Contents

Part | Introduction

Chapter 1 Introduction to Wetland Plants

I. Wetlands and Wetland PIANTS........ccoiiiiiiiiiiinecsee s 4
Il What IS @ WEetland PIant? ...t e 5
L Types of Wetland P lantS ...ttt 7
AL EMErgent PLantS. ..ot 7
B. SUDMErged PlantS.. .o 12
C. Floating-Leaved PIantS.........ccciveiiiiiiire ettt 13
D. FIOAtING PIaNTS ..ot bbbt 14
IV. Wetland Plant DiStriDULION......ccoeiiiiiiic e e e 16
V. The Evolution of Wetland PIants ... 17
A. Changes in Angiosperm Classification and Phylogeny........ccccoviionenncenne. 17
B. Evolutionary Processes in Wetland Plants.........cccccoovevveiiiievceie e 20
VI. Threats to Wetland Plant SPECIES .....ccccoveveiiciciicse e 20
A Hydrologic AREratioNS.......ccoiiieiice s 21
B. EXOLIC SPECIES. ...euviuiieieieeiesieie ettt ettt et ettt ettt ettt 21
C. Impacts of GIobal Change.........ccov i 22
D. Threatened and Endangered SPECIES ......ccccvviveieiiiiiieieiereee e 23
SUIMIMIATY .tttk bbbt b bbbt bt b e e e b e b e e Rt e b e e b e e b e b et et ek e R e eb e e b e eb e e b e b e e e b ebeenears 27

Chapter 2 Wetland Plant Communities

L Wetland Plant HabitatS......ccovoiiiieiiiii st 29
Il. Wetland Definitions and FUNCLIONS .......ccccociviieiciiecc e 29
A. Ecological DefinitioN......cccciiiiiiicisese e 30

B. Legal DefinitioNS. ..o 30

1. US. Army Corps of Engineers' Definition........cccocevevviiiciicnc e, 30

2. U.S. Fish and Wildlife Classification of Wetlands..........c..cccocvvvviennennn, 3

3. International Definition ..o 3

C. Functions of W etlands.........cccveieiiiicicc e e 32

I o Y0 1o o Yo ST 32

a. Groundwater SUPPIY oo 33

B. FIOOd CONIOL. ..ot 33

c. Erosion and ShorelineDamage Reduction.........cccccocvvvvevicvennane, 33

2. BIiOGEOCNEMISIIY . oiiiiiecice e 33

B HAD AL ..o s 34

a. Wildlife and Fish Habitat........ccccoovvviieiie e 34



b. Plant Habitat.......ccoiiiii e K7}
IH. Broad Types of Wetland Plant COmMMUNITIES........ccoviiieiiiiiiicee e K7}
AL IV AISNES bbbttt 36
1. C0aStal MArSNES ..o 36
A SAIEMArSNES ... 36
b. Tidal Freshwater Marshes. ... 39
2. 1N1aNA M AISNES ..o e K
2. Lacustring Marshes. ... 41
D. RIVEring M arshes.....coiie e 42
C. Depressional Marshes.........oco i 42
B. FOrested Wetlands........ooo it 44
1. Coastal Forested Wetlands: Mangrove SWamps .......ccccceevieveviereenennans 44
2. Inland Forested Wetlands ..o 48
a. Southern Bottomland Hardwood...........cccoeoiiiiinniiiiincns 48
b. Northeastern Floodplain.........ccoccoviiiiiinninii e, 49
C. Western Riparian ZONES......ccevcvresieieseseeeesese e e e saesee e 50
0. CYPreSS SWAIMPS. ..ecuiiiiuirieiirieiereeiesie et se e e 51
C. PEAH BNUS ...t bbb bbb b bbb 52
SUMIMIAIY 1ottt sttt et st e e te et et e et e be b e st e e b e et e s beebeeseesbeenbeebe e s bebeabeenbenbeeneeee 59
Chapter 3 The Physical Environment of Wetland Plants
I. An Introduction to the Wetland ENVIrONMeNnt. ... 61
II. The Hydrology of WEIands ..o 61
A. Hydroperiod and the Hydrologic Budget........c..ccccovveveieveciciince e 62
1. Transpiration and EVaporation ..........cccceevviiiienienene s 64
2. Measuring TranspiraHon and EvaporaHon .........ccccocvvvevcievciceeee, 65
B. The Effects of Hydrology on Wetland Plant Communities.......c..ccccoevevvivivnnnnne. 67
1. Hydrology and Primary Productivity ........ccccecviiviiiiniesinieseceie e 67
2. Hydrologic Controls on Wetland Plant Distribution .........cc.ccccooveneen 69
3. The Effects of Water Level Fluctuation on Wetland Plant Diversity ... .70
4. Riparian Wetland Vegetation and Stream FIOW .........ccccoeceveiieviciinennnen, 72
C. Hydrological and Mineral Interactions and Their Effect on Species
DiSIIBULION . ..cciic e re e eneas 72
HI. Growth Conditions in Wetlands ..o 74
A. ANaerobic SEAIMENTS. ..o 74
1. Reduced FOrms of EI&M ENTS ...t 75
U AN T oo - o OSSPSR 75
D, MANQANESE......eciiiicicie ettt 76
Co IPON e 77
o SUTUT e e I
B CADON. .t b 78
2. Nutrient Availability under Reduced Conditions.......c.ccocevevecviivcvnnnn, 78
3. The Presence of Toxins under Reduced Conditions........c.ccoceoevviinene 79
B. Substrate Conditions in Saltwater Wetlands..........ccccoeoiiiniiniiiiicee 79
C. Substrate Conditions in Nutrient-Poor Peatlands........c.cccoveveiennicinicncieieeeene 80
D. Growth Conditions for Submerged Plants.........cccccoovveiiieieieie e 8l
1 Light Availability ..o 8L



