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Acer
floridanum, 417
rubrum, 61, 70, 150–151, 214, 417
saccharinum, 70, 238, 417
saccharum, 238

Acetaldehyde, 220–221
Acid mine drainage, see Treatment

wetlands, mine drainage
Acorus calamus, 416
Actophilornis africanus, 89
Adaptations, to wetland environment,

207–230
adventitious roots, 212–213
aerenchyma, 210–211, 214–215,

218
altered nutrient absortion, 219–220
animal behavior, 222–223
animal physiology, 222–223
animals respitory pigments, 222
animals to anoxia, 222–225
commensalism, 229–230
fluted trunks, 210, 213–214
lenticles 210
lower water uptake, 218–219
mutualism, 229–230
pneumatophores, 210, 213–214
pressurized gas flow, 215–218
regulators, 208–209
salinity, 225–229
shallow root systems, 214
stem hypertrophy, 210, 213–214
sulfide avoidance, 220
tolerators, 208–209
unicellular organisms, 208–209
vascular plants to anoxia, 210–222

vascular plants, morphological/structural,
210–214

vascular plants, physiological, 210
vascular plants, physiological, 215–222
whole plant strategies, 222

Adventitious roots, 210, 212–213
Aerenchyma, 210–211, 214–215, 218
Aesthetics, and wetlands, 354
Africa, wetlands, 86–92
African Jacana, 89
African Reef Heron, see Egretta gularis, 92
Agricultural runoff wetland BOX, 436–439
Agricultural wastewater, wetland treatment,

439–440
Agriculture, in wetlands, 309–312
Aix sponsa (Wood Duck), 336
Alabama, 291
Alaska, 39

wetland extent, 49
Alberta,

prairie potholes, 62
treatment wetlands, 429

Alcohol dehydrogenase (ADH), 220
Alder, see Alnus, 85
Alligator mississippiensis, 111, 345–346
Allogenic succession, definition, 232
Alnus, 86, 212, 230, 417

barbata, 85
glutinosa, 85, 214, 216, 219

Alopochen aegyptiaca, 91
Alosa, 343
Alternanthera philoxeroides, 421
Amazon forest, 274
Amazon River, 74, 79–80

hydroperiod, 115

American alligator, see also Alligator
mississippiensis, 111

recovery in USA BOX, 345–346
American Bittern, 72
American bulrush, see Scirpus americanus
American elm, see Ulmus americana, 214
American Wigeon, 71, 76, 341
Amphibians, 345
Anadonca, Giant Green, 77
Anaerobic conditions, 164
Anas, 337

acuta, 339, 341
americana, 341
clypeata, 341
crecca, 339, 341
discors, 339, 341
erythrorhynchos, 91
platyrhynchos, 337, 341
strepera, 337, 339, 341
undulata, 91

Anhinga, 78
Anser albifrons, 341
Anteater, Giant, 77
Aquaculture, in wetlands, 309–312
Aquatic productivity, effects of hydrology,

153–154
Aquifer recharge, 353–354
Ardea

alba, 33
cinerea, 338
cocol, 338
herodias, 338
melanocephala, 338
novaehollandiae, 338

Arizona, treatment wetlands, 429, 460
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Arkansas, 291
drainage, 295

Ash, see Fraxinus
Asia, southeast wetlands, 98–99
Association of State Wetland Managers, 22
Atchafalaya River, 66
Athabasca River, Canada, 72
Atlantic coast swamp rivers, 61–62
Atlantic white cedar, see Chamaecyparis

thyoides
Australia

billabong 31, 32, 43, 94, 320–321
methane from wetlands 190–193,

320–321
plant pressurized gas flow, 215, 217
treatment wetlands, 429, 436
wetland losses, 48
wetlands, 94–95

Autogenic succession, definition, 232
Avicennia, 218

adaptations, 214
germinans, 417
marina, salt exclusion, 226

Aythya, 337
americana, 341
valisneria, 341

Azolla, 76
caroliniana, 416

Bacillus
sphaericus, 460
thuringiensis var. israelensis, 461

Balsam, see Populus balsamifera, 72
Baltic Sea, 84, 86
Bangladesh, 98
Barataria Bay, Louisiana, 66
Batis, salt exclusion, 226
Baumea articulata, 215–216, 457–458
Beaver, see also Castor canadensis 30, 70,

