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FO REWORD 

This g u ide  to l ife of the past d iffers from other  Go lden 
Natu re G u i des .  In stead of dea l i ng w ith a s i ng l e  g ro u p  of 
p lants or  a n i ma ls ,  i t  dea ls  w ith them al l .  In stead of be ing  
concerned o n ly w ith the  i m med iate p rese nt, i t s  scope 
covers over half  a b i l l ion years. In stead of d ea l i n g  w ith 
l i fe first hand ,  th i s  g u i de m ust rely on o n l y  scant c l u es
b its of she l l ,  bone, or  s u n d ry foss i l  i m p ress ions .  Such 
c l ues are scarce, so each m u st be  stud ied m i n ute ly .  De
ta i l s  are i m portant and th ey have been stressed i n  the 
systematic s u rvey of foss i l  fo rms. M ost foss i l s  have on l y  
sc ientific names and these often refer to  g ro u ps rather 
than to spec ies .  

We have many i n stitut ions  and i n d i v i dua ls  to thank  for 
aid w ith th i s  book.  D io ramas and m u ra ls  of the C h i cago 
Nat. H i st. M u seum are the basis for many of o u r  resto ra
t ions. The Un i ve rs ity of Il l i no i s ,  the I l l i no i s  Geo log ical 
Su rvey, the U.S. Nat iona l  M useu m ,  the Un ivers ity Co l lege 
of Swansea, the Ward 's Natu ral H i sto ry Esta b l i s h m ent, 
Inc .  loaned us spec i mens .  So d i d  M .  W. Sanderso n ,  A .  F. 
Hag ner ,  W. W. Hay and F. J. Koen ig .  A nge la Heath and 
S h i r ley Osborne have ass isted the sen io r  author ,  and many 
more of our co l l eag ues have g iven us  photog rap hs ,  s peci
mens,  comments ,  and  suggestions .  
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LIFE, PAST AND PRESENT 
The earth teems with l ife. M o u nta i ns ,  p ra i r ies ,  deserts, 
beaches, lakes,  r ivers and seas - every part of l and ,  sea 
and air is i n hab ited by l i v i ng  t h i ngs .  The n u m ber of d ifferent 
spec ies of l i v i ng  t h i ngs  i s  enormous .  More than 350,000 spe
cies of p lants and 1, 120,000 spec ies of a n i ma ls  are kn own . 

H ow d i d  th ese many spec ies o ri g i nate? Has l ife a lways 
been the same as it i s  now? Men have asked these q u es
t ions  fo r t housands  of years. To answer them we m u st 
tu rn to foss i l s  and to a knowledge of l i v i ng  o rgan i sms  and 
the i r  structu re. O n ly an  u n de rsta n d i n g  of  l i v i ng  an i ma ls  
can  p ut l ife i n  the frag ments o f  bones and  s he l l s  m i l l ions  
of yea rs o l d .  

The e lephant i s  t he  larg est l i v i ng  land a n i ma l .  Bu t  the 
study of foss i l s  s h ows not o n l y  that e lep hants a re a recent 
g ro u p  in the long  h isto ry of l iv i ng  th i n gs but a lso  that ear ly 
e lephants looked more l i ke hogs.  As geo l o g i sts t race 
e lephant foss i l s from o lder  to you nger  rocks they p i ece 
together the h i sto ry of e lephant evo l ut i on .  Foss i l  bones 
and teeth reveal the structu re of ear ly e lephants, but  by 
study i ng  these foss i l s  i n  the l i g ht of the anatomy of l i v i ng 
e lephants, com plete recon structio n s  of exti n ct e lephants 
can be made w ith reasonab le  acc u racy. Some u n u s ua l  
occu r rences of mastodon foss i l s  w ith c rude  fl i nt weapons 
p rove that these e lephants were h u nted by  our  ancestors. 

4 



EVOLUT I O N  OF 

ELE P H A NTS 

T R I LOPHODON 
U .  M iocene-L. P l iocene 
1 0-20 m i l l i o n  years ago 

L iv ing elephants are s u rvivors of an an
cient, more w idespread and varied group ,  
wh ich  evolved f rom p ig-s ized ancestors 
of the Upper Eocene. (See the geolog ic 
clock, pp .  30-31 .) On ly  a few of the many 
ext i nct elephants and their  kin are s h own.  
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OVER 1,000,000 
ANIMAL SPECIES 

1 .  A rth ropods-900,000 
2. M o l l usks-45,000 
3. Chordates-45,000 

·�·...--... 4 . P rotozoans - 30,000 
5. Worm- l i ke phy la - 38,000 
6. Other inverteb rates - 2 1 ,000 

A pprox i mately 1 ,000,000 

ALL FOR M S  OF L I FE have evo lved from ear ly beg in 
n i n gs ,  some th ree b i l l io n  yea rs ago.  F rom re l at ive ly few 
p ri m it ive forms,  the majo r  g ro u ps of p lants and  a n i ma ls  
deve loped .  L i v i ng  th i ngs  became more com p l i cated and  
adapted to  many d ifferent ways of l i v i ng .  The  n u m ber  of 
d ifferent s pec ies g rad u a l ly i ncreased u nt i l  they reached 
the tremendous  d ivers ity of today. The study of foss i l s  
(pa leonto logy) t races the var ious  paths by w h ich  a n i ma ls  
and p lants evo l ved to the i r  present fo rms.  Some,  l i ke e le
phants and h o rses,  have chan ged g reatly ·th ro ugh the 
ages.  Oth e rs, l i ke the ho rsesh oe c rab and  cockroach ,  
have not changed i n  h u n d reds of m i l l i o n s  of years . Sti l l  
other foss i l s  show l i nes o f  develo pment that came to a d ead 
end .  G iant S l oth s, once p lent if u l ,  are known o n l y  as foss i l s .  

GL YPTODONT, 9ft., an armored mam
mal from the late Cenozoic ,  is a fossil 
that shows spectac ular  and obvious 
adaptat ion .  Th is  relat ive of the armadi l los 
was protected aga inst carn ivores and 
other enemies by a th ick ,  sol id, domed 
armor, wh ich reached 5 ft. in len gth i n  
s o m e  forms. T he h ead and  ta i l  were a lso 
armored, and in some species the tai l  
te rmi nated i n  a sp i ked, mace- l i ke c lub .  
Yet despite, or  because of ,  these  u n usual  
adapt ions g l yptodo nts became exti n ct. 



ABOUT 350,000 
PLANT SPECIES 

1 .  F loweri n g  P lants-250,000 
2. Ferns,  Con ifers,  etc. -10 ,000 
3. Mosses and Liverwo rts-23,000 
4. A l gae,  F u n g i ,  etc.-60,000 

A bout 350,000 p lant species 

A D A PTAT I O N  Most p lants and  a n i ma ls  ex i st o n ly be
cause they a re s uccessfu l l y  adapted to the i r  e n v i ro n ments .  
Each  d i st i n ct e n v i ro n ment such  as a desert, pond o r  m o u n 
ta i n  t o p  s u p p o rts a more o r  less d i sti nct p o p u lati on  o f  a n i
ma ls  and  p l ants. Th ose w h i c h ,  over l ong  per iods  of t ime ,  
have  beco me fitted to  cope  w i t h  local  con d it i ons  have  s u r
v i ved .  A l l  the rest have become exti nct. Many  l i v i n g  th i n g s  
are u n ique ly  adapted to part i cu l a r  e n v i ro n me nts .  T h e  
strea m l i ned  s hape of a fish  a n d  the struct u re a n d  f u n ct i o n  
o f  its fins a n d  ta i l  are adaptat ions  t o  l i fe i n  the water .  T h e  
fl e s h y  stem s  o f  a cactus are adaptat io n s  that con serve 
water i n  the  desert. Such adaptatio n s  su cceeded, but  the 
fos s i l  record i s  strew n with the rema i n s  of those that fa i l e d .  
The  s l o g a n  o f  l i fe m a y  wel l be -adapt or  per i s h .  

S u rvival  i n  a n i ma ls  depends o n  adapta
t ions as var ied and as i ntr i cate as the 
an ima ls  the mselves. V i rtua l l y  every struc
tu re of a plant or  a n i mal  may be regarded 
as adapt ive. M a n y  a n i ma ls  have p rotec
tive co lor ing  and a few forms, such as the 
bottom-l i v i ng  flo u n der, a re ab le  to c h a n ge 
the i r  color to  conform to their  back
g ro u n d .  Such an i ntr i cate adaptat ion  is 
rarely d iscern ib le  in foss i l s. However, if 
the adaptation affects bone or she l l ,  it 
may show up  c lear ly i n  the foss i l  record. 



EVOLUTION OF TH 
VERTEBRATES 

Adapted from W. K. Gregory 

ENT OF M O D E R N  A N I M A L  L I FE i s  d if
ficu lt to trace because the fos s i l  reco rd is i ncomp lete. 
Enough  i s  known to suggest the genera l  pattern of evo lu 
t ion  and to  reconstruct i n  some detai l h i story of g ro u p s  i n  
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those a reas where foss i l s  occ u r  a b u n dant l y. The  chart 
shows relat i ons h i ps among  major  g ro u ps of verteb rates. 
Those a n i ma l s  w i th i n  a g i ven color p robab ly deve loped 
from com m on ancesto rs. 
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INTRODUCTION TO FOSSILS 
Fossils are the remains of prehistoric life or some other 

direct evidence that such life existed. To become fossil

ized a plant or animal must usually have hard parts, such 

as bone, shell, or wood.lt must be buried quickly to prevent 

decay and must be undisturbed throughout the long proc

ess. Because of all this very few plants or animals that die 

are preserved as fossils. 

In rare cases whole animals may be preserved. In Siberia 

and Alaska fossil mammoths have been found in the 

frozen ground, completely refrigerated for some 25,000 

years. In Galicia (Poland) an Ice Age Woolly Rhinoceros 

was well preserved in asphalt. In semi-arid South America, 

parts of mummified Ground Sloths have been preserved 

in caves. In each of these cases an unusual condition

cold, chemical action and dryness-was involved. 

1 0  



Carbon ized leaf 

I n sect p reserved 
i n  amber  

SO FT P A RTS are rarely found intact but insects' exo

skeletons and minute appendages have been preserved 

in amber, the hardened resin of ancient trees. Leaves and 

small, soft marine animals buried in mud which hardened 

into shale have sometimes left behind a thin film of carbon 

outlining their form and preserving delicate details of their 

structure. And, in western Canada, sandstone casts of 

dinosaur skins have been preserved. 

HA R D  P A RTS are often preserved with little or no 

alteration. Teeth of sharks and mammals are examples, 

and small jaws of ancient sea worms have been found. 

Bones may be preserved but more often have been altered 

and replaced by dissolved mineral matter. Shells fre

quently remain intact and in a few places logs and stumps 

have been preserved in peat or coal. 

Foss i l  b rach iopod 
w ith or ig i n a l  
pear ly l u ster  

J aw of mar ine worm 



Cross sect ion of petr ified wood 

A LTERATION of hard parts preserved as fossils is 

common. Circulating water dissolves chemicals from 

shells and bones and leaves them light and spongy. More 

often as chemicals are dissolved they are replaced by 

others. Silica, lime and iron compounds are commonly 

deposited in fossils. Sometimes this replacement pre

serves the original structure of the plant or animal com

pletely. In some petrified wood, silica has replaced the 

original woody structure so perfectly that the cells and 

annual rings show clearly. In most petrified wood and 

most replacement fossils, the replacement is less perfect 

and shows only the general form. 

Brach iopod she l l  
replaced by do lom ite 

1 2  



2. Sand hardens to rock. 3.  S h e l l  m at e r i a l  d i s -
S h e l l  i nter ior unti l led. so lved. Cav ity wal l  is  

m o ld of s h e l l .  

4. D i s so l ved chemicals 
til l  mold to form cast. 

5. Both m o ld and cast 
are foss i ls ,  rep l i cas of 
the or ig ina l  su rface. 

M O LDS A N D  C A STS Not all fossils are bones, shells 

and other remains. Some are mere indications of pre

historic life. All the original plant or animal material may 

be dissolved away so that only a cavity remains-the walls 

of which are a natural mold of the fossil. Later, dissolved 

substances may fill the cavity, forming a natural cast of 

the original. Such casts are common fossil forms. Foot

prints or trails of animals may harden as a mold. Filled 

with fresh mud, casts are formed and both may be pre

served, as in the red sandstone (Triassic) of the Con

necticut Valley which contains tracks of dinosaurs. 



m o l l usk borings 

dinosaur 
gastroliths 

coprolite 

A urignacian hand axe 

1 4  N eo lithic scraper 

OTHER TY PES OF FOSSI LS 

include some curious forms, all of 

which are evidence of ancient life. 

BO R I N GS of worms and mol

lusks indicate that these animals 

lived millions of years ago. Such 

fossils are common. Sometimes 

petrified wood shows borings also. 

GASTROLITHS are smooth, 

rounded pebbles found in rib 

cages of dinosaurs. These stones 

probably aided the din osaurs' di

gestion just as gravel in their giz

zards helps chickens crush grain. 

Polished gastroliths are found 

only in "dinosaur country." 

COPROLITES are fossil excreta 

and give a clue to the diet of an

cient animals. These lumpy fossils 

are usually associated with land 

animals of the past 50 million years. 

A RTIFA CTS are stone tools or 

weapons made by ancient man. 

Found in many parts of the world, 

the oldest have been found with 

bones of animals n ow extinct. The 

first stone artifacts were crude 

and difficult to recognize. More 

recent ones were chipped and 

polished to make beautiful im

plements. 



SE D I M E N TA RY ROCKS con
ta i n  near ly  a l l  the foss i l s  that are 
fou n d .  These rocks are formed of 
sediments - m ud ,  sand ,  c lay-:-de
pos ited mechan i ca l ly ,  chemica l l y  
or  by o rgan i sms ,  i n  seas, lakes,  
caves,  deserts and  r iver va l leys. 

STRATA or  layers are a charac
teristic of sed imentary rocks. The  
bottom layers a re natura l l y  the 
o ldest. But  not a l l  sed i ments are 
even l y  or c l ear ly  bedded . 

L I M ESTO N E ,  mai n ly cal c i u m  
carbonate, c o m m o n  i n  warm, sha l 
l ow seas ,  often has foss i l s .  

S H A L E  i s  a fine-g ra i ned rock 
formed from s i lt and c lays. It p re
serves foss i l s  wel l .  

S A N DSTO N E  i s  w idespread i n  
desert depos its and  i n  sha l l ow 
water sed i ments. 

R I P PLE M A RKS A N D  M U D 

CRACKS character ize many 
sed imentary rocks formed i n  sha l 
low waters . R i p p le  marks are com
mon i n  s ha le .  M udcracks may 
form as m u d  and c lays d ry .  These 
imp l y  the p resence of s u n l i g ht, 
water and moderate tem peratu res 
-co n d it ions  related to the poss i 
b i l it ies of l ife .  

Grand Canyon strata 

l i meston e  

- �  -�; 
' . 
� 4 ' ., 

'-_ . -y .. -::: 
sandsto n e  
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N o rth American sed ime nta ry formations deposited dur ing  the past 600 m i l l ion 
years. Small  l o ca l  beds of sed i m entary rock a re a lso found w ith in a reas of 
i g neous a n d  metamo rph ic  rock. 

S E D I M E N TA RY ROCKS, often r ich  in fos s i l s, occu r  
ove r  much  o f  North Amer ica. Bu t  i n  many  p laces t he  so l i d  
rocks a re covered with so i l  o r  g l acia l  d epos i ts ,  o r  the 
foss i l -bear i ng layers l ie deep beneath other  rocks.  Hence 
fos s i l  h u nt i ng  i s  restri cted to outcrops -p laces where the 
sed i menta ry rock i s  exposed at the su rface, as in c l iffs, 
r iver banks, roadcuts or  qua rr ies. 

The fact that foss i l s  a re found  in sed i menta ry rocks is 
no co i n c idence. Other  rocks are su bjected to forces or 
cond i t ions  wh ich  d estroy foss i l s  eas i l y .  The p rocesses 
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Foss i l  bony fish from Eocene G reen River  formation ,  Wyom i n g .  

that wear down the earth 's  s u rface prod uce the sed iments 
from w h i c h  s ed i mentary roc ks are formed.  T hese wear i ng  
down p rocesses (deg radat ion) i n vo l ve ra i nfal l ,  evapora
t ion ,  w i n d ,  ru n n ing water and  transportatio n  among other 
th i n g s .  And the fos s i l  fish  p i ctu red a bove n ot o n l y  p roves 
that fishes l i ved in the d i stant past, b ut that cond it ions  i n  
the lake in which it lived were not g reat ly different fro m 
those i n  many areas today. T h is and  o lder  foss i l s  p rovide 
evidence that basic phys ica l  con ditio n s  mak i ng  l i fe poss i b le  
today existed n ot o n ly 50 m i l l io n  years ago when th is  fish  
became a foss i l  bu t  probab ly  go back about two and a ha l f  
b i l l ion years.  Every foss i l ,  even the m ost common, te l l s  a 
fasc i nati ng  sto ry of the chang i n g  su rface of the ea rth 
and the deve lopment of l i fe u pon  it .  

17 



co ncret ion  

septar ian nodu le  

do lomite 
"pseudo-coral" 

Pseudofossi ls, often shaped l i ke fossi ls, 
lack d etai l ed fossi l  str u ctures. 

PSEU DO FOSSI LS are rock str.uctures that resemble 

fossils. They may have any shape and often look like 

parts of plants or animals. A geologist will usually recog

nize a pseudofossil at once, but an amateur may be misled. 

Pseudofossils resemble fossils only in external form. 

They never have the detailed structure of true fossils. 

They may occur in improbable situations, as for instance 

a "footprint" in rock formed long before any creatures 

walked on land. 

Pseudofossils are formed in many ways. Some are 

water-worn fragments of rock. Concretions which form 

in sedimentary rock may contain a fossil, though most do 

not. Concretions, harder than the rock in which they occur, 

are often found on the surface. Some minerals form den

drites or fernlike deposits on or in rocks. Moss agates 

are dendrites, not fossil moss. 

pyro l usite den drites on do lom ite 

po l ished moss agate 



THE RAREST FOSSILS are 
those of h u man bei n g s. This jaw
bone u n earthed in Africa i n  1 961 

pu shed the o ri g i n  of h u mans o r  
near- h u man,  tool- u s i ng a n i ma ls  
back  to near l y  1 ,  750,000 years ago .  

FOSSILS FOR AMATEURS 
Collecting and studying fossils can be an interesting 

hobby as well as an important science. Only during the 

past two centuries has paleontology, the study of fossils, 

moved to the professional level. Amateurs have collected 

and studied fossils much longer and today they enjoy 

field trips and collecting as much as ever. Major dis

coveries have been made by amateurs and many have 

won acclaim from professional geologists. 

Unless the ground is covered with snow, collecting 

fossils is an all-year occupation. It takes you out-of-doors 

and off the beaten track. You learn to know your region 

intimately and enjoy the company of other local "rock

hounds. " No other hobby can open such wide vistas of 

time and space. The study of fossils still has many un

solved problems which a serious amateur can tackle 

with some chance of personal success. Such a person 

will understand fossils better if he also keeps up a con

t inued interest in living animals and plants. 
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FOSSILS RECONSTRUCT LIFE 
They enable sc ienti sts to p i cture 
accu rate ly many k i nds of long
exti n ct p lants and an imals .  

FOSSILS PLOT GEOGRAPHY 
They ind icate ancient land and 
water areas and show the chang ing  
conti nents. 

WHY COLLECT FOS S I LS? M ost peop le  co l l ect for 
the s i m p l e  fu n of it -for the fun of tram p i n g  and exp lo r i n g ; 
for the excitement of a rare fi n d ; for the cha l l enge of "work
i ng  o ut" a perfect spec i m e n .  But i n  the cou rse of do i ng  
a l l  t h i s ,  the layers o f  sed i mentary rocks u nfo ld l i ke pages 
of a g igant ic book ,  revea l i n g  the fasc i nat i ng  sto ry ·of the 
earth ' s  l ong  and excit i ng  past. Events 50, 1 00 or  500 m' i l l i o n  
years a g o  become real because t h e  fos s i l s  y o u  have fou n d  
p rov ide  a c lear  con nection  with byg one  ages .  

With the a id  of foss i l s  the recon struct io n  of  p re h i sto r ic  
p lants and  a n i ma ls  was poss ib l e ,  and  the .story of the 
evo l ut ion  of l ife became c lear .  Witho ut the ev idence of 
foss i l s ,  evo l ut ion wo u l d  sti l l  be a theory ,  not a fact. Foss i l s  
he lp  determ ine  whether sed i ments were formed i n  sha l 
l ow o r  deep seas ,  i n  r i vers ,  i n  swamps or  i n  deserts. T h u s  
they g ive a c l ue tb t h e  geog raphy and  eco logy o f  t h e  past 
and show h ow the cont i n ents and  seas have chan g ed .  
Foss i l s  p rove that A laska was o nce con n ected w ith S iber ia 
and A ustralia with Malaya . The d i st r i b ut ion of sha l low
water m o l l u s ks a ids  in trac i ng  anc i ent s h o re l ines .  
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FOSSILS HELP CORRELATE 
STRATA I ndex foss i ls  estab l ish  
the t ime relatio n s h i p  between rocks 
of d ifferent a reas. 

b u i l d i n g  
stones 

petro l e u m  

d iatoms fo r 
fi l ters 

FOSSILS ARE NATURAL RE
SOURCES Fossi ls  a re a sou rce 
of coal , o i l ,  l i me ,  phosphate and 
bu i ld ing  stones. 

Fos s i l s ,  in add it i on to be i ng  clues to anc ient  geog raphy ,  
are a l so c l ues to the c l i m ate of  the past. Fos s i l  cora ls  
s h ow that warm,  sha l l ow seas o n ce covered N ew York .  
A n d  p lant foss i l s  s h ow that the c l i mates of A ntarct i ca 
and G reen land  were o n ce m i l d .  

Certa i n  fos s i l s  of l i m ited t i m e  d i str i but ion  c l ear ly  mark  
certa i n  beds o r  st rata of rocks .  T h ese are i ndex foss i l s  
a n d  the i r occu rrence i n  rocks l ocated m i les  apart p roves 
these rocks were formed at the same t i me .  T h i s  u se of 
foss i l s  to co rre late strata is i m po rtant in m a p p i n g  rock  
format io n s  a n d  i n  l ocati ng  va luab le  m i ne ra l  depos its .  

Foss i l s  t hemse lves o r  rocks located by fos s i l s  p rov ide  
natu ra l  res o u rces va l ued a t  b i l l i o n s  of d o l lars .  N ear ly  a l l  
o u r  fue ls  a re foss i l  f ue l s .  Coa l  and  o i l  a re the  rema i n s  o f  
anc ient p lants and a n i ma l s .  Foss i l  l i mestones make ex
ce l l ent b u i l d i n g  stones .  Some are cut for  o rnamental u se .  
M i c ro-fo s s i l s  a re used as fi lte rs, fi l lers ,  i n  p o l i s h es and  
fo r  many  othe r  p u rposes.  Some phosphate beds  a re asso
c iated w ith l a rge  depos its of foss i l  b o n es .  A m ber  and  j et 
are fos s i l s  u sed as j ewel ry. 
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Rockh o u n d s  
i n  a quarry 

STU D Y I N G  FOSSI LS is someth i n g  l i ke mak ing  a rab
b it  stew-yo u fi rst m u st get a rab b it .  Co ns i de r i ng  the  
earth as  a who le ,  foss i l s  are  rare. Many are  b u r ied be
neath the  sea .  Fo rests, g rass lands ,  swamps ,  deserts ,  so i l  
and rock  debr is  cover  many more .  Yet desp ite a l l  th is ,  
foss i l s  are often easy to  find . 

WHERE TO LOOK for foss i l s  is eas i l y  sett led .  Look i n  
sed i mentary rocks,  fo r these are the p r i nc i p l e  rocks wh i ch  
may conta i n  foss i l s .  Occas iona l l y  foss i ls are fo u n d  i n  
beds  o f  vo lcan i c  ash  or  are even preserved i n  lava, bu t  
t hese  are rare. Sed i m entary rocks (ma i n ly sandsto ne ,  
sha le  and l i mestone) are  com mon,  b ut not  a l l  of  them 
conta i n  foss i l s .  Maps i n  th i s  book show where such sed i 
ments are exposed b ut th i s  rou g h  data m u st be su pp le
mented by detai l ed maps and state geo log ical p u b licat ions  
(see p .  25) . 

I n  genera l ,  fresh expos u res of rock are best for co l l ect
ing . Look in road or  ra i l road cuts .  Vis i t  m i ne d u m ps,  quar
r ies and p laces where rock i s  be ing  excavated fo r new 
constructi o n .  Cl iffs ,  r iver banks ,  head lands  and  othe r  
natu ral exposu res a re  good p laces a l so .  Remem ber that 
a l l  these p laces . i n vo lve a certa i n  e lement of danger. Watch 
for t raffic at roadcuts and get perm iss ion  before enter i n g  
quarr ies .  Loose rocks can b e  a dan ger t o  y o u  and  t o  any
one be low you . 
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TOOLS for co l l ecti ng  foss i l s  are s i m i lar  to those used 
by any rockh o u n d .  A geolog ist's , p laste rer's o r  br i c k
layer's hammer  is essent ia l .  So i s  a knapsack or stout 
shou lder  bag fo r carry i ng  spec imens .  Foss i l s  a re often 
de l icate. Take news paper and wrap each spec imen sepa
rately as soon as it is co l lected . Put a label o r  s l i p  of paper 
with each spec imen g i v i ng  location ,  fo rmation ,  date, and 
identificat ion  if known .  

A large and a sma l l  co ld  ch ise l  a re needed to  remove 
spec i mens ,  for hammeri ng  alone i s  ra rely enough .  A 
sma l l  shovel  and  a steel  wrecki ng  bar may a lso p rove 
handy. You w i l l  often need road maps and more deta i l ed 
topog raph i c  o r  geo log ica l  maps to locate your  o utc rops .  
A mag n ify i ng  g lass o r  hand lens (5 to 10 power) i s  worth 
hav i n g .  Carry a com pass, a fi rst-a id  kit and  a pocket kn ife. 
You may need to carry you r  own food and water too. 



H OW TO COLLECT Take t ime to su rvey the a rea. Look 
fo r rock su rfaces where weather ing has exposed foss i l s .  
Weathered-out spec imens a re easy to  co l l ect and may  be  
i n  excel lent cond it ion .  T u rn over  rock frag ments and  
study  a l l  s i des .  B reak open  concretions  if they  occ u r. 
S h o u l d  you locate verteb rate bones or any  foss i l  you be
l i eve rare, leave it i n tact and get profess iona l  he lp .  Va l u
ab le  foss i l s  have been ru i ned by b u n g led attem pts to 
remove them. 

P R E P A RA T I O N  A N D  CLEA N I N G  shou ld  be done at 
home after spec i mens have been removed . The de l i cate 
task of c l ea n i n g  and work ing  out a s pec imen is best done 
on a stout tab l e  w i th  good l i g ht and adequate too ls .  O ld  
denta l  too l s  are  excel lent for th is  p u rpose. E lectr ic-pow
ered "ho b by sets" often conta in  sma l l  d r i l l s  and  g ri nders 
wh ich  make the tas k  easy. Bone and other de l i cate foss i l s  
may req u i re a coati ng o f  a p reservative such  a s  she l lac 
or  Alvar to p revent c racki ng  and deteriorat ion .  

I DE N T I FI CA T I O N  A N D  EXH I B I T I O N  o f  your  co l 
lect ion b ring your  work to a c l imax. Reg iona l  vo l umes on 
foss i l s  shou ld  be consu lted for identificat ion .  Sec u re the 
a id  of geo log ists at u n ivers ities and m useums.  These 
experts are usua l ly g lad to aid an amateu r. Spot your  
specimen with a d rop of  q u ick-d ry ing  enamel  and  p ut 
yo u r  cata log n u m ber  in Ind ia  i n k  on the s pot. Reco rd th is  
n u mber  and  the name, l ocation and other  data on  a card 
and a l so i n  a separate cata log . 

Foss i l s  can be stored i n  cardboard t rays of vary i ng  
s izes p u rchased f rom sc ientific supp l y  houses. Put  you r  
label  i n  the tray beneath the spec imen .  Keep sma l l  speci
mens i n  v ia ls .  B u i l d  exh i b it cases o r  a bank of sha l low 
d rawers to ho ld  trays and specimens .  
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M A PS ARE I M PORTA N T  beca use so m u c h  info rma
tion is p resented in them about sed i mentary formation s, 
structu res and  strata. Without maps the location  of fossil 
deposits is im possib le; use al l kinds .  

Road maps: Obtain sets o f  several kinds covering your area. K e e p  them u p  
t o  date. Mark small back roads that may n o t  ap pear on the maps. K e e p  one set 
at home for refe ren ce. Take an other set into the field with you. 

Topographic maps are produced by the U.S. Geological Survey. These are 
more detailed than road maps and show the land and water featu res as well 
as c u lture (roads, b ridges, towns, hou ses. etc.). An Index Map for your state 
can be o btained from the U.S. Geolog1cal Su rvey. Washington 25. D.C. 
Geological maps: These are often prepared by state geological s u rveys 
either as a state geological map or in relationship to specific reports. Check 
with your state s u rvey and get their list of p u b lications. 

BOOKS wil l  he l p  you identify fossi ls ,  u n derstand  basic 
geology and the story of evo l ution .  C heck the p u b l icatio n s  
a n d  reports o f  y o u r  state geological su rvey. Write the 
Su pt. of  Doc. ,  Wash .  25 ,  D .C .  for  a l i st of  U.S.  Govt. p u b l i 
catio ns  i n  geo logy .  T h e  fo l l owing list o f  textbooks and  
general references wi l l  a l so he lp .  
Arnold,  C .  A., A N  INT RODUCTION T O  PALEOBOTANY. M c G raw-Hill, New 

York, 1 947. Background information on fos sil plants. 
Colbert. E. H .. EVOLUTION OF THE VERTEBRATES, John Woley. New York, 

1 955. U sefu l for general  reading. 
Crone•s and K r u m bein, DOWN TO EARTH, An Introd uction to Geology. Univ. 

of Chicago P ress. Chicago, 1 936. A readable, lavishly illustrated account  
of  geology on  a co l lege level. 

Fenton and Fenton. THE FOSSIL BOOK, Dou bleday, Garden City. N.Y .. 1958. 
An tntrod uctio n to paleontology with fine illustrations. 

Matthews, W. H., FOSSILS. Barnes and Noble, New York, 1 962. Excel lent su rvey 
and introduction to prehistoric life. 

Moore, La licker and Fischer, INVERTEBRATE FOSSILS, M c G raw-Hill, New 
York, 1 952. U seful  for fossil identification. 

Moore, R. C., INT RODUCTION TO HISTORICAL GEOLOGY, M c G raw-Hill, 
New York, 1 958. A good source for the geologic history of North America. 

Rhodes, F. H. T., THE EVOLUTION OF LIFE, Peng uin Books, Balt imore, Md., 
1 962. An ill u strated, readab le  account of the history of l ife. 

S impson, P itten d righ and Tiffany, LIFE: An Introd uction to Bio logy. Harcou rt, 
Brace & Co., New York, 1 957. An i ntrod uctory text on biology. Comp rehen
sive and excellent. 
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M U S E U M S  A N D  EXH I B ITS wi l l  show you exce l lent 
spec imens  and i nt roduce you to foss i l s  that do not occu r  
loca l ly .  Many u n ivers it ies and most large c it ies have mu
seu ms w i th  foss i l  co l l ect ions .  Some outsta n d i n g  ones 
a re l i sted be low.  

