
INVERTEBRATE 
PALAEONTOLOGY 

AND 
EVOLUTION 

i' Second Edition 

E. N. K. Clarkson 
Reader in Geology, University of Edinburgh 

London 
A L L E N & U N W I N 
Boston Sydney 



Contents 

• a c e 

PART O N E 
G E N E R A L P A L A E O N T O L O G I C A L 

C O N C E P T S 

1 n i n c i p l e s o f p a l a e o n t o l o g y 
' ' :":on 

- e of invertebrate fossils in 
:c rocks 

f invertebrate palaeontology 

- - ; ^pecies concept 6 Nomenclature and 
K r l i i n t i o n of fossil species 6 Taxonomic 
t i l l Ml 111 7 Use of statistical methods 9 

.olog) 9 Functional morphology, 
and form 15 

i - i r n of trace fossils 16 Uses of 

-aasiaphy 20 Biostratigraphy 20 
-anriziaphy 21 

x i i 2.4 Competition and its effects 41 
2.5 Summary of palaeontological evolution 

theory 43 
Bibliography 43 

3 O r i g i n a n d e a r l y d i v e r s i f i e a t i o n o f 
m e t a z o a n s 46 

1 3.1 Introduction 46 
1 3.2 Earliest metazoans 47 

Precambrian body fossils 48 
1 Medusoids 49 Pennatulaceans 49 
4 Annelids 49 Fossils of unknown 
6 affinities 50 

Precambrian trace fossils 50 
Palaeontology of the Precambrian/Cambrian 

boundary 51 
9 Large body fossils 51 Microfossils 51 

Biological evidence on metazoan 
relationships 52 

16 3.3 Major features of the Phanerozoic record 54 
The diversification of invertebrate life 54 
Changes in species diversity and habitat 55 

19 Problematic early Palaeozoic fossils 56 
Extinctions 57 
Possible causes of mass extinctions 58 

g Bibliography 60 

and natural selection 
the sooTce of variation 
anon come from.' 
J e k s 

•Jirough populations 
—^̂ ation 

jlar drive 
lution 

-isins of higher 
adaptive 

26 
26 
27 
28 
29 
m 
30 
31 
32 
32 
33 
33 
34 
35 
36 

PART T W O 
I N V E R T E B R A T E P H Y L A 

S p o n g e s , a r c h a e o c y a t h i d s a n d 
s t r o m a t o p o r o i d s 65 
4.1 Phylum Porifera: sponges 65 

Classification 67 
Class Demospongea 68 
Class Calcarea 70 
Class Hexactinellida 70 
Geological importance 72 
Sponge reef 72 

4.2 Phylum Archaeocyatha 73 
Soft parts, organisation and ecology 74 
Distribution and stratigraphical use 75 

4.3 Phylum Stromatoporoidea 75 

ix 



C O N T E N T S 

Biological affinities 
Geological importance 

Bibliography 

5 C n i d a r i a n s 
5.1 Introduct ion 
5.2 The major characteristics and classes of Phylum 

Cnidaria 
5.3 Class Hydrozoa 

Order Hydroida ' 
Orders Mil leporina and Stylasterina 

5.4 Class Scyphozoa 
5.5 Class Anthozoa 

Subclass Ceriantipatharia 
Subclass Octocorallia 
Subclass Zoantharia: corals 

Order Rugosa 88 Order Tabulata 101 
Order Scleractinia 103 Coral reefs 109 
Geological uses of corals 111 Corals as 
colonies: the l imits o f zoantharian evolution 
113 

Bibliography 

6 B r y o z o a n s 
6.1 Introduct ion 
6.2 T w o examples of l iv ing bryozoans 

Bowerbonkia 
Smittina 

6.3 Classification 
6.4 Morphology and evolution 
6.5 Ecology and distr ibut ion 

Shallow-water bryozoans 
Reef-dwelling bryozoans 
Deep-water bryozoans 

6.6 Stratigraphical use 
Bibliography 

1 B r a c h i o p o d s 
7.1 Introduct ion 
7.2 Morphology 

Class Articulata 
Morphology of three genera 131 
Preservation, study and classification of 
articulate brachiopods 136 Major features o f 
brachiopod morphology 139 Endopunctation 
and pseudopunctation i n brachiopod 
shells 143 

Class Inarticulata 
Lingula 148 Taxonomy and evolution of the 
Inarticulata 150 Shell structure i n 
inarticulates 150 

7.3 Ontogeny 
7.4 Classification 
7.5 Evolutionary history 

77 
77 
78 

80 
80 

82 
82 
82 
83 
85 
85 
85 
85 
87 

114 

117 
117 
117 
117 
120 
121 
124 
127 
127 
128 
128 
129 
129 

130 
130 
130 
131 

148 

151 
151 
154 

7.6 Ecology and distr ibution 155 
Ecology of individual species 155 

Pedicle attachment 155 Free-lying 156 
Cementation 156 Quasi-infaunal 156 

Brachiopod assemblages and ' community ' 
ecology 158 

Ordovician palaeocommunities 158 Silurian 
palaeocommunities 158 Devonian 
brachiopod assemblages 160 Permian reef 
associations 161 Mesozoic brachiopod 
associations 162 

7.7 Faunal provinces 162 
7.8 Stratigraphical use 163 
Bibliography 163 

8 M o l l u s c s 166 
8.1 Fundamental organisation 166 
8.2 Classification 168 
8.3 Some aspects o f shell morphology and growth 169 