412
effect on hydrology, 110, 245–246, 257,

309
harvested for pelts, 335–336
herbivory, 306
pond methane emissions, 320–321
restoration wetlands, 411–412
treatment wetlands, 459, 465

Beowulf, 16
Berezinski Bog, Byelorussia, 86
Betula, 70, 72, 86, 168
Bidens, 246
Big Cypress Swamp, Florida, 56–59

hydroperiod, 116–117
Billabong (see also oxbow), 31, 32, 43, 94
Biogeochemical cycling, 163
Biogeochemistry, wetland, 163–206
Birch, see Betula
Birch River, Canada, 72
Black Duck, 71

Black Sea, 85–86
Black-bellied Plover, 71
Black-bellied Whistling Duck, 76
Bloodworm, Atlantic, see Glycera

dibranchiata
Blue-winged Teal, 71, 76, 339–341
Bog, 10, 18, 26–27, 31–34, 60, 110,

249–251
Canadian, 70–71, 269, 271, 273–274
Carbon sequestration, 318
classification of peatlands 262–264,

274–275
community succession, 237, 239–240,

248
European, 82, 86, 144
iron deposits, 184
methane emissions, 320–321
nutrient cycling, 159, 183, 193
ombrotrophic, 164, 202
peat accumulation, 234
phosphorus limitation, 193
pocosins, 60
productivity, 249–251
water budget, Massachusetts, 120–121
Wisconsin peatlands, 149

Bolboschoenus
fluviatilis, see also Scirpus fluviatilis, 33,

457–458
medianus, 215–216

Botswana, Okavango Delta, 11, 87–89
Bottomland, 32
bottomland hardwood forest, 31, 302, 311

animal adaptations, 224–225
definition, 32
functions/values, 277–278
hydroperiod, hydrology, 114, 122
Mississippi River, 347
south Atlantic coast, 61

Brant, 341
Branta

bernicla, 341
canadensis, 111, 337, 341, 459

Brazil
Amazon, 79–80, 113, 115
Pantanal, 77–79

Brevoortia, 343
British Columbia, Peace River, 73
Bulrush (see also Schoenoplectus, Scirpus), 31
Buttress, 210, 213–214, 479
Byelorussia, Berezinski Bog, 86

C4 biochemical pathway, 227–228
Caernarvon Diversion, Louisiana, 405–406,

440–441, 449
Caiman, 77–78
Caiman crocodilus, 77
Cajuns, 5–6, 355
California, 16, 291

drainage, 291, 295

Kesterson National Wetland Refuge, 305
salt marsh restoration, 393, 407
San Francisco Bay, 68
sediment accumulation, 329
treatment wetlands, 429, 460
vernal pools, 112–113
wetland losses, 50

Callinectes sapidus, 343
Camargue, France, 6, 79–81
Canada Goose, see also Branta canadensis

71, 73, 111, 337, 341, 459
Canada

Bay of Fundy tides, 146
Central and Eastern Province Peatlands,

70
climate change feedbacks, 325
economic evaluation, 369–370
Hudson-James Bay Lowlands, 70–72
North American Waterfowl Management

Plan, 489–491
Peace-Athabasca Delta, 72–73
peat mining, 300–302
peatland restoration, 392–393
treatment wetlands, 429
wetlands, 35–36
wetland losses, 48, 53–54

Cancer, 228–229
Canna, 215–216
Canvasback, 341
Cap Touremente, Quebec, 68–69
Capybara, 77–78
Carbon budget

Minnesota peatland BOX, 326
wetlands, 316–317

Carbon cycle, 187–193
and wetlands, 316–327
global wetlands, 356

Carbon dioxide
and climate change, 315–316

Carbon sequestration, 97, 316, 318,
420–421, 466

comparing with methane BOX, 323–324
created wetlands BOX, 413–415

Carbon transformations, 187–193
aerobic respiration, 187–188
fermentation, 187–188, 193
methane emissions/methanogenesis,