Ala., U n iversity -A la. M u seum of 
Natu ral H istory 
Ariz., Holb rook - Petr ified Fo rest 
Nati onal  M o n ument M u seum 
Cal., Los A ngeles-L.A. Co. Mus. 
Colo., Denver-Mus. of Nat. H is!., 
Boulder-U. Colo. M u s. 
Conn., New Have n - Peabody Mus. 
of Nat. H i s!. (Yale Un iv.) 
D.C., Was h i n gton - S m ithso n ian 
I n s!. , U.S. N ational  M useum 
Fla., Gainesv i l le -Fia. State M us.,  
U n ivers ity of F lorida 

Ill., C h icag o -Chic.  Nat. Hi s!. M us. ,  
Spr ingfield -Il l .  State M us. 
Kansas, Lawrence-U. of Kansas 
M us. of Nat u ra l  H i sto ry 
Mass., Cambridge-Museum of 
Comparative Zoology 
Mich., Ann Arbor-U n ivers ity of 
M ic h i ga n  M useum 
Neb., Linco l n -U niv. of Nebraska 
State M use u m  
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New York, A lbany - N.Y. State 
Mus. ,  Buffa l o -Buffalo Mus .  of Sci . ,  
N.Y. C ity -Amer. M u seum of Nat
u ral H istory 
Ohio, Cleveland - C l eveland M u s. 
of Nat u ra l  H i story 
Pe nnsylvania ,  P h i  !ad e lph i a
Acad. of Nat. Sc i . ,  P itts b u rgh
Carneg ie  I n s!. M u seum 
So. Dakota, Rapid C ity- M us. of  
So. Dako"ta Schoo l  of  M i nes 
Texas, A u stin - Texas Memoria l  
M useum 
Utah, Jensen -D i nosaur  Nat. Mon. ,  
Vernal -Utah F ie ld H se. of Nat .  H is!. 
Wash., Vantage- G i n kgo Petrified 
Fo rest State Park M useum 
CANADA, Ottawa, O ntario- Nat. 
M u seum of Canada 
Toronto, O nta rio- Royal Ontario 
Museum 
Montreal, Quebec- Redpath Mu
seum 



l i v ing  
(d iameter about  6 i n .) 

LIFE OF THE PAST 
Foss i l s  are a l most a lways i ncomp lete. A foss i l  h o rse i s  
known by a sku l l  and  a few bones .  O n ly the  she l l  o f  a fos s i l  
s h e l lfish  i s  fou n d ,  and  an  anc ient tree is  rep resented o n ly 
by leaf frag ments .  Yet ent i re p lants and  a n i ma ls  are re
constructed on a sc ient ific basis that uses present l i v i n g  
fo rms as a key to i nterpret the  l ife o f  the  past. 

A study  of l i v i n g  p lants and a n i ma l s  i s  essent ia l  to 
unde rstand  foss i l s .  Foss i l  ammon ites h ave been exti n ct 
for 70 m i l l i o n  years, b ut the i r  she l l s  are very s i m i la r  to t he  
l i v i n g  Pear ly Naut i l u s .  Geo log i sts ass u m e  that the i r  soft 
parts were a l so s i m i lar  and  make reco nst ruct i ons  accord
i n g ly .  A co m par ison of large vertebrate foss i l s  w ith  l i v i n g  
spec ies sh ows h o w  m u sc l es fit t o  bones .  Th i s  i n d i cates 
body stru ctu re. Liv i n g  p lants he l p  us  u n derstand  those 
known on ly  by foss i l  frag ments .  These reco nstruct io n s ,  
with othe r  g e o l o g i c  i nfo rmati o n ,  make i t  poss i b le t o  fo rm 
an  accu rate p ictu re of the a n i mal  and its env iro n ment. 
Th i s  in terp lay of past and  p resent i l l u st rates how man 
u ses sc ience to develop  n ew front ie rs-an i n c reased 
u nderstan d i ng of both past and present at the same t ime .  
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GRAND CANYON rock forma
t ions a re shown in cross sect ion  
ab ove, n u m bered i n  o rder of  a ge. 

The lowest n u m bers are the o l dest. 
Over 1 .5 b i l l i o n  years of earth h i story 
a re reco rded here. 

GEOLOG I C  T I M E  is the fourth dimension of the earth's 

past. Without it, objects and events cannot be placed in 

their proper relationship. Only the almost incomprehen

sible length of geologic time can explain the great changes 

in life and in the earth itself. The development of a reliable 

scale of geologic time is one of the great feats of the human 

mind. Early steps were taken by observing the occurrence 

of sedimentary rocks in horizontal layers and noting the 

rate at which sediments formed in bays and basins. The 

simple observation that younger layers formed on top of 

older ones became the first key to the long geologic time 

scale. 

Studies show that the earth includes a vast series of 

sedimentary rocks, most with characteristic fossils. Even 

when layers are tilted, folded and broken, or when erosion 

has left only discontinuous remnants of strata, fossils re

veal their order and relationships. 
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There are ways by w h i c h  the  age of a rock  or foss i l  can 
be m easu red d i rect ly in years.  One m ethod i s  based on 
the b reakdown of rad ioact ive e lements .  T hese e l ements 
have u n stab l e  atom ic  n u c le i  that b reak dow n at a steady, 
measu rab l e  rate to form more stab le  e l ements .  Thus, 
u ran i u m  b reaks dow n i n to lead and  h e l i u m  at a very s low 
rate that is i n depen dent of h eat, p ressu re. or othe r  cond i 
t ion s .  One  g ram of u ran i u m  forms 1 /7,000 g ram of l ead 
every m i l l ion years .  So a c h em ist who can accu rate ly 
meas u re the  ratio of u ra n i u m  to l ead in a rock can g et an  
accu rate m eas u re of  the  age of  that rock.  When  u ran1um 
m i nera ls  occ u r  i n  rocks assoc iated with fos s i l s, the  age 
of the  foss i l s  can be i n ferre d .  Th is  method and  others 
l i ke it, u s i n g  thor i u m, ru b i d i u m, potass i u m  and  carbon, 
requ i re the most accu rate chem ical ana lyses .  But, as a 
resu lt, the  geolog ic  t i m e  sca le is becom i n g  more re l iab l e, 
year by year .  

Other  data i nvol v i n g  m eteor ites and  the  formation of the 
solar  system s u g g est the  earth i s  fou r  to five b i l l ion years 
old .  Foss i l s  two and a ha l f  b i l l ion years o ld  have been 
d i scovered,  thoug h foss i l s  d id not become ab u n dant 
u nti l about 600 m i l l ion years ago. 

Geolog i sts know from the rate that sed i m ents form 
today that m u ch  t i m e  was n eeded to make a l l  the sed i 
menta ry rocks that tota l over 75 m i les i n  t h i ckness .  

Rad i u m  226 

Polon i u m  2 1 8  

URANIUM TO LEA D BRE A K D O W N  

T h i s s i m plified d i a gram s h ows o n e  patlern 
by w h ich  ura n i u m  238 c h a n g es to vari o u s  
i sotopes a n d  fin a l l y  to l e a d  206. 

Astati n e  218  

Polon ium 210 

\ • LEAD 206 



Even th i s  t ime  esti mate fa l l s  short because there were 
long  per iods d u ri n g  wh ich  sed i ments were worn away. 
Yet des p ite these d iff icu lt ies the study of u na ltered , foss i l 
bear i ng  sed i ments shows that they fi t  i nto th ree g reat eras 
of t ime. These eras, i n  turn ,  are d iv ided i nto 12 geo log ic  
per iods  wh ich  a l so have been d iv ided arid red iv i ded u nt i l  
each fo rmation can be g iven a name and a p l ace i n  the 
geo log i c  t ime scale. This reco rd goes back about 600 
m i l l i on  yea rs and p rov ides a relative dat i ng  for foss i l s .  
Yet th is  t ime sca le  (see chart ,  p .  31) can  be and i s  u sed 
every day. We speak of a J u rass ic  foss i l  just as we s peak 
of a Co lon ia l  mans ion  and know ro ug h ly where both fit 
i nto h i story. Per iods a re d i v ided and red iv ided when con
d iti o n s  permit u nt i l  each strata is  i dentified .  

T H E  G EO LOG I C  "CLOCK" 

The larger c i rc l e  represents 
o n ly the last 600 m i l l ion 
years. Each ''hou r'' rep re
sents 50 m i l l ion  years. 

30 

T he smal ler c i rcle represents the age  of  the  earth ,  about  5 b i l l i o n  
years. Life has exi sted about half that t ime a n d  the s m a l l  segment is  
600 m i l l i on  years-the per iod of abundant foss i l s .  



I A dot i n d i cates extinctio n .  �4 An arrow i n d icates that the � group persi sts to present. 
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PRE-CA M B R I A N  T I M E  i nc l u des the vast per iod of 
earth h i sto ry wh i ch  e lapsed befo re the depos i t ion  of the  
Cam b rian foss i l -bear ing rocks. I t  covers a per iod of about  
4,500,000,000 years -o r approx i mate ly 9/10 of the  total age 
of the eart h .  Th is g reat per iod of t ime witnessed the de
ve lopment of the  earth ,  seas and atm osphere ,  the  o r i g i n  
o f  l ife, and  the  ear ly deve l opment o f  l i v i n g  th i n gs .  B u t  very 
few foss i l s  of o rgan i sms  even from the late Pre-Ca m b rian 
have been fo u n d . Most of those a re p lants.  L ime-secret i ng  
a lgae flou r i shed i n  the  seas of  M ontana ,  A l be rta and  
Rh odesia .  P re-Ca m b r ian depos its o f  anth racite and  some 



l i mestones are i n d i rect ev idence of the ex i stence of l i fe. 
Pr im it ive aquat ic  f u n g i  and a lgae have been fou n d  i n  
Pre-Ca m b rian che rts from O nta r io ,  a n d  i n  rocks o f  M i c h i
gan , M i n n esota, Eng land  and Scotland .  

Pre-Cam b rian a n i mal  foss i l s  are rare. A je l lyfish  i s  
known f rom the  G rand  Canyon  and some t ra i l - l i ke mark
i ngs  from rocks in Mo ntana.  Recent ly d i scovered A u stra
l ian depos its have revea led m o re a n i mal  foss i l s .  

I t  seems l i ke ly  that P re-Cam br ian an ima ls  were soft
bod i ed and  the refo re poor ly p reserved as foss i l s .  By ear ly 
Cam b r ian t imes ,  a n u m ber of d ifferent g roups deve loped 
hard parts and  foss i l s  became more com m o n .  

T h e  d i st r i but ion  o f  Pre-Cam b r ian rocks i s  wor ldw ide .  
They are  most exten sively exposed i n  the  s h ie ld  a reas , 
wh ich  appear  to have remai n ed more o r  less stab le ,  pos i 
t i ve  land a reas t h ro u g h o ut geo log ic  t ime .  The  l ands  of  
these P re-Cam b r ian days m u st have been startl i n g l y  d eso
late -a barren w i l derness of bare rocks. In the  sha l low 
seas that lapped these anc ient wastelands ,  l ife evo lved ,  
alth o u g h  foss i l s  g ive b ut few c l ues to the o r i g i n  of l ife and 
i ts  ear ly  deve l o p ment.  H owever, b iochem ica l  exper i ments 
sug gest ways that early o rgan ic  mater ia ls may have formed.  

Late P re-Cambrian foss i l s  from Edi
acara Hi l ls ,  South A u stral ia, are the 
o l d e s t  w e l l - p re s e rv e d  a n i m a l s .  
(After Glaessner) 

SEGMENTED WORM , Spriggina 
{loundersi, 1 .5 i n .  

WORM , 
Dicl<insonia 
cos/ala, 2.5 i n .  

J E L LYFISH,  
Medusina 
mawsoni, about 1 i . 
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A M i d d le Cam b rian sea, based on 
spec i m ens from the Burgess Shale 
of Brit ish Co lum bia. 1 .  je l lyfish ; 2. 
tri lob ite Neolenus and 3. skeletal 

remain s ;  4. arach nid Sidneyia; 5. 
c rustacean Marella; 6. sponge Vaux
ia; 1. worm Mis/wia; 8. inarticu late 
b rac h iopod Acrothele .  

PALEOZOIC ERA 
T H E  C A M B R I A N  PERIOD (600 m i l l i o n  years ago ,  first 
per iod of the Paleozo ic) is named from Wa les (Lati n ,  
Cambria) ,  w here rocks of  th i s  age  were first stud ied . I n  
the Lower Cambr ian ,  the first co mmon  a n d  w idespread 
foss i l s  occu r: a lgae, a rth ropods ,  b rach iopods ,  spon ges,  
coe l ente rates, worms,  mo l l u sks and  ech i noderms .  A l l  
l ived i n  t h e  sea. I t  is  su rp r i s i ng  to fi n d  s o  m a n y  relat ive ly 
com p lex g ro u ps in the o l dest foss i l-bea r i ng  rocks.  But in  
many ways Camb rian an i ma ls  are pr im it ive .  Brach iopods 
are rep resented by the i nart icu late forms (p .  82) and  the 
ech i n oderms by p r im it ive ed r ioastero ids .  Most tr i l ob ites 
were la rge, b ut a few (the agnost ids  and  eod isci ds ,  pp .  
94-95) were among the smal lest and least o rnamented . The 
first ostracods ap peared i n  the Lower Camb r ian . Mo l l u s ks 
were most ly  rep resented by t i ny  sea sna i l s  (gastropods), 
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Two un usua l ly we l l -preserved M id
dle Cam br ian tr i lo bites (Oienoides) 
w ith i m p ress ions of antennae and 
legs. La rger cara pace 3.2 in .  long .  From a photo by 

Smithsonian Institution 

b ut b ivalves (pe lecypods) ap peared in the U pper  Cam
b rian .  Cambr ian a lgae were very s i m i lar  to the i r  very s i m p le 
P re-Ca m b rian  an cesto rs. 

M i d d l e  Cambrian Bu rgess Sha le  in B rit ish Co l umb ia  
conta i n s  remarkab le  foss i l s  -i n c l u d i n g  soft-bod ied worms 
and sea c u c u m bers.  The seas i n  which these c reatu res 
l i ved occ u p i ed two g reat subs i d i ng  be lts (geosync l i n es) 
i n  North A m e rica .  Cam b rian rocks have a thickness of 
over 12,000 ft. in parts of the Rocky Mounta i ns .  

See pp. 72-74 and p .  75 onward for more examples and details o f  the animals and 
plants shown in the h abitat groups of this section. 



A M idd le  O rdovic ian sea floor, 
showing straight-she l led ,  naut i lo id 
cephalopods 1 .  Endoceras, 2. Saclo
ceras; 3. t r i lobite Flexicalymene; 
b rach iopods 4. Ra{inesquina, 5. 

Rhynchotrema; cora ls  6. Strepte
lasma, 7. Favistella; gastropods 8. 
Maclurites, 9. Cyclonema; 1 0. pelec
ypod Byssonychia; 1 1 .  b ryozoans 
Hallopora. 

THE O R D OV I C I A N  P E R I O D  (425 to 500 m i l l io n  years 
ago) was named for the Ord ovices, an anc ient Ce lt ic 
tr i be. The Ordov ic ian  Per iod saw the r ise of new an ima l  
g roups  of g reat i m po rtance. Bony frag ments f rom the  
Midd le  Ordov ic ian  of Co lo rado and  Wyom i n g  a re ev idence 
of the o l d est verteb rates ,  but we do n ot yet know m u c h  
about these fish- l i ke c reatu res .  Tetracora l s ,  g rapto l ites , 
ech i n o i d s ,  astero i ds ,  c r i no ids  and  b ryozoans a l l  appeared 
for the first t i me,  wh i le the art i cu late b rach iopods  (p. 82) 
far outn u m bered the i nart icu late. Most of the tr i l ob ites 
were d ifferent from those of the Cambr ian .  Some cepha-
lopods reached a l ength of 13 feet. . 

I n  parts of No rth  Amer ica and  Eu rope, Ordov ic ian seas 
covered a reas that had been land d u ri n g  Cambr ian  t i mes.  
Vo lcan oes belched l ava loca l l y . Up l i ft and  mou nta in  
b u i l d i n g  occ u rred i n  easte rn N orth A merica. Not a l l  the 
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A frag ment of bony armor of an 
ostracoderm fish (Astraspis), the 
oldest known verteb rate. M iddle Or
dovician, Colorado. 

rocks la id  down in those ancient seas conta i n  the same 
foss i l s .  L imesto nes and s hales a ro u n d  C i nc i n nat i , Oh io ,  
conta i n  beaut iful l y  p reserved b rach iopods ,  cora ls ,  b ryo
zoans ,  m o l l u s ks ,  tr i l ob ites and cr i n o i ds .  B l ack shales of 
the same age in New York, Quebec and Wa les conta i n  
g rapto l ites a n d  occas iona l  tr i l ob ites. D ifferent Ord ov ic ian 
env i ro n ments enab led d ifferent a n i ma ls  to p rosper  i n  
each reg ion .  M ost common  were sha l l ow-water l i me and 
m u d  depos its n oted for  the i r  wel l-p reserved foss i l s .  

T h e  repeated and  widesp read i nvas ion  o f  N o rth  Amer ica 
by Ordov ic ian seas has prod uced extens ive Ordov ic ian 
sed iments. Outcrops of these rocks occur  w ide ly  over 
m uch of the cont inent. Some Ord ov ic ian sed i ments a re 
i m portant o i l  p ro d ucel'!t, and  Ordov ic ian s lates a re q ua r
r ied i n  Vermont.  

O u t c r o p s  of O rd o v i c i an rocks .  

\ ,, ,, 
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S i l u r ian coral reef showing cr in oids 
1. Scyphocriniles, 2. Eucalyptocri
niles; 3. starfish ; 4. a eu rypterid 
Euryplerus, 8 in . long ; corals 5. Favo-

sites, 6. Halysiles, 7. Xylodes; 8. 
cephalopod Cyrtoceras; 9. gastro
pod Beraunia (Cyclolropis); 10. tri lo
b ite Cheirurus. 

T H E  S I LU RI A N  PERIOD (fo r  S i l u res ,  an anc ient t r ibe 
of the Welsh  border land) lasted from 425 to 405 m i l l ion 
years ago. Its fau nas d iffer from those of the Ordovic ian  i n  
t he  p resence o f  new fam i l ies and genera ,  rather t han  ih the 
appearance of com p l ete l y  new g ro u ps of a n i ma ls .  In fact, 
the most i m portant newcomers are not an ima ls ,  b ut p lants. 
Foss i l s  of the o ldest land p lants come from the U pper 
S i l u r ian of A u stra l i a  (p .  1 51 ) .  Frag ments of what may be 
sti l l  earl ie r  land p lants have recently been fou n d  in the 
Ordovician of Poland and southeastern U n ited States. 

Some of the best S i l u r ian  foss i l s  ( i n c l u d i n g  a lgae, 
cora ls ,  stromatoporo ids ,  b rach iopods, c r i no ids  and tr i lo
b ites) come from the anc i ent reefs i n  S i l u rian l i m estones,  
such  as those near C h i cago. Scorp ion- l ike eu rypter ids ,  

38 



J AMOYTIUS, 10 in . ,  a pr im i- ,c:l'i:�ai��mii;;;;;;;ijj;:> 
t ive ag nathan fish  (p.  1 32) with 

scales, lateral eyes, and a • 

term inal mouth.  Silu r ian .  

BIRKENIA, an ag nathan fish  
about  4 i n .  long .  lacks pai red 
fins and true jaws. Si lur ian ,  
Scotla nd .  

some n i n e  feet l o n g ,  l ived in estuar ies and lagoons .  Sev
eral types of fish  a re we l l  p reserved in parts of the U p per 
S i l u r i an .  S i l u r ian  vo lca n ic act iv ity occu rred in many a reas ,  
and i n  Sca n d i nav ia and B rita i n  m o u nta i n  b u i l d i n g  took 
p lace at the close of the Per iod .  In other  p laces, deserts 
and land- locked seas were present in w h ich salt depos its 
accu m u l ated , s uch as those of New York, O h i o  and Mich i
gan .  These depos its a re st i l l  worked as i m po rtant com
merc ia l  sou rces of salt .  

O utcrops of S i l u rian rocks a re com m o n  in easte rn N orth 
Amer ica. A s  i n  the Ordovic ian Per iod ,  the character of the 
rocks and  of the foss i l s  i s  ev idence of w ides p read and 
genera l l y  s h a l l ow seas . 



Devo nian fis hes. A com posite d i ora
ma sh()wing 1. Bothriolepis, a placo
derm about 1 4  i n .  lo n g ,  2. Dinichthys, 
a g iant 30-ft. mar ine placoderm, 

largest vertebrate of this period, and 
3. C/adoselache, a 3-ft.-long pr imi
tive s hark.  

THE DEVON I A N  P E R I O D  began about  405 m i l l i on  
years ago and  ended about 60 m i l l io n  years later. I t  saw 
the g reat expans ion  of fis hes,  land p la nts, and  the fi rst 
land an ima ls ,. p ri m it ive a m p h i b ians .  Th e fis hes (pp .  132-
138) i nc l uded several k i nds  ofjaw less fis h  (ostracoderms) ,  
plate-skinned fish (placoderms), sharks and the first bony 

fishes (osteichthyes) .  From one  group ,  the l obe-fi n fis hes 
(crosso pte ryg ians) ,  the fi rst a m p h i b ia ( ichthyosteg ids) 
a rose. These s how a m ixtu re of fish and  am p h i b ian char
acters. These u n usua l  foss i l s ,  fro m  a warm,  mo ist env i 
ronment, were fou nd in  m o u nta i n s  of G reen land .  

Sku l ls  of a Devon ian  fish ,  Eusthenop
teron, and a pr im itive amph i b ian ,  
l chthyostega. Correspo nd ing  bones 
are i n  same color. N ote sim i lar  bony 
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plates i n  both skul ls but also larger 
eyes, n ostrils, stouter jaws, and loss 
of gil l  cover ing in  the head and skul l  
of the amph i bian .  



A D e v o n i a n  fo rest with  1 .  a t ree tern ,  

Eospermalopleris; 2. a smal l  p r i m i 

t ive  leaf less p l a n t ,  Psilophylon ; 3 .  a 

s c o u r i n g  r u s h ,  Calamophylon; 4. 

a p r i m i t i v e  l y c o p o d  Protolepidoden
dron; and 5. t h e  o l d est- k n o w n  a m 

p h i b i an a n d  fi rst land verteb rate, 

/ chlhyoslega, 2Y, ft. l o n g .  

The o ldest sp ide rs, m i l l i pedes and i nsects ap pear i n  the 
Devo n ian,  as do  fresh-water c lams.  Ear ly  land  p lants 
were s i m p l e, lack i ng  true roots and  l eaves, but  with the 
vasc u lar o r  c o n d u ct i ng  system fo u n d  in al l  later l and  
p lants .  Late i n  the  Devon ian ,  g reat fo rests of  sca le  trees 
and seed fern s were w idespread . 



A Devonian coral reef. Corals 1 .  
Heliophyllum, 2 .  Cylindrophyllum, 3. 
Hexagonaria, 4. Synaptophyllum, 5. 
Heterophrentis,- 6. Pleurodictyum, 7. 
Chonophyllum; 8. bryozoan Fenes-

trellin a; brachiopods 9. Leptaen a, 
1 0. Atrypa; 1 1 .  gastro pod Platyceras; 
12. cephalo pod Michelinoceras; tri
lob ites 1 3. Ca/ymene, 1 4. Anchiopsis; 
1 5 .  cr inoid Dolatocrinus. 

Devonian coral reefs include large cup corals two feet 

h igh and compound corals eight feet across. H orn corals 

were numerous and varied. Brachiopods and mollusks 

continued to fl ourish ; the first common ammonites ap

peared, but true graptolites were already extinct and 

trilobites were greatly reduced in numbers. In many con

tinental areas thick deposits of red sands and muds ac

cumulated. 
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A colony of M iss iss ipp ian cr ino ids  1 .  Cyalhocriniles, 2. Taxocrinus, 3 .  
Batocrinus, 4. Barycrinus, 5. Scylalocrinus; 6. a br ittle star Onychasler. 

T H E  M I S S I S S I P P I A N  P E R I O D  is named for the l i m e
sto ne b l uffs a long  the M iss i ss i pp i  R iver  where typ ica l 
outcrops occu r. It was a per iod (345 to 31 0 m i l l io n  years 
ago) of sha l low,  warm seas, in w h ich  cora l s ,  b rach iopods ,  
cr i no i ds ,  b lasto i ds ,  b ryozoan s  and  fo ra m i n ifera fl o u ri shed .  
I n  p laces these foss i l s  a re so a b u ndant that t hey  make up  
most o f  the rocks. O n  l and ,  a m p h i b i a  cont i n ued to deve lop ,  
w h i le land p lants s p read i n  a l l  mo ist a reas and  ant ic i pated 
the g reat coal swam p  forests of the Pen n sy lvan ian .  Much 
of N o rth A merica except the far west and the east coast 
was u n der  wate r d u r i n g  Miss iss i pp ian  t ime .  



A Penn sylvanian coal swamp. T rees 
inc lude lycopods 1 .  Sigillaria, 2. 
Lepidodendron; 3. sphenopsid Cal
amites; 4. seed fern s ;  5. Cordaites; 

6. a labyri nthod o nt amph ib ian ; 7. 
Meganeura, an i n sect w ith a 30- in .  
w ing span related to the modern 
d ragonflies.  

THE P E N N SY L V A N I A N  P E R I O D - (31 0 to 280 m i l l i o n  
years ago) was named after t h e  g reat coal-bear i ng  strata 
of Penn sy lvan ia.  It saw the deve lopment of lowlands ,  
g reat swamps ,  and  de ltas su rro u n ded and often covered 
by sha l l ow seas. Some of the land was barren san d deserts 
(Eng l i sh  Mid l ands ) ,  o r  salt bas i n s  (Co lo rado ) .  G reat t rees , 
some 1 50 feet h i g h ,  formed the coal fo rests i n  low swampy 
land that was  often flooded .  Most com m o n  were the sca le  
trees ( lycopods) ,  seed fe rns (pteri dosperms) ,  h o rseta i l s  
and corda ites .  Here l i ved g iant "d rago nfl ies , "  w ith a 30-
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One of the o l dest known and s implest rep
tiles ,  Tudilanus pun ctulatus. M iddle Penn
sylvanian fro m Oh io .  4 i n .  

i nch w i n g s pan ,  and  many k inds of a m p h i b ians .  Pen nsy l 
van ian r ivers and  deltas were i n hab i ted by cou nt less 
c lams,  other she l lfish and fishes.  This per iod a l so saw 
the emergence of the repti l es from am p h i b i an ancesto rs. 
In ad d it ion  to Tuditanus (above) , foss i l s  rep resent ing  fou r  
g roups  o f  p r im it ive rept i l es have been found  i n  t h e  sha les 
of Kansas.  The seas conti n ued to s u p po rt r ich i nverteb rate 
l ife, wh ich i nc l uded  abundant  sp i nd le-s haped fora m i n ifera 
(fu s u l i n i ds ) ,  co ra ls ,  b rach i o pods ,  mo l l usks ,  b ryozoans ,  
cr i n o ids ,  o stracod s  and a few tr i l ob ites .  

Outcrops o f  Penn sylvan ian rocks. 



A Perm ian l a n d s cape.  Reptiles i n

clude 1 .  Dimetrodon, 1 0  ft. l o n g, a 

"sail-ba c k e d "  c a r n i v o r e ; 2. Sey-

mouria, 2 ft. lo n g .  A m p h i bia  i n clude 

3. Eryops, 6 ft. long a n d  4. Diplo
caulus, 2 ft. lon g ,  

TH E P E R M I A N  PERIOD (280 to 230 m i l l i on years ago) 
began with ty p ica l  coa l -forest p lants, w h ich  were later re
p laced by primitive conifers, especia l l y  in semi-arid u p
land  regions .  I n  parts of the Southern H e misphere the 
most com mon p la nts we re a d i sti nct ive g ro u p  of tongue 
ferns  (Glossopteris) .  Many new i nsects appeared , i n c l ud
ing  beet les and  true d ragonfl ies .  

Streams and ponds conta i ned a vari ety of fishes .  Am
phib ians fl ou r i shed a long the i r ban ks, b ut were overshad
owed by n ewer, m ore act ive repti les .  Ea r ly  repti l es d iffered 
from amphib ia o n ly in deta i ls of the s k u l l  and  vertebrae. 
Seymouriamorphs  were sq uat, l u m bering rept i l es about  
two feet l o n g ,  with flat, ' massive h eads.  Fossi l  eggs from 
the Lower Pe rmian of Texas, the o l d est land  egg s  known ,  
may be long  to  them .  Other rept i les were q u ite d ifferent. 
Dimetrodon , the sai l -backed l i zard , was a savage carn i -
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MESOSAURUS, a n e e d l e-toothed a q u a t i c  

rept i l e .  Pe n n sy l v a n i a n - Perm i a n .  16  i n .  

vore, about 10  feet long .  Edaphosaurus, a vegetar i an ,  was 
a lso a sa i l back .  The p u rpose of these sa i l s  i s  obscu re .  
They may  h ave served as p r im it ive temperatu re contro l s .  

Other Perm ian rept i l es i n c l u ded mesosa u rs ,  s m a l l ,  l o n g 
s n o uted , aq uat ic  c reatu res, and  other spec ies  s i m i la r ,  
but  u n re lated , to modern  l i zard s .  A nother g ro u p ,  t he  
ther iodo nts (beast teeth ) ,  known f rom S outh Afr i ca a n d  
R u s s i a ,  were sma l l ,  ag i l e  ca rn i vores, f r o m  w h i c h  m a m 
ma ls  are descended .  Cynognathus w a s  a typ ica l  ther io
dont,  about  6 feet l o n g ,  with a d og l i ke sku l l ,  a n d  d iffer
ent iated teeth .  I ts legs ,  p laced be low the body ,  l i fted it 
c l ear of the g ro u n d .  T h i s  was a better adaptat i o n  to a 

A Perm ian reef in west T e xas .  

Brach iopods 1 .  Diclyoclostus. 2 .  
Dielasma; 3. p ro d uct i d ;  4. Leptodus 

s h el l s ;  s p o n ges 5. Girlyocoelia, 
6. Heliospong ia; c e p h a l o p o d s  7. 
Stenopoceras, 8. Coaperoceras. 



more act ive l ife than the spraw l i n g  legs of a m p h i b ians  
and  p r im it ive rept i l es .  

The c lose of the Perm ian marked the end of the Pa leo
zoic Era -the first g reat chapter in the recorded h i sto ry 
of l i fe. By then ,  many a n i mals and  p lants wh i ch  had dom i 
nated the  Paleozo ic  scene had  become exti nct. Fusu l i n i d  
fo ra m i n ifera,  var i o u s  b ryozoans ,  rug ose cora ls ,  p roduct id  
b rach iopods ,  t r i l o b ites and  b lasto ids  a l l  van i s hed ,  as  
wel l  as many c r i no ids  and  cepha lopods .  G iant sca le  trees 
dw ind led in n u m bers. · Most ho rseta i l s  and many ferns 
became ext i nct. A m p h i b ia and some fish u n de rwent a 
d rast ic  red uct i o n .  Why th i s  happened i s  not c lear ,  b ut it 
may have been connected with extreme c l i matic changes 
d u ri n g  the  late Permian when seas were very restri cted 
and large ,  h i g h  cont i nents emerged.  In many areas, cora l  
reefs fr i n g ed the sho res of deserts and  vast i n land  salt 
lakes fo rmed .  Extens ive g l ac ie rs covered parts of the 
Southern H e m i s p here.  New mou nta i n  cha ins  s lowly rose,  
the A p pa lach i ans  and the U ra ls  among them . 



TYR A N N OS AURUS, the largest 
carn ivorous d i n o sau r, was about 
50 ft. long with a 4- to 5-ft. sku l l .  
C retaceous of  M o nta na .  

