Contents

CHAPTER 1

The Science of Plant Systematics 1

What Do We Mean by Plant? 1
What Do We Mean by Systematics? 2

The Phylogenetic Approach 3
How Do We Reconstruct Phylogeny? 3
What Is Monophyly? 5

CHAPTER 2

The Practice of Plant Systematics 6

Why Is Systematics Important? 7

Aims and Organization of This Book 11
Literature Cited & Suggested Readings 12

Methods and Principles of Biological Systematics 13

Discovering Phylogeny: How Phylogenetic
Trees Are Constructed 13

Evolutionary Trees and What They Depict:

Reading the Tree 13
Sources of DNA Sequence Data 15
Gene-by-Gene Approaches 16
Genomic Approaches 17
Sequence Alignment 17
Rooting 20
Homoplasy 21

Tree Building: Clustering Algorithms and
Neighbor Joining 23

CHAPTERS

Models of Evolution 24

Should You Believe the Tree: Bootstrapping
and Comparison of Trees 26

Methods That Use an Optimality Criterion 27

Comparing Trees from Different Methods
and Sources of Data 34

Using Phylogenetic Trees 37
Constructing a Classification 37

Describing Evolution: Mapping Characters
onto Trees 41

Assigning Dates to Nodes in Phylogenies 45
Literature Cited & Suggested Readings 46

Classification and System in Flowering Plants:
Historical Background 49

Classification, Nature, and Stability 50
Botany, Classification, and Biology 51
Understanding Relationships 52
Classifications and Memory 55

The Formation of Higher Taxa 55
Plant Groupings over the Years 60
Literature Cited & Suggested Readings 62



viii Contents

CHAPTER 4

Taxonomic Evidence:

Structural and Biochemical Characters 65

Morphology 65
Duration and Habit 66
Roots 66
Stems 67
Buds 68
Leaves 68
Floral Morphology 73
Pollination Biology 79
Pollination Syndromes 80
Coevolution between Plant and Pollinator 82

Deception and Nonnutritive Rewards in
Orchid Pollination 82

Avoiding Self-Pollination 84
Inflorescences, Fruits, and Seeds 85

Fruit Types 87

Seeds 91

Fruit and Seed Dispersal 91
Anatomy 94

Secondary Xylem and Phloem 94

Nodal Anatomy 95

Leaf Anatomy 96

Secretory Structures 97

Crystals 97

CHAPTER 5

Arrangement of Xylem and Phloem in the Stem 98

Floral Anatomy and Development 99
Embryology 100
Ovules and Megagametophytes 101
Embryo and Endosperm 101
Agamospermy 102
Chromosomes 103
Chromosome Number 103
Chromosome Structure 104
Methods of Chromosome Study 105
Palynology 108
Development of the Anther 108

Pollen Structure, Viability, and
Methods of Study 108

Secondary Metabolites 110
Alkaloids 110
Betalains and Anthocyanins 111
Glucosinolates 111
Cyanogenic Glycosides 111
Polyacetylenes 111
Terpenoids 112
Flavonoids 113
Proteins 113
Literature Cited & Suggested Readings 114

The Evolution of Plant Diversity 119

Plant Diversity Is the Result of Evolution 120
Variation in Plant Populations and Species 124
Sources of Variation 124

Local and Geographic Patterns of Variation 125

Speciation 126
Reproductive Isolation of Species 128
Origins of Reproductive Isolating Barriers 134
Hybridization and Introgression 134

Polyploidy 141
Plant Breeding Systems 144

Species Concepts 146
Plant Species Challenges 149

Summary 151
Literature Cited & Suggested Readings 152



CHAPTER 6

Contents

An Overview of Green Plant Phylogeny 157

Endosymbiotic Events 159
"Algae" 159
Viridophytes (Green Plants) 160
Chlorophytes 161
Streptophytes 162
Embryophytes (Land Plants) 164
Liverworts 164
Mosses 165
Hornworts 165