187–192, 322
methane oxidation, 187, 189, 322
photosynthesis, 187–188
sequestration, 97, 316, 318, 323–324,

413–415, 466
sulfate and nitrate reduction, 187, 193

Carex, 60, 70, 138, 168, 246, 416–417,
419

Carl Linnaeus, 15
Carooma quannumi, 223
carp, 343
carr, 32
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Carya illinoensis, 417–418
Casmerodius albus (Great Egret), 33
Caspian Sea, 44, 85
Castor canadensis, 110, 335, 412, 459
Casuarina, 352
Catfish, 343
Cattail (see also Typha), 31–32, 68, 76, 90,

143, 168, 305, 387, 416–417, 421
treatment wetlands, 428, 444, 457

Celtis occidentalis, 417
Central American wetlands, 74–76
Cephalanthus occidentalis, 417
Ceratophyllum demersum, 416
Chamaecyparis thyoides, 61
Chemical budgets of wetlands, 196–206
Chen, 111, 459

caerulsecens, 341
Chesapeake Bay, 347
China, 98

aquaculture, 310
Jiangsu Province, 10
salt marsh restoration, 393
Shandong Province, 7
wetland extent, 99
wetland losses, 48–49
wetlands, 43, 99–102

Chongming Island, China, 99–100
Civilizations

aquatic, 5, 290
hydraulic, 4, 289–290

Cladium, 168, 246
jamaicense, 56, 304, 387, 416–444

Clam, land, see Carooma quannumi, 222
Classification of wetlands 259–278

Canadian, 269, 271–274
Circular 39, 262–264
coastal, 263, 265
hydrogeomorphic, 272, 274, 277
international, 269, 272–274
reasons BOX, 260–261
value, 277–278
wetlands and deepwater habitats in

United States, 265–270, 273–274
Clay depletions, 169
Clean Water Act, 37–38, 471, 473–475,

485–487
Climate change 235–236

and wetlands, 181, 313–332
causes, 315–316
effect on wetlands, 327–332
feedbacks, 324–325
global carbon cycle, 316–318
overall effect of wetlands BOX, 323–324
sea level, 315, 327–330, 403
snow cover, 314
temperature, 315, 330–332

Coastal wetlands, effect of climate change,
327–330

Colchis wetlands, Georgia, 85–86

Colorado, playas, 64
Commensalism, 229–230
Common carp, see Cyprinus carpio, 200
Community diversity index, 256
Congo River, Africa, 90
Congolian Swamp, Africa, 43, 88, 90
Connecticut, agricultural wastewater

wetland, 439
Conservation Reserve Program (CRP), US

Department of Agriculture, 383
Conservation, of wetlands, 4, 16–18, 67,

76, 277, 288, 291, 305, 330, 349,
362–363, 373–374, 382–383,
469–491

Constructed wetlands, see treatment
wetlands, 427

Continuum concept, 232, 238
Conversion of wetlands BOX, 51–53
Coreopsis, 246
Cornus stolonifera, 417
Costa Rica

treatment wetlands, 429
wetlands, 75–76

Cotton grasses, see Eriophorum
Crab, adaptations to salinity, 228–229
Cranberries, 5

harvesting, 10
Crassostrea, 343

virginica, 269
Crayfish, production in wetlands, 311
Creation and restoration of wetlands,

377–424
agricultural land, 382–383
carbon sequestration, 318
defining goals, 408–410
definitions, 378–379
Delaware Bay BOX, 394–399
deltas, 402–406
estimating success, 421–423
Florida Everglades, 385–387
forested, 383–384
mangroves, 400–402
Mesopotamian Marshlands BOX,

389–392
Mississippi River Basin BOX, 387–389
peatlands, 392–393
principles, 406–407, 423–424
salt marshes, 393–399
site selection, 410–411
techniques, 406–421
vegetation introduction BOX, 418–419

Crocodile, American, 401
Crocodylus acutus, 401
Cropped wetland, 383
Cuatro Ciénegas basin, Mexico, 74
Cumbungi, 31–32
Cynoscion, 343
Cyperus

eragrostis, 216

involucratus, 215–216, 457–458
papyrus, 90, 343

Cypress swamp, 27, 150, 237, 251
buttress, 214
dome hydroperiod, 113–114
knees, 213–214
phosphorus budget, 204