T H E MESOZOIC ERA 
The M esozoic  ( M i d d l e  Life) Era covers a pe riod of about 
1 65 m i l l ion years, d u ri n g  w h i c h  rept i l es so overs hadowed 
al l  other  a n i ma ls  that it i s  often cal l ed the  "Age  of Rep
t i l es . "  G reat changes took p lace in some i nverteb rates 
too. N ew form s  rep laced those wh i ch  had b ecome exti nct 
at the end  of the  Pa leozoi c.  A m mon ites deve loped rap i d ly 
un t i l  cou nt less n u m bers l i ved i n  the seas. B i rd s ,  mam
mals ,  flower i ng  p lants and many modern i n sects ap peared 
for the first t ime .  El m ,  oak, map le  and other  modern b road
leaved trees became com mon. The development  and 
sp read of some flower i n g  p lants depended on the  para l l e l  
develop ment of i n sects w h i ch pol l i nated the  flowers.  

Other  i m portant geog rap h i c  changes were a l so tak i ng  
p lace.  N ew patte rns of l ands  and seas formed .  N ew mou n
tain  ranges s low ly emerged .  As the res u lt of  severa l  re
lated geolog ic  p rocesses,  g reat m i n e ral deposits were 
formed.  S i xty m i l l ion years later, we st i l l  depend on many 
of  these deposits for  ou r meta l s  and  our  fue l s .  
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A Triass ic semi-ar id  l andscape. The 
repti l es i n c l ude 1 .  Cynognalhus, a 
7-ft. mammal - l i ke ca rn i vore ; 2. Ma
chaeroprosopus, an a l l i g ato r- l ike 

phytosa u r ;  3. Salloposuchus, a 4-ft. 
thecodont ;  4. Kannemeyeria, a 6-ft. 
herb ivorous d i cy nodont m o re com
mon i n  the up lands. 

T H E  T R I A SSIC P E R I O D  (230 to 1 80 m i l l i on  years ago) 
was named from a th reefo ld  d i v i s i on  of i ts rocks .  In  many 
p laces T riass ic rocks resem b le  those of the Perm ian 
Per iod -th ick seq uences of  red shales and  sandstones,  
depos ited i n  tem porary lakes,  deserts and  bas i ns .  Vo l 
can i c  acti v ity was co ns ide rab le, as i n  easte rn No rth 
Amer ica from Vi rg i n ia to Con necticut. 

A g a i n st th i s  backg ro u n d  the repti les deve lo ped and  
esta b l i shed the i r  mastery. The i r  advanced body  structu re 
and  she l l - p rotected eggs enab led them to s u rv i ve chang
i ng and  often adverse cl imates ,  and to  co l o n ize n ew a reas 
wh ich were fo rb idden  to the water-t ied a m p h i b ia .  The 
fi rst d i nosaurs ap peared ; the i r  footp r i nts are a b u n dant 
in some rocks ,  as i n  the Co n n ecticut Va l ley. 
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Nor  was the d o minance of repti les co nfi ned to la n d ,  for 
i n  open oceans d o l p h i n- like ichthyosau rs swept th ro u g h  
t h e  water. Late r 15- t o  20-foot l ong  p lesiosau rs pad d led 
thei r  way t h ro u g h  Triassic seas. 

New types of spon ges and p rotozoans deve lo ped .  The 
modern hexacora l s  ap peared , and new g ro u ps of b rach io
pods rep laced the i r  Permian fo rebears. Gastropods and  
pelecypods i nc reased in  n u m bers.  Ammo nites fl o u rished 
and u n d erwent cons ide rab le  change .  Lo bster- l ike art h ro
pods and mod ern ech i n o i d s  and c ri no i ds  fi rst appeared 
in the Triassic.  

Cycads and pr i mitive con ifers fl o u rished o n  u p land  
areas. The Petrified Fo rest o f  A r i zona conta i n s  fossi l s  
o f  these trees. Fe rns and  sco u r i n g  rushes p ros pered i n  
lower, m o i st areas. 
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Genera l i zed d i o rama of J u rassic mari ne  rept i les s h owing  1 .  Ichthyo
saurus, 1 0 ft. lo n g ;  2. Plesiosaurus, about 1 2  to 20 ft. long ; 3. Eurhinosau-

THE J U R ASSI C  PER I O D  is named from the J u ra 
Mou ntai n s .  It began about 180 m i l l i o n  years ago and  lasted 
about 45 m i l l i on  years. Of a l l  its abundant and exotic l ife, 
none was more typ ical than the d i n osaurs of wh ich there 
were th ree ma i n J u rassic g rou ps : first, the sau ropod s ,  
l ong-necked , l ong-ta i l ed ,  fo u r- legged monsters, wh ich 
i nc l uded the largest land a n i mal  (Diplodocus, 87 ft. l ong ) ; 
seco nd ,  stegosau rs, a rmored repti l es that weig hed u p  to 
1 0  to ns  (w ith on l y  a 3-oz. brai n ) ; th i rd ,  the carn ivo rous 
theropods w h ich wal ked on their h i nd  legs ,  i ncl u d i ng 
Allosaurus, a savage, 35-ft . creatu re. Others were more 
s lender, and  some were on l y  3 feet l o n g .  A few ear ly ,  
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rus, about 1 7 ft. lo n g ;  4. Cryplocleidus, about 1 0 ft. l o n g ,  U pper  J u ras
s i c ; 5 .  s q u i d - l i ke be lemn ites fleeing in a p rotective c l o u d  of " i nk ."  

d uck-b i l led herb ivorous  d i n osau rs l u m bered across the 
swampy low lands .  

F ly i ng  rept i les g l i d i n g  th ro u g h  the  a i r  i ncl uded sparrow
s i zed species and  others up to 4 feet l ong  w ith s lender  
cl u b - l i ke tai l s .  Ichthyosau rs and  p les iosau rs were the  
carn ivorous masters of  the oceans .  Hosts of  ammon ites 
(some up to 6 feet in d iameter) t h ron ged the shal l ow seas , 
together with gastropods ,  pe lecypods ,  s q u i d s  (be lem
n ites) ,  ech i n o i d s ,  cri n o i d s  and fo ram i n ifera. 

The J u rass ic a lso saw the deve lopment of two g ro u ps 
that were later to estab l i s h  thei r d o m i nance. The o ldest 
mammals are known from foss i l  f rag ments of rat-s i zed 
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Shore of a J u rass ic  lagoon at Solen
hofen ,  Germany .  1 .  fi rst b i rd ,  Archae
opteryx; 2. fly i ng  rept i les ,  Rhamph� 

rhynchus; 3 .  sma l l  b ipeda l  d i nosau r, 
Compsognalhus about 2 ft. lon g ;  
a n d  4 .  cycadeoid p lants .  

jaws and teeth from western Un ited States and Eu rope.  
The So len h ofen J u rass ic l i m estone of Bavar ia conta i ns  
rema ins  o f  A rchaeopteryx, t he  o l dest known b i rd .  

J u rass ic  p lants i n c l uded the n ow exti nct cycadeo ids  
w i th  short, th ick t runks .  These were crowned w ith frond
l i ke leaves and  o rnate rep roductive stru ctu res wh ich  
c lose ly  resem b led modern fl owers. Cycads ,  con i fers, ferns 
and g i n kgos were com m o n .  G i n kg os were w idespread a l l  
t h ro u g h  t h e  Mesozo ic  but later became a l most ext i nct. 
Today o n ly a s i n g le spec ies s u rv i ves but th i s  is  w ide ly  
p lanted . Over  a thousand spec ies of  i n sects are known,  
i n c l u d i n g  many m odern forms.  
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A J u rassic swamp with  herb ivoro us 
d i no sau rs. 1 .  Brontosaurus, a 67-lt. 
l ong  sauropo d ;  2. Diplodocus, a 

s i mi lar ,  but mo re s l e n der ,  87-ft . - long 
an ima l ; 3. Stegosaurus, a 20-ft . - long 
a rmo red d i nosaur .  



A d i o rama of C retaceous rept i les .  
D i n o sa u rs i n c l u d e  1 .  Triceratops, 
young and adu lt, 20 ft. long ; 2. Trach-

odon, a 40-ft. d u c K-b i l l  d i n osau r ;  3. 
Tyrannosaurus, a powerfu l  carn i
vore, 50 ft. long ; 4. ostrich- l i ke Slru-

THE C RETACEOUS PER I O D  (named f rom cha lk ,  i ts 
most characte r i stic depos it) began about 135 m i l l ion 
years ago and lasted some 70 m i l l ion years .  It was one 
of the most i m porta nt of a l l  geolog ic pe riod s,  marked by 
a major ad vance of the sea in many parts of the  world ,  
a n d  by t h e  g reat th ickness of both marine and continenta l  
sed i ments . A g reat depress ion connected the A rctic  
Ocean w ith the G u lf of  Mex ico. M idd l e  Eu rope was a lso 
s u b m erged except for a central land mass .  Towards the 
c lose of th i s per iod ea rth movements p rod u ced mounta in 
rang es w h i c h  a re now the Andes and the Rock ies ,  as 
we l l  as mou nta ins in Anta rct ica and north easte rn As ia .  

The C retaceous  Per iod marked both the c u l m ination of 
Mesozoic  l ife and the foreshadowing of an i ma ls  and 
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lhiomimus, 5 ft. h ig h ;  5 .  Brachio
saurus ( Lower C retaceo u s) ; 6. Pter
anodon, a fl y i n g  rept i l e  with a 25-ft. 

w ing span.  P la nts i nc l ude  7. cyca
deoids and 8. p r i m itive a n g i osperms 
o r  fl ower ing p lants .  

p lants that were later to d i s p lace it. The m ost i m portant 
new arr iva ls  were the fl ower i ng  p lants (an g i osperms) .  
They first ap peared i n  the Lower Cretaceo us ,  b ut eventu
al ly they became the dom i nant p lants on  every cont i nent .  
Many fa m i l iar  l i v i n g  trees and sh rubs, i n c l u d i ng th e pop lar ,  
mag n o l ia ,  oak ,  map le ,  beech ,  h o l ly ,  i vy and l au re l  ap
peared d u r i n g  the  C retaceous .  The sp read of the fl ower
ing p lants also had important effects on  a n i mal  l ife, for 
they p rov i ded new sources of food f.or mamma ls ,  b i rds ,  
rept i l es and  i n sects. The s u bseq uent expa n s i o n  of mam
mal s  and  b i rds  depen ded very large ly u pon  these new 
food s u p p l ies .  

D i nosa u rs extended the i r d o m i nance across Cretaceo us  
l ands .  T hey are known from every cont i nent ,  and  i n c l uded 
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In a C retaceous seascape 1 .  Tylo
saurus, a 26-ft. mosasaur, chases 
2. Archelon, a 1 2-ft. marine turt le .  

Ham merheaded flyi n g  repti les ,  3 .  
Pter anodon, w ith a 25 ft. w i n g span, 
are overhead .  

many u n usua l  types.  H orned d i nosa u rs (ceratops ians)  
were com m o n ,  as were the armored a n ky losa u rs ,  and  the 
b i zarre d uck-b i l l s  with the i r  stri k i ng  a m p h i b i o u s  adapta
t ions .  The g reat q uadru ped d i n osau rs decl i ned in the 
Cretaceo us  but  savage carn ivores were com m o n .  Tyran
nosaurus stood 20 feet h ig h  and had a sku l l  over 3 feet 
l ong .  Other  carn ivores were m uch sma l le r. F ly i n g  rept i les 
were represented by Pteranodon , a tooth less ,  hammer
headed creatu re with a w ingspan of 25 feet, the largest 
a n i ma l  ever to fly .  

I n  the seas ,  g iant t u rt les (Arch elon) reached a length  
of  1 2  feet, and  some p les iosa u rs g rew over  40 feet l o n g .  
Ichthyosau rs decl i ned .  Savage,  serpent-l ike m osasau rs ,  
some 35 feet long ,  were sea-g o i n g  l izards .  
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A late C retaceous sea ftoor showing 
a r ich var iety of m o l l usks. A m mo
n ites 1 .  Helioceras, 2. Baculites, 3. 

Placenliceras; gastropods 4. Turri
lella, 5.  oth e r ;  pelecypods 6. oysters, 
7. Pecten. 

Two wel l -known types of foss i l  b i rds occu r in C reta
ceo us rocks.  /chthyornis, a s lender, te r n - l i ke b i rd about  
8 i nches h i g h ,  was a stro n g  fl ier .  Hesperornis, i n  com p l ete 
co ntrast, was about 4 X feet h i g h ,  a d i v i ng  b i rd ,  with power
ful sw i m m i ng legs b ut o n ly vest iges of w i ngs .  I t  also had 
l ong ,  tooth ed jaws .  

Mamma ls  were sma l l  a n d  relat ive ly i n s i g n ificant.  The i r  
remai n s  a re rare, rep resented b y  s m a l l  p r im it ive fo rms 
that s u rv ived f rom the J u rassic and  a l so by two new 
g ro u ps ,  the  opossu m-l i ke po uched marsu p ia ls  and  the  
i nsect ivores ,  fo reru n ners of  the sh rews. The foss i l s  a re  
mostly teeth and pa rts of l ower jaws, w h ich ,  because of 
the i r  u n i q u e  structu res, a re sufficient to d i st i n g u i sh  these 
true mammals from mammal - l i ke rej't i l es .  
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I n  the sha l l ow seas i nverteb rates l i ved i n  g reat d i vers ity .  
The dom i nant g ro u p  was the ammon ites, w h i c h  showed 
many u n usua l  fo rms.  Be lemn ites, pe lecypods and gastro
pods of rather  modern ap pearance, cora ls ,  sea u rch i n s  
a n d  fora m i n i fera a lso flou r ished .  Modern bony fi s h  (te le 
osts) were common .  The cora ls ,  abundant loca l l y  i n  
Cretaceous beds ,  show a bas ic  s i xfo ld symmetry. Cr i 
no ids  a lso deve loped new forms,  i n c l u d i n g  a free-sw i m 
m i n g ,  stem less cr i no id  with s lender  arms u p  t o  4 ft .  l o n g .  
Inoceramus m o l l u sks ( p .  1 1 8) ,  som eti mes 3 t o  5 ft.  across,  
were w ide l y  d i str i buted . 

The c lose of the Cretaceo us saw the w idespread ex
t i nct ion  of many of the dom i nant a n i ma ls  of the  Mesozo ic  
Era. D i n osau rs, pterosau rs, i chthyosau rs ,  p les i osaurs ,  
mosasau rs ,  ammon ites, t rue be lemn ites, many pe lecypods 
and cora ls  a l l  became exti nct. I t  was as t ru l y  the end  of  
an e ra i n  the long  h i sto ry of  l i fe as was the Perm ian ,  and  
the causes for t h i s  w idespread decl i ne are no  less d ifficu lt 
to i dentify. It is p robab le ,  however,  that the  g reat geo
l og i cal chan ges ,  and the changes i n  p lants exerci sed a 
p rofou nd effect on many g roups of a n i ma ls .  



BRONTOTHERIUM, an 8-ft . -h igh  
N o rth A m e ri can g raz ing  mammal ,  
one of the  ext i nct titanothe res. O l i
gocene of South Dakota. 

THE CEN OZOIC ERA 
The Cenozo ic  Era i n c l u des the last 70 m i l l i o n  years of 
earth h i sto ry. It i s  far more fam i l ia r  than  p rev i o u s  eras, 
for a l th o u g h  some a n i ma ls  and p lants d i ed o ut other 
k i nds  have s u rv ived without d rast ic change and are a l i ve 
today. S low but  str i k i n g  changes i n  c l i mate took p lace 
d u r i n g  t h i s  t ime .  Po lar  reg ions  coo led and the genera l  
warm tem perate c l i mate gave way to  a w ider  c l i mat ic  
range .  The cont i nents were s i m i l ar to those of today, 
a lth o u g h  there was m o u nta in  b u i l d i n g ,  cont i nental warp
ing and vo lcan ic  act iv ity. Cenozo ic  strata in the G u lf 
Coast, Ca l i forn ia ,  the M i dd le  East and  the East I n d ies 
are n ow i m portant petro leum p rod u cers .  Cenozo ic  l i fe 
(the Age of Mam mals)  is dom i nated by the mammals  
and fl ower i n g  p lants. Mammals  rep laced the ru l i n g  rep
t i les of the Mesozo ic  i n  every env i ro n m ent .  The  fl oweri ng  
p lants became b road ly s i m i lar to  l i v i n g  fo rms .  A m p h ib i a  
and rept i les became relat ive ly  i nconsp i cuous .  B i rds con 
t i n ued to  expand  i n  n u m bers and  var iety. The  bony  fish  
(te leosts) o utn u m bered a l l  oth er fish  by twenty to  one .  

Mar i ne  i n verteb rates took  on  a modern  look .  Gastro
pods and pe lecypods became the most a b u n da nt, and  
cep ha lopods and brac h i o pods were g reatly red uced . Th is  
then  is  the last g reat era i n  the  l ong  h i sto ry of l ife -the 
· p re l ude  to the p resent .  
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A d iorama of Lower Tert iary l i fe. 
1 .  Diatryma, a 7-ft . -h igh  carn ivorous 
b i rd .  M a m mals i n c l ude2. Notharctus, 

a lemur- l i ke p r i mate ; 3. Coryphodon, 
a 3-ft . -h igh  amb ly pod ; 4. Hyracoth e
rium (Eoh ipp us) the ancestral 4-

THE LOW E R  T E RT I A RY P E R I O D  (Pa leocene,  Eo
cene,  and O l i gocene) in No rth A mer ica is rep resented by 
g reat cont i nenta l ,  bad land depos its wh ich  conta i n  many  
mammal ian  foss i l s .  Th ick mar ine  depos i ts fo rmed i n  
south -eastern U. S .  a n d  a l o n g  t h e  Pac ific  Coast where 
vo lcanoes a lso eru pted . 

Lower Tert iary foss i l s  a re str i k i n g ly d i ffere nt from those 
of the C retaceous .  Mamma ls  i nc reased exp los ive ly ,  
sp read i n g  i nto a l l  env i ron ments and  beco m i n g  adapted 
to many ways of l i fe on land ,  water and  in the a i r. Mam
ma l ian  h istory var ied .  In i so lated Tert iary South A mer i ca 
a g reat d ivers ity of mars u p ia l  mammals  deve lo ped.  Other 
mars u p ia ls  st i l l s u rv i ve i n  the i so latio n  of A u st ra l ia .  

Ea rly Tert ia ry mammals  i nc l u ded p r i m it ive rodent-s i zed 
fo rms,  i nsectivores and  mars u p ia l s ,  that had pers isted 
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toed, 1 2- i nch-h igh  horse ; 5. Uinla
therium, a rh i n ocero s-sized horned 
mam mal .  T rees are palms and b road-

leaved ang iosperms s i m i lar  to mod
ern te mperate or semi-t rop ical 
s pecies .  

from the C retaceous .  N ew spec ies i n c l u d ed two ma in  
g ro u ps ,  hoofed mammals  and carn ivores .  

C reodonts,  fo reru n n ers of  the carn i vo res, and condy
larths ,  fo re ru n n ers of h oofed mam mal s,  were somewhat 
s i m i la r, p iffer i ng  ma in l y  i n  deta i l s  of teeth and feet . Both 
were sq uat, heavy- l i m bed ,  about the size of a co l l ie ,  w ith 
dog- l i ke h eads and five b l u nt ly  c lawed toes on  each l i m b . 
The i r  b ra i n s  were sma l l  and p ri m it ive. Other n ew a rr iva ls 
were ancest ra l  rodents and pr i mates, rep resented by 
lem u r- l i ke a n i ma ls .  

A m blypods were heavy, c l u m sy, hoofed mammals ,  w ith 
b road feet. The ear ly ones we re sh eep-s ized ,  b ut the later 
k i nds  ( u i ntatheres) were seven feet h ig h ,  as big as a la rge  
rh i noceros,  w ith  th ree pa i rs of  b l unt  ho rns .  The ma les  had 
large down-cu rved tusks .  
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An O l ig ocene l a n d scape i n c l u d es 
1 .  Mesohippus, a th ree-toed h orse, 
2 ft .  h i g h ; 2. Bronlops, a 1 4 ft. horned 
titan oth e re ;  3.  Orecdon, a s h eep
s ized h e rb i vo r e ;  4. Baluchilherium, 

a 1 8-ft.- h igh  r h i n o ceros, the largest 
land mammal ; 5. Prolapiris, a tap i r ;  
6 .  Hyaenodon, a c reodont carn ivore ; 
and ,  7: land tortoises. Slylemys, 
(feed i n g  on g rasses) .  

D u r i n g  Eoce ne t imes more advanced mammals  d i s
p laced many o lder  forms i n  No rth America and Eu ro pe. 
These new arr iva ls  i ncl u ded true rodents, ma i n ly s q u i rre l 
l i ke species ,  and  a var iety of  rh i n oceroses (one O l i g ocene 
g iant ,  Baluchith erium, meas u red 18 feet h i g h  at the s h o u l 
ders) .  Ancestral tap i rs, t itanotheres and t h e  first even
toed hoofed mammals  a lso appeared . The ear ly t itano
theres were SfT!al l ,  horn less b rowsers w ith c l u msy bod ies  
and t i ny  b ra i ns .  Condy larths ,  creodo nts and u i ntatheres 
pers i sted for a t ime ,  but lost out to later arr iva ls such as 
ea r ly ho rses (the th ree-toed , co l l ie-s i zed Mesohippus) , 
g iant p igs ,  ancestral camels ,  oreodonts, mastodons  and  
l a rge  sabe r-toothed cats . 
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Oreodonts were sheep-s ized,  l ong-ta i led he rb ivo res 
that su rv ived u nt i l  the P l i ocene. Titanotheres were h uge ,  
g rotesq ue h o rn ed beasts. The cat fam i l y  first appeared 
in the form of the earl iest saber-tooth ,  Hoplophon eus, 
abo ut the s ize  of a mou ntai n l i o n .  

Lower Tert iary b i rds were mod ern i n  appea rance, but  
i nc l uded n u m bers of large,  g ro u n d- l i v i ng  genera, one  of  
wh ich , Dialryma,  was 7 feet h i g h .  Fi s h ,  too ,  were of modern 
aspect. The fine fresh-water sed i ments of  the G reen R iver 
beds of Wyo m i n g  have y ie lded tho usands of beaut if u l ,  
we l l -p reserved fish foss i l s .  

Mar ine  i n verteb rates were very m uch l i ke m odern fo rms.  
Large fora m i n ifera ( "Nummulites") aboun ded i n  the sha l 
low seas of the Med iterran ean and Car i b bea n .  P lants re
sem b led l i v i ng fo rms,  b ut pal ms g rew i n  Canada,  and  
tem perate oak  and  wa l n ut fo rests i n  A laska.  There was 
mou nta i n  b u i ld i n g  and cru stal d i stu rbance in the A l ps ,  
Carpath ians ,  Pyren ees, A p en n i nes ,  and H i malayas. The 
Coast Ran ge of western N o rth A m erica was the scene of  
mou nta in  b u i ld i ng  too ,  with volcan ic act iv ity. 



A Miocene l and scape. 1 .  a w i l d  p ig ,  
Dinohyus; 2. a sma l l  r h i n oceros, 
Diceratherium;  3. ho rse- l i ke Moro-

pus; 4. a fou r-tusked mastodon ,  
T rilophodon ; 5. a herd  of  p r i m it ive 
camels, Stenomylus. 

TH E U P P ER TERT I A RY P E R I O D  (M iocene and  
P l i ocene) lasted about 25  m i l l i o n  years,  e n d i n g  about a 
m i l l i o n  years ago .  It is marked by the cont i n ued r ise of 
modern mamma ls .  C hanges i nvo lv i ng  b ra i n ,  l i m bs and  
teeth and the acco mpany i ng expans ion  o f  mammals  as  
a g ro u p  were closely re lated to  cl i mat ic changes.  Over 
wide areas of No rth  Amer ica conti n ental u p l ift p rod uced 
d rier  c l i mates , and co nverted l u s h  lowland fo rests i nto 
g rassy p ra i r ies .  The o ldest common  g rasses come fro m  
t h e  Mioce ne.  Many mammal ian  changes were associated 
with the change from brows i n g  to g raz i n g  hab its .  

Changes of th i s  k ind are part icu lar ly  wel l i l l u strated i n  
the ho rse fam i ly .  Some of these chan ges were correlated 
with i ncrease in overa l l  s i ze,  but others were n ot. Th u s  
ho rse teeth became larger a n d  deeper,  b u t  they a l s o  be
came h i g h-crow ned ,  with a square, i nfo lded ,  chew i n g  
su rface. T h e  l i mbs became l o n g e r  and  chan ged i n  re lat ive 
proport ions ,  b ut the n u m ber of g rou nd-to uch i n g  toes was 
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EVO LUTI O N  OF TH E H O RSE 

RESTO R A T I O N  

4-toed 
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red u ced . T h i s  reflects a rad ical  change from a flat-footed 
to a t i p-toe, sp r i ng-h oofed postu re. Feed i ng on  to u g h  
p ra i r ie  g rasses demanded to ug her teeth ,  and  t h e  advan
tage of s peed o n  the hard ,  open pra i r ies favo red the new 
foot structu re. 

Widespread changes also took p lace in other  g ro u ps of 
mammals .  A n cestral e lephants,  came ls ,  rh i n oceroses, 
dogs and sma l l e r  carn ivores abo u nded.  Other  fo rms have 
no  l i v i ng  descendants.  Moropus resem b l ed a c l u m s i l y  
constructed h o rse w i t h  c laws. One g iant p i g  h a d  a sku l l  
fou r  feet l o n g .  Th ere were g i raffes, came ls ,  a n d  the pa
thetic ante lope ,  Syndyoceras, with the strangest horns  of 
any of its t r ibe .  Saber-toothed cats cont i n ued ,  and ape
l i ke c reatu res (Dryopithecus) spread across Eu rope and  
Afr ica.  Many of  the o lder  type mamma ls  became exti nct 
towards the  c l ose of P l i ocene t imes .  

Most U pper Tert iary mar i ne i nverteb rates and  p lants 
are barely d i st i n g u ishab le  from modern s pecies .  Re
newed earth m ovements in the A l ps ,  H i ma layas and a long  
the  Pacific Coast o f  N o rth America com p l i cated and  ex
ten ded ex i st i ng  m o u nta i n  ranges .  

O u r  h u rr ied excu rs ion  th ro u g h  geo log ic  t ime has taken 
us, w ith g iant  steps ,  over a period of more than half a 
b i l l i o n  years from the late P re-Cambrian to the end of the 
Tert iary .  The  late Tert iary wor ld  i s  modern except for 
m i n o r  spec ies deve lopment i n c l u d i n g  the exp los i ve dom i 
nance  o f  man .  Though  foss i l  c l ues are meager, the pano
rama of l i fe i s  u n derstandab le because of the length of 
geo log ic t ime .  The slow o rga n i c  changes wh ich  led to 
ext i nct ion or  s u rv iva l  are the b u i l d i n g  b locks of evo l ut ion  
and ,  for  t he i r  o perat ion ,  t ime i s  needed. Man 's  deve lop
ment i s  a matter of  o n ly a few m i l l i o n  years , but a b i l l i on  
years o f  p reparation  l ie beh i n d  it .  
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A P leistocene landscape with 1 .  wool ly  mammoth,  Elephas primi
genius, 12 ft. h ig h ; a n d ,  2. a wool ly  rh inoceros, Coe/odonla, 6 ft. h i g h .  

THE Q U AT E R N A RY P E R I O D  i nc l u des the m oment i n  
wh ich  we now l ive, together  w i th  the P le i stocene Epoch ,  
wh ich  began  about  one m i l l i on  yea rs ago .  Cont i nental i ce 
sheets, u p  to ten thousand feet t h i ck, sp read over m uch  of 
the N o rthern Hem isphere in at least fou r  g lac ia l  advances, 
the last of wh ich  retreated about 1 1  ,000 years ago i n  N o rth 
A m er ica .  Anta rct i ca and the mou nta i n s  of the Southern 
Hem isp here were a lso g lac iated . 

There i s  ev idence of repeated floral a n d  fau na l  m i g ra
t ions  in res ponse to c l i mat ic  changes .  D u ri n g  the co lder  
ep isodes vast herds of w i l d  p i gs ,  came ls ,  b i son  a n d  e le
phants ran g ed across North  America, Eu rope a n d  As ia .  
There were  fo u r  A merican s pec ies of e lephants,  i ncl u d i n g  
t h e  I m per ia l  Mam m oth ,  1 4  feet h i g h  at t h e  s h o u lder, with 
c u rved tusks 13 feet l o n g .  
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S MILODO N ,  la rgest of saber
toothed cats, had upper ca n i n e  
teeth 8 i n .  l o n g .  N o rth A mer ica. 
P le istocene. 

Majest ic woo l l y  mammoths ,  wh ich roamed across the 
tu n d ra of E u ro pe ,  As ia  and North America, a re p ictu red 
in ear ly cave pa i n t i ngs .  Most of th ese la rge mammals  be
came ext i nct near the end of the P le i stocen e. Carn i vo res , 
i ncl u d i n g  wol ves,  foxes,  bad gers ,  and the terr i b l e  saber
tooth Smilodon , are we l l  known from the P le i stoce ne ta r 
poo ls  of Ca l i fo rn ia .  H u ge armad i l l o - l i ke g lyptodo nts and  
g iant (20 ft . h i gh )  g ro u n d  s loths had  evo l ved i n  South 
America and  sp read i nto North America when  the land 
b r i dge  between the  two cont i nents was re-esta b l i s hed i n  
late P l i ocene ti mes .  I n  th i s  a r id  and  part ly f rozen wor l d ,  
man emerged . 



T H E  E M E R G E N C E  OF M A N  

CRO-MAGNON man,  fine ly  bu i lt , 
ta l l ,  m u sc u l a r, with modern bra in 
and  facial feat u res,  rep laced Nean
dertha l .  H e  m a n ufactu red fi nely 
wo rked tools f rom stone, ivory and 
bone,  practiced cere m o n ial  bu rial 
and was probably  advanced socia l ly  
as we l l .  Cro-Magnon cave paint ings,  
d raw i n g s  and scu l pt u re are beauti
fu l ly  executed . 

NEANDERTHAL man l ived over a 
wide area of Europe and  N o rth Africa 
d u ri n g  the last g lacia l  advance. He 
was short, stocky, stooped,  with 
h eavy brows, retreat ing  forehead 
and a pro m i nent  but c h i n less jaw. 
A cave dwel ler  and sk i l led h u nter, 
he practiced ceremon ial b u r ia l .  He 
became ext i nct after about 1 00,000 
years. Not a ncestral to modern man,  
but probably from same stock.  

PITHECANTHROPUS (the ape 
man) i s  known from specimens 
about 500,000 years o ld  from Java 
and C h ina .  H e i g ht about 5 ft . ,  semi
erect posture,  heavy b rows, power
ful jaws with man l i ke teeth and a 
bra in capac ity between that of the 
large apes and modern man. C harred 
bones found with s imp le  stone tools 
suggest cann iba l i sm .  

AUSTRALOPITHECUS of So .  
Afr ica and h i s  relative, Zinjan
lhropus , of O l d u vai G o rge, E. Afr ica, 
a re m o re than 1 Y, m i l l ion yrs. o ld .  A 
recent O ld uvai d i scovery is an ad
vanced fossi l  man, Homo habilis, a 
h u nter who probably  b u i lt s imp le  
she lters and  made most o f  the too l s  
fou n d  with t h e  s p l it bones o f  game h e  
ate. Other  d i scover ies have pushed 
the age of m a n ' s  d i rect ancesto rs 
back to about 20 m i l l i o n  years. 

scraper  

hand  axe kn ife 
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I N V E RT E B R A T E  FOS S I LS 
The fossils described on pages 72-1 29 all represent ani

mals that lack backbones (invertebrates). Most lived in the 

sea, and most are now extinct. For these reasons they are 

less familiar than most vertebrates and plants, and the 

terms used to describe their structure are not widely 

known. H owever, small structures are important in iden

t ification of invertebrates. The following diagrams (pages 

72, 73, 74) show structures of the most common inverte

brate fossils. They provide a guide to ten major groups, 

and indicate the meanings of terms used later in the text. 