Phylogenetic Relationships within
Embryophytes 165

Transition to Land 165

Tracheophytes (Vascular Plants) 167
Lycophytes 169

CHAPTER 7

Euphyllophytes 169

Spermatophytes (Seed Plants) 173
Major Characteristics of Spermatophytes 173

Early Evolution of Spermatophytes 175
Extant Lineages of Spermatophytes 176

Angiosperms (Flowering Plants) 180
Flowers and the Angiosperm Life Cycle 180

Time of Origin of Angiosperms 180

ix

Relationships of Angiosperms to Other Groups 181

Relationships within Angiosperms 184

Angiosperm Pollination, Dispersal, and
Diversification 186

Summary 187
Literature Cited & Suggested Readings 188

Lycophytes, Ferns, and Gymnosperms 193

LYCOPHYTES 195
Lycopodiales 195
lycopodiame 195 i Selaginellaceae 197

MONILOPHYTES (FERNS) 198
Equiietales 200
WunllaTT 200
Plilotilti 201
MELLTE§ 201
OphioglQiialei 202
Ophiogtomme 202
LIPTOSPORANGIATE FERNS 202
Oimundilti 205
Qmmdmm 205
lalviniili 206
Mmilmmm 20e
CyithCalCs 207
Qyathmmm 207
POlypCdialii 208
Dmmtaedtmcwe 208 Ptmdacme 209

Eupolypods | 210
Dryopteridaceae 210 Polypodiaceae 210
Eupolypods Il 211
Cystopteridaceae 211 n Aspleniaceae 212
Thelypteridaceae 213 m Woodsiaceae 213
Athyriaceae 214 w Blechnaceae 215
Onocleaceae 215

GYMNOSPERMS 216

Cycadales (Cycads) 217
Cycadaceae 217 n Zamiaceae 218
Ginkgoales 220
Ginkgoaceae 220
Coniferales (Conifers) 222

Pinaceae 223 w Cupressaceae 225
Podocarpaceae 228 « Araucariaceae 228
Taxaceae 229

Gnetales 230

Ephedraceae 231

Literature Cited & Suggested Readings 232



X Contents

x
J CHAPTER 8
| Phylogenetic Relationships of Angiosperms 237
ANA GRADE (Amborellales, Nymphaeales, Commelinales 296
Austrobaileyales) 244 Commelimceae 296 mHaemodoraceae 298 m
Amborellales 244 Pontederiaceae 298
Amborellaceae 244 Poales 300
Nymphaeales 245 Bromeliaceae 302 x Typhaceae 305 m

Eriocaulaceae 307 m Xyridaceae 307 m
Juncaceae 309 W Cyperaceae 309 *
Restionaceae 311 m Poaceae 312

Zingiberales 317

Nymphaeaceae 246 m Cabombaceae 248
Austrobaileyales 248
Schisandraceae 248

Mesangiospermae (including Magnoliids, o
M ts. Eudicots) 250 Musaceae 317 m Zingiberaceae 319
onocots, Eudicots) Marantaceae 321 m Cannaceae 323

Magnoliid Clade (Magnoliidae) 250 ) )
) EUDICOTS (Tricolpates; Eudicotyledoneae) 323
Magnoliales 250
Ranunculales 323
Magnoliaceae 250 mAnnonaceae 253 u .
- Menispermaceae 325 m Ranunculaceae 327 m
Myristicaceae 255 )
Berberidaceae 329 m Papaveraceae 331
Laurales 255 .
Proteales and Other Eudicots 333
Lauraceae 255
Platanaceae 333 A Proteaceae 334

Canellales 257 _
Winteraceae 257 CORE EUDICOTS (Core Tricolpates) 335

Piperales 258 Superrosids (Superrosidae) 335
Saxifragales 335
Saxifragaceae 335 m Crassulaceae 337 ®
Hamamelidaceae 340 mAltingiaceae 342
Rosid Clade (Rosidae) 342
Vitales 343
Vitaceae 343

Piperaceae 259 wAristolochiaceae 261

A Clade of Uncertain Position 262
Ceratophyllales 262
Ceratophyllaceae 262

MONOCOTS (Monocotyledoneae) 263

Alismatales 263
Ararne 263 m Alwtnataceae 266 m FABIDS (Fab'dae’ Eurosids I) 343

Hydrocharitaceae 268 m Potamogetonaceae 269 Zygophyllales 343
Liliales 269 Zygophyllaceae 343

Liliaceae 271 w Colchicaceae 272 m Oxalidales 346

Smilacaceae 273 m Melanthiaceae 274 Oxalidaceae 346
Asparagales 276 Celastrales 347
Agparagaceae 280 m Ruscaceae 280 m Celastraceae 347
Agavaceae 282 Uyacinthaceae 283 ; Malpighiales 348
Alliaceae 284 * Amaryllidaceae 285 m Malpighiaceae 349 m Chrysobalanaceae 353 #
ABphodelaceae 286 mlridaceae 287 n Euphorbiaceae 353 n Phyllanthaceae 356 m
Hypoxidaceae 287 m Orchidaceae 288 Clusiaceae 357 m Calophyllaceae 358 m
Dioscoreales 291 Hypericaceae 359 Rhizophoraceae 360 2
Dimemaceae 2% Violaceae 362 m Passifloraceae 362 1
Salicaceae 365

