on  
i m i ta ti n g  t h e  co m i c  process ,  s ti l l  
less  i n  r u n n i n g  away from i t, 
bu t  i n  com bat i ng  i t . "  



EVOLUTION PROVIDES A PERSPECTIVE for man, 
hence is  a s ig n ificant  contribution to h u m a n  u nder
sta n d i n g .  Recogn ition  of the i m m ensity of the spa n of 
geolog ic  ti m e ,  the awesom e  scale of cosm ic  d i men
s ions  and processes involved i n  the  long  period of  p re
organ ic  evolut ion, a n d  the p lace of m a n  h imself with in  
the e n d l ess d iversity of  t h e  tee m i n g  l ife on the  fra i l  
su rface of  o u r  p l a net-al l  these hel p to  en l ig hten and 
susta i n  man as  he faces the cha l lenge, the d i lemma,  
a n d  the  mystery of  h i s  human  con d ition . 

Ma n k i n d ,  t h e  p ro d uct  of o rg a n i c  evo l ut io n ,  i s  now 

tec h n i c a l ly eq u i p p e d  w i t h  power,  i f  n o t  tlie wi l l ,  to c o n 

t r o l  t h e  f u t u r e  d eve l o p m e n t  of l i fe o n  e a rt h .  Psyc h o soc i a l  
evo l ut i o n  h a s  n o w  d i s p l a c e d  t h e  o l d e r  p ro c e s s e s  of 

o rg a n i c  evo l u ti o n  i n  h u m a n  co m m u n i t i e s . K n owl e d g e ,  

t ra d i ti o n s ,  va l u e s ,  a n d  s k i l l s  a re n o w  t ra n s m i tt e d  fro m 

o n e  g e n e r a t i o n  to a n o t h e r  t h ro u g h  boo k s  a n d  tea c h i n g  

i n st i tu t io n s  rath e r  t h a n  b e i n g  l e a r n e d  a n ew "fro m 

scratc h "  by ea c h  n ew i n d i v id u a l .  

Psyco-Social  
Evolut ion 

Appearance of oldest known 
foss i l s  

Each  seg ment  
represents 
a p p roximately 
5 0  m i l l ion 
years 

of 
Earth 
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THE FUTURE EVOLUTION OF MAN, of other species, 
a n d  perhaps of the whole intricate ecosystem of which 
we are a part now stands  i n  jeopardy. The pol lution of 
the atmosphere on which our  existence depends has  
now reached a cr i s i s  of major  proportions in  most in 
dustria l ized a reas of  the world .  Rapidly dwind l i ng  re
serves of such essential com m odities as petro leum and 
many m etals threaten the future not on ly of i ndustria l  
production but a l so of technological ly based society. 
A continu ing  explosion of human  population,  espe
cia l ly i n  the less i n dustria l ized areas of the world,  
raises the awesome possibi l ity of wid espread famine  
and sta rvation  within the next 30 years. 

Man a l ready possesses the tech nical  power to solve 
these th ree major  prob lems : pol lution, dwind l i ng  min
era l resources, and  overpopu lation . Whether he  has 
the wisdom ,  the wi l l ,  and the energy to solve them re
mains  to be seen . I t  is  i ron ic  that the future of the age
lon g process of organ ic  evolution may now depend on 
the conscious choice of m a n, a product of that process.  
The danger, the cha l lenge, and the choice i nvolve m a n
kind in  a common peri l  and a com mon hope.  

Evo lution provides no easy answers to m a n ' s  long 
search for meaning and no insta nt solutions to m a n 's 
most press ing  problems .  It i s  rather for m a n  h imself 
now to provide  the i n put-in the recogn ition of an 
eth ic  beyon d  that of surviva l ,  of a purpose beyond 
that of gain ,  and of a v is ion of l ife beyond that of 
mechanism a n d  process. On such col lective com mit
ments of men a n d  of nations depend the survival of 
mank ind  a n d  the future course of evolution .  
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Pol l ut ion of atmosphere in i ndustria l  areas is a worldwide prob
lem.  World fa m i n e  poses an increasi n g ly severe threat as  bur
geon ing populat ion com petes for l im i ted resources.  World popu
lat ion projections suggest g loba l population of 25 bi l l ion  by 2 0 70.  

2 5  b i l l i o n  people b y  2 0 70 

World p o p u l a t i o n  q u a d r u p l e d  

by 2 0 4 4  

As ia : q u a d ru p l e d  by 2 0 4 0  

Worl d :  d o u b l e d  by 2 0 0 7 ;  

po s s i b l e  fa m i n e  

As ia : doubled b y  2 0 0 5  

1 6 1: 
·a. 
0 ..c: 1 4 U 
Q; 1 2 � 
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