For m o re a b o u t  i n v e rteb rate fos s i l s  read : 
B u c h s b a u m ,  R. A N I M A LS W I T H O U T  B A C K BO N ES,  Rev .  E d . ,  U n i v .  of 

C h i cago Press ,  1 959. A very c lear  a n d  read a b l e  c o l l e g e  text.  

G o l d r i n g ,  W .  H A N D BOOK O F  PA L E O N T O LOGY FOR B EG I N N E R S  A N D  

A M A T E U R S ,  Pa leo n t o l o g ica l  R e s .  I n  st . ,  I t h a ca,  N .  Y. A n  o l d e r  g u i de with 

e m p h a s i s  o n  New York State. 

Moo re, La l i cker  & F i s c h er ,  I N V E RT E B R A T E  FOSS I LS,  M c G raw-H i l l ,  N .  Y.,  

1 952. A com p lete and a u t h o r i tat ive advan ced c o l l eg e  text. 

S h rock and T w e n h ofe l ,  P R I N C I P L ES OF I N V E R T E B R A T E  P A L E O N TOLOGY,  

M c G raw- H i l l ,  N . Y . ,  1 953. A modern , c o m p r e h e n s i v e  reference .  

T Y P I CAL I N VERTEBRA TE STRUCTU R E S  

S I M P L E  C O R A L 

c o l u me l l a  

c o ra l  l i te 

B RYOZO A N  

aperture  of  
zooec i u m  
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RADIOLA R I A  

PROTOZOA N S  are m i n ute, aq uatic o r  paras it ic a n i 
ma ls  w h ose s i n g le c e l l  performs a l l  t h e  l ife f u n ct i ons .  A 
few s pec ies a re v i s i b l e , b ut most are m ic ro scop ic .  Of the 
many d iff�rent g ro u p s  of p rotozoa ns ,  on ly  fora m i n ifera 
and rad io lar ia  (C lass Sarcod i na) are com m o n  as foss i l s .  
Fora m i n ifera (Ordov ic ian-Recent) usua l l y  have tests o r  
she l l s  of cemented fore i gn  part ic les ,  or  o f  l i me.  The she l l s  
o f  rad i o lar ia  (Ca m b r ian-Recent) are o f  s i l i ca o r  o f  stron
t i um  s u l p h ate. 

Fo ra m i n ifera ( i l l u strated be low) and rad i o la r ia  (above) 
are so a b u n dant that the i r  t i n y  she l l s  cover thousands  of 
square m i les of ocean floor  and  form g reat depos its of 
ooze.  Some l i mestones are com posed large ly of foram
i n ifera. Petro leum geo log i sts use fora m i n ife ra to i dent ify 
and  corre late strata. 

FORAMI N I FERA 

Globigerin a Hyperammina Endothyra 

Triticites Camerina Dentalin a 



STRUCTU RE OF 
A S I M PLE SPON G E  

..... 
SP ICULES serve as a HYD NOCERAS, Dev.-
" s keleto n "  i n  many Miss. ,  an octag ona l ,  
sponges .  They are con ical s i l ica sponge .  
common m i c rofoss i l s .  Length about  5 i n .  

S P O N G ES or  Por i fera (pore-bearers) are the s i m p lest 
m u lt icel l u lar  a n i ma ls .  Water i s  d rawn i nto the sac-l i ke 
body th ro u g h  many m i n ute pores and  is swept a long  by 
the w h i p - l i ke flagel la of the co l lar ce l l s .  Microscop ic food 
part ic les are taken from the water, wh ich i s  expe l led 
th ro u g h  the top o pe n i n g  of the sponge .  

The sponge 's su pport comes fro m a ske leton of  need le
l i ke sp icu les ,  made of l i m e  or s i l ica, or from a flex ib le  
ske leton o f  s po n g i n ,  a s  i n  t h e  bath sponge .  S p icu les a re 
com mon m icrofoss i l s .  M ost spon ges are mar i ne ,  g row
ing attached to the botto m .  Some may be as sma l l  as a 
p i n h ead ,  oth ers m o re than 40 i nches l ong .  Foss i l  sponges 
are fo u n d  i n  Cam br ian  to  Recent rocks . 

ASTRAE OSP O N G IA, VE N TRICUL ITES, RECEPTACULITES, 
S i l ur ian .  Saucer-shaped C ret. Con ical sponge,  Ord.- D ev .  G lobu lar to 
sponge ,  w i th  promin ent w ith i rregu lar ,  perforated d i s h-shaped.  Affinit ies 
sp icu les .  D iamete r 2 i n .  wal l s .  Length 4 i n .  obscure.  Diameter 6 i n .  



Common Sea A n e m o n e  Foss i l  C o r a l  

COE L E N T E R ATES are s i m p le aq uatic a n i ma ls  i nc l ud 
i n g  co ra ls ,  sea  anemones,  sea pens  and  fans ,  the  t i n y  
hyd ra and  the exti nct stromato po ro ids .  Most coe lenterates 
l i ve in the sea ; many are co lon i a l .  The i r  sac- l i ke bod ies 
have a two- layered wa l l  and  a s i n g le open i n g  su rro u nded 
by tentacles .  They have sti n g i n g  ce l l s  ( nematocysts) but  
lack advanced organ systems ,  such as the res p i rato ry, 
excreto ry, ci rcu latory and nervo us  systems of h i g her  a n i 
ma ls .  Je l l yfis h lack hard parts, b ut co ra l s  and  the i r k i n  
secrete horny  o r  l i my "ske letons . "  The b o d y  p l a n  o f  coe
lenterates has a rad ia l  sym metry.  The i r  reproduct ion  often 
alternates a sexual stage,  the f ree-sw i m m i n g  medu sa, 
w ith an asex ua l  stage,  the attached po lyp .  

Cora ls  are i m portant rock b u i l ders .  Many  t rop ical i s l ands  
are who l l y  o r  part ly  coral l i mesto ne .  Liv i n g  reef- b u i l d i n g  
cora ls  a re co nfined t o  an equato r ia l  belt  o f  wa rm,  sha l l ow 
waters .  Most req u i re a m i n i m u m  water temperatu re of 
70°F. and  d o  n ot g row o n  m u ddy botto ms o r, because of 
darkness,  at depths g reater than about 1 50 feet. Foss i l  
coral reefs are m o re w i d e l y  d i str ib uted .  S o m e  o f  t h e m  are 
important petro l eum reservo i rs .  The i r  p resence i n  b oth 
the A rctic and Antarct ic i n d icates c l i matic con d it i ons  
very d ifferent f rom the  p resent. Coe lenterate foss i l s  are 
fo und  from the Pre-Cambrian  to Recent.  
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STROMATOPORO I D  

i nterna l  v i ew 
s h owi ng layers 

external v iew s howing  po res 

TABU LATE C O R A L  
Favosiles 
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COELE N TERATE FOSSILS i n c l ude stro
mato poro ids ,  ext i n ct spong e- l i ke co l o n ial 
forms with s p h er ical ,  bran c h i n g  or  encru sting 
s keleto ns  of l i me. Cambr ian-C retaceous .  

The corals (Class Anth ozoa) i nc l ude five 
main groups ,  t h ree of w h i c h  are extin ct. Tabu
late corals (Ord . -Ju r.) are c o m p o u nd with 
stro n g l y  d eve loped tabu lae, weak or absent 
septa and  no col u m e l la.  S c h i z ocora ls  ( O rd .
J u r. ) ,  often c lassified u nder tabu late corals ,  
mu l t i p l i ed by fi ss ion and  u s u a l ly lac ked true 
septa. T etraco rals or  rugose cora ls  have the 
main  septa develo ped in  fo u r  q uad rants. So l i
ta ry species are ca l l ed h o rn corals ( O rd .
Perm.) .  The two l i v i n g  sub-c lasses of coral 
a re the co lon ial  octocorals (a lcyonar ians,  
T rias .-Rec.) ,  w ith h o rny o r  l imy skeletons and 
e i g ht tentacles,  and  hexacorals (Tr ias.-Rec.) ,  
with a s i x-fold septal patte rn ,  i n c l u d ing reef 
b u i l d i ng corals .  

TETRACORAL 
Caninia 



P A LEOZO I C  
CORALS 

STREPTELA S MA, Ord.- Dev. Deep calyx.  
Septa n u m erous,  altern ately long and  short, 
th ickened at per i phery ;  d i ssep iments weak. 
Length about 2 i n .  
HAL Y SITES, U .  Ord.-L .  Dev. Compound 
"cha i n-cora l , "  s lender  cora l l ites arranged in 
b ran c h i ng row s.  Septa weak or absent ; tab
u lae strong .  D i a m eter of co lony about 2 o r  3 i n .  
LITHOSTROT I O N ,  Miss . -Pen n .  Colon ia l  
coral  w i th cyl i n d r ica l  or p r i smatic cora l l ites, 
strong  septa, central tab u l ae, co l u m el la and 
peri pheral  d issep iments. Max. diam. of coral
l i tes about 0.5 i n .  
CYSTI P H Y L LU M, Si i . -Dev .  S i m ple or  com
pound cora ls  of variable shape ; i nter ior fi l l ed 
w ith ves icu lar d i ssep i  ments. Length a bout 2 i n .  
SYR I NGO PORA, S i i .-Penn . ,  is compo u n d ;  
cora l l ites d isti nct with transverse con nec
t ions ,  tabu lae f u n n el -shaped,  septa s p i n e- l ike. 
D iameter of co lony  about 3 i n .  
LO P H O P H Y L LI DIUM ,  Penn .-Perm. S i n g le 
coral with pro ject ing  co l u me l la ; septa alter
nate in length ; a rched ta b u la e ;  no d i s sepi
ments. Length about 1 i n .  
NEOZAP HREN TIS, M iss .  S m a l l ,  so l itary 
coral  w i th one ma in  septum long ,  oppos ing 
one s h o rt ;  o b l i q u e  fossu la  on convex s ide of 
coral .  I n comp lete ta b u lae. No d i ssep iments. 
Length about 1 i n .  

Cysliphyllum 

Syringopora 



M ESOZO I C  A N D  

C E N OZOIC COELENTERATES 

M ONTLIV AL TIA, Tr iass ic  to Ter
t iary.  A s i n g le c o ra l ,  con ical or  flat
tened,  with a wr in k led s u rface, n u 
merouscsepta, o uter edges toothed 
o r  r idged, n u merous d i ssep iments.  
Length from 1 to 3.5 i n .  

STY LASTER. An Eocene t o  Re
cent genus of co lon ial  hyd rozoan 
with s lender  bran c h i n g  and with 
rad iati ng apertures. A lso,  pits with 
b u l g i ng margins are p resent. Length 
of typ ical b ranch 2-3 i n .  

THA M N A STERIA , Triassic to 
Tert ia ry .  C o m p o u n d  cora l  with d e
p ressed,  fl ower- l i ke s u rface ; wa l ls  of 
cora l l ites i n d ist i nc t ;  septa strong,  
j o i n i n g  adjacent cora l l ites ; smal l  
co lu mel la .  D iam.  of co lony 3-4 in .  

EUSMILIA, Ol i gocene to Recent. 
A c o l o n i a l ,  bran c h i n g ,  stony cora l .  
Septa are promi nent and  a re seen i n  
t h e  w a l l s .  No c o l u m e l la .  One o f  an 
i m p o rtant and n u merous g ro u p .  
Length a b o u t  1 .5 i n .  



BUGULA. A b u s hy col· 
ony  of a recent b ryoz oan.  
Each branch cons ists of 
4 chambers (zooecia) .  
Branches 2·3 in .  h i g h .  

STRUCTURE OF 
A N  I N D I V I D U A L  
BRYOZO A N  

retracto r 
m usc les 

B RYOZO A N S  o r  Moss A n i ma ls  are aq uatic, co l o n ia l  
an ima ls  w ith encrust i ng ,  b ranch i n g ,  o r  tan - l i ke g rowth .  
The  su pport i ng  structu res are ho rny  o r  l i my,  and  t he  
m i n ute i n d i v i d ua l  a n i ma ls  are ho used i n  t i ny  cups .  B ryo
zoans resem b l e  cora ls  b ut are more com p l ex .  They have 
ne rvous  and m u scu la r  systems and com p l ete, U-shaped 
d i gestive tracts .  Most b ryozoans are mar ine and  are re la
t ive ly com m o n  foss i ls .  I nco ns p icuous b ryozoans are u se
fu l  in co rrelat i ng strata. O rd ov ician-Recent. 

ARCHIME DES, Miss . ·  
Perm.  Lacy  co lony ,  
g rowing  from a s c rew
l i ke ax is .  2 spec ies 
shown.  Length 1 -2 i n .  

RHO MBOPORA, 
Ord. ·Perm.  S lender  
branches,  ofte n s p i n y ;  
consp icuous  apertu res. 
Length about 0.3 i n .  

FENESTRELLINA, 
S i i . -Perm . Fan- or f u n 
n el-shaped c o l o n y ;  two 
rows of a pertures o n  one 
face. Len gth about 2 i n .  



B R A C H I O PO D S  o r  Lam p  S h e l l s  are sma l l  mar i ne  i n 
verteb rates.  The i r  va r iab le  she l l s  enc lose the soft body 
and  other  i nternal  structu res i m p o rtant i n  ident ificatio n .  
T h e  s h e l l  i s  made o f  two u neq ua l  valves. A t  t h e  poster ior  
end of o n e  ( the ped ic le  val ve) i s  an o pen i ng  t h ro u g h  w h i c h  
a fleshy anchor i n g  stem (the ped ic le )  emerges.  T h e  other 
valve i s  the  b rach ia l  va lve .  One g ro u p ,  the i na rt icu late 
b rach iopods (be low),  has va lves of c h it i n  and cal c i u m  
phosphate h e l d  together  on l y  b y  m u sc les. The seco nd  
and l a rger  g ro u p , art i cu l ate b rac h i opods ,  has she l l s  of 
l i me he ld  together by teeth a long  the h i nge as we l l  as by 
m u sc les .  There are about 200 spec ies of l i v i ng  b rac h i o pods 
and about 30,000 foss i l  fo rms,  fou n d  from the Cam brian to 
the p resent. Cam b r ian b rach iopods are ma i n ly i na rt icu
late. Later, a rt i c u l ate fo rms became much more common 
wh i le  i nart i cu l ate forms dec l i ned .  

B rac h io pods  are among  the most abundant Pa leozo ic 
foss i l s .  Some g rew u p  to 9 i nches across .  M ost were 
about an i n c h  in d iameter. A l th o u g h  adu lts l i ve ma i n l y  
attached ,  t hey  beg i n  l i fe as free-swi m m ing  larvae, w h ich 

I N A RT I C U LATE B R A C H I O PODS 

L I NGULA, O rd ovic ian t o  Recent. Th is  l i v i n g  foss i l ,  a 
widely d ist r ibuted burrowing form, has a th i n  phos
p hate she l l  and  a long ped icle.  Length about 1 to 1 .5 i n .  

OBOLELLA, Lower Cam b. ; LINGULEL L A ,  Cam b. t o  
e q u a l ,  sub-c i rcu la r  L. Ord.  i s  b roadly tea r-
valves marked by fine  shaped w i th  a g ro ove in -
con centr ic g rowth l i nes.  s i de the ped ic le  valve.  
Length about 0.2 i n .  Max im u m  length 1 i n .  



A rt icu late brac h i o pod,  Magellania, 
shows ( 1 ) the ped ic le  valve above 
and brac h ia l  valve below. The red 
dot ma rks the end of the h i n g e  l i n e .  
I nter ior structures ( 2 )  i n c l u d e  the 
brac h i d i a  (b l ue) ,  m u sc les ( red) ,  

3. 

A RT I C U LATE 

B R A C H I O PO D S  

m u sc le  scars (g ray) a n d  ped ic le  
(yel low). The  i nter ior of the b rach ia l  
valve (3 )  s hows the looped  brac h i d i a  
( b l u e ) ,  m u sc le scars ( g ray) ,  a n d  
h i nge sockets (b lack) .  Foss i l s  show
i n g  i nterior struct u re may occur .  

acco u nts for the i r  w ide  geo g raph ic d i st r i but i o n .  Lack of a 
ped ic le o pen i n g  i n  the she l l  i n d icates that some foss i l  
b rach iopods d i d  not have a functiona l  ped ic le .  Near l y  a l l  
foss i l  fo rms l i ved i n  sha l l ow water. So do most o f  the l i v i ng  
s peci es ,  t h o u g h  some have beco me adapted to  g reater 
depth s .  

P LA N ES O F  SYMMETRY 

S u perfic ia l l y ,  b rach i opods resemble  
pe lecypods (p .  1 1 6) .  Both  h ave 2-
s ided or  b i l ateral symmetry. I n  
brach iopods a l i n e  d i v i d i ng  the she l l  

i nto two s im i l a r  ha lves  runs  th rough  
the valves (as shown above).  I n  
pe lecypods t h e  l i n e  runs  between 
the two valves.  
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p e d i c l e  v iew 

p e d i c l e  v ie w  

b r a c h i a l  v i ew 

b r a c h i a l  v i ew 
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p rofi l e  

LOWER PA LEOZ O I C  

D I NORT H I S ,  M i d d l e  t o  U p p e r  Or

d o v i c i a n ,  is an example  ot a large 

common group ( o rt h i d s ) .  Al l  have 

b i co n vex p rofi le ,  a stra i g ht h i n ge 

l i ne  and fi n e  rad i a l  r i b s .  Length 1 i n .  

H E B ERT E L LA, M i d d l e  to  U p p e r  

O r d o v i c i a n ,  i s  a m a s s i ve s h e l l  w i t h  

ped i c l e  v a l v e  rather  fi a t .  B ra c h i a l  

v a l v e  stro n g l y  c o n vex,  s o m et i m e s  

w i th  a s t r o n g  f o l d ; fi ne  rad i a l  r i b s .  

L e n g t h  1 .2 i n .  

ZYGOS P I RA, M i d d l e  O r d o v i c i a n  

to L o w e r  S i l u r i a n ,  i s  a s m a l l ,  st ro n g l y  

n b bed s h e l l  w i t h  a s u b ro u nded o ut

l i ne and b i c o n vex p rofi l e .  Ped i c l e  

v a l v e  d e e p e r  t h a n  b ra c h i a l ,  w i t h  a 
st rong fo l d .  C o m m o n  t h r o u g h o ut 

ped 1 c l e  v 1 ew t h e  O h i o  V a l ley a n d  in the A p p a l a-

c h ia n s .  Length 0.3 to 0.7 i n .  

p ro fi l e  

RAF I N E S Q U I NA, M i d d l e 

to U p per  O r d o v i c i a n ,  is a 

la rge,  fiat ,  s e m i c i rc u l a r  s h e l l  

w i t h  a l o n g ,  stra i g ht h i nge 

l i ne .  Brac h i a l  va lve  i s  flat o r  

c o n cave ; the  p e d i c l e  v a l v e  

i s  c o n v e x .  F i n e  r i b s ,  s o m e

t i mes a l t e r n at i n g  in s i z e .  

T h is b r a c h i o pod a p p a rent ly  

lost  i ts pedic le  at matu r ity .  

Length 1 .3 to 1 .7 i n .  



B R A C H I O P O D S  

PLATVSTRO P HIA, M i d d l e  Or
dov ic ian  to M i d d l e  S i l u r ian ,  has a 
massive,  stro n g l y  ri bbed she l l  with 
a convex o u t l i n e  and a long, stra i g ht 
h i nge  l i n e. Length to 1 .7 i n .  

PETROCRANIA on Ra{inesquina, 
M i d d le Ordov ic ian  to Permian .  A 
sma l l ,  l i my i n a rt i c u late b rac h i opod .  
Ped ic le  va lve  cem ented (often to an
other she l l ) ; brach ia l  va lve l ow, 
con ical .  Length 0.3 to I i n .  

LEPIDOCVCLUS (Rhyn colrema) . 
M i d d l e  to U pper  Ordov ic ian ,  has a 
r ibbed she l l  often with " h err ing
bone" pattern .  Stro ng ly  i nflated , 
sub-c i rcu lar  profi le .  S h o rt h i nge l i n e  
Brac h ia l  valve has a f o l d .  Parti cu 
lar ly common i n  the O h io Va l ley . 
Length 0.3 to I .3 i n .  

STRO P H O M E NA, M � d �  
t o  U p per Ordov ic ian .  Out
l i n e  s i m i l a r  to Ra{inesquina, 
b ut with a con cave ped i c l e  
valve and a con vex b rac h ia l  
va lve .  I t  has its strongest 
c u rvatu re near t h e  a nter ior 
edge ; fane r ibs .  L ike Ra{ines
quina, i t  p robab ly  lost its 
ped ic le  at matu rity ·and 
rested o n  the bottom.  
Length 0.6 to 1 .4 i n .  

p rofi le  
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p rofile 

LOWER A N D  M I D DLE 

A T R Y P A ,  M i d d le S i l u r ian to lower 
M i ss i ss ipp ian .  Ventral  valve s l i g ht ly ,  
and brachial  strong ly  convex ; r ibs 
var ia.ble ,  sometimes fr i l led.  A wi d e
s p read foss i l .  Len gth 1 to 1 .3 i n .  

poster ior  
v iew 

D A L M A N  ELLA, Lower S i l u r ian .  A 
smal l  brac h i o pod with a su b-c i rcu lar  
out l i ne .  Va lves con vex, ped ic le  
strong ly  so.  F ine  r ibs  and g rowth 
l i nes.  Oth er  character ist ics i nternal .  
Length about  0.4 i n .  

p rofile 

EOSPIRIFER, M idd le  S i l u rian to 
lower Devon ian .  An ear ly ,  not very 
typical  sp i r ifer. Su b-oval out l i n e, 
convex valves with a b road fold and  
very fine r ibs .  Has s p i ral  b rach id ia .  
Length 1 to 1 .3 in .  

DICOELOSIA, former ly  cal led B i lob ites, U p per Ordov ic ian to lower 
Devon i a n ,  has a stro n g ly b i lobed out l i ne ,  nar row h i n g e  and very fi n e  
r i b s .  L e n g t h  a b o u t  0 .3 i n .  

anter ior  v iew 



PALEOZO I C  B R A C H I O PODS 

SCHUCHERTELLA, Lower Devo
n ian to Permian ,  i s  a brach iopod 
with a wide h i nge l i n e ;  va lves ftat o r  
gent l y  cu rved ; fi n e  r ibs .  Other  char
acters are i n terna l .  Length about 1 i n .  

p rofi le  

MER I S T I N A, M i d d le S i l u r ian ,  has  
a large,  stro n g l y  convex she l l  w i th  a 
l ow fold in the brach ia l  valve.  Smooth 
su rface. Other i d e ntify i n g  featu res 
a re i nterna l .  Length about 1 i n .  

PENTA MERUS, M i d d le S i l u r ian .  
A large,  stro ng ly  co nvex she l l  with 
smooth valves and a strong beak. 
I nter ior  casts, as i l l u strated, s h ow a 
strong vertical p late in the ped ic le  
va lve .  Max .  l ength 3 i n .  

interna l  cast 

b rach ia l  v i ew 

RHYNCHOTRETA ,  S i l u r ian ,  is t ri a n g u la r  in out l i ne  w ith a s harp 
beak ,  p rominent  ped ic le  open ing  and very  strong r ibs .  Length 0.5 in .  

p rofile 

p rofi le  
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pedic le  
v i ew 

LEPTA ENA is a common and wide
s p read b ra c h iopod of M i d d l e  O rd o
v ic ian to M iss iss i ppian age. The 
pedic le va l ve is convex and the 
b rach ia l  val v e  is  concave, g i v i ng  the 

STROPHEODONTA, Devonian.  
Semi-ci rcu la r  out l ine w ith a wide 
h i nge.  B rac h ia l  va lve is gently con
cave, pedicle valve convex ; fi ne  r ibs. 
Has large m u sc le  scars and other 
featu res internal .  Max imum length 
about 1 in. 

ped i ca l  view 

B R AC H I O PO D S  

she l l  an u n usua l  p rofi l e. Valves are 
stro n g ly bent near the a nter ior  edge 
and along the s i d es. The s u rface is 
cove red with v e ry fine radiat ing ribs 
and concentric g rowth l i nes. Length 
1 to 1 .5 i n .  

CYRTINA, M i d d l e  S i l u rian to 
Lower M iss iss ipp ian ,  has a l a rg e, 
flat, tr ian g u lar area between h i n ge 
l i n e  and  beak of arched pedic le  valve. 
Larg e ped ic le  open in gs.  Small ,  con
vex b rachia l  valve. Length 0.7 i n .  

ped ic le  v iew 

LINGULA, Ordovic ian to Recent. 
I n a rt icu late brach iopod has dark, 
broadly tear-shaped she l l  with rather  
flat p rofi le .  Stra ight anter ior marg i n .  
See page 82 f o r  l i vi ng  species. 
Length 1 to 1 .5 i n .  



DIELASMA, Miss iss ipp ian to Per
mian ,  has a long  oval out l ine .  Both 
b rach ial and ped ic le  valve are g ently 
convex. S u rface s m ooth with few 
mark i ngs .  Len gth to 0.8 i n .  

SPIRIFER, M iss iss ipp ian to Lower 
Penn sylvan ian ,  i s  the typical mem
ber  of the s p i ri fer id g roup of brach
iopods,  w h i c h  are common i n  many 
Paleozoic strata. S p i rifers s how 
g reat variat i o n  in form but have i n
ternal  s p i ra l  b rac h i d ia ,  a more or 
less tr iang u la r  o utl i ne, and  most 
have rad ial r ibs .  Spirifer itself has a 
wide h i nge l i n e, stro ng r ibs and a 
convex p rofi le ,  with a consp icuous 
fo ld .  I n  some s pecies in terna l  struc
tu res are i m p o rtant i n  ident ificat ion .  
Length about 1 i n .  

p rofi le 

MUCROSPIRIFER, M i dd le to U p
per Devon ian ,  is  m u c h  wider  h i n g ed 
than Spirifer, w ith she l l  often 
w i n ged.  C o n s p ic ious ribs and fold 
present ; other featu res i nternal .  
Length about 1 in .  

ORB.ICULOIDEA, Ordovic ian to 
Permian .  I n a rt icu late. Dark, s h i ny ,  
con ical  b rach ial  valve with c i rc u lar  
out l i n e  a n d  fi ne r ings.  The t ip  of th is 
valve i s  frequent ly a bit off-center .  
D iamete r u s ua l ly about 0.5 i n .  
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N EOS P I RI F ER, Pen n sylvanian to 
Permian ,  a l a rge,  ma ssive sp i riter 
with a wide she l l ,  is  co nvex i n  p ro
fi le .  Note the p romi nent h i n ge, 

ped ic le  valve 

exte r io r  i nter ior  

p rofi le  brach ia l  v iew 

ped ic le v iew 

brach ia l  v i ew p rofi l e  

strong r i b s ,  and strong b u t  vari
a b le fo l d .  Neospiri{er i s  com mon 
t h rough out the m id-cont inental  a rea. 
Length 1 to 1 .3 i n .  

A RT I C U LATE 

M E SOLO B U S ,  Lower Pe n n syl
vanian, has a w ide, stra i g ht h i nge, 
semi-c i rcu lar  out l ine ,  and a d e
p res sed p rofile .  Note the sha l low 
fold on the b rach ial va l ve and the 
very fine r i bs. Length about 0.3 i n .  

D I CT Y OCLOST U S ,  M iss iss ip
p ian to Permian .  Large she l l s  with 
wide h i nge and  strong beak. Promi
nent r ibs ,  w i th  some concentr ic  
g rowth l i n es and a few s p i n es .  
Ped ic le va lve is  con vex. Length 1 to 
1 .5 i n .  

CHONETES, M id d l e  S i l u rian to 
Permian ,  has a semi-c i rcu lar  out l i ne 
and a w i de h i nge with s p i n es a long 
marg in .  B rach ial  va lve con cave ; 
ped ic le  convex .  F i n e  r ibs and g rowth 
l i n es .  Length 0.4 to 0.9 i n .  

COM POS I T A ,  M i ssi ss ipp ian  to 
Permian ,  is  s u b-c i rcu lar  i n  out l i ne  
and con vex i n  profile .  T he she l l  i s  
fa i r l y  smooth w ith fine  growth l i n es. 
Ped i c le valve has a su lcus .  Max i m u m  
length about 1 i n .  



JURESA NIA, P e n n sy lvan ian to 
Permian ,  has a she l l  w h i c h  is semi
c i rcu lar  i n  o utl i ne ,  with a stra ight 
h i nge .  Beak is p r o m i nent ; ped ic le  

BRACH I O P O D S  

MARG t N I FERA, M i ss . -Perm. ,  is  a 
smal l  she l l  with a w i d e  h i nge .  ,Pedi
c le valve stro ng ly  convex ; b rac h ia l  
va lve concave. M e d i u m  r ibs .  She l l  
may have some s p i nes and  a promi
nent su lcus .  Length 0 .5  to 1 in .  

L I N OPRO DUCTUS, M i ss . -Perm.  
Very long  ped i c l e  valve,  often 
wri n k led near the h i n ge and stro ng ly  
c u rved near the bea k ;  flatte r at front .  
R ibs are p rom in ent and s i n u ous.  
Sp ines may be present .  Length about 
1 i n .  

EN TELETES, P e n n sy lvan ian  to 
Permian .  A smal l  she l l ,  g l o b u lar i n  
out l i ne  a n d  in  p rofi le .  The  s u rface 
of the she l l  i s  wavy with very fi n e  
r i b s  super impos.ed .  Other featu res 
are i nterna l .  Length about 0.5 i n .  

RHYNCH ONELLA i s  t h e  overal l  
name ·for a group of c o m m o n  brach
i o pods ( rhynchone l l ids)  of t r iangu lar  
outl in e  and with a s h o rt h i n ge. Most 
i n  the g roup  have a con vex p rofile 
and stron g  r ibs  and  a su lcus .  Length 
0.5 to 1 .5 in .  Ordovic ian to Recent .  

valve stro n g l y  c o n vex ; brachia l  valve 
con cave. Spines or  s p i n e  scars are 
found on both valves.  Max i m u m  
length about 1 .5 i n .  

ped ic le  v iew p rofi le 

p rofi le  brach ia l  v iew 

p rofile  brach ia l  v i ew 
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A N N E L I D S  (above) and related worms a re u ncommon 
foss i l s .  They p lay an i m portant part i n  geo log ica l  proc
esses by pass i n g  sand and soi l  t h ro u g h  the i r a l i mentary 
tracts.  Fos s i l  worm bori ngs ,  casti ngs ,  and  tra i l s  are fo u n d .  
M in ute jaw p ieces (scolecodonts) o f  mar ine  worms are 
common  m ic rofoss i l s .  Some mar ine  worms sec rete l i m y  
tu bes w h i c h  may become foss i l s ,  and  the  c o n i ca l  and  
pyram i da l  foss i l s ,  Tentaculites and Conularia, may rep re
sent rem a i ns of worm- l i ke a n i ma ls .  Worms a re fou n d  i n  
rocks from Pre-Cam b rian  t o  Recent. 

- =- ·� - . . ' ,/ - •· ) ::IF... ..- ·  

SCOLECODO NTS, O rdov ic ian to 
Recent, a re m i n ute ch i t inous fo ss i ls, 
representi ng t h e  jaw parts of ma rine 
a n n e l i d  worms. H ig h ly magn ified. 