SUIMIMIBIY ..ttt bttt h ekt h et SRR e e b e e R e b e e bt eb e eb e s b ese et ebe e bt ebeebenb e besbenne e 83

Part Il Wetland Plants: Adaptations and Reproduction

Chapter 4 Adaptations to Growth Conditions in Wetlands

L INTFOAUCTION ottt ettt b et 87
A. Aerobic Respiration and Anaerobic Metabolism........ccccoooveiiiiiiiiccccece, 87
B. Upland Plant Responses t0 FI00dIiNG......ccccveiiiiiciciii s 88

Il. Adaptations to HypoxXia and ANOXIA....cccccceiieeriiiiesiesieseeee st 88
AL Structural AdaptationsS.......oceieciiecr s 88

L ABTENCRYMA oottt sn e are 88
a. Aerenchyma Formation.........ccocoveiiene e 89

b. Aerenchyma FUNCLION ... 91

2. ROOt AdAPLatioNS ..o 91
2. AdVENLITIOUS ROOTS....ecuiiiciiieciiiciee e a1

b. Shallow ROOTING....ccecciiiiiccc s 93

C. PNeumatophores.. ... 93

d. Prop Roots and Drop ROOLS........cccveeveiienniere e 95

3. StemM AdaptatioNS. ... s 95
a. Rapid Underwater Shoot EXtENSION.......cccccevevvevceciire e 95

D HYPEIIOPNY oo 96

C. STEM BUOYANCY .oviiiiiiii ettt 96

4. Gas Transport Mechanisms in Wetland Plants.........cccccoovveiieiencnenn, 97
a. Passive Molecular Diffusion.......cccininininie 97

v b. Pressurized Ventilation.........cccccoieinniniiiseeeeeceene 97
c. Underwater Gas EXChange.......cccecvvieveveseie v 101

d. Venturi-Induced CONVECHION........ccoovueiiriiriiere e 101

5. Radial OXYGEN L 0SS .uiiiieiiiiieetiiiieseieee et seere sttt eneens 102
6. Avoidance of Anoxia in Time and SPace.......ccocveveierecesiesese e 104
7. Development of Carbohydrate Storage Structures.......ccccvevveveivreennn, 104
B. MetabOliC PrOCESSES. ....cuiiiiiiiieiisieiesiee et 104
1. Anaerobic Metabolism and the Pasteur Effect.........cccocoeiiiiiciinnn 106
2. Hypotheses Concerning Metabolic Responses to Anaerobiosis.......... 106
a. McManmon and Crawford's Hypotheses.......ccccccvevevvciinenns 106