Commelinoid Monocots (Commelinidae) 293
Artealei 293

ATaceae 293

Fabales 367
Fabaceae 367 mPolygalaceae 373



Rosales 375
Rosaceae 376 W Rhamnaceae 385 W
Ulmaceae 386 W Cannabaceae 388 W
Moraceae 389 w Urticaceae 392
Cucurbitales 393
Cucurbitaceae 393 m Begoniaceae 395
Fagales 397
Fagaceae 398 m Betulaceae 400 m

Casuarinaceae 403 a Myricaceae 404 m
Juglandaceae 404

MALVIDS (Malvidae; Eurosids li) 407

Geraniales 407
Gemniaceae 407

Myrtales 409
Lythraceae 409 W Onagraceae 413 LW
Combretaceae 415 m Myrtaceae 415 m
Melastomataceae 417

Brassicales 419
Brassicaceae 422 w Cleomaceae 423 W
Capparaceae 424

Malvales 424
Malvaceae 425 m Cistaceae 429 W
Dipterocarpaceae 429 s Thymelaeaceae 430

Sapindales 430
Rutaceae 431 i Meliaceae 435 N Simaroubaceae 435 m
Anacardiaceae 437 m Burseraceae 439 4
Sapindaceae 439

SUPERASTERIDS (Superasteridae) 442
Caryophyllales 442
Caryophyllaceae 446 * Phytolaccaceae 448 m
Nyctaginaceae 449 mAmaranthaceae 450 m
Aizoaceae 452 mMontiaceae 453 m
Portulacaceae 454 m Cactaceae 454 m
Drosemceae 459 * Polygonaceae 459
Santalales 461

loranthaceae 462 m Viscaceae 463

Asterid Clade (Sympetalae or Astendae) 465

Cornales 465
Hydmngeaceae 466 Loasaceae 467 u
Cornarne 468 mNyssaceae 470

Uncales 470
Balmminaceae 473 « Polemoniaceae 473 m
Fouquieriaceae 476 *§ Lecythidaceae 476 m
Sapotaceae 477 » Fbenaceae 479 m
Primulame 479 X Theaceae 481 s
Ericaceae 482 i Sarraceniaceae 484

Core Asterids (Gentianidae) 486

LAMIIDS (L&miidae; Euasterids ) 486
Oirryales 486

Garryaceae 486

Contents Xl

Solanales 487

Solanaceae 487 w Convolvulaceae 491 w
Boraginaceae 491

Gentianales 495

Rubiaceae 495 m Gentianaceae 499 m
Apocynaceae 499

Lamiales 503

Oleaceae 504 w Gesneriaceae 509 =
Plantaginaceae 510 w Scrophulariaceae 512
Orobanchaceae 513 W Phrymaceae 514 1
Bignoniaceae 515 mAcanthaceae 517 a
Lentibulariaceae 519 w Verbenaceae 519 w
Lamiaceae 521

CAMPAIMULIDS (Campanulidae, Euasterids Il) 523
Aquifoliales 523
Aquifoliaceae 523
Apiales 525
Pittosporaceae 525 m Apiaceae 527 mAraliaceae 530
Dipsacales 532

Caprifoliaceae 532 s Adoxaceae 534 1
Asterales 537

Campanulaceae 538 w Goodeniaceae 541 *
Asteraceae 541

Literature Cited & Suggested Readings 549

APPENDIX oNE
Botanical Nomenclature 589

Scientific Names 589

Phylogenetic Nomenclature—Associating
Names with Clades Rather than with Ranks 594

Pronunciation of Scientific Names 595
Nomenclatural Principles 596

Requirements for Naming a New Species of
Vascular Plants 597
Hybrid Names 597
Cultivated Plants 597

Summary 598

Literature Cited & Suggested Readings 598

APPENDIX TWO
Specimen Preparation and
Identification 601

Collecting Plants 601

Pressing and Drying Plants 602

Mounting and Processing Herbarium
Specimens 604

Conservation and the Law 604



xii Contents

Plant Identification 605 Glossary 617
Keys 605 ) )
Floras and Monographs 608 Photographic Credits 639
Plant Systematics on the Internet 609 Taxonomic Index 641
Herbaria, Botanical Gardens, and Taxonomic Subject Index 669
Experts 611

Literature Cited & Suggested Readings 612