C O N U LARIA, length to 6 i n . ,  Ordo
v ic ian to J u rass ic and TEN TACUL
ITES, l ength to 2 i n . ,  O raov ic ian to 
Devon ian ,  a re o bscure ext i nct forms ;  
poss ib ly  worms .  
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SERPULA, S i l u r ian to Recent, i r
regu lar  calcareo u s  tu bes, s h own 
here on a b rac h i o pod,  a re secreted 
by smal l  worms.  Length to 0.2 i n .  

WORM BORINGS a re somet imes 
found in sed i mentary rocks. O ften 
they are perpen d i c u lar  to the bed d i ng 
of the rocks. Bor ings  are a l so made 
by mol l u sks .  



A RTH R O P O D S  are a g reat and successfu l phy l u m  of 
i nverteb rates .  They have seg mented bod i es and pa i red ,  
jo i nted l i m bs ,  a hard exte rna l  coveri ng ,  w ith  fl ex i b l e  j o i nts ,  
and wel l -develo ped ci rcu latory, nervous ,  d i gest ive and 
rep rod uct ive systems .  Seven g ro u ps of a rt h ropods (sp i 
ders,  t icks, m i l l i pedes and cent ipedes, lo bsters, crabs ,  bar
nacles,  i n sects) i nc lude  over a m i l l io n  s pecies of g reat 
d i vers ity. Th i s  tremen dous  phy l u m  is var io u s l y  d iv i ded by  
experts i nto classes -the fo u r  most i m p o rtant of w h ich  
are  be low.  

A RT H R O P O D S  I M PORTANT AS FOSS I LS 

TRILOBITES (pp .  94-97) , Cambr ian to Per
m ian ,  a re common th ree- l abed mar ine 

art h ropods ,  consp icuous ly  seg mented , and 
have th ree body d iv i s ions .  Le ngth Y. to 27 in .  
See p .  74 for names of externa l  parts. 

CRUSTACEAN S  (pp. 98-100),  Camb rian to 
Recent. Common ,  mostly aq uatic with two 
pai rs of anten nae and usua l ly  several pai rs 
of two-b ranched appendages .  I nc l udes 
crabs, lobsters, s h r i m ps and ostracod s .  

CHELICERATES ( p p .  1 01 - 1 02) ,  Cam b rian 
to Recent. Lack anten nae. A p pendages may 
be mod ified to form p i n cers. The group i n 
c l u d es a i r  b reathers (scorp ions ,  m ites, t icks 
and · s p i ders) and  water b reathers (euryp
ter ids) .  

IN SECTS (p .  1 03), Devonian to Recent. 
W i nged a rt h ropods ,  g en e ra l ly  with 3 pai rs 
of walk ing legs .  T h e  most n u merous arth ro
pods both i n  k i n d s  and i n d iv id uals .  Th rive 
on  land and  i n  fresh water. 



T R I L O B I TES , Cam b rian to Perm ian ,  are ext i nct mar i ne  
a rth ropods of  g reat d i vers ity ana  i m portance as Pa leozo i c  
g u ide fos s i l s . T h e  b o d y  h a s  th ree major  d i v i s i o n s  and the 
thorax has th ree l obed seg ments (see p .  74 for deta i l s  of  
structu re) . T hey were p robab ly  bottom-feed i n g  scavengers 
and p redators .  

CAM B R I A N  T R I LOBITES 

� OLENELLUS, Lower Camb rian.  A tr i 
lob ite with semi-c i rcu lar cepha lo n ,  large 
c rescent-shaped eyes and a long,  seg
me nted g labe l la. The long  thorax had 
many segments ; fi rst 15 normal ,  the  rest 
narro w ;  some w ith s p i nes .  Len gth 9 i n  . 

..... 
AGNOSTUS, Cambrian .  M i nute ceph
a lon and pygid i u m  s i m i l a r  in s i ze ; no 
eyes ; tho rax of two seg ments. Length 
about 0.2 i n .  

CALLAV IA, Lower Cambrian from 
marit ime Canada and W.  Eu rope, has an 
oval outl i n e ;  semi-c i rcu lar  cephalo n ,  l ong  
and narrow g label la ,  w i th  long sp i ne.  � C rescent-s haped eyes. Very smal l  py
g i d i u m .  Maximum length about 6 i n .  

ELRATHIA, M i dd le  Cambr ian ,  has a n  
oval outl i n e ;  sem i-c i rc u la r  cephalon with 
broad , b l u nt, short g labe l la ; pyg id ium 
flat, semi-c i rcu lar  w i th  a s mooth marg in .  
Length 1 to  2.5 i n .  



OGYGOPSIS, M i d d le Cambr ian ,  a Cor- � 
d i l leran form, has a large cephalon a n d  
pyg i d i u m ,  semi-c i rcu lar  i n  out l ine ,  a n d  
smal l  eyes. G rooved thoracic segments.  
Pyg i d i u m  segmentation  is consp icuous .  
Max i m u m  length  about 3 i n .  

...... 
PTYCHOPARIA, M i d d le Cambr ian ,  
has a broad ,  semi-c i rcu lar  cepha lon  w i th  
taper ing  g labe l la ; eyes smal l .  Body nar
rows posterior ly .  Length about 3.5 in . 

...... 
EODISCUS, Lower and  M idd le  Cam
br ian ,  m i n ute, s i m i lar  to Agnostus, but 
with s h o rt g labe l la  and neck spine a n d  
d ist inctive pygid i u m .  Length about 0 . 3  i n .  

CO NOCORYPHE, M i d d l e  Cambr ian  of  � 
eastern N. America and  Europe, is s u per
fic ia l l y  s i m i lar to Ptychoparia but has no 
eye s ;  1 4  or 15 thoracic segments ; sma l l  
and s mooth pyg i d i u m .  The g l abel la  i s  
short and  tapered . Length about  2 i n .  

BATHYURISCUS, M idd le  Camb rian 
of W. N o rth America, has the g labe l la 
fu rrowed ; crescent-shaped eyes ; 7 to 9 
thoracic segments ; semi-c i rcu lar,  wel l 
segmented pyg i d i u m .  Length about 1 .5 in .  

PARADOXIDES, Middle Cam
brian,  is large with semi-c i rcu lar  
cephalon a n d  forwardly expand
ing g label la .  It has heavy thoracic 
segments and a smal l  pyg i d i u m .  
Length 1 0  i n .  



DAL MANITES, S i l u r ian to Lower 
Devon ian .  G labe l la expanded and 

furrowed. Eyes are large ,  rai sed ,  w i th  
many facets. 1 1  g rooved, sp i ned 
thoracic segments.  Maximum lengt h  
a b o u t  6 i n . ;  usua l l y  about 3 i n .  

FLE X ICALYMENE, Ordovic ian to 
S i l u r ian ,  is s im i l a r  to Calymene but 
with a l i p- l i ke pre-g labe l la marg i n .  
Common in  Eu rope a n d  N orth 
Amer ica. Max i m um length about 
2 i n .  
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anter ior  an d d o rsal v i ews 
of en  ro l l ed specimen 

LOW E R  A N D  M I D D L E  
DIKELOCE PHALUS, U p per Cam
br ian ,  has a broad cepha lon with a 
w ide  br im and  s h o rt,  b l unt ,  f u r
rowed g labe l l a ;  1 2  t h oracic seg
ments ; pyg i d i um with two spi nes. 
Max i m u m  l ength about 6 i n .  

TRINUCLEUS, Ordovic ian - a 
g roup of t r i l ob ites. Large cepha lon 
with broad pitted border a n d  an i n 
flated g labe l la. N o  eyes .  Length  1 i n .  

CAL YMENE, S i l u rian  t o  M i d d l e  
Devon ian ,  is  a s mooth t r i lobite with 
a fu rrowed g labe l l a ;  13 g rooved 
thoracic segments ; pyg i d i u m  semi
c i rcu lar. Length 1 .5 to 3 in .  



PALEOZO I C  T R I LO B ITES 
BUMASTUS, Ordovic ian t o  S i l u 
r ian ,  has an o v a l  out l i n e ;  w ide  ax ia l  
lobe.  G l o b u la r  cepha lon and  pyg id 
i u m  lack  seg mentat ion .  K i d n ey
s haped eyes. Max i m u m  length about 
4 i n .  

A S A PHUS, O rdov ic ian ( a n  "en
ro l led" spec i m e n ) ,  has a large semi
c i rcu lar  cepha lon  and  i n d i st inct g la
bel la ; 8 thoracic segme nts, g rooved 
but b l unt .  B road axis. Length a bout 

GRIFF ITHIDES, M i ss iss ipp ian ,  
has an ova l ,  s m ooth out l i n e ;  g la 
be l la  expanded  forward and  fur
rowed. Eyes sma l l ;  9 th oracic seg
ments.  Pyg i d i u m  with 13 to 1 6  
seg m ents. Length t o  2 i n .  

ISOTE LUS, Ordovi c ian ,  has both 
cepha lon a n d  pyg i d i u m  sm ooth and  
s u b-tr ia n g u lar i n  shape ;  g labe l la  
b l unt and u nfu rrowed. T h oracic seg
me nts with wide axis.  Length about 
4 i n . ; a few forms m u c h  larger .  

P HACOPS, S i l u rian  to Devo n i a n ,  
h a s  a semi-c i rcu lar  cepha lon with 
rou nded corners and  i nflated g la
bel la .  I t  has 1 1  g rooved thoracic 
seg m ents. Len gth u s ua l l y  2 to 3 in .  

N ote the large,  ra i sed 
m u lt i - faceted eyes.  
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C R U STACEA N S  are a major  g ro u p  of mar i n e, f resh
water, and  l and  a rt h ropods .  Mar ine  forms,  m ost common  
and  i m p o rtant today, i nc l ude  crabs, l obsters, sh r i m ps and  
barnac les .  C rayfish l i ve i n  fresh water ;  sow b u g s  on  l and .  
Crustaceans deve lop  th ro u g h  several la rval stages,  mo lt
i ng the i r  s h e l l s  as they g row. A l l  have two pai rs of anten
nae ; most b reathe th ro u g h  g i l l s . Ostracods are i m po rtant 
foss i l  cru stacean s .  

LEPERDITIA, Lower S i l u r ian to 
U pper Devon ian .  La rge, ob long 
she l l ; stra ight,  sho rt h i n g e ;  valves 
u nequa l .  Length a bout 0.4 i n .  

DREPANELLA, M i d d l e  Ordovic ian 
to Lower S i l u rian .  Stra i g ht h i n g e ;  
l o n g  marg ina l  r id g e  and  two o r  more 
iso lated lobes.  Length 0 . 1  i n .  

OSTRACO D S a re sma l l ,  b i va lved crustacean s  a b u n 
d a n t  i n  oceans  but  a l s o  l i v i ng  i n  fresh water. The a n i ma l  
occ u p ies a latera l ly compressed she l l ,  h i n ged a long  the 
u pper marg i n .  One  va lve often over laps the other .  She l l s  
have lobes ,  p its, sp i n es and  r i bs .  Ostracods m o lt as  they 
g row, and i m matu re mo l t  stages often occ u r  as foss i l s .  
Becau se they a re co mmon ,  ostracods are w i d e l y  used i n  
corre lat ion  o f  strata of Cambr ian to Recent Age .  

L I V I N G  OSTRACOD FOSS I L  OSTRACOD 



FOSS I L  OSTRACODS 

DIZYGOPLEURA, S i l u rian t o  Devo
n ian .  Has a su b-oval out l i n e ;  four  stro ng  
vert ical  lobes ,  the i n n er ones conti n u o u s  
ventra l ly .  The  left valve over laps t h e  
r ig ht. Len gth 0.04 i n .  

BOLLIA, Ordov ic ian t o  Devon ian ,  usu
a l l y  has a swo l l e n ,  long  outer r idge, 
wit h i n  wh ich  is a para l le l  central ,  ho rse
shoe r idge .  The s u rface i s  genera l ly  
p itted . Le ngth 0.04 i n .  

KIRKBYEL LA, M i d d l e  S i l u r ian t o  Penn
sylvan ian .  A n  equ ivalved ostracod with a 
central ,  d o rsa l ,  n otc h - l i ke su lcus .  It  i s  
su b-oval to four-s i d ed i n  outl i n e ;  s u rface 
netted or p itted . Length 0.04 i n .  

GLYPTO PLEURA, M i ss iss i pp ian  to 
Permian .  Has a s u b-oval out l ine  with 
stra i g ht h i nge .  Valves u nequal  with r ight 
overl a p p i n g  l eft ; median p i t  and promi
nent h o ri z ontal r ibs .  Length 0.04 in .  

C YTHEREIS, C retaceous.  Front  end  i s  
deep ; b a c k  e n d  is comp ressed and  
ro u n ded .  Va lves  are u n equal ; top a n d  
bottom marg i n s  stra ig ht. Ornament of a 
var iable amou nt. C o m p l ex h i n g e  struc
ture.  Length 0.03 i n .  

CYTHEREL LOIDEA, J u rass ic t o  Re
cent, has a su b-oval out l i ne  with a stra i g ht 
h i n ge.  Ornament var iab le ,  but usua l ly a 
few stro n g ,  hor i zontal r i dges .  Length 
0.03 i n .  
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B A L A N US, Eocene to Recent. The 
acorn barnacle has a pyramidal
s haped she l l ,  made of s ix  fixed and 
two smal l  movable plates. Grows at 
t ide level on rocks.  Maxi mum he ight 
about 2 i n . ;  often sma l ler .  

GOOSENECK BARN ACLES are 
attached by long  sta lks .  P lates a re 
s im i la r  to those of acorn barnacles,  
but a re larger ,  th in ,  and  smooth.  May 
be a more pr im it ive form. 

B A R N ACLES are u n u s ual crustaceans .  Free-sw i m m i n g  
la rvae sett le  h ead down a n d  g row overla p p i n g  l i my p lates. 
The an i ma l  feeds with its fr in ged feet. Foss i l s  not com
mon tho u g h  known from early Paleozo i c. Some paras it ic 
fo rms lack a she l l .  

S H R I M PS ,  C R A B S ,  A N D  LOBSTERS are re lated 
to sow bugs ,  crayfis h and many other fo rms.  A l l  m o lt 
and s hed th.e i r she l l s  as they g row. A n  i m po rtant g ro u p  
today b u t  l e s s  co m m o n  as foss i l s .  

AEGER, J u rass ic, is  s h r imp- l i ke 
with a latera l l y  compressed body 
and a project ing  "beak." D i st i nctive 
l i mbs and a long abdomen.  Max imum 
length a bout  6 i n .  

1 00 

ER Y O N ,  J u rass ic ,  is a smal l  
lobster- l ike decapod with a very 
broad carapace, about equa l  i n  
length to t h e  abdomen .  Length about 
4 i n .  



E U R Y PTE R I D S ,  most c l ose ly related to horseshoe 
crabs ,  are fou n d  fro m the Ordov ic ian  to the Perm ian .  Most 
common i n  the Ordov ic ian  and S i l u r ian ,  some g rew 9 ft. 
l ong  to become the largest Paleozo ic  art h ro pods .  The i r 
flattened ,  seg mented bod ies were covered with c h it i n .  
The cep ha lothorax (fused head a n d  thorax) had two pa i rs 
of eyes and six pa i rs of appen dages - o n e  pa i r of p i n cers ,  
fou r  pai rs of wa lk i ng  legs and  one oar- l i ke pai r .  Beh i n d  
the cepha lothorax came twelve taper i ng  segments usua l l y  
e n d i n g  i n  a s p i ke. Eu rypter ids  were powerf u l  sw i m mers o f  
b rack ish waters. They were p ro bab ly  ca rn i vo rous ,  feed i n g  
o n  sma l le r  i n vertebrates.  

STYLONURUS, S i l u r ian to  De
von ian ,  has promi nent ,  central ey.es 
and  g reatly e longated a ppendage&.  
The head ( p roso ma) is a n g u lar to 
semi-oval i n  outl i n e  and  the s lender  
taper ing body has a long ,  poi nted 
ta i l .  Length about 8 i n .  

HUGHMILLERIA, Ordovic ian to 
Permian.  Has a semi-c i rcu lar head 
and widely spaced compound  eyes. 
B l u nt ly ro u n d ed body outl i n e ;  ap
pendages s h o rt,  the  last pa i r  largest 
and p i ncer- l i ke. B lade-l i ke ta i l . 
Length about  3 i n .  
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ARACH N I DS A N D  M Y R I A PO D S  are h i g h ly devel
o ped g roups  of a rt h ropods common now b ut n ot as fos
s i ls .  Cent i pedes and m i l l i pedes are myr iapods .  A rac h n i d s  
are re lated t o  eu rypte r ids and  i n c l u d e  sp iders ,  daddy- long
legs ,  and  scorp i ons .  

Scorp i o n s  a re sma l l  ( 2  to  8 i n . ) ,  seg mented land an i ma ls  
w ith five pa i rs o f  appendages ; t he  f ront  pai r are p i n cers ,  
the rest a re wal k i ng  legs.  They have a l ong ,  j o i n.ted ta i l .  
Foss i ls occ u r  from t h e  S i l u r ian , b u t  i t  i s  not certa i n  i f  the 
o ldest were a i r  b reathers .  

Sp iders have o n ly e i ght l egs .  Most have e i g ht eyes and 
po ison fa ngs  to para lyze the i r  prey. The  body i s  d iv ided 
i nto a cepha lothorax and abdomen .  A l l  l i v ing  fo rms have 
s p i n nerets, b ut not al l  make webs. Foss i l  forms occu r  
from the  Devo n ian  to  Recent. 
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ARC HITARBUS, Pennsy lvan ian ,  
is an archaic sp ider ;  a member of a 
group with broadly j o i ned cepha
lothorax and  s h o rtened abdomen.  
Carapace shape is  d ist inct ive.  
Length about 3 to 4 i n .  

PALAEOPHONUS, from the S i 
l u rian ,  is  a pr im it ive scorp ion ,  w i th  
characteristic s hort, w ide append
ages .  I t  may  have  been an aquatic 
form rather· than terrestria l .  Length 
1 .5 to 2 i n .  

ACANTHERPESTES, Pen nsy l 
van i a n ,  is  a g iant m i l l i pede with short 
d iv ided legs.  The ent i re g roup  i s  
conservative and  has c h a n g e d  very 
l itt le .  Max i m u m  length about 8 i n .  



I N SECTS, the largest g ro u p  of art h ropods ,  com p r ise 
about th ree-q uarters of  a l l  l iv i n g  a n i ma ls - over 900,000 
species a re known .  Some are enormous ly  a b u n dant and  
p lay  an i m p o rtant ro le  i n  h u man affa i rs .  I nsects a re  adapted 
to many d ifferent env i ro n ments and  are successfu l i n  
most o f  them.  They have a d i st i nct head,  tho rax and  abdo
men ,  one  pa i r  of anten nae, th ree pai rs of  legs ,  and  one  or  
two pai rs of w i n g s .  Some are w i n g less .  

I nsects a re rare as foss i l s .  The o ldest a re w i n g less 
fo rms from the Devo n i a n .  In  Penn sy lvan ian  t imes (Age 
of  I n sects) some i nsects g rew to g iant proport io n s  and  
more than 400 s pecies are known .  Many l i v i ng  i nsects 
show l itt l e  change  from anc ient fo rms in the late Paleozo ic .  
Mesozo i c  spec ies  a re more common ; over  a thousand have 
been descr ibed .  

MESOPSYCHOPSIS, a lace
wing from the J u rass ic .  Lacewings  
(neuropter ids) ,  w h i c h  a re d i sti n 
g u is h ed by the i r  ti n e  w ing  venati o n ,  
range f r o m  P e r m i a n  t o  Recent. 
Length about 1 i n .  

COCKROACHES (b latto ids )  are 
an ancient and w idespread group 
(Pennsy lvanian to Recent) .  Some 
were up  to 4 i n .  l ong .  800 Upper  
Pa leozo ic  species are  known.  

TARSOPHLEBIA, a J u rassic 
dragon fly with a win g s pan of about 
2 i n .  Outstretc hed wings a re typical  
of the group, which occurs from 
Permian to Recent.  



1 .  C R I N O I D  5 .  ECH I N O I D  
2. ASTERO I D  6.  E D R I OASTERO I D  
3 .  OPH I U RO I D  7. C YSTO I D  
4 .  HOLOTH U R I O I D  8. BLAST O I D 

L i v i n g  ech i n od e r m s  ( 1 -5) .  F o s s i l  fo r m s  (6-8) . 

ECH I N O D E R M S  are a phy l u m  of mar i ne  a n i mals cov
ered with l i my p lates or  sp i nes .  P lates are fixed in sea 
u rc h i n s  (ec h i no i ds) ,  flex i b le  i n  some starfish  (astero ids ) ,  
and  i so lated i n  sea cucumbers (ho loth u r i o i ds ) .  Edr ioas
tero ids ,  cysto ids ,  b lasto ids  and c r i no i ds l i ved attac hed ; 
the rest are free mov i n g .  Th i s  p h y l u m  co ns i sts of e i g ht 
common c lasses i l l ustrated above. Below are typ i cal 
i nternal struct u res.  D i gest ive system i s  g reen ; water
vascu lar system orange .  Exoskeleton is pu rp le .  These 
an i mals a lso have a wel l -deve lo ped ne rvo us  syste m .  

B L A S T O I D 

1 04 tooth 



E D R I OASTERO I DS are ext i n ct, attached ec h i n oderms 
w ith ro u n d  o r  flattened,  often asymmetr ica l  bod ies cov
ered with sma l l ,  i r reg u lar ,  flex ib le  p lates .  Each had a cen
tra l  mouth s u rrou n ded by five s lender, s i n u ou s ,  attached 
arms.  Cambr ian to Miss iss i pp i an .  

CYSTO I DS ,  another exti n ct g ro u p  o f  ec h i noderms ,  a l so 
had rou n ded bod ies  made u p  of many i r reg u lar  p lates 
with tr ia n g u la r  pore open i n g s .  They lacked the s i n u o u s  
arms o f  t h e  edr ioastero ids .  Ordov ic ian  t o  Devo n ia n .  

ECHIN O S P HAERITES, Ordovi
c ian .  A g l o bose cysto id  of many 
i r regu lar  po lygona l  p lates .  Central  
mouth with s h o rt a m b u lacral  
g rooves. Pyram i d a l  ana l  covering 
near mouth.  Bou n dar ies between 
p lates often i n d ist i nct.  D iameter 1 to 
2 i n .  

CARYOCRINITES, Ordov ic ian to 
S i l u r ian ,  a cysto id ,  with a g lob
u lar body of large, regu lar ly arra ng ed 
p lates. M o uth and ambu lacral 
g rooves co n cealed be low plates. 6-13 
feeble arms. Pyra m idal  anal  p l ates ; 
l ong  stem.  D iameter about 1 i n .  

AGELACRINITES, Devon ian to 
M iss iss ipp ian .  An edr i oaste roid 
with five narrow, s i n u o u s  a m b u 
lacral g rooves ; th ree c u rved r ight ,  
two left. Per i p h e ry has pro m i n ent 
r i ngs  of sma l l  p lates. D iameter about 
1 .5 i n .  

HEMICYSTITES, Ordov ic ian to 
Devon ian . An ed rioastero id  with a 
t h i n ,  flatten ed body and  five short, 
radiat ing arms ,  s u r ro u n d ed by a 
r i ng  of large p lates and  marg i n al 
r i ngs  of s ma l ler  o n es .  D iameter 
about 0.8 i n .  1 05 



BLASTO I DS (Ordov ic ian  to Perm ian) ,  an ext i nct c lass . 
of ech i noderms,  are especia l l y  common i n  M iss i ss i p p ian 
rocks. The foss i l s  cons ist of a X- to 1 - i n . ,  c u p l i ke body 
wh ich  was attached at the base to a sho rt stem.  Each 
"cup" has 1 3 p lates, sym metr ica l ly arranged ,  with five 
peta l-shaped am b u lacral g rooves. The l i v i n g  a n i mal  g rew 
i n s i d e  the  cu p as shown on  pages 74 an d 1 04. 

top 

CODA STER, S i l .  t o  P e n n . ,  h a s  a 
pyramida l  c u p ,  s ha rply poi nted be
low and five-s ided i n  c ross sectio n .  
P l ates a rou n d  base a n d  on the s ides 
a re l o n g ; those near mouth a re short. 
A m b u lacra l  g rooves are short and 
tr ian g u la r. He ight  0.5 to 1 i n .  

PEN TREMITES, M i s s .  t o  Penn . ,  
has a smal l ,  bud- l i ke c u p  w i th  sma l l  
basal p lates and  very long  s ide  
p lates around the b road and  petal
l i ke a m b u lacral  g rooves. Common 
in  M i ss iss i pp i  Va l ley. He ight  a bo ut 
1 to 2 i n .  

radia l  p lates 
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CRYPTOBLA STUS, from the 
M iss iss ipp ian ,  has g l o b u lar  cup 
with very long a m b u lacral  g rooves 
which lack pores on  o uter edg es. 
Plates along the sides a re large and 
overlap those around  the mouth. 
He ight about 0.5 i n .  

SCHIZOBLASTUS, M iss iss ip
p ian to Permian ,  has an ovoid c u p. 
P lates around mouth are l a rge,  with 
pro m i nent pai rs of open i n g s  near 
the top. Base is  usual ly  depressed.  
A m b u lacral  g rooves a re long  and 
narrow. H e i g ht 0 . 8  i n .  

s ide  



C R I N O I D S ,  o r  sea l i l ies ,  are flower- l i ke ech i noderms ,  
often beautif u l l y  co lo red ,  wh ich  g row i n  co lon ies o n  the 
sea floor. Some foss i l  forms were free swi m m i n g  b ut 
most were fixed by a stem formed of va r ious l y  s haped 
d i scs o r  c o l u m na ls  (p .  74) su rmou nted by a c i rc let of a rms .  
A l l  have a five-fo ld  rad ia l  symmetry, but vary i n  shape,  
p lates and  arms .  O rdovrc ian  to Recent. 

PLATYCRINITES has a deep 
cup ,  com posed of a few p lates, often 
with a roug h  s u rface. The long  arms 
are b ranched .  M iss iss ipp ian to Per
mian .  M a x i m u m  he ight  of crown of 
th is  c r i noid about 2.8 i n . ,  but it is  
often smal ler .  

ISOCR I N US, Tr iass ic - Tertiary, 
and the s i m i l a r  Pentacr i n ites, have 
long, b ra n c h ed arms and  star
shaped c o l u m na ls .  Both of these 
stem-bea r i n g ,  arti c u late c r i no ids  are 
character ized by a large crown and a 
smal l  d o rsal cup .  Crown to 2.5 i n .  

GL YPTOCRINUS, Ordov ic ian to 
S i l u rian .  The c u p  of th is  c r i no id  
w i th  i t s  star-shaped ornament  is  
sma l l  i n  compar ison with  rest  of  
crown.  The arms are long ,  s lender  
and b ra n c h i n g .  Max imum he ig ht of 
c rown 2.5 i n .  

TAXOCRINUS, Devonian t o  M is
s iss ipp ian ,  has a sma l l  cup s u r
mou nted by mass ive,  b ra n ch i n g ,  
embrac ing  arms.  T h e  d isc- l i ke p lates 
of the stem of t h i s  and s i m i lar forms 
are the most c o m m o n  c r i no id  fos
s i ls .  He ight of crown about 2 i n .  

I S  -
shaped 
co l u m na l s  



STA R F I S H and B R ITTLE STARS (Astero i d s  and 
O p h i u ro i ds) are  free-mov ing  ech i noderms .  Starfish have 
five b road arms with tube-feet a long  the g rooves on  the i r  
lower s u rface. B ritt le stars have a wel l-defined central 
d isc and s lender a rms fo rmed of d iscrete "vertebrae" .  
Both g roups  a re  rare as foss i ls .  

HUDSONASTER, M i d d l e  t o  U p
per Ordovic ian ,  is an early starfish 
with t h i c k, s h o rt, ta per ing arms cov
ered with large, reg u lar ly arranged 
p lates. It  has p rominent ambu lacral 
g rooves on the lower surface. D i am
eter about 1 i n .  

MESOPALAEASTER ( DEVON
A STER) is an Ordov ic ian-Devon ian 
starfi sh with sharp ly  poi nted arms 
and reg u lar radiat ing  o rnament on 
the upper  s u rface. It  has a central 
d i sc with many smal l  plates. A mbu
lacral g rooves promi nent. D iameter 
about 1 .5 i n .  

URASTERELLA i s  an O rdov ic ian 
to Pen n sy lvan ian sta rfi sh with long ,  
s lender, flex ib le  arms but with no 
obv ious central d i sc .  It has promi
nent ambu lacra l  g rooves on the 
lower s u rface and smal l ,  i rreg u lar  
p l ates. D iameter about 2 i n .  

AG A NASTER is  a M iss iss ipp ian 
br itt le star with a la rge, flower- l i ke 
centra l  d i s c  a n d  s h o rt, s lender  arms. 
Br itt le sta rs d eveloped i n  the Ordo
v ic ian but were not common u nt i l  
the Mesozoic .  Often represented by 
iso lated arm p lates. D iam.  a bout 1 i n .  



ECH I N O I DS (sea u rch i n s ,  sand do l lars and their  kin )  
have  sp i ny ,  g l o b u lar ,  flattened or  heart-shaped she l l s  or  
tests made of smal l ,  l imy p lates. The test often has fi ve
fo l d  rad ia l  symmetry. A l l  Paleozoic echi no i ds  (as Lovene
chin us) were reg u lar ;  many later forms (as Micraster ) are 
irreg u lar .  Fo u n d  from the Ordovician  to Recent .  

LOVENECHI N U S, M i ss iss ipp ian ,  
has  a large s p her i cal test, w ith long ,  
ambu lac ral  a reas, each  made of 
four  co l u m ns of smal l  plates. Be
tween the g rooves are four to seven 
co lumns  of la rger p lates. D iameter 
3 to 4 i n .  

CIDARIS, U pper Tr iass ic t o  Re
cent, i s  a g roup  name for ech ino id•  
w i th  a round  test and  mouth  a n d  
a n u s  a t  oppos ite p o l e s .  A m b u lacra 
long  and  narrow ; the s paces be
tween are broad, with large tuberc les 
a nd spines.  Maximum d iameter 
about 3 i n .  

CLY PEUS, J u rass ic ,  i s  a n  i rreg
u la r  sand do l la r  with flattened test 
and a c i rcu la r  or  five-sided out
l i ne  bear ing peta l - l i ke ambu lacral  
a reas. The  m o uth is at the central 
point of the test w h ich  is covered by 
very smal l  tuberc les. D iam.  to 4 i n .  