b. Davies' HYPOThESIS......cccvviieicieecse e 108

3. Other Metabolic Responses t0 ANOXIA ....c.ccceoveeeiereeiiiieienieieee e 109

I1l. Adaptations in Saltwater Wetlands..........ccoooe i 110

A. Adaptations to High Salt Concentrations............ccocevevevieivecne s 110
L Water ACQUISTEION ..cceiiiiiecici e 110

2. SAIE AVOTHANCE ... i

A EXCIUSION. ..o 1l

D, SECIELION ... e 1

C. SNEAAING..ciiiiiiieee e 113



. SUCCUIBNCE ettt 113

B. Adaptations to High Sulfide LeVelS.......ccocoiiiniiiiiiee e 113
IV. Adaptations to Limited N ULFTENTS......ccoiiiiiieic e 114
A. Mychorrhizal ASSOCIAtIONS.......ccvciiiie e 114
B. NIErOgen FiXatiON. ..o 116
C. CarNIVOIY it 17
1 Habitatand Range of Carnivorous Plants ..........cccccceeiveiiiicicienienen, 117
2. TYPES OF T AP S iiieiciecisi ettt s nre s 118
A PItFall Trap .o 118
D. LODSIEr POt T AP covviiiciiiece et 119
C. Passive AdhesiVe Trap ....cccociviiiiiiecicesee e 120
d. Active AdNESIVE Trap...ccccieviieiecieece e 122
€. Bladder Trap. ..o 123
LARST a T Y o I - Y o J TSRS 124
3. Benefits and Costs 0f Carnivory. ... 126
D. NULFIent TranSloCatiON........cocviiiiii et 126
E. EVEIQIEEN LEAVES.....cc ittt sttt ste e nbe e 127
V. Adaptations t0 SUDMEIgENCE......iiiiieieceer et 127
A. Submerged Plant Adaptations to Limited Light......ccccooeiiiiiiiiiiiie e, 127
B. Submerged Plant Adaptations to Limited Carbon DioXide.........cc.ccecevvrverennnnn. 129
1. Use of BiCarDONAte ......coccoiiiiiiiieice e 129
2. Aquatic Acid MetaboliSm ......cccvviieieicec s 130
3. Lacunal TranSP O ...t 131
4. Sediment-Derived CO2 ...t e 131
C. Adaptations to Fluctuating Water LeVEIS........ccccvvvieieieiiciese e 131
VI, Adaptations to HErDIVOIY ..o 134
A. Chemical DefenSES. ..o bbb 135
B. StrucCtural DEfENSES.....couiiiiiiiiei e 135
VII. Adaptations to Water SNOMAgES ....ccvcoveiieiiii e 136
SUIMIMIATY 1ttt ettt ettt e bt ene e st e st e bt e st e b e bt e ne e s s e e st e sbeente b e eseenbenneenaenns 138
CASE STUTIES .ttt bbb bbbtk e etk ekt s b e e bt ettt ne et 139
4.A. Factors Controlling the Growth Form of Scartina altemiflora........................ 139
4.B. Carnivory in Sarracenia purpurea (Northern Pitcher Plant) ........c.ccccoevnnee. 142

Chapter 5 Reproduction of Wetland Angiosperms

L INEFOAUCTION ettt bbb bbb 147
A. A Brief Review of Floral Structures Involved in Reproduction...........cc........ 147

B. Challenges to Sexual Reproduction in Wetland Habitats...........cccccoovieviennnnn 148

1. Sexual Reproduction of Wetland ANgioSPerms.....cciiiiiieieieeeeie e 150
A. Pollination MeChaniSIMS ... e 150

1 INSeCt POIIINALION ..o 150

2. WINd POIHNAION .o 152

3. Water POIINALION ..o 154

a. Planes of Water Pollination.........cccoooeoiiiniiiiiin e 155

b. Hydrophilous Pollen Adaptations.......cccccceevcivieeinnsnse e, 162

c. Hydrophilous Stigma Adaptations..........cceceeeeveinieeinese e 163

d. The Evolution of Hydrophily.....ccccooeviiiieieiceece e 164

4. Self-POINALION .....ciiiiiiiee s 166

B. FIUIS QNG SEEAS ..oiieviei ittt ettt et e s st e e sttt e et e s sb e e e sab e s sabeessbeessraeeans 167



1. Types of Fruits Produced by Wetland Plants.........ccccoooeveinicinieniene, 167

2.Seed and Fruit DiSPersal.....cccciiicieieccc e 171

3. Seed Dormancy and Germination.......cccoceevevevenseenese e 173

C. Seedling AdaptationsS.....cccccciieieieiiecie e e 175
1. Seedling Dispersal and Establishment ...........cccccoooveviiiiiiii e, 175