Cyprinus carpio, 200, 307, 343, 459
Czech Republic, treatment wetlands, 429

Dacrycarpus dacrydiodes, 95–96
Dalton’s Law, 140
Dambo, 32–33
Danube River Delta, 85
Darcy’s Law, 137–139
Deepwater swamp, see also Cypress swamp

phosphorus budget, 202, 204
phosphorus limitation, 193

Definitions of wetlands 25–41
Canadian, 35–36
choices, 40–41
Circular 39, 34–35
common terms for wetlands, 31–33
components, 27–28
conceptual diagram, 29
difficulty of defining wetlands, 29–30
legal, 37–40
Ramsar Convention, 37
U.S. Army Corps of Engineers, 37
U.S. Fish and Wildlife, 35
U.S. legal cases, 38
U.S. National Academy of Sciences,

36–37
wetland hydrology, 27–28
wetland manuals, 40

Delaware Bay, salt marsh restoration BOX,
394–399

Delaware, Delaware Bay restoration,
394–395

Delineation, 26
Delineation, of wetlands 21, 477–481

manuals, 477
procedure , 480–481

Delta, 32
restoration, 402–406

Denmark
peat production, 302
stream restoration, 379
treatment wetlands, 428–429
wetlands, 83–84

Des Plaines River wetlands, Illinois, 408,
460

Design of wetlands, 445–459
basin morphology, 447–448
chemical loadings, 448–453
hydrology, 445–447
soils, 454–456
vegetation, 456–459

Designer wetlands, 420
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Desulfovibrio, 185, 209
Detention time, see also Residence time

treatment wetlands, 446
Distichlis spicata, 417
Diversity, species, 248–249
Divine Comedy, 15
Drainage of wetlands, 290–295

effects on carbon cycle, 317
machinery, 296
United States, 294

Drawdown, wetland management, 306,
308

Dredge and Fill permit (Section 404 Permit:
see also Clean Water Act), 37–38, 381,
471, 473–477, 482, 485–487

Drosera, 246
Duck stamps, 16, 18
Ducks Unlimited, 21, 491
Ducks, see also Waterfowl, 62, 72, 76, 90,

337
climate change effects, 330
management, 306, 308
values of wetlands, 336–337, 339–341
valuation of wetlands, 357, 371

Duke Wetland Center, 20
Dunaliella virigus, 226
Dunlin, 71

Eat–out, 111,309
Ebro River, Spain, 81
Ebullitive flux or ebullition, 190–191,

326
Ecological engineering, 256, 330, 400, 425

managing Louisiana coastal marshes, 330
principles, 406, 408
treatment wetlands, 425

Ecological supermarkets, 4
Economic evaluation of wetlands, 361–365

energy analysis, 365–368
opportunity costs, 363
problems and paradoxes, 369–374
replacement value, 363–365
treatment wetlands, 464–466
willingness to pay, 362–363

Ecosystem development (see also
Succession)

Odum model, 247–249
strategy of, 249–258
wetland, 231–258
wetland models, see also Models,

241–258
Ecosystem engineer, 110, 256–258, 309,

345
Ecosystem

goods and services, 356
mass balance, see also Nutrient budget,

201
values, 347–355
values, quantified, 369

Ecotone, 19, 29, 224, 234
Egretta

alba, 33
gularis, 92

Egypt, Nile delta, 402
Egyptian Goose, see Alopochen aegyptiaca,

91
Eichhornia crassipes, 76, 90, 335, 343, 416,

421, 428
treatment wetlands, 457, 461

Elatine minima, 238
Eleocharis, 246, 416

acicularis, 238
calva, 246
sphacelata, 191–192, 215–216

Elodea nuttallii, 416
Embodied energy, 365
Emergy, 365–366

analysis, 367–368
analysis of wetlands in Florida BOX,

367–368
Endangered species, in wetlands, 344–345
Endla Bog, Estonia, 86–87
Enoplus communis, 223
Ensenada del Pabellon, Mexico, 73
Eriophorum, 70
Esox, 343
Estonia