MICRASTER, C retaceous t o  M io
cene , has a t h i c k, heart-sha ped test. 
The a m b u l acral areas are s u nken 
and the spaces between a re fi l led 
with large p lates. The mouth is near 
the anter ior  border. S u rface a ran u
lar .  Length about 2 i n .  1 09 



= d igest ive 
tract 

F = foot 

M O L L U S KS i nc l ude  five c lasses o f  s i m i lar structu re but 
d ifferent exte rna l  appearance, as shown above. Mo l l u sks 
are an o ld  and successfu l  g rou p ;  most are mar i ne ,  many 
fresh-water,  and some l i ve on  l and .  A few aq uatic fo rms 
are free float i ng o r  free sw imm ing  but the majo r ity are 
bottom dwel l ers i n  sand or m ud .  Some b u rrow i nto rocks 
or  t im bers.  Ab out 150,000 l iv i ng  species and  th o u sands 
of  foss i l  fo rms have been descri bed .  Mo l l u sks range  i n  
s i ze f rom 60-ft. G iant S q u ids and Tridacn a c lams weig h i ng 
over 500 pounds  down to a lmost m icroscop i c  spec ies. 
She l l  structu re va r ies from the co i led fo rm of sna i ls  to the 
sym m etr ical b i va l ves of clams and the ei g ht p lates of 
ch i tons .  Two l i v i n g  classes , the pe lecypods (c lams ,  oys
ters, m usse ls) and  gastropods (whe l ks ,  sna i l s ,  l i m pets) ,  
are a b u ndant. Foss i l s  of these g rou ps and cepha lopods 
are common  b ut ch i tons  and  tusk shel l s  are rare, tho u g h  
both occu r i n  t h e  ea r ly Paleozo ic. Many m o l l usks are 
excel lent  i ndex foss i l s .  
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GASTROPODS have a b road , m u s c u lar foot, a we l l 
deve loped head with eyes, mouth ,  and tentac les. Some 
have a file- l i ke ton g u e  ( rad u l a) w h ich  can bore th ro u g h  
t h e  s h e l l s  o f  other mo l l u sks.  Most gastropods have l i my 
s p i ra l  s h el l s . Of over 50,000 s pec ies ,  35 ,000 a re l iv i n g .  The 
shel l  open i n g  may be c losed by a l i d  (opercu l u m) w h en 
the a n i ma l  d raws i n .  Once confi n ed to seas ,  l ater sna i l s  
became adapted to  l ife i n  ponds ,  i n  stream s  and on  l and .  

LOW E R  P A LEOZO I C  G A STRO P O D S  

HYPSELOCONUS, U p per Cam- � 
br ian to Lower Ordov ic ian ,  is a pr im
it ive gastro pod with a h igh ,  con ical ,  
u n co i l ed shel l ,  the apex of which i s  
often off-center. Form var iab le .  
0 .7 i n .  

HOR MOTOMA, Ordov ic ian t o  Si
l u r ian ,  i s  a w ide ly  d i str ibuted,  h i g h
sp i red she l l ,  with whor ls  ro u n ded 
and separated by deep notches.  
Apert u re notched ; s u rface q u ite 
smooth.  2 to 2.5 i n .  

MACLUR I TES is  a nea rly fl at 
O rdov ic ian gastropod with low but 
stro n g ly rounded w h o rls and  a 
b road, deep cent ral depress ion  on 
the u pper  s ide .  S u rface smooth.  

2 to 3 in .  

basal  
v i ew 



P A L EOZO I C  A N D  

BELLEROPHO N ,  Ordovic ian to 
Tr iass ic .  A flatly co i led gastropod 
with the  outer whorl  e m b rac ing  
ear l i e r  o n es. B road  aperture ,  with 
s i n u s .  S i m ple ornam ent.  Max i m um 
d iameter about 2 i n .  

PLATYCERAS, S i l u r ian  t o  Per
mian. A loosely co i led form often 
with i r reg u lar it ies i n  the she l l  due to 
cementat ion  to other objects. S p i ra l  

..111111 or tra n sverse ornament. Max i m u m  
""'' d i ameter about 1 .5 i n .  

... 

P LATY OSTO M A ,  S i l u r ian  to De
von ian ,  i s  a form of Platy ceras with 
a low-s p i red,  g l o b u l a r  she l l .  Several 
whor ls ,  the last much the larg est, 
a re all i n  contact. He ight about 1 .5 in . 

WORTHEN I A, Miss iss ipp ian to 
Permian ,  has a w ide ,  low-sp i red 
she l l .  The outer l i p  has a sha l low 
s i n u s  wh ich  becomes ti l led in  a ro u nd 
the who r ls .  Var iable but wel l  d evel
o ped orna ment. H e i g ht about 1 .3 i n .  

� STRAPAROLLUS or Euompha
lus, S i l u r ian to Permian ,  is  flatly con
ical  o r  n ear ly  flat  with a b road central 
depress ion .  Whor ls  a re ro u n d  to 
tr ian g u l a r ;  feeble ornament.  D i am
eter about 2 i n .  



M ESOZO I C  G A STRO PODS 

NERINEA, J u rass ic  t o  Cretaceous,  � 
is a h i g h-sp i red ,  often s lender she l l .  
Whor ls  often con cave ; apertu re 
with short notch .  Var iable o rnament.  
Max i m u m  height about 5 i n .  

MURCHISO NIA, S i l u r ian t o  Pe r
m ian ,  is a n other h i g h-sp i red she l l ,  
rather  l a rge,  with whor ls  rounded to  
angu lar .  G rowth l i nes present. Outer 
l ip with a s i n u s .  He ight  f rom 1 to 2 i n .  
( f a r  r i g h t ) .  

PLEUROTOM ARIA, J u rass ic t o  
C retaceo us ,  has an ac utely con ica l 
she l l  with a promi nent s l it on outer 
l ip and  s i n u s  fi l led i n  on  whor ls .  

Cons iderab le  ornam ent. Max i m u m  
h e i g h t  a bout 2 . 5  i n  . 

..... 

CER ITHIUM is a g roup name for 
J u rass ic to Recent gastropods with 
h i g h - s p i red,  many-whor led s h e l l s ,  
often tu r reted and w i t h  cons iderab le  
o rnament. Max imum he ight  about 
5 in .  

� 

TURRITELLA, C retaceo us to Re- � 
cent,  is a g r o u p  name for s len der ,  
h i g h - s p i red she l ls  with i nc ised su
tu res and wi th  s p i ra l  o r  transverse 
o rnament .  S i m p l e  a perture. Maxi
m u m  he ight  about 4 i n .  

cross sectio n 



C E N OZO I C  

CON U S, C ret. -Rec.  A group of 
ac utely con ica l ,  sh ort- s p i red she l l s .  
Whor ls  w i th  strai g ht s i d es. Long ,  
n a rrow apertu re. Max imum h e i g ht 
about 2 i n .  

DEN T A L I U M ,  Ordov ic ian t o  Re
cent.  A scaphopod (p .  1 1 0) .  Tusk
shaped she l l ,  c u rved ,  taper ing ,  with 
both ends open. Max imum len gth � about 5 i n . ; usua l l y  smal l er.  

POL YGYRA, Paleocene to Recent. 
A land sna i l .  T ig htly co i led ,  low
s p i red s h

.
e l l ,  flattened below. I n 

d ented aperture.  M ax i m u m  d iameter 
about 1 i n .  

VOLUTA, Tertiary t o  Recent. A 
g roup  of moderately sp i red she l ls  
w ith angu lated, r i bbed whor ls  and 

� narrow apertu re. Max imum he i  
..,. about 4 i n .  

F U S U S, C ret .-Rec. A g r o u p  o f  nar
row, long  she l l s ,  with h i g h  sp i re and 
rounded whor ls . Lo ng ,  na rrow a nte
r ior  canal .  Ornament var iab le .  Maxi- � 
m u m  he ight about 2.5 i n .  

V I VIPAR U S ,  J u rass ic t o  Recent. 
A fresh-water gastro pod with a l ow
sp i red she l l .  W h o rls are rou nd  or 
flattened and the s utu res are in
dented.  Max i m u m  he ight about 1 .5 i n .  

1 1 4 



GASTRO P O D S  

PLA N O R B I S ,  J u rass ic t o  Recent. 
A g roup of fres h-water species. 
F latly coi led, with ent i re sp i re en
c l osed in  body whorl .  Max i m u m  
d iameter a b o u t  0 . 9  i n .  

VERT IGO, Eocene to Recent.  Land 
snai l  with b u l bous ,  oval outl i n e ;  
few s mooth whorl s ;  aperture con
str icted.  H e i g ht a bout 0.05 i n .  

NATICA, Triass ic t o  Recent. A 
group of low-s p i red forms, with 
large,  b u l bous  fi nal  whor l ; s u rface 
genera l ly  s mooth. Max imum he ight 
about 2 i n .  

CRE P I DULA, U pper Cretaceous 
to Recent .  S l i p per s h el l s ;  beak 
twisted ; apertu re large, partly cov
e red by a th i n  p l atfo rm. Max imum 
length a bo ut 2 i n  . 

...... 

bottom v iew 

s ide v i ew 

..... 
"L ITTOR I NA, Paleocene to Re
cent, is  a thick, low-sp i red and ovoid 
she l l  with last  whor l  larger than rest 
of she l l .  S mooth or  weak s p i ra l  orna
ment. M ax i m u m  h e i g ht about 1 in .  
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P ELECY PODS,  " hatchet-foot" or b iva l ved m o l l usks ,  
are most ly  mar i ne ,  b ut some l i ve i n  fresh water. Oysters , 
m ussels ,  and  c lams are l i v i ng  types. The two valves of the 
she l l ,  usua l ly  s i m i lar ,  are jo i ned a long  a h i nge  l ine and 
a re he ld  together by teeth and musc les ,  w h i ch  leave im
p ress ions  o n  the i ns i de of  the she l l .  The compressed 
body of the a n i mal  i s  enc losed by the she l l .  The she l l  can 
open to expose the foot and the s i p h o n s  by w h i c h  the 
a n i mal  takes food and oxygen from the water.  

Most pe lecypods are bottom dwel lers but some are 
active swi m mers. Others bu rrow in sand and m u d ,  some 
are borers and  some cement  themselves to  fixed objects . 
Pelecypod s  (Ordov ic ian-Recent) a re common foss i l s  i n  
mar ine a n d  some n on-mar i ne rocks. I n  E u rope pelecypods 
are known as lame l l i b ranchs ,  o r  p late-g i l led m o l l usks .  I n  
other areas ,  a l l  pe lecypods a re known as c lams ,  tho u g h  
s o m e  types may b e  ca l led musse ls ,  sca l lops or  oysters. 

BODY PLAN OF A CLAM 



PA LEOZO I C  P E LECY PODS 

CTE N OD O N TA h a s  equ ivalved, 
oval shel ls with smooth surfaces, 
sometimes with fi ne ,  concentric � 
g rowth l i n es. N u m erous s i mi lar 
teeth along h i n g e  p late. Ord .-Si l .  

l e ngth about 1 i n .  

BYSSON YCHIA h a s  a s harp, 
steep ly  i n c l i ned beak n ear end of 
h i n g e ;  usua l ly stro n g  rad ial  r ibs.  
These equ ivalved shel ls are com
mon in  U p per O rdov ic ian .  Len gth 
a bout 1 i n .  

GRA M M YSIA has a promi nent, 
b lu nted ,  i n c u rved beak and a sub
oval out l i ne.  A d eep,  ob l i que  fold 
runs ac ross the valves.  S i l u rian 
to M i ss iss i pp ian .  Max imum l e ngth 
about 2 i n .  

PTERINEA h a s  a w i d e  h i n g e  l i n e  
wh ich  exte n d s  i nto "ears ."  Oppo
site valves d i s s i m i lar and  lack sym
metry ; ornament of fine, con centric 
l i n es. It  has two unequal m u scle 
scars. O rd . - Pe n n .  Max imum length 
about 1 .5 i n .  

..... 
G O NIO PHORA, S i i . - Dev. A lop
s ided she l l  w ith pro m i n e nt beak 
from wh ich  a r idge extends  to the 
rear  marg i n .  M ax i m u m  length about 
2 i n .  

MODIOLO PSIS has a t h i n ,  oval 
she l l .  Asymmetr ical  valves a re 
c rossed by an o b l i q u e  depress ion .  
Ord . -S i l .  Two u n e q ua l  m usc le  scars.  
Max i m u m  l e ngth a bo ut 1 .5 i n .  
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CONOCARDIUM i s a stri k ing  fos
sil of do ubtf u l  affi n ities. Beak p rom
i n ent ; h i n g e  line long and stra ig ht. 
U nequa l  t ri a n g u l ar valves have 

MYALINA, Devon ian to Permian ,  
has a poi nted, stro n g ly i n c l i ned 
beak, and faint con centric ornamen
tati on .  H i nge l i ne  often promi nent. 
Length to 4 i n . ; u s ua l l y  sma l ler .  

ALLORISMA, M i s s.-Perm. ,  has an 
e lon gated , oval  outl i ne . Marg i n  is  
flattened beh i n d  the b l u nted, ante
rior beak. Valves gape posteriorly. 
M ax i m u m  l e n gth a bout 2 .5  i n .  

stro n g  rad ia l  ri bs a n d  often con cen
tr ic g rowth l i nes. A nter ior short with 
poster ior  ob l i que. Ordov ic ian to 
Perm ian .  Length 1 to 2 i n .  

DUNBARELLA a re flattened,  scal
lop-s haped shel ls ,  with fair ly promi
nent wings and bran c h i n g  r ibs .  
Feeble concentric ornament. Penn
sylva n ian .  Length 1 to 2 i n .  

CARBONI COLA h a s  i nequ i l ateral 
shaped,  e lo ngated va lves, oval  in 
out l ine .  A fresh-water genus  with 
h igh ,  thick anter i or. O rnament of 
concentr ic g rowth l i n es. Penn .  
Length 1 to 1 .5 i n .  

PA LEOZO I C  A N D  M ESOZO I C  PELECYPO D S  
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N UCULA is a " l t v m g  fossi l , "  show
ing a lmost no change s i n ce S i l u r ian 
t imes.  Su rface common ly has con
centr ic g rowth l i nes.  N u m erous 
smal l  teeth and soc kets. Max i mum 
l ength about 1 .5 i n .  

L I MA is  ob l i q ue ly  oval i n  outl i n e ;  
equ ivalved and  i nflated ,  with rad ial  
r ibs .  The  p rom in ent beaks are 
pointed.  Valves often gape. Penn
sylva n ia n  to Recent. Length 3.5 in .  

T R IGON I A, J u r .-Rec. ,  has a tr ian
g u lar  or  c rescent ic out l i ne .  T h ick 
valves have a sharp r idge from the 
beak to the marg i n .  Consp icuous  
and var iab le  ornament. Max i m u m  
length about 3 . 5  i n .  

N, Si l u rian  to 
Permian ,  has a stra i g ht h i ng e  with 
p rominent wings and  no teet h .  
Valves unequa l ,  w i t h  stro ng r i b s  
and  someti mes g rowth l i nes .  Length 
about 1 i n .  

PARALLELODO N ,  Devo n ian  to 
Tertiary ,  is a n g u l a r  in outl i n e, e lon
gate, with a l o n g ,  stra i g ht h i ng e  l i n e. 
Has concentr ic g rowth l i nes.  Length 
about 1 .2 i n .  

PTE RIA, J u r. -Rec . ,  has th i n ,  i n e q u i
lateral shaped va lves w ith a long ,  
stra i g ht h i n ge merg i ng i n to  la rg e, 
u nequal  w ings .  F ine  concentr ic  or 
radial  orna ment.  Max i m u m  length 
about 3 in .  



M ESOZO I C  A N D  C E N OZOIC PELECYPODS 

EXOGYRA, J u rass ic  t o  C reta
c eous ,  l i ke Gryphaea below, but with 
a large, massive, s p i ra l ly  twi sted 
l eft va lve. One va lve was attached 
a n d  the other served as a l i d .  Orna-

1 20 

ment is var iab le but usua l ly very 
stro ngly  developed e i ther  as g rowth 
l i nes in species to the left above or 
as ribs i n  s pecies to the r ig ht.  Max i
m u m  length about 5 i n .  

PIN NA, J u rass ic  t o  Recent. T hese 
Pen-she l ls  a re tr ia n g u lar ,  large, 
thin and equ iva lved,  with a long  
h i nge.  The valves are  gapi n g ;  h i n ge 
teeth absent .  Attac h ment to the 
bottom i s  by h o rny th reads .  Foss i ls  
often frag menta ry. Max imum length 
about 9 i n .  

I N OCERAMUS, J u rassic t o  Cre
taceo us,  i s  oval in out l i ne ,  with a 
prom i n ent beak a n d  a stra i g ht h i n g e  
l i n e  without teeth . It  h as con centr ic ,  
corru gated g rowth l i n es. Several 
species have produced foss i l  pear ls .  

Length u p  to 4 ft. 

G R Y P HAEA, J u rassic to Eocene,  
is  cal led Devi l 's  toena i ls .  Valves are 
grossly u n equal ; l eft valve l oosely 
co i led ,  r ight  smal l ,  fiat and  l i d - l i k e ;  
growth l i nes c o n s p i c u o u s .  Deg ree 
of c o i l i ng is  var iab le .  Max i m u m  
l e ngth about 3 .5  i n .  



ARCA, J u rass ic  to Recent, has an 
a n g u lar out l i ne. Beak b l u nt but con
sp icuo u s ;  teeth and sockets smal l .  
P rom inent rad ia l  r ibs .  Length 2 to 
3 in .  

HIPPURITES, Cretaceo us ,  i s  a 
widespread con ical ,  coral- l i ke she l l .  
The r ight va lve  is  very  th ick, deeply 
con ica l  and g rows attached to rocks. 
The left valve is  thick and l id- l ike. 
Valves move o n  thick teeth .  H e i g ht 
about 5 i n .  

OSTREA, Triass ic  t o  Recent. Oys
ters g row attached by l eft valve, 
wh ich  i s  concave,  r i bbed and larger 
than rig ht valve, w h i ch is flat and 
often smooth. Orna ment may in
c l ud e  deep fo lds and g rowth l i n e s ;  
s hape very var iab le .  Length 2 to 6 i n .  

ASTARTE, T riassic t o  Recent, h a s  
a l most equa l  valves,  i s  o v a l  t o  tr ian
g ular in o utl ine and h a s  a p rom i nent 
beak. It i s  s mooth or has scu lpt u red 
g rowth l i n es w h ic h  fo rm concentric 
r idges. Length about 0.8 i n .  

G L  YCIMERIS, Cretaceo us  to Re
cent. Valves ind iv idua l l y  symmetri
cal ,  nearly c i rcu lar  i n  outl i n e ;  po inted 
beak, with a striated a rea between 
beak and h i n

.
ge .  Length 1 to 2 i n .  

1 2 1  
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C E N OZO I C  PELECY PODS 

CARDIUM, Triassic t o  Recent, i s  
a very common b ivalve of  nearly 
ci rcular o utline. It is  equ ivalved with 
a convex p rofile ; promi nent, in
c u rved beak and a c u rved hinge l ine.  
Valve marg i ns wavy.  Strong rad ial  
r ibs someti mes sc ulptu red l i ke over
lapp ing tiles. Length 1 to 2. i n .  

UNIO, Triassic t o  Recent, is  a 
fresh -water c lam,  oval in outli ne 
and equ ivalved with a b l u nt b ut 
prominent beak. Surface is smooth 
or h as co ncentr ic g rowth l ines. 

� H i nge with re latively few, d iverse, 
"' large teeth. Length 2 to 3 i n .  

PECTEN, M i ss.-Recent, is  the 
g roup name for many wel l-known 
b ivalves. V a lves i n d i vid ually sym
metrical except for u nequal w ings 
at  end of the long,  stra ight h i nge, 
which has a tr iangular l igament p it 
on the i ns ide. Stro n g  rad ial r ibs ; � s ing le  m uscle scar. Len gth 1 to 8 i n .  

ENSIS, Tert iary t o  Recent, is  t h e  
c o m m o n ,  widespread razor  shell ,  
w ith an o ld-fas h i o ned razor outl ine.  
The marg i n s  are a lmost stra ight and 
the beak i s  te rm i na l .  O rnament is 
s imp le, of fine,  con centric l i nes. 
Length 1 to 10  i n .  T 
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ORDOV I C I A N  
Diag ram s h ows the d evelo pment of 
cephalopods and the d iversity of 

1-------------- each group in geolog ic  t ime. l iv ing -----:l 

CAMBRIAN forms a re at the top .  

CE P H A LO P O D S  are h i g h l y  deve loped mar ine  m o l l usks ,  
represented by the l i v i n g  naut i l us ,  octopus  and  s q u i d .  The  
she l l  may  be externa l ,  i nterna l  o r  absent, and  it may  be 
various l y  co i l ed .  L iv ing forms have a we l l -developed head,  
eyes,  and  tentac les .  Most foss i l  fo rms had wel l -developed 
she l l s .  Th ree main g ro u ps ex ist .  A m mono ids  and naut i
lo ids a re fou r-g i l led cepha lopods with an externa l  she l l  
d iv ided i nto cham bers by transverse p lates o r  septa. T h e  
a n i ma l  l ives i n  t h e  outermost chamber. A fl eshy sta l k  
perfo rates the septa. The j u nction of  the septa w i th  the 
she l l  wa l l  fo rms the sutu re li n e. 

Co leo id  cepha lopods (octop us and squ id)  have two 
g i l l s  and  have e ither an internal she l l  or none at a l l .  The 
most common foss i l  forms,  Mesozoic c igar- l i ke be lem
n ites, are the i nterna l  skeleto ns of s q u i d -l i ke species .  
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E A RLY PALEOZO I C  C E P H A LO P O DS 

Cepha lopods have been traced back to the  m id-Cambr ian ,  
and i n  the ear ly Paleozoic had a l ready become w ide
sp read. The largest of these early forms reached a length 
of 15 feet, w ith  stra i g ht or gently cu rved , l ong  she l l s  s how-

transverse 
section 

ENDOCERAS (Acti noceras), Or
dov ic ian .  A grou p of long, more or 
less straig ht, co n ical shel ls,  with a 
large calc ified s i p h u ncle (shown 
above),  which has i nternal funne l 
l i ke structu res, nauti lo id  sutu res and 
promi nent recu rved septal necks.  
Max. length about 10 ft. 
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side view 

GOMPHOCERAS, Ordovician to 
Devo n ian ,  refers to a group of stout, 
b u l bous  nauti lo ids ,  with stra ight  or 
s l i g htly c u rved shel ls and a la rge 
body cham ber. They had s i m ple 
septa,  T-shaped apertu res and 
smooth or striated s u rfaces. Length 
about 3 i n .  



i n g  s i m ple nauti lo id  sutu res (p .  36) . More t ig htly c u rved 
fo rms with sharp ly  fo lded (ammono id)  s utu res began to 
appear i n  the S i l u rian .  After the Devon ian  the naut i l o i ds  
pers isted , but  they decreased i n  n u m bers, w h i le later 
ammono ids  had wavy (strong ly  folded) suture l i nes .  

DAWSONOCERAS, M i d d l e  S i l u rian t o  Lower Devon ian ,  h a s  a stra i g ht 
con ical she l l ,  with a r inged su rface and wr in kled g rowth l i nes. Smal l  central 
s iphu ncle.  Length about 5 i n .  

PHRAGMOCERAS, Si lu r ian ,  has 
a strong ly  c u rved,  latera l ly  com
pressed shell . Apertu re long but 
restricted and with a l i p ped marg i n  
( B )  and fi g u re 8-shaped out l ine.  
S i p h u ncle on concave side. Trans
verse striat ions .  Len gth usua l ly  4 
to 5 i n .  

transverse 
section  

v iew 

DOLORTHOCERAS, Devo nian to 
Pennsylvan ian ,  has a stra ig ht, con
ical ,  smooth she l l ,  c i rc u lar i n  cross 
sect ion.  The sutures a re transverse 
and s l ig htly s i n u o us.  Has a central  
s iph unc le. Feeble concentric or  
tran sverse ornam ent. Length about 
4 i n .  
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LATE PA LEOZOI C  

A N D  EARLY M ESOZO I C  CEPHALOPODS 

lateral v iew ventral view ventral view 

AGON IATITES has a flattened, 
t ig htly co i led she l l  with faint g rowth 
l i nes. The ventra l  s i p h unc le  goes 
t h rough stra i g ht septal n ecks. Suture 
very s im ple, with ventral lobe. M i dd le 
Devon ian .  D iameter about 6 in .  

CYRTOCERAS i s  a short,  c u rved, 
con ical nauti lo id .  The shel l  is 
roun ded in c ross section and h as a 
p rom inent ventral s i p h u ncle .  O rdo
v ic ian to Devon ian .  Length 2 to 3 in .  
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BACTRITES has a stra ight and 
s lender she l l  wh ich  is  roun ded i n  
cross section .  Sutu res very s imp le, 
with smal l  ventra l  lo be. The s i p h u n 
c l e  is ventra l .  P o s s i b l y  ancestral t o  
ammonoids .  Ordovician t o  Permian .  
Length about  1 .5 i n .  

GASTRIOCERAS h a s  a she l l  
which var ies f rom g l ob u lar to flat, 
with a prom i nent dep ression at cen
ter of the whor ls ,  with a r ib bed mar
g i n .  Suture with s i m p le pr imary 
fo ld ing .  Pennsy lvan ian .  Diam. 1 .5 i n .  



lateral v iew 

Suture patterns adapted from 
Moore, Lalicker and Fischer 

M E EKOCERAS is a flattened ceph
a lopod,  genera l ly  smooth,  with a 
flat exter ior  edge.  The suture has 
some seco ndary fo ld i n g  in the l o bes. 
Lower T riass ic  of Idaho, Cal iforn ia 
and Asia. D i ameter about 2 i n .  

COLUM BITES i s  a flattened,  
t ig htly co i led she l l  with an arched 
outer edge.  Ornament i s  feeble .  I t  
has a suture with  minor  secondary 
fo l d i n g  of the lobes.  Lower Tr iass ic .  

D iameter about  1 .5 i n .  

lateral v iew 

B l ue d iagrams show wavy suture 
l i nes important in i de ntifyi ng  
ammonoid s ;  red  arrow po i nts to  
apert u re (p .  73) . 

M U E N STEROCERAS is a g � b �  
lar t o  flattened she l l  w i t h  a promi
nent depress ion  at  the center  of the 
whor ls .  Sutu re has deep ventral 
lobe,  w ith stra i g ht sides. M iss i ss ip
p ian .  D iameter about 1 i n .  

G O N I ATITES is  a cepha lopod 
with a g lobu lar, smooth she l l  s u r
ro u n d i n g  a sma l l  but p rom inent 
depress ion  at the center of the 
whorls.  Sutu re l i ne very d is t i nctive. 
M i s s i ss i pP.ian .  D iameter about 1 i n .  
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M ESOZO I C  

CERATITES, M idd le  Tr iassic ,  is 
a t ig htly coiled, ro b u st she l l ,  with the 
last whorl  feebly embracing earl ier 
ones. The coarse r ibs do not extend 
to flat or broad ly arched edge of the 
shel l .  Sutu res a re d ist inctive. D iam
eter about 2 in .  

SAGENITES, U pper Tr iassic ,  has 
a g l o bu lar  b ut compressed, t ig htly 
coi led she l l .  It has s p i ral and radial 
ornament, the latter extend ing over 
the shell edges. Com plex s utu re. It 
may have short s p i n es. D iameter 2 

to 3 i n .  

HILDOCERAS, Lower J u rassic ,  
has a flattened she l l  that i s  some
what square in cross sect ion.  It has 
th ree promi nent r idges on  the o uter 
edges of the whor ls  and a wide 
centra l  depress ion .  Strong  s ick le ·  
shaped r ibb ing on s ides and com
p lex s utu res. D iameter 2 to 3 i n .  

HAMITES, Lower C retaceous, i s  
loosely co i led in one plane,  with 
one short and two long s hafts w h ich 
a re c i rc u lar in c ross sect ion .  T he 
p ro m i nent r ibs exte nd ac ross the 
outer edge of the whor ls .  Comp lex 
sutu re l i n es.  Length 2 to 3 i n .  



C E P H ALOPODS 

DACTYLIOCERAS, Lower J u ras
sic, a t ight ly coi led,  flat ammon ite 
with nu merous whor ls .  Many r ibs,  
the later ones b ra n c h i n g .  The r ibs 
extend over the rou n ded outer edges 
of the whor ls .  Long body cham ber 
and complex sutu re. D i ameter 2 to 
3 i n .  

PACHYTEUTHIS, J u rassic to 
Lower Cretaceous, is  a belemn ite 
with short, stout, b l u nt guard (s len
der in  young forms) .  Fossi l  is  sub
ova l ,  eccentric in c ross section and 
often large,  with a g roove down one 
s ide. Le ngth 3 to 4 i n .  

STEPHANOCERAS, M.  J u r. ,  i s  
th ick and t ig htly co i led ,  w i th  the  last 
whor l  feeb ly  em bracing the others ; 
r ibs p rominent, conti n u ous across 
the edge and b ranch ing  at m idd le of 
whor l .  Long body cham ber. A per
ture may have hood- l i ke l ips .  Max i
mum diameter a bout S  i n . ,  but usua l ly  
smal ler. 

TURRILITES, C retaceo us, has a 
h ig h-sp i red she l l  with whor ls  barely 
i n  co ntact. It looks l i ke a gastropod,  
but is d i st i n g u i s hed by presence of  
septa and a com plex pattern of su
tu res. Consp icuous tran sverse r ibs 
or tu bercu les .  Len gth about 5 in .  



M ESOZO I C  C E P H A LOPODS 

SC A PHITES, C retaceous, is  a 
ftattened sp i ra l  coi l  with the early 
whorls i n  contact and the last one 
free, with short strai g ht shaft and a 
hooked end .  Ornamented with r ibs 
wh ich  often bran ch ; some bear 
tu bercu les. Length 1 .5 to 2 i n .  

ACANTHOSCAPHITES, U p per 
C retaceo us,  i s  a t ightly coi led she l l  
w i th  the last whor l  g reat ly  expanded,  
and often extended i nto an oval 
shape. P ro m i n ent ribs and often 
nodes. Very complex sutu re pattern 
is characte r ist ic .  D iameter usual ly  
2 to 4 i n .  

B ACULITES, U p per C retaceous, 
has a stra ight shel l  except for a smal l  
s p i ral i n itial stage. Su rface s mooth 
or  with curved striae or low, rou n d ed 
r i bs.  Suture symmetrical w ith i ntri
cate fo ld ing .  Spec imen's  position 
i n  total shell s hown above. Max imum 
length about  6 ft. but usua l l y  3 to 6 i n .  

BELEMNI TES, M i ss.-Cret., are 
common Mesozoic cephalopods. 
T hey cons ist of long,  b u l l et- l ike 
i n ternal ske l etons (guards),  w ith a 
con ical stru cture or depression at 
one end .  One  s ide of the g uard may 
have a furrow and it may a lso have 
b ranched mark ings .  Len gth 2 to 5 i n .  



G R A PTOLITES are ext i nct mar ine ,  co lo n ia l  o rgan i sms  
related to  the p rotochordates, a g ro u p  c lose ly  related to  
the  verteb rates.  The typical  g rapto l ite cons ists o f  o n e  o r  
more ch iti n o u s  branches (sti pes) bear ing  cup- l i ke struc
tu res (th ecae) . See p .  74. They are i m portant ear l y  Paleo
zoic i ndex foss i l s .  

DENDROIDS, U p per Cambrian 
to M iss iss ipp ian .  Branch ing  fan
l i ke g raptol ites with n u merous thin 
sti pes. May have a root- l i ke base. 
Max i m u m  length about 4 i n .  

D I PLOGRA PTUS, M i d d le Ordo
v i c ian  to Lower S i l u r i an ,  has a s i n 
g le sti pe, with two rows of c losely 
spaced, o b l ique ,  c u rved thecae. 

• Length usua l ly  about 2 i n .  

M O N OGR,APTUS, S i l u r ian ,  has 
a s i n g le stra ight  or c u rved stipe, 
with one row of th ecae, which are 
very variab le in form. Length u s ua l ly 
1 to 2 i n .  

DIDYMOGRAPTUS, Lower t o  
M i d d le Ordovic ian ,  h ave two stipes 
d iverg ing at ang les u p  to 1 80", and 
each has one row of cy l i nd rical 
th ecae. Length of stipe 1 to 2.5 i n .  

CLIM ACOGR A P TUS, Lower O r
dov ic ian  to Lower S i l u r ian ,  has a 
s i n g le,  straig ht st ipe, with two rows 
of sharp ly  c u rved thecae. Outer 
wal ls  paral le l  to ax is  of stipe. Length 
1 to 2 i n .  