Y VAT o -1 SR 176

I, Asexual Reproduction in Wetland ANgioSPermS....cocciceiieieneseeieese e 177
A. Structures and Mechanisms of CloNING.......cccooeviiiiiiecicee e 178
L ShOOt FragmentS. ..o 178

2. MOIfied BUAS ..ot b 180

B TUTTONS ettt e e 180

b. Pseudoviviparous BUAS .........ccccvivriiiiiieneneecesnse e 182

C. GEMMIPArOUS B UGS .cociiicicicece e 183

3. MOIfIEd STEM S ..o s 183

B LAY IS ittt 183

D RUNNEIS e 184

C. SEOIONS e s 184

A RNIZOMES .o 184

€. STEM TUDEIS oo 184

4. Modified SN0t BASES........ciiiieiiieieieirie e 185

A BUIDS o 185

D, COMMS e 185

5. MOAified ROOTS .ot 185

A Creeping ROOTS ..o 185

D. TAD ROOTS .ot 185

C. ROOE TUDEIS. ..ot 185

B. Occurrence and Success of Cloning among Wetland Plants..........c..cccccoeevvneen. 186
SUIMIMIAIY .ttt ettt sttt sttt e st e e se et e sbe e seesbeebe e beebeesee s b e aseesbeesaesbeebeesbesbenseeneesrennbeas 188

Part Il Wetland Plant Communities: Function, Dynamics, Disturbance

Chapter 6 The Primary Productivity of Wetland Plants

L INEFOAUCTION ettt ettt ettt 191
A Definition OF TEIMS. ..o 191
S 1 Lo [T o O o o S 191