Endla Bog, 86–87
Matsalu Bay, 84–85
peat mining, 6, 12, 301–302
treatment wetlands, 429

Estuarine system, US wetland classification,
266–267

Ethanol, 221
Eucalyptus camaldulensis, 94
Eunectes murinus, 77
Euphrates River, Iraq, 7, 93, 389–392
Europe, 7

Camargue, 6
coastal marshes, 5, 101, 328, 400
heron, 338
northern wetlands, 16, 83–85, 300
peatlands, 20, 86–87, 262, 300–301,

318, 392
Phragmites, 421
Ramsar Convention, 489, 491
southeastern wetlands, 85–86
treatment wetlands, 428–429, 445–446,

448, 455
wetland losses, 48–49, 289
wetland terms, 31–34
wetlands, 79–86

Eutrophic, 34
Eutrophication, 85, 178, 293, 300, 355,

387
of wetlands, 303, 416

Evapotranspiration, see Hydrology,
evapotranspiration

Everglades, see also Florida Everglades, 43,
169

Everglades Agricultural Area, 56–58
Exotic species, 97

wetland creation and restoration, 386,
421

Facultative wetland species, 30
Fen, 31–34, 53, 139, 239

Canadian, 70–72, 269, 271
climate change, 318, 320–321, 325
East Anglican, 274
European, 82
hydroperiod, 113–115, 156, 275–276
international definition, 37
methane emissions, 320–321
Michigan, 142
Minnesota, 149
Treatment wetland, 429, 455
water budget, North Wales, 120–121

Fermentation, see also Carbon
transformations, fermentation,
187–188, 193, 209, 220–222, 319

Fibrist, 168
Fiddler crab, see also Uca, 224
Finland

peat mining, 300, 302
peatland restoration, 392

Fire, 56, 60–61, 149, 235, 244, 293, 407
climate change, 324
Okavango Delta, 87
peatland, 70, 97

Fish, 73, 76, 87, 94, 97, 200, 249, 252
adaptations, 223–225
aquaculture, 310–312
Chinese fish ponds, 99, 101
management in wetlands, 287, 305–308
value of wetlands, 5, 11, 278, 341–342

Flood
control, 291, 295, 297–298, 365, 386
duration, 29, 112, 132, 148, 152–153,

159, 278
frequency, 29, 31, 108, 109–110, 112,

159, 265, 278
mitigation by wetlands, 312, 347–349

Florida, 291
alligator hunting, 346–347
creation and restoration of wetlands, 423
cypress swamp water budget, 120
emergy analysis, 367–368
evapotranspiration, 144
forested wetland restoration, 418
Green Swamp water budget, 120–121
highway construction effects, 300
land subsidence, 303
mangrove restoration BOX, 401–402
methane emissions, 190
mitigation success, 422
peat mining, 301



Index 575

phosphate mining, 301–302
salt marsh restoration, 393
swamp productivity, 150–151
treatment wetland costs, 465–466
treatment wetlands, 427, 429, 434, 436,

447
wetland losses, 51

Florida Everglades, 8, 43, 56–59, 436
Kissimmee River, 386
Lake Okeechobee, 386
Nutrient Removal Project, 444
organic soil, 169
phosphorus pollution, 303–304
restoration BOX, 385–387
river diversion wetlands, 444

Fluted trunks, 210, 213–214
Folist, 168, 479
Food Security Act, 37, 39–40, 471, 475
Forested wetland (swamp)

methane emission, 320–321
restoration, 383–384
gradient, 238
peat production, 302
succession, 233, 234
treatment wetland, 428
vegetation introduction, 418

France, 4
Camargue, 5–6, 79–81, 355
Mt. St. Michel, 5, 9
sea–level rise, 329

Frankia alni, 230
Fraxinus, 70

americana, 238
caroliniana, 417
nigra, 238
pennsylvanica, 417–418, 478

Freshwater marsh
gradient, 238
methane emissions, 320–321
minimizing methane emissions, 332
nitrogen loading, 250
phosphorus limitation, 193
turnover rate, 250
US extent, 260
vegetation introduction, 417