N E M A G R A PTUS, M i dd le  Ordo
v ic ian ,  is an i m portant and w ide
spread g u ide foss i l .  The  two S
shaped sti pes g i ve r ise to n u merous 
short branches.  Length 1 .5 in .  



CEP H A L A S PIS is a typical  mem
ber of a g ro u p  of c losely related 
ostracoderms ( p ri m itive, jawless 
fi sh ) ,  ran g i ng from the U pper 

S i l u r ian through the  Devon ian .  M o st 
cepha lasp ids had a flattened ,  bony 
head sh ie ld ,  and  a scale-covered 
body. Length 6 in . to 1 ft. 

VERTEBRATE FOSSILS 
Vertebrates (fish ,  amph i b ia ,  rept i les ,  bi rds and  mamma ls) 
and a few minor, p r im it ive g roups  bel ong  to the P h y l u m  
Cho rdata. A l l  have a dorsal n erve co rd with a s u p port i ng  
rod (notochord)  late r replaced by  the  verteb ra l  co l u m n  i n  
vertebrates .  A l l  have g i l l s l its i f  on l y  a t  some stage of 
their life histo ry . 

Fis hes ,  the o ldest verte brates, are div i ded into fo ur  
classes : agn atha,  the jaw less  fis h ;  p lacoderms ,  the p late
ski n n ed fish ; ch ond richthyes ,  the sha rks and  rays ; and  
oste ichthyes,  the bony fis hes .  

The agnatha, the most pr i m it ive verteb rates, l ack pai red 
fins and true jaws . The o l dest fossil verteb rates a re Ordo
vician bony  frag ments from Wyoming and  Co lo rado.  
Most fossi l  ag natha were ostracoderms ,  w hich were 
covered by an armor  of bony p lates o r  sca les .  They i n
c luded both marine and fresh-water speci es .  Both a re 
widesp read in Devonian st rata. No agnatha are known 
in post-Devonian rocks. Thei r  l i ving rep resentatives (the 
parasit ic  l am prey and hag fish) s u g gest the l ater forms 
may have been soft-bod ied .  
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PTER A S P I S, an U p per S i l u r ian  
to  Devon ian ostracoderm,  is a sma l l  
strea m l i ned fi s h .  The head is  en
c lo sed i n  two large oval p lates, w i th  
a rear  sp ine and  g i l l  o p e n i n g s .  
Length a b o u t  6 i n . 

THELODUS, M i d d l e  S i l u r ian to 
Lower Devo n i a n .  The ent i re body of 
t h i s  ostracoderm i s  covered with 
stu d - l i ke, i nter loc k i n g  dent ic les .  
Sma l l  lateral eyes ; mouth below ; 
flattened body .  Length 3 to 8 i n .  

ANGLAS P I S  i s  a Devon ian  ost ra
coderm,  has a large oval h ead s h i e l d ,  
and w i dely s paced eyes. The t r u n k  
a n d  ta i l  a r e  cove red by d i st i n ct ive 
scales.  Length about 6 i n .  

DRE P A N A S P I S ,  Lower Devo
n ian ,  has a very la rge ,  flattened h ead 
sh ie l d  of large and s m a l l  fused 
p lates. Verteb rate foss i l s  a re u s u a l l y  
i n c o m p l ete u n l i ke who le  spec i m e n s  
s h o w n  h e r e .  L e n g t h  1 ft. 



P LACO D ERMS (p late-ski nned) are an ext i nct ( U p per 
S i l u rian to Perm ian)  c lass of fishes with pr im it ive jaws 
and pai red fins .  A variety of forms i nc l udes acanthod ians 
(sp iny  sharks) , sma l l ,  sp i ny-fi n ned,  stream l i ned ,  fresh
water fish ,  wh ich  were covered by th ick  s cales ; arthrod i res 
(jo i nted-necks) , with a heav i ly armored head and shou lder 
reg ion ,  and wide gap ing  jaws ; and antiarchs ,  smal l ,  ar
mored , box- l i ke bottom dwel l ers, with powerfu l ,  arm
l i ke fi ns ,  abundant in the m id-Devon ian .  

PTERICHTHYS, Devonian . Front 
part of body covered with h i g h ly 
arched, fused plates ; rear with 
scales. C l osely spaced eyes. Strong 
"arms." Length 6 in .  

BOTHRIOLEPIS, Devo nian ,  an 
antiarch with front heavi ly  armored 
by a short head sh ie ld  and a long ,  
box- l i ke body  sh ie ld .  Long,  jo i nted 
"arms." Le ngth about 9 i n .  

COCCOSTEUS, D evo n ian,  a jo i nt
ed neck art h rod i re with armored 
head and thorax. Rest of body naked. 
Exposed bony plates serve as teeth.  
Length 18 i n .  

CLIMATIUS, Upper S i l u r ian t o  De
von ian .  A sp iny  acanthod ian "shark" 
covered with rhomboid scales, 2 
sp i nes on back ; 5 pa i rs of ventral 
fins. Length 3 i n .  



S H A R KS A N D  RAYS (Chond r ichthyes) have a skele
ton of cart i lage and o pen g i l l  s l its. Most are marine p reda
tors with we l l -developed teeth and are p rotected by bony  
sca les .  These and an occas iona l  sp ine  a re usua l l y  the  
on ly  foss i l s  fo u n d .  I n  contrast to  p lacoderms,  sharks have 
two pa i rs of pai red fi n s, and more spec ia l i zed jaws and 
teeth .  The o ldest sharks ( Devon ian)  unde rwent g reat ex
pans ion  in the U pper Paleozo ic .  Mesozo ic  and Cenozo i c  
fo rms were w idespread . 

CLADOSELACHE, U pper Devo
n ian .  Wel l-developed, b road fi n s  
and streaml i ned, w i t h  naked body. 
Teeth n umerous,  poi nted. Max imum 
length  about  4 ft. 

SHARK TEETH are common fos
s i l s  i n  some rocks of the M iocene. 
Larg est are those of Carcharodon, a 

40- to 50-ft. shark. Most fossi l  teeth 

are wel l-preserved .  

PLEURACANTHUS, Pen n .-
Perm. ,  is a fresh-water shark, with 
g reatly e longated dorsal fi n and 
pointed tai l .  Paired, leaf-shaped ven
tral fins. Spine at back of h ead. 
Length usua l ly about 2.5 ft. 

RAYS A N D  S K ATES, J u rassic 
to Recent, are bottom dwel lers , with 
flattened bodies,  huge pectoral fi n s  
and heavy, s hel l-crush ing  teeth . Rare 
as foss i ls .  

From a photo by  
Smithsonian Institution 135 



B O N Y  F I S H ES (Osteichthyes) are the most a b u n dant ,  
d i verse and co m p lex g ro u p  of fis hes.  They outn u m ber a l l  
other  fishes twenty to one and i ncl ude more species than 
a l l  other verteb rates com b i ned .  Bony fishes have a bony 
skeleton and  s l i my,  sca le-covered bod ies .  Some fos s i l  
a n d  a few l i v i ng  b o n y  fishes have l u n g s ;  t h e  rest have an  
a i r  b ladder  that contro l s  b uoyancy. 

Most of the early bony fishes had . strea m l i ned bod ies 
and wel l-develo ped fins .  These featu res perm itted act ive 
sw i m m i n g  w ith m i n i m u m  d i stu rbance of the water and  
contr ib uted to  the fi shes '  rap id  expans ion .  Large eyes 
and mouths ,  a ids  in evas ion  and food gather i ng ,  a lso 
he l ped bony  fi shes to fl o u r i sh  i n  lakes, streams and seas .  
Specific adaptat ions  to u n i que  env i ron ments deve loped . 

The o l dest (Midd l e  Devon ian)  bony fis hes had th ick 
enamel sca les , wh ich became l i g hter in later fo rms.  I n  
the ray-fi n n ed (act i nopteryg ian)  forms the fins are sup 
ported by many s lender  ray- l i ke bones .  Pa leozoic ray
finned forms were a sma l l  fresh-water g ro u p , w h ich late r 
g rew a b u n d a nt i n  the seas. O n ly a few s u rv i v i ng  fish ,  such 
as stu rgeo n ,  represent these p r im it ive ray fins .  Ear ly fo rms 
were rep laced i n  Mesozoic t i mes by ho leost ray fins ,  with 
more co m p l ex and efficient skeletons ,  jaws and sca les .  
Su rv i v i ng  h o leosts i nc lude  the garp i ke and  bowfish .  I n  
Cretaceo us t i mes most of the ho leosts were rep laced by 
the more advanced teleost ray fins ,  w h ich i ncl ude  a lmost 
al l  l i v i n g  fish .  

The other ma in  g ro u p  i s  the l obe fins (Choan ichthyes) . 
I n  t h i s  g ro u p , the fins are su pported by a strong  bony 
ax is and the nostr i l s  open i nto the mouth .  Lobe fins i n 
c l u d e  l u ng fi sh ( D i p n o i -Devon ian to Recent) and  the 
fr i nge  fins (crossopteryg ians) .  I n  tu rn ,  the fr i nge fi n s  
i nc l ude  coelacanths a n d  the smal l ,  powerfu l ,  ca rn ivoro u s  
fishes o f  the  Devon ian  from wh ich t h e  a m p h i b ia arose. 
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B O N Y  F I S H ES 

RAY FIN, show i ng typical  struc
tu re of support ing bon es, charac
teristic of m ost l i v i ng fish .  

CHEIROLEPIS is a M i dd le De
vonian ray-fi n n ed fish. It is  probably 
s imi lar to the forms that were an
cestral to a l l  later bony fishes. Length 
about 11 i n .  

LEPIDOTUS, a J u rassic ho lostea.n 
ray fi n ,  is a deep-bodied species with 
dorsal fi n set far back and with 'two 

pai red fi n s  and anal  fin below. It had 
strong crush ing  teeth and heavy en
ameled scales.  Length 12 i n .  

LOBE FIN, showing ty pical  struc
ture of stro ng ,  s u p port ing bones 
from wh ich  feet developed (p .  1 38) . 

OSTEOLEPIS, Midd le Devo n ian ,  
a pr imitive fr inge fin  (p. 1 38), with 
th ick, rh omb ic  scales ; wel l -spaced 
median fi ns ,  short, lobed,  pai red fins  
and s i m ple teeth. Len gth 9 i n .  

HOLOPTYCHIUS is an U pper 
Devo nian s pecia l i zed fri nge fi n  (p. 
1 38) , with the median fin set wel l  
back on the body and with long ,  
lobed,  paired fin s  below. Scales are 
rounded.  Length about 2.5 ft.  



DIPTERUS, Devonian,  is a pr imi
tive l u n g  fish with stream l ined body,  . 
strong pai red fins ,  heavy crush ing  
teeth,  scales and a rather red uced 
bony skeleton.  Length 15 i n .  

LOBE F I N S, Choan ichthyes, ( l ung  fish and  fri nge  fins) 
are a i r-b reath i n g  bony  fi sh (Devon ian  to Recent) w ith i n 
terna l  nostr i l s  a n d  strong l y  suppo rted fi n s .  Th ree genera 
of l u n g  fish ( D i pno i )  su rv ive.  The fr i nge fins (crosso pte
ryg ians ) ,  ancestors of a m p h i b ia ,  i ncl ude l i v i n g  coela
canths and abu ndant Devo n ian fo rms.  

EUSTHENOPTERON, from the 
Devonian ,  is  a powerful carnivorous 
fr inge fi n or crossopteryg ian.  It has 
an advanced structu re and charac
teristics and is c losely related to the 
an cestors of the am ph i b ia. Length 
2 ft. 

COELACANTHUS, M iss.-Perm.,  
i s  a ty pical deep-bod ied,  lobate
fi n ned coelacanth, such as were 
common in the Mesozoic. Thought 
to be ext i nct, the fi rst l ive coelacanth 
was caught off Madagascar in 1 938. 
Length usual ly  less than 1 .5 ft. 



pr im it ive amph ib ian ,  w ith many fish
l i ke cha racters ( bones of sku l l ,  ver
tebrae, tai l ) ,  but others al ready 
amph ibian (stron g  shou lder and h i p  
g i rd l es,  l i m bs, r i b s ) .  Len gth 3 ft. 

AM P H I B I A  are the s i m p lest tetrapods ,  the fi rst c lass of 
vertebrates to i nvade the l and .  They are on l y  part ly adapted 
to land l ife, as near ly a l l  lay eggs in water and l a rvae are 
g i l l - b reath i n g ,  aq uatic c reatu res that on l y  later develop 
l u ngs  and fou r  l i m bs .  Most l iv ing fo rms (frogs ,  toad s, 
sa lamanders)  l i ve i n  damp env i ron ments.  

The o ldest am p h i b ia ( i chthyosteg i d s) come from the 
U pper Devon ian of G reen land  and reta i n  many characters 
rem i n i scent of the i r  crossopteryg ian ancestors (p. 1 37) . 
Most early a m p h i b ia  were labyr i nth odonts with i nfo lded 
enamel  i n  the i r  teeth . These were s p raw l i n g  carn ivores ,  
u p  to 1 5 ft. l o n g .  M i ss i ss i p p ian to Tr iass ic .  

ERYOPS, Permian ,  is  a large 
carn i vorous labyri nth odont;  h eavy
bodi ed and squat with a large tri
angu lar sku l l ; short powerful l i mbs.  
Well adapted to land l ife. Length 5 ft.  
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EOGYRINUS, Pen n sylvanian . The 
deep powerful body and weak l imbs  
of th i s  very large salamander show i t  
was  largely aquatic in its habits. 
Length 1 5 ft.  

DIPLOCAULUS, Permian,  is  a 
wedge-headed salamander with 
weak legs. The s paci ng of the eyes 
and body shape suggest a l ife that 
was largely aq uati c. Len gth 2 ft. 

"BRANCHIOSAURUS," Perm i
an, a re larval labyr inthodo nts, with 
external g i l l s  and less bony skeleton 
than ad ults. Properly known by 
generic names.  Length 2 to 3 i n .  

CACOPS, Permian,  i s  a s m a l l  land 
labyr inthodont with wel l-developed 
legs, armor p lates on back, short tai l  
and heavy skul l .  Length to 16 i n .  

Penn . ,  a 
smal l  pr i mit ive amph ib ian with a 
long body but l i mbs very weak in 
comparison with later forms. Skul l  
q u ite s i m i lar  to c rosso pterygian fish.  
Length 3 ft. 



REPTI LES (Pennsy lvan ian to Recent) a re co ld-b looded , 
egg- lay i ng  vertebrates i n c l u d i n g  crocod i les ,  t u rt les.  l i zards 
and snakes. Foss i l  fo rms ,  m o re n u merous and widespread , 
dom i nated Mesozo i c  l ife. 

Rept i les a re better adapted to land l ife than a m p h i b ians .  
Fert i l i zat i o n  i s  i nterna l ; eggs are l a i d  on  land and i nc l ude  
a food s u p p ly and a p rotective cover i ng .  Repti les are p ro
tected by a sk i n  w i th  sca les  o r  p lates. They b reathe a i r  
t h rough  l u n g s .  

Some o f  t h e  ear l iest repti les (seymou r ia m o rphs)  showed · 
a m i xtu re of a m p h i b ian  and repti l ian characters.  Other  
early repti les i nc l uded pareiasau rs, pe lycosa u rs, mam
mal - l i ke the rasp ids ,  and aq uat ic  mesosau rs. The  r u l i n g  
Mesozo ic  rept i les i n c l uded d i nosau rs o n  t h e  l a n d ,  ptero
sau rs in the a i r  and six g ro u ps in the seas .  

Repti les dec l i ned g reatly at  the c lose of the Mesozo ic  
E ra.  On ly  fou r  of fifteen major  rept i le g roups  sti l l  s u rv ive. 
A l l  g ro u ps ,  exti n ct and s u rv iv i ng ,  have character ist ic 
sku l l  structu res. 

EDAPHOSAURUS a smal l 
sku l led vegetar ian pelycosa u r  devel
oped a vertebral "sail" l i ke Dimetro
don, a larger-s ku l l ed carni vore. 
Com pare them o n  p.  1 42. Permian.  

SEYMOURIA, Permian,  i s  a very 
pr imitive repti le ,  w ith many amph ib
ian characteristics but w ith d ist in c
tive repti l ian  verteb rae and wel l
developed l i m bs. Length 2 ft. 



carn ivorous pelycosaur. Length 
about 8 ft. 

OPHIACODON, Permian,  a 
fi sh-eat ing  rept i le .  Max imum 

· length about 8 ft. 

EVOLUT I O N  OF T H E  M A M M A L- L I K E  REPTI LES 
After E. H .  Co lbert 

EARL V M ESOZO I C  REPTI LES i n c l ude a g reat var iety 
of forms,  m ost of w h ich arose in the Perm ian from an  
ancesto r n ot g reat ly d ifferent fro m  Seymouria. Mesozo i c  
forms i n c l ude  sea-go i ng  turt les ,  p lacodonts and  i chthyo
saurs as wel l  as many terrestr ia l  fo rms.  A m o n g  the land 
repti les were sa i l - backed pelycosau rs ,  mam mal- l i ke rep
t i l es and sma l l  b i pedal  thecodonts,  wh i ch  were the an
cesto rs of d i n osaurs ,  b i rds ,  crocod i l es ,  snakes and fly i ng  
pterosau rs. T he repti l i an  con q u est o f  l and ,  sea  and a i r  
i s  one  o f  the major  events o f  earth h i sto ry. N o  other g ro u p  
of a n ima ls  except t h e  mammals  have s h own such  a range 
of adaptat ions  to va ried c l i mates and env i ro n ments .  
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sea serpents, probably evolved 
from l i zard - l i ke a ncesto rs. Pow
erful, crocod i l e- l i ke bod ies, 
strong jaws and teeth ,  and wel l
developed paddles.  Le ngth 30 ft. 

ICHTHYOSAURS, or fish l izards,  
are carn ivorous ma ri n e  repti les (Tr i
assic to C retaceo us) , with stream
l i ned fish- l ike b od ies. Wel l -pre
served foss i ls show they g ave b i rth 
to live you n g . Len gth up to 30 ft. 

PLACODONTS a re Tr iassic ,  
mo l l u s k-eati ng  repti les ,  with 
wal rus- l i ke bodies and h i g h ly 
special ized teeth .  Some forms 
had bony armor on the back. 
Length about 11 ft. 

AMPHICHELYDIAN turtles,  
ancesto rs of present land and 
sea forms, a rose in  the Trias
s ic.  Some C retaceous tu rtles 
reached 1 2 ft. 

PLESIOSAURS, J u rassic to C reta· 
ceous,  were mar ine carn i vores. They 
were active swim mers p rope l led by 
powerfu l padd les. Some were long' 
necked, with smal l  heads and long 
ta i l s ; others were s h o rt-necked and 
lon g-h eaded. Le n gth 15 to 40 ft. 

NOTHOSAURS are s l i m ,  
fis h-eat i�g amph ib ious  rept i les 
from the Tr iassic ,  related and 
perhaps ancestral to the p lesio
sau rs. Length 4 ft .  

After E .  H .  C o l bert 

M ESOZO I C  M A R I N E  R E PT I LES d o m i nated the 
oceans  as d i n osaurs d id  the land .  Us ing padd les and 
l ungs  i n stead of fi ns and g i l l s ,  these descen dants of 
fo rmer land an ima l s  became h i g h ly adapted to sea l ife. 
Turt les and mosasa u rs developed from d ifferent ancestral 
stock than othe r  mar ine  rept i les .  
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D I N O S A U RS, the terr i b le  l i zards ,  a re the best known 
of a l l  repti les .  They dom inated l ife on the land d u ri n g  
most o f  t h e  Mesozo ic  Era, a per iod o f  about 1 40 m i l l i o n  
years. D i n osaurs a rose from a g ro u p  o f  Triass ic theco
dont repti les  and are rep resented by two main types. One 
g ro u p ,  the sau r isc h ians ,  had a rept i l ian  h i p  structu re. 
The other  g ro u p ,  the o rn ith i sch ians ,  were b i rd -h i pped 
d i nosau rs. 

Sau r isc h ians  deve loped i nto two d i st i nct g ro u ps of 
d i nosau rs. The most p r im it ive were the theropods,  the 
o ldest of w h ich were smal l  (5 ft . ) ,  s lender, b i pedal  c rea
tu res, w ith a long  balanc ing  ta i l .  Later forms i nc l uded the 
g iant carn i vores. The seco nd g ro u p  were the sauropods,  
most of wh i ch were large,  fou r-footed , l ong-necked herbi
vores . The largest of these g rew u p  to 87 ft. l ong .  Teeth ,  
sharp i n  carn ivores and b l unt  in  herb ivo res,  usua l l y  ex
tended the l ength of both jaws. 

O rn ith i sch ian d i n osau rs i n c l uded fou r  g ro u ps .  Stego
sau rs were 20-ft. herb ivo res w ith a h ig h -a rched ,  armo red 
back from w h ich  heavy bony p lates rose in a d o u b l e  row, 
and a s p i ked ta i l .  O rn i thopods we re sem i-aq u atic,  d u c k
b i l l ed ,  b i pedal  d i n osau rs with webbed feet. The largest 
were about 25 ft. l ong .  Some o rn ith opods had c rested a i r
sto rage structu res o n  the sku l l .  

A n ky losa u rs were armo red , tank- l i ke d i nosau rs ;  with 
stro n g ly cu rved r ibs ,  whose b road backs were covered by 
over lapp ing  bony p lates,  some mod ified i nto s p i kes . They 
were 20 ft. l o n g .  

Ceratops ians were ho rned d i n o sa u rs ran g i n g  from 5 to 
20 ft. i n  length ,  with th i ck head and  neck armor. They were 
wel l -p rotected p lant-eate rs . 

D i nosau rs were wor ldwide i n  d istr i but ion and  i n hab ited 
a var iety of d ifferent env i ronments. The reason for the i r  
exti nction  at  the c lose of  Cretaceo us t i mes i s  not known . 
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S I M P L I F I E D  FAM I LY TREE OF  THE D I NOSAU RS 

SAURISCHIANS 

JURASSIC 

After E. H. Co l bert 

THECODONTS 
Ancestors of the 
d i nosaurs 

TRIASSIC 
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ARCHAEOPTERYX, J u rassic ,  a pr im itive 
crow-si zed b i rd with many rept i l ia n  featu res. 
Known from the Solen h ofen l i mestone quarries 
in Germany. 18 i n .  

B I R DS are w i nged ,  feathered, warm-b looded ,  egg- lay i ng  
verteb rates .  The  o l dest known  b i rd ,  Arch aeopteryx, shows 
many repti l ian  character ist ics (such as teeth ,  c l awed 
w i n g s  and a repti l ian ta i l ) .  B i rds  probab ly arose from 
thecodont (socket-toothed) rept i les ,  from w h i c h  d i no
saurs ,  crocod i les and  pterosau rs a l so evo lved .  The i r  de l i 
cate ske leto n s  and way of l ife make b i rds u n co m m o n  as 
foss i l s .  C retaceous  fo rms i nc l ude sea b i rds  and d i vers.  
The Cenozoic i nc l udes a n u mber  of g i a nt, fl ig ht less,  car
n ivoro u s  b i rds ,  some 1 0 ft. h i g h .  

HESPERORNIS, a C retaceous 
toothed, loon- l i ke, fl i ghtless sea b i rd ,  
wel l  adapted for swimming and div
ing.  N ote the smal l ,  a lmost useless 
wings .  Max i m u m  length about 6 ft. 

PHORORHACOS, a h eavy- b i l led,  
fl i g ht less M iocene land b i rd from 
South America. Hei g ht about 5 ft. 



M A M M ALS (J u rass ic to Re
cent) are warm-b looded verte
b rates that s u ck le  the i r  you n g .  
Most mamma ls  have h a i r  o r  fur ,  
strong l y  d ifferent iated teeth and  
h i g h ly d eve loped senses .  They 
are the d o m i nant g ro u p  of l iv i n g  
a n i ma ls  the  wor ld over .  

Monotremes a re p r im it ive, egg
lay i ng  mammals that i nc l ude  the 

MEGATHERIUM, a Pleis
tocene ground s l oth . Length 
20 ft. 

d u ck-b i l led p latypus  and s p i ny anteate r .  No monotreme 
foss i l s  a re known befo re the P le istocene ,  b ut they p rob
ab ly  developed m uch  earl ier .  

Mars u p ia l  mammals (kangaroos, opossu m s) have yo u n g  
w h i ch a re i mmatu re at b i rth and  a re s helte red i n  the 
mother 's  pouch .  Mars u p ia ls  (U pper C retaceo us  to Re
cent) were common in South A mer ica. Geo g ra p h i c  i so la
t ion a i d ed the d eve lopment of th is  u n i q u e  fau na there and  
a lso i n  A u stra l ia  w here they  sti l l  pers i st .  

P lacenta l  mammals (C retaceo us to Recent) ,  the largest 
g roup ,  have an i nte rmed iate structu re (th e  p lacenta) by 
wh ich  the embryo is  n o u ri shed .  Carn i vo res (dogs ,  cats, 
sea ls )  a re flesh-eat ing  p lacental mammals .  Foss i l  fo rms 
i n c l ude creo d o nts,  fiss ipeds and p i n n i ped s .  C reodonts, 
archaic Tert iary ca rn ivo res ,  were mostly rather  sma l l ,  
s lender  and  l ong -ta i l ed .  F iss i peds,  s p l i t-footed carn ivores ,  
rep laced the creodonts .  They probably arose from wease l
l i ke an cesto rs. Modern fiss ipeds (dogs ,  bears ,  wease ls  
and cats) evol ved at  var i ous  ti mes d u r i n g  the Tert iary .  
Most have good foss i l  records .  P i n n i peds ,  web-footed 
carn ivores,  i n c l u d e  sea ls  and wa l r uses, w h i c h  p robab ly  
evolved from dog- l i ke an cestors i n  M iocene t imes .  Mam
mals  range i n  s i ze  f rom 2-i n .  sh rews to b lue  wha les ,  over 
1 00 ft. l ong ,  the la rgest known an ima ls .  
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OX YAENA, Paleocene to Eocene, 
is  a ca rn ivorous creodont.  Com
pare i ts str uct u re with Phenacodus, 
below. Length 3 ft. 

HOOFED M A M M A LS ( u n g u lates) are ma i n ly rather 
large herb ivo res .  They i ncl ude l i v i ng  ho rses, catt le ,  e le
phants and  h i ppos ,  as we l l  as sea cows and a few foss i l  
fo rms w i th  c laws rather  than  h oofs. The o l dest u n g u lates 
from the Pal eocene i nc lude  sma l l  co ndy la rths ,  with o n l y  
part ly  mod ified teeth and e ither claws o r  very r ud imentary 
hoofs, amb lypods ,  up to 4 ft. h i g h ,  with e lephant i ne l i m bs ,  
and the larger u i ntatheres.  I n  Eocene t imes these forms 
were rep laced by odd-toed , exti nct t itanotheres and cha l i 
cotheres as wel l as by p r im it ive r h i nos ,  ho rses and  tap i rs. · 
Even-toed u n g u lates (deer, came ls ,  p i gs ,  catt le) ap peared 
in the Eocene ,  and  in late Tert iary t imes large ly d i s p laced 
the o nce a b u n dant odd-toed u n g u lates .  The ho rse and 
rh i n oce ros a re the best known l iv i ng  odd-toed u n g u lates. 
The evo lu t ionary h istory of many ho ofed mammals  is 
known in co ns id erab le deta i l  (pp. 5 and 67} ; some are 
class ics i n  pa leonto logy .  

UINTATHERIUM, Eocene, i s  the 
typical s ix-horned,  herb ivo rous u i n 
thathere,  of interest because of  its 
h i g h l y  mod ified teeth .  Length 1 2  ft. 
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PHENACODU S, Paleocene to Eo
cene. A n  advanced condy larth,  but 
stil l reta i n i n g  a long tai l ,  five d is
crete toes and a carn ivore- l i ke sku l l .  
Length  6 ft. 



MOROPUS, a M i ocene,  ho rse
s ized cha l i cothere, with titanoth ere
l i ke teeth. I ts  th ree f u n ct ional-toes 
a re deve loped i n to strong  c laws. 
Height about 6 ft. 

BRO NTOTHERIU M ,  O l i gocene .  
8 f t .  h igh .  The l argest of the t itano
theres. Early t itanotheres were slen
der, hornless c reatures, o n ly about 
2 ft .  h i g h .  

E D E NTATES are a g ro u p  of mammals  with m uch re
d uced teeth .  They o r i g i nated in So uth A mer ica a n d  late r 
m i g rated i nto N o rth America. Two m a i n  g ro u p s  have 
devel oped .  One, the armad i l los ,  is p rotected by heavy a r
mor  over the s h o u l d ers and  h i ps ,  j o i ned by fl ex i b l e  p lates .  
The o l dest fo rms come fro m  the Eocene ,  and related late 
Cenozo ic forms i nc lu ded the g iant g lyptodonts w ith mas
s ive so l i d  arm o r. 

The other g ro u p  of edentates i ncl udes the t ree s loths ,  
anteaters and the ext i nct g ro u n d  s loth� .  Some of the 
g reat P le i stocene g ro u n d  s loths were u p  to 20 ft. l o n g .  
They fed o n  leaves and f ru i t  b rowsed from trees. 

NOTHROTHERIU M ,  Ple istocene.  
A smal l  ground s l oth, about 7 to 8 ft. 
long ,  was a contem porary of early 
man in  the southwestern U n ited 
State s .  

GL Y P TO DON, k n o w n  f r o m  the 
P le istocene, is  a specia l ized eden
tate with fu sed bony armor a n d  a 
heavy a rmo red ta i l ,  some e n d i n g  i n  
a sp i ked c l u b .  Len gth 9 ft .  
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CRYPTOZOON "REEF", Cambr ian.  These and s i m i lar ly  
sha ped l i m esto ne featu res were probably  made by s imp le  
algae. 

FOSSIL PLANTS 
Plant l ife has always been the bas is  fo r a n i ma l  l ife but 
p lant foss i l s  a re less n u merous  and p lant l ife of the past 
is less wel l known .  Note the mar ine and land p lants in the 
d i o ramas from p .  34 to p .  69 . 

T H A L LO P H YTES 

Tha l l us p lants a re s i m p le ,  lack ing  roots, stems ,  l eaves 
and cond ucti n g  ce l l s .  A lgae, tha l l ophytes with c h l o ro
p h y l l ,  man ufactu re the i r  own food .  Of seven large g roups ,  
o n l y  a few are preserved as foss i l s .  Some  go  back to  Pre
Cam b r ian t ime .  Tha l l u s  p lants with o ut ch lo ro p h y l l  i n c l u d e  
fu n g i ,  s l i m e  mo lds  and  bacter ia .  These have l eft even less 
of a foss i l  record .  

CHARN IA ( left), U pper P re-Cambr ian ,  i s  a d i s puted 
foss i l  known from Eng land and Austral ia. It is  regarded 
by some as an alga and by others as a sea pen - one of 
the coelente rates. Length 4 to 8 i n .  

DIATOMS, C retaceous t o  Recent, are smal l  u n ice l l u lar  
a lgae, usua l ly m icroscopic.  They are free float i n g  and 
have del i cate s i l iceous skeletons.  D iatoms occur in both 
fresh and salt water. T hese m i n ute a lgae form deposits of 
d iatomaceo us earth as much as 3,000 feet th ick. A bout 
1 0,000 l iv ing s pecies are know n .  Some of them seem 
identical with those of the C retaceous .  



ASTEROXYLON, a Devo n ian psi
lops id ,  has a s i m p le b ranched stem, 
with leaf- l i ke a p pen dages. More 
complex than Rhynia. Length to 1 0  in .  

RHYNIA, a Devon ian ps i lopsid ,  
has a naked,  b ranched stem beari n g  
term ina l  spore cases. O n e  ofthe s i m
p lest vascu lar  p lants. Length to 8 i n .  