2. BIOMASS  .iivicieiiesie ettt st nnne s 192

3. PEAK BIOMASS.....ciuiiviieicieicise ettt s ens 193

4. Primary ProdUCtioN ... cvciiiice e 193

5. RESPIFALION ..ottt 194

6. Primary ProduCtiVity ..o 195

a. Gross Primary Productivity ........ccccoeviviiieieieie e 195

b. Net Primary ProductiVity........ccccvvvveieieieeecie e 195

A 1018110 A= SRS 195

8. P/B RALIO ittt e 196

B. Reasons for Measuring Wetland Primary Productivity..........ccccoeeeviviniinviennne. 196



1 To Quantify an Ecosystem FUNCLION .....cccevcieieciie e 196

2. To Make Comparisons withina Wetland..........ccoccoeovviieiincvcncnenn, 196
3. To Make Comparisons among Wetlands ........ccccoccoevvviveiinevcsceene, 197
4. To Determine Forcing Functions and Limiting Factors of Primary
PrOQUCTIVILY coviveiiii et ens 197
Il. Methods for the Measurement of Primary Productivity in Wetlands.........c.ccocoeenene. 197
A PhYtOPIanKioN . ....c.oci e e 199
1. Dissolved Oxygen CONCENration ........ccccovrernenneniseese e 199
a. Diurnal Dissolved Oxygen Method.........ccccoeeveviiiciiisieseienns 199
b. Light Bottle/Dark Bottle Dissolved Oxygen Method............... 200
2. Carbon Assimilation: The 14C Method .......cccoooeiiiininnire e 201
B P eIIPRYTON e 202
C. Submerged MacCrOPRYLES. ....cvcv e s 204
1 BIOMASS ittt b bbb bbb bt 204
2. OXYQen ProdUCLION ....ccvciiiiicece e 204
3. Carbon ASSIMIlAtioN ..o 205
D. EMergent MacCrophytesS. ...t s 205
1. Aboveground Biomass of Emergent Plants ..........ccoccoveiiiiiniiicenn 205
a. The Peak Biomass M ethod.......ccooeiiiniiiiiiiiseceees 210
b. The Milner and Hughes Method........ccocooiiniiiiiiiiincn 211
c. The Valielaetal. Method...........cccooiiiiiiniiic e, 212
d. The Smalley M ethod ... 213
e. The Wiegert and Evans Method.........cccccoeoenniininiiinccne 213
f. The Lomnickietal. Method........ccoccooniiniiniice 215
g. The Allen Curve Method........cooocvveiiiiiiniii e, 216
h. The Summed Shoot Maximum Method...........cccooveriiniinnnne. 219
2. Belowground Biomass of Emergent Wetland Plants...........ccccccoeeeee. 219
a. Harvest Method.........cooiiiii s 220
b. Decomposition Method........ccccovvviiiiiic i 220
E. Floating and Floating-Leaved Plants.......ccccccoviviiiiieveie e 220
L I 7= F TSP PP UR SO PRSP 221
1 Measures of DIimension ANalySiS.....ccccuviviiieveiiieerne e 221
a. Diameter at Breast Height.......ccocoeiiiiiic e 221
D HEIGNT o 222
2. Parameters Based on Dimension ANalySiS......cccoeniiineieiennenneens 222
A BaSAl ATB8....ceiiiiie e 222
b. Basal Area INCrEMEeNt... ..ot 223
3. Calculations 0f NPP Of TIEeS.....coociieiiirisere e 223
A, StEM ProdUCTiON ..cccuiiiiee e 223
. Leaf Production. ... 224
C. Branch Production.........cccoiiciiiiiiicineie e 224
d. ROOt ProdUCTION . ...t e 224
4. Community Primary Productivity of Forested Wetlands..................... 225
G STUDS e re e 225
H. IV 0SS ittt ettt bbb bttt b e b e R R b e neereerea 226
SUIMIMIBTY 1ttt ettt bbb e bt e e bt bt e bt se e b e b et e bt eb e she e bt sbe b e seesbebeenenbesbenbesnenras 227
CASE STUTIES ettt bbbt bbbt bbbt bRt b bt bbb e bt b eebene 228

6.A. Salt Marsh Productivity: The Effect of Hydrological Alterations in Three
Sites in San Diego County, California.......ccccccevviiiincieiece e 228



6.B. Mangrove Productivity: Laguna de Terminos, MeXiCo........c..ccocvvvevuerevernennns 230
6. C. Peatiand Productivity: Forested Bogs of Northern Minnesota.................. 232

Chapter 7 Community Dynamics in Wetlands

I. An Introduction to Community DYNAGmMICS ....ccccccviiiiiiiiic e 237
| I o] [oo ors| IS R0 ol T3 o]  FO S 237
A. Holisticand Individualistic Approaches to Ecological Succession................. 238
B. The Replacement Of SPECIES.......oo it 239
C. Developing and Mature ECOSYSIEMS......ccccviiiivieieiee s 240
I11. Ecological Succession in Wetlands ..o 241
A. Models of Succession in Wetlands. ... 241
1 Hydrarch SUCCESSION .....ccoueiiieiiiieiiiee ettt ettt 241
2. Succession in Coastal Wetlands. ... 246
3. The Environmental Sieve Model ... 248
B. The Role of Seed Banks in Wetland SUCCESSION........cccooveiiiiiiiiinnen e 250
1 The Relationship of the Seed Bank to the Existing Plant Community .250
2. Factors Affecting Recruitment from the Seed BanK..........ccocceeieevnecnnne 253
IV. Competition and Community DYNAMICS......ccoiirirueiiiiiiiinee e 253
A Intraspecific COMPELITION. ..o 254
B. Interspecific COMPELItION.......ccoi i s 255
1. Competition and Physiological Adaptations.........ccccceevvvvvievenevciennne, 256
2. Competition and Life History CharacteristicS.......cc.ccovevveviiviviieiesnennns 257
3. Resource Availability and Competitive Outcome  ......cccceevvevvcveeennn, 261
4. Light in Submerged COmMmMUNILIES.....ccocviiiiiiiie e 262
5. Light in Emergent COMMUNITIES......c.covciieieiesicieeeese s 263
6. Competition and Salt Marsh Communities ........cccccovvevrieniienniinnienens 263
C. AEIOPALNY ... e 265
V. The Role of Disturbance in Community DYNamiCS.......ccccvevieviiiieiieieni s 266
A. Hydrologic DiStUIDANCES. .......ccviiiiiee et 266
B. SEVEIE WERALNET ...ttt bbb et 269
L FTOOAS o 269
2. HUTTICANES ottt ettt 270
(O T ¢SO ORTR R URPEURTUUSTPTRRPRTN 270
D. BIOtIC DISTUIDANCE. .....eeitiirie ittt s e 271
E. Human-Induced DiStUrDANCE. ..o 272
SUIMIMIATY 1ttt ettt sttt st et et e b et e ee e e b e e s e b e be e et e e s be st e et e e sbenbeeneenbesnbenbeeneenbennes 273
(08 TS (1 o TSPV SURSP 275
7. A Successional Processes in Deltaic Lobes of the Mississippi River............ 275
7.B. Eutrophication of the Florida Everglades: Changing the Balance of
L0001 0 1-] 1 (o] o PSP TRT 276

