Contents

Preface

1 Introduction o anginsperms
L1 Phyvlogeneric position of anginsperms
1.2 Characteristic features of angiosperms
1.3 Timing of angiosperm diversification
14 Rise ro eeological dominance

I The nature of the angiosperm fossil
record
21 Undersanding the plane fosal record
2.2 The adequacy of the angiosperm fossl

record

3 The environmental context of ecarly

angiosperm cvolution

L1 Palacogeography

1.2 Palacoclimate

23 Climare change during the
Cretaceous

24 Implications for angiosperm
diversification

4 Seratigraphic framework and key areas
for Cretaceous anginsperms
4.1 The siratigraphic framework
4.2 Kev arcas for Cretaceous angosperms
43 Furope
44 Lastern Morth America
£5  Western Interior of the United Suates
and Lanada
46 Alaska
47  Greenland
4.8 Israel, Jordan and Lebanon
449 North Africa
400 West Africa and Brozil
4.11 Asia
412 Southern Gondwana and India

Jutge 1%

i
1
1%

5

~1

Angiosperms in context: extant and fossil

seed plants

5.1 Angiosperms among extant and fossil
seed plants

5.2 Bennemitales—Erdrmanithecales—CGnetales

[BEG) group

Cinetales

Erdtmanithecales

Unassigned dispersed seeds of the

L]
e e L

]

BEG group

=

Bennettimles {Cyeadeoidales)

Pentoxylales

L I I ]

RN |

Origin and age of angiosperms

i1 Hypotheses of seed plant relationships
.2 Chrigin of angiosperm structure

.3 The age of angiosperms

4 Pre-Cretaceous angiosperm-like [pssils

Phylogenetic framework and the
assignment of fossils to extant groups

7.1 Early ideas on angiosperm phylogeny

7.2 Phylogenetic studies of angiosperms based on

molecular data
7.3 Angiosperm phylogeny group classification
(AP
74 Angiosperm phvlogeny: future directions
7.5 Assignment of fossils o extant groups

Fossils near the base of the angiosperm tree

8.1 Early-diverging angiosperm lineages at the
ANITA grade

1.2 Amborelliceae

B.3 Mvmphacales

A4 Austrobailevales

#.5 Chloranthaceae

B0 Cermophyllaceae

(hher Palacozoie and Mesowsoe seed plants

101

Ll

104
105
114

119
124
130
131

141
141

W
& ot =

163
163

163

164
167
168

169

16t
171
171
176
150
185



¥l

Laontents

¥ Early fissil angiosperms of uncertain

relationships

9.1 Putative angiosperms

9.2 Fossil flowers attached to inflirescences
and seems

B3 Isolied Mowers and froits preserved as
COmpressions S impressions

4 Permineralised flowers

5 Bselated angiosperm mesofossils

06 Dispersed monvaperturate pollen

T Tossil leaves of uncertain relationships

1 Early fossils of cumagnoliids

1.1 Classificavion of eumagnoliids
k2 Magnoliales

10,3 Lavrales

104 Canellales

lh3 Piperales

Fossils of monocors

LLT  Classification of monocois

1.2 Tossil evidence of monoeot diversification
1.3 Poanve carly monocot fossils

14 Acorales

1.5 Alismarales

116 Dhinscoreales

1.7 Pandanales

1.8 Liliales

1LY Asparagales

T Commelinids

Fossils of cudicots: carly-diverging groups
12,1 Classification of cudicots

12.2 Early-diverging eudicots

12.3 Fossil evidence of eudicor diversification
12.4 Fossils of uncerrain relativmships

125 Ranunculales

120 Proneales

127 Subiaceae

125 Buxales

2% Trochodendrales

Fossils of core cudicots: hasal lineages
131 Classification of core cudicors

13.2 Farly fossil evidence of core eudicots
13.3 Gunnerales

13.4 Dillemiaceae

13.5 Berberidapsidales

156 Sanralales

159
1549

192

200
2
2oz
208
213

219
210
223
211
244
240

277

259
202
M
KUK
M

i
31
2
312
KIE
33
Fl4

13.7 Caryophyllales
13.8 Saxifragales

14 Fossils of core eudicors: rosids

-]

141 Classification of rosids
14.2 Fossil evidence of rosids
14.3 Vitales

4.4 Fabids (Eurosids 1)

14.5 "The COM clade

146 The nitrogen-fixing clade
4.7 Malvids (Eurosids 1)

Early fossils of endicots: asterids

151 Classification of asterids

152 Comales

15.5  Ericales

154 Lamiids {Fuasterids 1)

15.5  Boraginaceae, leacinacene and Vahlizceae
156 Garryales

157 Gemtianales

158 Solanales and Lamiales

1549 Campanulids {Euaseerids 1)

1510 Aquifoliales, Fscalloniales and Asterales
1511 Brumiales, Apiales, Paracryphiales and
Dipsacales

Patterns of structural diversification in
angiosperm reproductive organs

101 Inflorescence structure

16,2 Floral organisation

16,3 Onher aspects of floral construction

History and cvolution of pollination in

ANgInsperms

7.1 Pollination in extant non-angiosperm secd
plants

17.2 Puollination in extant angiosperms

17.3 Inseets as pollinators

174 Vertebrates as pollinators

175 History of pollination in ANEIOSPErmE

176 Large-scale trends in the history of
angiosperm pallination

History and evolution of dispersal in

ANEIOSPEr TS

15.1 Dispersal in extant non-angiosperm
seed plants

18.2 Dispersal in extanr angiosperms

329
3z
ji2
334

Jnl
61
KT 1]
ins
178

N7
KhH)
K|
412

415
417
414
420
428

441

5
447



18,3 Ammal dispersers
184 History of dispersal in angiosperms
18.5 Large-scale trends in the history of

angivspert dispersal

19 Vegerational context of carly angiosperm

diversiticarion

191 "Tramsition o angiosperm-dominated
VEEETTM

19,2 Campaments of Farly Cretaceous
VEEETATHon

19,3 Vegeraton during the carly diversification

af angiosperms
194 Early anginsperms: diversity in obscuriny
1495 Mid-Cretaceous vegetation
196 Late Cretaceous vegetation and Oosstc

[FrOvinCes

448
430

456

461
41
42
467
)
471

472

Conpents

20 The aceumulation ol angiosperm diversity

20,1

2z

2013

204

20,5

2hh

2007

Large-scale parterns in angiosperm
diversilication

Patterns of angiosperm diversification: early
lineazes

Panerns of angiosperm diversification:
cumagnelinds

Patterns of angiosperm diversification:
MONGCHs

Patterns of angiosperm diversificacion:
cudicors

Angrosperm evolution and global change
through the Cenoeoic

Prospects

Rr'f;'.l‘a'm'a'f

Tnidex

.k

4

Rh

45
408