E M BRYOPHYTES 

In  th is large and i m po rtant g ro u p  of p lants the fert i l i zed 
egg deve lops  i nto an  embryo wh ich i s  enc losed i n some 
form of p rotective sac o r  cover i n g .  F i rst i n  th is  g ro u p  are 
the b ryo p h ytes, wh ich  i n c l ude m osses and l i verwo rts .  
These a re the o n l y  e m b ryophytes witho ut spec ia l i zed 
vascu la r  t i ssues (see be low) .  These s i m p l e  land p lants of 
mo ist p laces are rare as foss i l s .  Penn sy lvan ian  to Recent.  

V A S C U L A R  P L A N TS 

These p la nts co nta in  spec ia l i zed c o n d u cti ng  t issues 
(xy lem and  ph loem) usua l l y  with true roots, stems and  
leaves . Fos s i l s  q u ite common and  w ide ly  d i str i b uted . 
PSI LOPS I DS ,  the s i m p l est vascu lar  p lants, have sma l l 
sca le- l i ke l eaves o r  none  at a l l .  Roots are lack i n g .  Com
mon i n  the Devo n i a n ,  they i n c l u de the o l dest known l and  
p lants from the S i l u r ian o f  A u stra l ia .  O n ly fou r  s pec ies 
s u rv ive .  Two foss i l s  a re s h own above.  
S P H E N O PS I DS ,  or  arth rophytes, i n c l u de l i v i ng  h o rse
ta i ls and scou r i ng  rushes .  These p lants with r i bbed , 
jo i nted stem s  and c i rc lets of leaves bear spores i n  cones 
at t ips  or on sta l ks .  Pen nsy lvan ian forms (Calamites) 
g rew 40 ft. h i g h .  Devon ian to Recent. 

1 5 1  



CALAMITES, M iss iss ipp ian to 
Perm ian.  A scour ing

· 
rush (sphe

nopsid)  with r ibbed ,  jo i nted trunk, 
and l eaf whorls at jo i nts . Ht. to 40 ft. 

SPHENO PHYLLUM, Devonian to 
Tr iass ic. Smal l  with s lender r ibbed 
stems and circlets of fan-sha ped 
leaves ,  0.3 i n .  long  p i n n u les. 

· 

LYCOPODS, Devo n ian to Recent, are vascu lar p lants 
w ith s i m p le  l eaves i n  s p i ra ls ,  never i n  c i rc lets .  Stem i s  
n ot jo i nted .  Th i s g ro u p ,  wh ich  i n c l u des l iv i n g  c l u b  mosses,  
reach ed its zen ith as large trees i n  the late Pa l eozo ic .  Some 
lyco pods have two d i st i nct types of  spores.  Foss i l s  are 
com m o n ,  espec ia l ly associated with coa l -bear i ng  strata. 

SIGILLARIA, Pen nsylva n ian .  
Stout trunk, with  b laded leaves and 
vertical l eaf scars. Max imum he ight 
a bout 1 00 ft . 

LEPIDODENDRON, Pennsy lva
n ian .  Tall, b ranch ing ,  w ith s lender 
l eaves and d iamond leaf scars. 
Max i m u m  he ight abo ut 100 ft. 

STIGMARIA, Pennsylvanian ; the roots of lycopod trees. Su rface 
pitted with i rreg ular sp i ra ls  of rootlet scars. Longest are 40 ft. in length.  
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F E R N S  are an o ld  g ro u p  of vascu l ar p lants often with 
large, comp lex leaves that may bear spo re cases on  the 
u n ders ides .  They became common i n  the Pen n sy lva n ian  
and a re sti l l  com mon today. Many  fern- l i ke fos s i l s  a re n ot 
true ferns,  but  seed ferns (be low) .  
GYM N OS P E R M S ,  the s i m p lest seed p lants, p rospered 
because the male po l len  g ra ins  res ist d ry i n g ,  wh i l e  i n  
s i m pler  embryo p h ytes the male cel l  must be mo ist. Gym
nos perms have no  flowers and seeds a re not fu l ly en
c losed.  Liv i ng  and exti nct gymnosperms fa l l  i nto five 
g ro u p s, i l l ustrated on  pp .  1 53-1 54. The seed fe rns are an 
ext i nct g ro u p  wh ich deve loped seeds on  th e i r  leaves, 
never i n  cones ( Devo n ian-J u rass ic) .  The Mesm;oic cy
cadeoids and the closely re lated cycads had a r ing of 
narrow pa l m - l i ke f ronds  g rowing from a ro u n ded t run k.  
The . cycad s d iffer from the cycadeo ids  i n  havi ng  the 
ma le  and female ce l ls  i n  sepa rate cone- l i ke st ructu res 
(Perm ian-Recent) .  The cordaites were ta l l  trees with s len
der, strap- l i ke leaves (Pen nsylvan ian-Tr iass ic ) .  G i n kgos 
(Tr iassi c-Recent) , common in  the M esozo ic ,  i nc l ude  one  
l i v i ng  spec ies .  Con ifers, ma in l y  need le- leaved , with cones,  
are n ow most common .  (Pennsy lvan ian-Recent.)  

NEUROPTERIS, M i ss. - Perm. ,  
frond of a seed fern with cu rved 
vein lets ; oval leaflets a lte rnate on 
either s ide of stem.  Length of pin-
n u les 0.25 0.5 i n .  

ALETHOPTERIS, Penn. ,  another 
seed fern with long, b lade- l i ke leaf
lets, wider at the base. Mid-r ib  vein 
is very d ist i n ct. Length of p i n n u les 
0.5 i n .  
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G Y M N OS P ERMS 

actual foss i l  

CYC ADEOIDS ( Bennettita les) , 
T r iassic to C retaceous, dominant 
in  M esozoic, rese mble l i v ing  cycads 
but  rep rod uction d i sti nct. He ight 
2 to 1 2 ft . 

leaf 

to Tr ias
s ic ,  g rew worldwide in Late Pa leo
zo ic .  Possi b l y  ancestral to con ifers. 
Maxi mum he ight a bo ut 1 00 ft.  

LEB ACHIA, a Pen nsylvanian to 
Permian con ifer, had a stra ight 
t runk and s p i ral ly arran ged needle
l i ke leaves. Branch shown about 
1 0  i n .  long .  

SPHE N O P TERIS, Devon ian  to 
P en n sy lvan ian .  F rond of a seed
fern ; small ,  symmetri cal ,  lobed leaf
lets with rad iat ing  ve ins .  Length of 
p i n n u les 0.4 i n .  

WIL L I A M SONIA, Triassic t o  C re
taceo us.  Cycadeo i d  p lants with bu l 
bous stem covered with  s u n ken leaf 
bases. "F l owers" on long stems. 
Height about 6 ft. 

GIN KGO, Triassic to Recent-a 
l i v ing  foss i l ,  with leaves on short 
s p u rs. Wid espread in the Mesozoic.  
Leaves to 4 i n .  in  length.  



A Cenozoic land scape with 
sperms and sofl'ie cpnlfers ; 
very s imnar to modern tr.-. 

A N G I O S P ERMS are the fl ower ing p la nts, wh ich i n c l ude  
about  a qua rter m i l l ion  l i v i n g  species.  The  fl ower i s  a 
u n i q u e  o rga n .  Po l len g ra i ns  sp read by i n sects or w i nd  
p roduce a tube by wh ich the egg  ce l l  is  fe rt i l i zed . Seed s 
are enc losed and p rotected . Ang iosperms developed i n  
t h e  C retaceous  a n d  later became s o  i m p o rtant that the  
new g rass lands favo red the evo l ut ion of hoofed g razers 
such  as h o rses, a ntelope and catt le. A n g iosperms i n c l ude  
the monocots (Monocotyledons) -g rasses, l i l i es, sed g es,  
palms,  p i n eapp les and o rc h ids,  and the d ic ots (Dicotyle
dons) -p. 1 56 -with such fam i l ies as the rose,. mal l ow, 
m u stard , b utterc u p ,  tomato, m i nt ,  carrot and  da isy . Foss i l s  
o f  both g ro u ps a re common i n  f resh-water c lays, vo lcan ic  
ash and othe r  fi n e  sed iments .  

M O N O COTS 
GRASS, known c h i efly as foss i l  
seeds,  became widespread i n  the 
M iocene and had a strong influence 
on mammal ian evo lut ion.  0.1 in. long 
seed s.  

SAN MIGUEL IA, Triassic,  a pa lm
l i ke p lant  from Co lorado. If it is  a 
palm, it is the o ld est known a n g io
s perm. Max i m u m  length of leaves 
about 1 .3 ft.  
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O J  COTS 

MAGNOLIA, C retaceous to Re
cent. A w idespread and common 
b ut very pri m itive ang iosperm. G rew 
in A laska and G reenland in late 
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BIRCH (Betula ) ,  Cretaceo u s  to 
Recent. W i despread trees. Leaves 
2 to 4 in. l ong ,  oval, poi nted, edges 
toothed.  Co mmon foss i ls  i nd icating 
a coo l ,  tem p erate cl i mate . 

SASSAFRAS, Cretaceous to Re
cent. Mediu m-sized trees or shrubs .  
Leaves 4 to 6 i n .  i n  len gth e i ther  s im
p le  and oval or with 1 to 3 bu lbous 
l o bes. Related to lau rel .  

WILLOW (Salix), C retaceou s  to 
Rece nt. Lo n g  (usua l ly  3 to 6 in . ) ,  
s lender  leaves ; edges fi n ely toothed. 
Common. Fossi l  pol len is especial ly 
important as a m icrofoss i l .  

FIG (Ficus),  Cretaceo u s  t o  Recent. 
This fam i ly ,  which i n c l udes many 
tropical fru it trees, i s  typ ical  of warm
er reg ions .  Widespread i n  Cenozoic .  
Leaves 6 to 1 2  in .  long.  

MAPLE (Acer), C retaceous to Re
cent. Med i u m  to large trees. Wide
spread in temperate reg ions .  Leaves 
to 12  in. in  length ,  broad, lo bed and 
toothed .  Fru it  w in ged . 
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Aster isks (*) denote items wh ich are i l l u strated ; bold face i n d i cates majo r  treatment .  
A canthe rpestes , 1 02* 
Acanthoscaph ites, 1 30* 
Adaptat ions ,  6*, 7• 
Aganaster, 1 08* 
Agelacr in ites, 1 05* 
A g nathas, 39*, 1 32*, 133* 
Ag nostu s ,  94* 
Agon iatites, 1 26* 
A lethopteris, 1 53* 
A lgae, 32*, 33, 1 50* 
A l lor isma,  1 1 8* 
A m ber,  1 1 *  
A mblypods,  62*, 63 
Ammonites, 1 2*, 27*, 51 ,  

53, 59*, 60, 1 23-1 30* 
A m p h i bians ,  40*, 41 *, 

44*, 1 39*-140* 
A m p h i chelyd ian ,  1 43* 
A m p h i n e u ra ,  1 1 0* 
A n g i osperms,  62*, 63*, 

1 55*, 1 56* 
Ang lasp is ,  1 33* 
A n kylosa u rs ,  1 45* 
A n ne l ids ,  92* 
A rachn ids ,  34*, 1 02• 
Area, 1 21 *  
A rchaeopteryx, 54*, 1 46* 
Archelon,  58* 
Arch i medes, 81 * 
Arch itarbus ,  102* 
A rmad i l los ,  1 49 
Arthrodire,  1 34  
Arthrophytes , 1 51 
Arthropods, 93*-103* 
A rtifacts, 14* ,  71 * 
Asaphus,  97* 
Astarte, 1 21 *  
Astero id ,  1 04*, 1 08* 
Asteroxy lon ,  1 51 * 
Astraeospong ia ,  76* 
Atrypa, 86* 
A u stra lop ithecus ,  71 * 
Av icu lopecten, 1 1 9* 

Bactrites , 1 26* 
Bacu l ites , 59*, 1 30* 
Balan us,  1 00* 
Ba l u c h ither ium,  64* 

Ba rnacles, 100* 
Bathyur iscus ,  95* 
Belemn ites, 53*, 1 30* 
Bel lerophon ,  1 1 2* 
B i lob ites , 86* 
Birch ,  1 56* 
Birds,  9*, 54*, 65, 1 46* 
Bi rken ia, 39* 
Bivalves, 1 16* 
B lasto ids ,  104*, 1 06* 
Bo l l ia ,  99* 
Bony fishes,  1 7*, 40*, 

1 32, 1 36-137* 
Bor ings ,  14*, 92* 
Bothr io lepis ,  134* 
Brach iopods, 1 1 *, 1 2*, 

36*, 42*, 47*, 73*, 
82*-91 * 

Branch iosaurus,  1 40* 
Brittle stars, 43*, 108* 
Brontops, 64* 
Brontosaurus ,  55* 
Brontoth er ium,  61 *, 1 49* 
Bryo phytes, 1 51 
Bryozoans ,  36*, 42*, 

72*, 81 * 
Bugu la, 8 1 *  
B u mastu s ,  97* 
Byssonych ia, 1 1 7* 

Cacops, 1 40* 
Calamites ,  44*, 1 52* 
Cal lavia,  94* 
Calymene, 96* 
Cambria n ,  34*-35* 
Camels,  86* 
Can i n ia ,  78* 
Carbon ico la, 1 1 8* 
Carcharodon , 1 35* 
Card i u m ,  1 22* 
Ca ryocr in ites , 1 05* 
Casts, 13* 
Cenozoic Era,  61 *-71 * 
Cephalaspis ,  1 32* 
Cephalopods, 36*, 38*, 

42*, 47*, 73*, 1 1 0* ,  
1 23*-1 30* 

Ceratites , 1 28* 

.Ceratops ians ,  1 45* 
Cerith i u m ,  1 1 3*  
C h aetetes ,  78* 
Cha l icotheres, 1 49* 
Charn ia ,  1 50* 
Che i ro lep is ,  1 37* 
Che l icerates, 93* 
Choan ichthyes, 1 36, 138* 
Chondr ichth yes, 1 35* 
Chonetes, oo• 
Chordata, 1 32*-1 49* 
Cidar is ,  1 09* 
C ladoselac h e·, 1 35* 
Clams,  1 1 6* 
C l i macog raptus,  1 31 *  
C l i mati us ,  1 34* 
Clypeus, 1 00• 
Coccosteus, 1 �• 
C ockroaches,  �·o3• 
Codaster, 1 00• 
Coelacanthus ,  1 38• 
Coelente rates,  77•-80" 
Coelodonta, 69* 
Col len ia ,  32* 
Co lumb ites, 1 27* 
Composita, 90* 
Compsog nathus ,  54* 
C o n ifers, 1 53, 1 55* 
C onocard i u m ,  1 1 8* 
Conocoryphe, 95* 
Conu lar ia ,  92* 
Conus ,  1 1 4• 
Coprol ites, 1 4* 
Corals,  36*, 38•, 42*, 72*, 

11•-ao• 
Cordaites, 44•, 1 53, 1 54• 
Coryphodon,  62• 
C reodonts, 63, 64•, 1 47, 

1 48• 
C repidu la ,  1 1 5• 
C retaceo u s ,  56•-60 
Cr ino ids ,  38•, 42•, 43•, 

74°, 1 04•, 107• 
C ro-Mag non ,  11 • 
C ru staceans ,  34*, 93*, 

98•-1 oo• 
C ryptob lastu s ,  t oo• 
C ryptocle idus ,  53• 
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C ryptozoon "reef , "  1 50* Drepanel la,  98* Gastro l iths ,  14* 
Ctenodonta, 1 1 7* D u n barel la,  1 1 8* Gastro pods, 36* , 38* ,  42* , 
Cycadeo ids ,  54* , 56*, 59* , 73*, 1 1 0*-1 1 5* 

1 53,  1 54* Echi noderms, 1 04* Geologic t ime, 28-31 * 

.... Cycads,  1 53, 1 54 Ech ino ids ,  74*, 1 04* ,  109* G i n kgos, 54, 1 53 ,  1 54* 
Cymbospondylus ,  51 * Ech inosphaerites, 1 05* G lobiger i na, 75* 
Cynognathus,  47, 50* Edaphosaurus,  1 41 *, 1 42* Glyc imer is ,  1 21 *  
Cyrt ina,  88* Edentates, 149* Glyptocr inus ,  1 07* 

;:: Cyrtoceras, 1 26* Edr ioasteroids, 104* ,  Glyptodont, 6* ,  70, 1 49* 
Cysti phy l l u m ,  79* 105* G lyptopl eura ,  99* 
Cysto ids ,  1 04*, 1 05* E lephants, 4*-5*, 10* ,  69* Gomphoceras, 1 24* 
Cythere is ,  99* Elk ,  70* Gon iatites ,  1 27* 

0 Cythe rel lo idea, 99* E l rath ia ,  94* Gon ioph ora, 1 1 7* 
Embryophytes, 1 51 *  Grammysia,  1 1 7* 

Dacty l ioceras, 1 29 *  Endoceras, 36*,  124* Grand Canyon,  1 5* ,  28* 
Dalmanel la ,  86* Ensis ,  1 22* Grapto l ites, 74* , 131 *  

"' Dalman ites, 96* Enteletes, 91 * Grasses, 66, 1 55* ... .. 
Dawsonoceras, 1 25* Eocene, 1 7* ,  62, 64, Gr iffith ides,  97* � 

,._ 
; Deer, 70* 1 48*, 1 49 Ground S l oth ,  1 47*, 1 49* 
� Dendr ites, 1 8* Eod iscus,  95* G ryphaea , 1 20* 
� Dendroids,  1 31 *  Eogyri nus ,  1 40* Gymnosperms, .. u 

Denta l ina ,  75* Eoh ippus ,  62-63*, 67* 153*-1 54* " z Denta l i u m ,  1 1 4* Eospir ifer, 86* .. 
Devon aster, 108* Equus ,  67* Halysites, 38*, 79* "' .. Devon ian , 40-42* Eras, geologic ,  30*-31 * Ham ites, 1 28* .... � ,._ Diatoms, 1 50* Eryon, 1 00* Hebertel la ,  84* ; 

j Diatryma, 62*, 65 Eryops, 46*, 1 39* Hel ioceras, 59* 

i D icerather ium,  66* Eurh i nosaurus,  52* Hem icystites, 1 05* 
... ! 

Dicoelosia, 86* Eurypteri ds,  38* , 101 • Hesperorn is ,  59, 1 46* 
Dicyn odon ,  1 42* Eusmi l ia, 80* Hexacora l ,  78* 

� Dictyoclostus, 90'* Eusthenopte ron ,  40* , H i l doceras, 1 28* � .. Didymog raptus,  1 3 1 *  1 38* H i ppurites, 1 21 *  
"' � Dielasma, 89* Evolut ion ,  4*-9* ,  30-31 * ,  Hol optyc h i u s, 1 37* 

" D i kelocephalus,  96* 67*-68, 1 23*, 142* , Holoth uro id ,  1 04* z 
D i metrodon ,  46* 1 43*,  1 55 Homo hab i l i s ,  71 .. 

� D i n ichthys, 40* Exogy ra, 1 20* Ho rmotoma, 1 1 1 *  
... .. Dinohyus ,  66* Ho rse, 62-64*, 66, 67* , ; O i north is ,  84* Favosites, 38*, 78* 68, 148, 1 49* 

D in osaurs, 1 1 * ,  1 3* , 14* ,  Fen estrel l i na ,  81 * H u d sonaster, 1 08* 
49* ,  50, 52, 54*, 55*, Ferns, 41 * ,  44*, 153* H u g h m i l l eria, 1 01 *  
56*-58, 1 44-145* Fig ,  1 56* Hyaenod on ,  64* 

D i n otheri u m ,  4*-5* F ish ,  8*-9*, 1 7* ,  37*, 39*, Hydnoceras, 76* 
Dip locau l u s ,  46* , 1 40* 40*' 65, 1 32-138* Hypseloconus,  1 1 1 *  
D ip lodocus ,  20* , 52, Flexicalymene, 36*, 96* Hyracotheri u·m , 62-63*,  67* 

.... 55*, 1 45* Foram i n ifera, 65, 75* 
D ip lograptus,  1 31 *  Fossi l s : I chthyosaurs, 51 , 52* ,  
D ip lovertebron, 1 40* col lect ing ,  19*-26* 53, 1 43* 
D i pterus, 1 38* defi ned , 1 0  l chthyostega, 40* , 41 * ,  
Dizygopleura, 99* index,  21 * 1 39* 
Dolatocri n u s ,  42* preservat ion,  10*-15* I n ocera m us, 60, 1 20* 
Dolorthoceras, 1 25* Fusus,  1 1 4* I nsects, 1 1 * , 44* , 93*, 103* 
D ragonflies,  44*, 1 03* I r ish  E l k, 70* 
Drepanasp is , 1 33* Gastrioceras, 1 26* lsocri n u s ,  1 07 
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l sotel us ,  97* Mesopsychopsis ,  1 03* Orn ithopods ,  1 45* 
Mesosaurus ,  47* Orn ith i sch ians ,  1 44, 1 45* 
Mesozoic Era, 49"'�60* Osteichthyes,  1 36-1 37* 

Jamoyti u s ,  39* Micraster ,  1 09* Osteo lep is ,  1 37* 
Jawless fi s h ,  39* ,  40, M i c rofoss i l s ,  21 , 76* Ostracoderms, 37* , 1 32* 

132*, 133* M i l lepedes,  1 02• Ostracods,  98*-99* 
Jel lyfish,  33* , 34* ,  77 M iocene, 66*-68 O strea, 1 21 •  
J u rass ic ,  52*-55* M i ss iss ipp ian ,  43* Oxyaena, 1 48* 
J u resan ia ,  91 * Modio lops is ,  1 1 7* Oysters,  59* 

Moeritheri u m ,  5* 
Kirkbyel la ,  99* Molds ,  1 3* Pachyteuth i s ,  1 29* 

M o l l u sks,  59* ,  1 1 0*-130* Palaeo p h o n u s ,  .102• 
Labyr inthodont, 44* ,  Monograptus,  1 31 *  Paleocene, 62, 1 48* 

1 39*, 1 40* Montivalt ia,  so• Paleozoic E ra,  34*-48 
Lacew i n g ,  1 03* Moropus ,  66*, 68, 1 49* Palms ,  62*, 63*, 1 55* 
Lamel l i b ranchs ,  1 1 6* Mosasau rs ,  58* , 1 43* Paradox ides ,  95* 
Lamp she l l s ,  82• Moschops ,  1 42* Paral l e ldon ,  1 1 9* 
Lebach ia ,  1 54* Moss agate, 1 8* Pecten ,  59* , 1 22• 
Leperd itia, 98* Moss a n i mals ,  81 * Pelecypods, 36* , 59*, 
Lepidocy c l u s ,  85* M u crosp i r ifer, 89* 73* ,  83* ,  1 1 0* ,  
Lepid odendron,  44* ,  1 52* M u ensteroceras, 1 23*, 1 1 6*-1 22* 
Lepidotu s ,  1 37* 1 27* Pennsy lvan ian ,  44*, 45* 
Leptaena, 88* M u rch ison ia ,  1 1 3* Pentamerus ,  87* 
Lima, 1 1 9* Myal i na, 1 1 8* Pentremites, 1 06* 
L ingu la,  82* , 88* Myriapods,  1 02* Perm ian , 46*-48* 
L ingu le l la ,  82* Petrified wood,  1 2• 
L inoproductus ,  91 * Natica, 1 1 5* Petrocran ia,  85* 
Lithostroti o n ,  79* Nauti lo ids ,  27*, Phacops,  97* 
Littor ina,  1 1 5* 1 23*-1 30* P henacod u s ,  1 48* 
Lobe fi ns ,  1 36, 1 37*, 138• Nean dertha l ,  71 * Phororhacos,  1 46* 
Lophoph y l l i d i u m ,  79* Nemagraptus,  1 3 1 *  P h ragm oceras, 1 25* 
Lovenec h i n u s ,  1 09* Neolenus ,  34* P h ytosau r ,  50* 
Lung fish ,  1 38* Neospi rifer, 90* Pigs ,  66* 
Lycopods ,  4 1 * ,  44* , 1 52* Neozaph rentis,  79* P i n na,  1 20• 

Nerei s ,  92* Pithecanthropus ,  71 * 
Maclu rites, 1 1 1 •  Ner inea, 1 1 3* Placoderms,  40* , 1 34* 
Madrepo ra, 78* Neuropter is ,  1 53* Placodonts,  1 43* 
Mage l lan ia ,  83* Notharctus ,  62* Placodu s ,  51 * 
Magnol ia ,  1 56* Nothosa u rs ,  1 43* Planorb u s ,  1 1 5* 
Mammals ,  9*,  53, 57, 59 , Nothrotheri um,  1 49* Plants,  7*, 38, 41 * ,  44* , 

61 *-71 * ,  1 47*-149* N u cu la ,  1 1 9* 54, 56*-57*, 63* , 
Mammoths,  1 0* ,  69* 1 50*-1 56* 
Man, emergence, 7 1 *  Obole l la ,  82* P latyceras, 1 1 2• 
Maple,  1 56* Octocoral ,  78* Platyc r in ites , 1 07* 
Marg i n ifera, 91 * Octopus ,  1 23* P latyostoma, 1 1 2* 
Mastodons ,  5*, 66* Ogygopsis ,  95* Platystro ph ia ,  85* 
Meekoceras, 1 27* Olenel l u s ,  94* Ple istocene, 69*-70 
Meganeu ra, 44* Olenoides ,  35* Ples iosa u rs, 51 , 52* , 53 , 
Megather i u m ,  1 47* Ol igocene,  62, 64* 1 43* 
Meristina, 87* Oph iacod o n ,  1 42* Pleurocanth u s, 1 35* 
Merych ippus ,  67* O p h i u ro id ,  1 04*, 108* Pleuroto maria,  1 1 3* 
Meso h i p p u s ,  64*, 67* Orbicu lo idea, 89* P l iocene, 66-68 
Meso lobus ,  90* Ordov ic ian ,  36*-37* P l i o h i p p u s ,  67* 
Mesopaleaster, 1 08* Oredonts, 64*, 65 Po l yg y ra, 1 1 4* 
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Porifera, 76' Sed i mentary rocks, Trees , 54, 56*-57* ,  63*, 
.., Pre-Cambrian,  32*-33* 1 5*-17*,  28 1 54*, 155*-156* 

Primates, 62*-63, 71 ' Seed ferns, 41* ,  44', 1 53* Triassic,  50*-51 * 
Prota p i ri s ,  64* Serpu la, 92* Triceratops, .26' , 56* 
Protozoans,  75* Seymo u ria, 46*, 1 41 '  Trigonia,  1 1 9' 
Pseudofossi ls ,  1 8' Sharks, 40*, 135* Tri lobites, 34'-38*, 42', 
Psi lophyton,  41 ' Shr im ps, 1 00' 74' '  93'-97' 
Psi lopsids,  1 51 *  Sig i l la ria, 44* , 1 52* Tri lophodon,  5* , 66* 
Pteranodon,  57' , 58* Si lur ian ,  38*-39' Trinuc leus,  96' 
Pteraspis ,  1 33' Skates,  1 35' T u d itan u s ,  45* 
Pteria, 1 1 9* S loths ,  70, 1 49' Tu rril ites, 1 29' 

... Pterichthys, 134* Smi lodon,  70' T u rritel la ,  59' , 1 1 3' 
Pterinea, 1 1 7* Sphenophyl l u m ,  1 52' Tu rtles, 58', 64', 1 43' 
Ptych o paria, 95' Sphenopsids,  44', 1 52' Tylosaurus ,  58* 

Sphenopteris,  1 54* Tyran osaurus,  49* , 56, 
Quate rna ry, 69*-71' Spiders, 1 02' 57*, 58 

Spi rifer, 89' 
Rad i o laria,  75' Sponges, 34', 47', 76* U intath eres, 63' , 1 48' 
Rafinesqu ina,  36*, 84* Squids,  53*, 1 23' U ng u lates, 148* 

% Rays, 1 35 *  Sta rfi s h ,  38*, 1 04', 1 011• U n i o ,  1 22' u 
! Receptacu l ites, 76* Stegosau rus,  55* , 1 45* U rasterel la ,  1 08' 

... z Reconstruct ion,  4* ,  27* Stenomylus,  66' .. 
Rept i les, 8'-9', 45*-58, Stephanoceras, 1 29' Vasc u l a r  plants, .. 0 141 *-145* Stigmaria, 1 52' 151*-153 � 

� Rham p h o rhynchus,  54* Straparo l lus ,  1 1 2' Ventr i c u l ites , 76' 

� R h i noceros, 64*, 66*, Strata, 15* ,  21 ' Verteb rates, 8'-9* , 37', 

! 69*, 1 48 Streptelasma, 36*, 79* 40* , 4 1 * ,  44*-71 * ,  
Rhom bopora, 81 ' Stromatophoroid,  78' 1 32*-149* .. Rhynchonel la,  91 ' Stropheodo nta, 88' Vertigo, 1 1 5* � � Rhynchotreta, 87* Strophomena, 85* Viviparus,  1 1 4' 

.. Rhynia ,  1 51 *  Struth i o m i m us, 56-57' Voluta, 1 1 4* 

... z Sty laster, so• ;; 
Saber-toothed cat, 64, Stylemys, 64' Wil l iamsonia ,  1 54* ;: ::l 65, 68, 70' Sty l o n u rus ,  1 01 *  Willow, 1 56* 

::r Sagen ites,  1 28' Syringopora, 79' Woo l l y  mam moth, 69' 
Sail-backed l izard, 46' Wool ly  rh i n oceros, 69' 
Sanmiguel ia ,  1 55' Tabulate coral, 78' Worms, 1 1 * , 33*, 34*, 92* 
Sassafras ,  1 56' Tapirs ,  64* ,  1 48 Worthenia,  1 1 2' 
Saurischians,  1 44, 1 45' Tarsoph lebia,  1 03' 
Sauropods,  55*, 56', 1 45' Taxocr inus,  1 07* Zinjanthropus,  71 
Scale trees, 41 , 44' Tentacul ites, 92* Zygospira,  84 • 
Scal lop,  1 1 '  Tertiary : 
Scaph ites,  1 23' 1 30* Lower, 62*-65* 
Scaphopod, 1 1 0' , 1 1 4' U p per, 66*-68 
Sch izo blastus,  1 06* Tetracora l ,  78' 
Sch izocoral,  78* Thal lophytes, 1 50' 
Schuchertel la, 87* · Thamnasteria, so• 
Scolecodonts, 92' Thecodonts, 50' , 1 45* 
Scorp i o n s ,  93, 102* Thelodus,  1 33' 
Scouring rushes, 41 *,  Theropods, 1 45' 

1 5 1 , 1 52' Titanothe res , 61 * ,  64*, 
Sea anemones, 77* 65, 1 49' 
Sea l i l i e s ,  107* Trachodon,  56-57' 
Sea urch ins ,  1 04* ,  1 09' Tree fern s ,  41 ' 
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F O S S I L S  

Here is a field g u ide to the fascinating study of fossi l s .  Typica l p lant  

and a n i m a l  l ife of the  major periods of  geologic  t ime a re shown in  

color,  a n d  concise text  describes representative foss i l  types of these 

periods. FOSS I LS, a Golden N ature Guide, g ives you maps which 

show the general  a reas where fossi l s  may be found, p lus  scores of 

fu l l  color  i l l u strations of common fossi l specimens to he lp  you identify 

you r  fi nds. Fossi l  remains, prints, a nd other ind ications of former 

plant a n d  a n ima l l ife te l l  the long and interestin g  story of the de

velopment of l ife on earth.  Evo lutionary stages a re treated from the 

Pre-Cambian to the Recent.  With 48 1 ful l-color i l l ustrations a n d  maps.  