Chapter 8 Invasive Plants in Wetlands

I. Characterization of INVasive PlantsS. ... 279
Il. The Extent of Exotic Invasions in Wetland Communities.........ccccovvvveierieeieseniennnn, 282
HI. Implications of Invasive Plant Infestations in Wetlands..........ccocoevvveiiivciinie i 284
A. Changes in COmMMUNILY STFUCTUTIE....cceoveice e 284
B. Changes in ECOSYStemM FUNCLIONS......ccciveiiiiieic e 286
C. Effects on HUMAN ENTEAVOIS.....ccciveiieeece et 287

IV. The Control of Invasive Plants in Wetlands.........ccccovvveieeii it 288



PN o 1oL L e AN L =T U Lo ] o F-T TR 288

1. Shading the Water's SUrface ... 288

2. Shading the Sediment SUMaCe ... 289

3. Dredging SedimMentsS.. ... 289

4. AIering HYdrology .oooeeeeececce e 289

B. Mechanical CONLIOIS. ..ottt 290
C. ChemiCal CONTIOIS. . ..ot et 2
D. Biol0ogiCal CONTIOIS..c.cuiiiiiiiieiece et 296
I 01T =T of £ ST TRT TP PR PR 297

2. FISN b 298

3. PaAtNOGENS e 298

A FUNG ittt 299

5. Other OrganiSMS ....cocceici i 299

V. Case Studies of Invasive Plants in Wetland Communities.........c.ccooeeniiniinnennnn 299
A. Myriophyllum spicatum (Eurasian Watermilfoil).........cccooonininniiiiicee 299
I =Y o o Yo USSP 299

2. 0rigin and EXTENT ... 300

3. Effects in NeW RaANQGE .coiiiiiieii e 301

A CONEIOL bbb b 301

5. The Natural Decline of Some Myriophyllum spicatum Populations ...302

B. Hydrilla verticillata (HYdrilla)........ccocoeiiiieer e 303
L. BIOIOGY i 303
2.000gIN aNd EXTENT ..o 304

3. Effects iN NEW RANGE...coiiiiiciiie e 305

A CONTIO it e 305

C. Eichhomia crassipes (Water Hyacinth)........ccccoeiiiiii i 306
L BIOTOGY it 306

2. 0rigin and EXTENT ... 307

3. Effects IN NEW RANGE...cviiiiieicece e 308

A CONTIO e 309

D. Lythrum salicaria (Purple LOOSESIIIfe).....cccevevveiircrie e 310
I =Y o] Lo Yo 2SS 310

2. 0rigin and EXTENT ..o 310

3. Effects iN NEW RANGE...cciiiieiiiece e 312

A CONEIOL ettt e 313

E. Phragmites australis (COMmMON REEA) ....cccvivieieieiene e 313
1. Phragmites australis as an Invasive Species in North America.............. 313

a. Biology....ccooveinne 315

b. Origin and EXTENT.......cciiiiiiiiei e, 315

c. Effects on the Habitat. ... 316

d. Control.....cccccceeee. 317

2. Phragmites australis as a Declining Species in Europe.......ccoccecevvevennnne. 317

a. Extent of the Problem ... 317

b. Causes 0f the DeCliNe. ..o 319

c. Solutions to the Phragtnitcs australis Decline..........cc.ccccceevvennne. 319

SUIMIMIATY ¢ttt ettt bttt es e et esb e et b e bt eb e s b e eb e b e ae e bbb ebe e bt eb e b e ebenb et eb e e e ene e 321