Coiled shell morphology 170 
Septation of the shell 171 

8.4 Principal fossil groups 172 
Class Bivalvia 172 

Cerasloderma 172 Range of f o r m and 
structure i n bivalves 175 Classification of 
bivalves 179 Evolutionary history of 
bivalves 180 Bivalve functional morphology 
and ecology 181 Ecology and palaeoecology 
of bivalves 186 Stratigraphical use of 
bivalves 187 

Class Rostroconchia 187 
Class Gastropoda 188 

Introduct ion and anatomy o f gastropods 188 
Classification of gastropods 191 Shell 
structure and morphology of gastropods 191 
Gastropod shell composition 192 
Evolution of gastropods 192 

Class Cephalopoda 195 
Subclass Nautiloidea and relatives 
196 Subclass Ammonoidea 202 
Subclass'Coleoidea: dibranchiate cephalopods 215 

8.5 Predation and the evolution of molluses 218 
Bibliography 219 

9 E c h i n o d e r m s 223 
9.1 Introduct ion 223 
9.2 Classification 223 
9.3 Subphylum Echinozoa 224 

Class Echinoidea 224 
Morphology and life habits o f three 
genera 224 Classification of echinoids 
230 Subclass Perischoechinoidea 
231 Subclass Cidaroidea 236 Bothriocidaris 
237 Subclass Euechinoidea and the 

X 

C O N T E N T S 

niorphological characters of euchinoids 
2.16 Evolution in echinoids 242 

('.laiiii I l i i lolluiroidea 
( liiss !• i l l ioaslcroidea 

9 4 .Suliplivlum Astcrozoa 
SIIIH'IUSS Asleroidea 
SIIIH'IIINN .Somasteroidea 
Siibi lass Ophiuroidea 
Slarlish beds 
Subphylum Crinozoa 
( lass ( a inoidea 

Mam groups of crinoids 251 Palaeozoic 
i r ino ids 251 Mesozoic to Recent crinoids: 
an 11 ulaies 255 Ecology of crinoids 256 
Fill 10.11 ion of crinoidal limestones 258 

'16 Siilipliv l i i in lilastozoa 
( lasses I l iploporita and Rhombifera: cystoids 

Sli'ucUiral characteristics o f cystoids 259 
Pore Nli uctures of cystoids 259 Classification 
III 1 vsioiils 262 Cystoid ecology 262 

I lass lllasloidea 
DiMTsiiv and function of hydrospires 264 
( lassllii aiion and evolution o f Mastoids 264 
I I ologv and distr ibution of blastoids 265 

i i i l i p l n l i i i i i I lomalozoa 
MN Fv i i l i i l i im 

Eatliesl echinoderms and their radiations 
Evolution of the tube-feet 
Wliv petitamcry.' 
t o i m i gent evolution and intermediate forms 

llllillo|lliipllV 

245 
246 
247 
248 
249 
249 
250 
250 
250 

259 
259 

263 

266 
268 
268 
270 
270 
271 
271 

III ( i t i t | i l t > l i l c s 
Itt I S i i u i tuie 275 

( l i i l e i Graptoloidea 275 
Siicldgraptus chimaera 275 Diplograptus 
hplnllirai 111 

t l i d i i Dini l roidea 278 
Dt'iiilidi'iaptiis 278 

I 'lcNiTvaiion and study of graptolites 279 
I iltraslructure and chemistry of the graptolite 
petiilertn 280 

HI .' ( lassilication 282 
i t ! I l l io logi ia l affinities 285 
H I I l i o l i i t i o n 285 

I Mi l i i i io i i in the shape of graptolite 
I li.ibilosomes 285 
I l o l i i i i o n o f the proximal end i n graptoloids 289 
1 l i r i ,il s i i i ic t i irc and its evolution 290 

( India 293 
10 1 I low d id graptolites live.' 293 
HI li Faunal provinces 295 
HI / Slialigiaphical use 296 
l l i l . l iogiapliN 297 

11 A r t h r o p o d s 299 
11.1 Introduct ion 299 
11.2 Classification and general morphology 299 

Diversity o f arthropod types 299 
Features of arthropod organisation 300 

11.3 Phylum Tr i lob i ta 302 
General morphology of trilobites 302 
Acaste downingiae 304 
Detailed morphology o f trilobites 305 

Cuticle 306 Cephalon 308 Glabella 308 
Cephalic sutures 308 Hypostome 310 
Eyes 310 Cephalic fringes 313 
Enrollment and coaptative structures 315 
The tri lobite thorax 317 The tri lobite 
pygidium 317 Appendages of 
trilobites 318 

Tr i lob i te tracks and trails 321 
Walking movement i n arthropods 
321 Different kinds of tri lobite trails 323 

L i f e attitudes and habits of trilobites 325 
Ecdysis and ontogeny of trilobites 326 
Classification of trilobites 328 
Evolution i n trilobites 330 

General pattern of evolution 330 
Microevolut ion i n trilobites 331 

Tri lobi te faunal provinces 333 
Stratigraphical use o f trilobites 335 

11.4 Phylum Chelicerata 335 
Class Merostomata 335 

Subclass Xiphosura 335 Subclass 
Eurypterida 339 

11.5 Phylum Crustacea 344 
Bibliography 347 

12 E x c e p t i o n a l f a u n a s 351 
12.1 Introduct ion 351 
12.2 Burgess Shale fauna 351 

Burgess Shale arthropods 352 
Other Burgess Shale invertebrates 356 
Significance of the Burgess Shale faunas 357 

12.3 The Upper Cambrian of southern Sweden 358 
12.4 Hunsriickschiefer fauna 359 
12.5 Mazon Creek fauna 361 
12.6 The Solnhofen lithographic limestone, 

Bavaria 363 
Bibliography 364 

S y s t e m a t i c i n d e x 367 

G e n e r a l i n d e x 375 

XI 