Part IV Applications of Wetland Plant Studies

Chapter 9 Wetland Plants in Restored and Constructed Wetlands

I. Wetland Restoration and Creation ... 326
A. The Development of Plant Communities in Restored and Created

WWBLIANTS. ...t 327

1. Environmental CoNditionNS ........cccooiiiiiniiiince s 327

2. Self-Design and Designer APpProaches.....cuvvveveveiececise e 329

3. Seed Banks in Restored Wetlands ... 331

B. Planting Recommendations for Restoration and Creation Projects.................. 332

I Treatment WELIANGS ..ot e e s 333

A. Removal of Wastewater ContaminantsS........cccoveveernenncieneie e 336

1 Nitrogen REMOVAl ......coooviiiiicccec e 336

2. Phosphorus ReteNTION......cccciiiccr e 337

a. Biotic Uptake of PhoSphorus......ccccceevieicicve e 337

b. Sorption onto Soil Particles.........cniiiiiniice 337

c. Accretion of Wetland SOilS........cccoveiiiinnini e 338

3. Pathogen REM OVl ..o e 338

4. Metal REMOVAl ....oviiecc e 339

a. Plant Uptake of MetalsS........ccooeiiiiinie e 340

b. Phytoremediation. ... 340

B. The Role of Vascular Plants in High-Nutrient Load Treatment Wetlands .... 341
1. Vegetation as a Growth Surface and Carbon Source for Microbes ... .341

2. Physical Effects of Vegetation ... 343
3 NULFIENt U PLak e oo 343
a. Tissue Nutrient Content of Wetland Plants..........ccccoceeriennne. 346
b. Factors Affecting Nutrient Uptake........cccccoceeevciivcciiieien, 347
c. The Accretion of Organic Sediments.......ccccoveeveiviineicseenns 347
4. Vegetation as a Source of Rhizospheric OXYgen .......ccocccvenneienenennns 348
5. Wildlife Habitat and Public Recreation............ccccooooiiiiiicienciciceen, 349
C. Species Commonly Used in Treatment Wetlands...........ccccoovevveeeivcieicccieiennee, 350
D. The Establishment and Management of Plants in Wastewater Treatment
WEBLIANAS. ...t re e 354
SUMIMIAIY ottt bbbt bt b e bbb e bt e Rt e bt eb e e R e b e s b e s e e e e R e et e e b e e b e sbesbene e b enes 355
LOF TSR 1T o LTSS 356
9.A. Integrating Wetland Restoration with Human Uses of Wetland Resources . 356
9.B. Restoring the Habitat of an Endangered Bird in Southern California........... 359
9.C. Vegetation Patterns in Restored Prairie Potholes.......ccccoovvveiiieiccccnc, 360

Chapter 10 Wetland Plants as Biological Indicators

IO 1) 0T 0Tt A o o T UROTT 363
K. Wetland Plants as Indicators of Wetland Boundaries......ccoccoeeeveeveiiiicseie e 363
A. Hydrophytic Vegetation as a Basis for Delineation...........ccccooevevvevcicvnncnnnn, 368
B. Wetland Boundaries and Wetland FUNCEIONS........occveviiiii i 369

C. The Use of Remotely Sensed Data in Wetland Identification and
(O P 1Y (07U (1o PR 370

HI. Wetland Plants as Indicators of Ecological Integrity ........ccccocvivivevccniecic e 371



A. An Operational Definition of Ecological Integrity........cccocooeviviiniiniiincnennnn 372
B. Wetland Plant Community Composition as a Basis for Indicator

DLV 2] [ o] 1 1= 4| SO SRS 374

C. General Framework for Wetland Biological Indicator Development............... 375

D. Vegetation-Based INAIiCATOrS......ccoviiiiiiiceiire et 377

E. The Floristic Quality Assessment Index for Wetland Assessment ................... 378

F. Using Biological Indicators to ASSess RiSK........ccccoiiriiniininine e 382
SUMIMIATY 1ttt bt eb et b e bt s b e b e b e b e b e e Rt e b e eb e sh et et et et ebe et e sbesbesbennennas 383
(08 T (1o YRR 384
10.A. The Development of a Vegetation IBl.........cccooooiiiiiniiniiececeee 384

R B BN CS ettt bbb et ne bt e 389

Index 439