Freshwater tidal marsh, see Tidal freshwater
marsh

Gadwall, 337, 339 341
Gambusia affinis, 460
Gandau Nature Park, Taiwan, 102, 104
Gator holes, 111
Georgia

Okeefenokee Swamp water budget, 120
salt marsh methane emissions, 320

Germany
peat mining, 300, 302
peatland restoration, 392
wetlands, 83–84

Gleization, 169
Gleying, 169
Global carbon budget, 317
Global values, wetlands, 355–356
Glycera dibranchiata, 223
Glyceria, 416

maxima, 457–458
Glycolsis, see also fermentation, 188, 215
Gordonia lasianthus, 417
Gorilla gorilla, 90
Grand Kahikatea, see Dacrycarpus

dacrydiodes, 95
Great Black Swamp, Ohio, 56, 65–66, 292
Great Dismal Swamp, Virginia/North

Carolina, 15, 61–62, 290
Great Lakes, see Laurentian Great Lakes
Great White Pelican, see Pelecanus

onocrotalus, 92
Greater Snow Geese, 68–70
Greater Yellowlegs, 71
Green-winged Teal, 71, 339–341
Groundwater, see Hydrology, groundwater
Guild, definition, 241

H.T. Odum Center for Wetlands,
University of Florida, 20

Habitat evaluation procedure (HEP),
357–358

Haliclona implexiformis, 230
Halodule wrightii, 73
Harry Oppenheimer Okavango Research

Centre (HOORC), Botswana, 20
Hemigrapsus, 228–229
Hemist, 168
Heron, 78, 83, 338

African reef, 92
Black-headed, 338
Gray, 338
Great blue, 338
White, 33
White-faced, 338
White-necked, 338

Hibiscus, 416
Hidrovia Project, South America, 79
Highway construction, effects on wetlands,

298, 300
Hubbard Brook, New Hampshire, 200
Hudson-James Bay Lowlands, Canada,

70–72
Human History and Wetlands, 4–14
Humidification, 168
Hurricane Katrina (2005), 68, 288–289,

352–353, 403
Hurricane Rita (2005), 68
Hydrarch succession, 232–233
Hydraulic loading rate (HLR), treatment

wetlands, 446, 463–464
Hydric soil, 35–37, 39

aquic condition, 171

aquic moisture condition, 171
definition, 164
determination BOX, 172
development BOX, 413–415
in created/restored wetlands, 412–413
wetland delineation, 479

Hydrochaeris hydrochaeris, 77–78
Hydrocotyle umbellata, 416
Hydrodynamics, of wetlands, 275
Hydrogeomorphic classification of wetlands,

272, 274–277
quantification of wetland function,

359–361
Hydrogeomorphology, 108
Hydrology

biotic control, 110–111
conceptual diagram, 109
control structures, 411–412
effects on wetland function, 146–159
evapotranspiration, 122, 139–144, 159
evapotranspiration, direct measurement

BOX, 140–141
evapotranspiration, effects of vegetation,

143–144
evapotranspiration, empirical estimates,

142–143
evapotranspiration, evapotranspiration,

139–140
evapotranspiration, transpiration,

139–140
groundwater, 122, 135–139, 160
groundwater, discharge wetland,

135–136
groundwater, groundwater depression,

136–137
groundwater, groundwater slope, 137
groundwater, perched wetland, 135–136
groundwater, permeability/hydraulic

conductivity, 137–139
groundwater, recharge wetland, 135–136
groundwater, spring/seep, 135–136
groundwater, surface water depression,

135–137
groundwater, surface water slope,

136–137
jurisdictional wetlands, 479–480
modification of wetlands, 295–298
precipitation, 122–123, 127, 159
precipitation, interception, 123–126
precipitation, net precipitation, 126
precipitation, stemflow, 124–126
precipitation, throughfall, 123–126
pulsing, 116
pulsing experiment BOX, 154–156
seiche, 146–148
surface flow, 122, 126–134
surface flow, bankfull discharge, 132–134
surface flow, floods, 132–134
surface flow, channelized streamflow, 129
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Hydrology (continued)
surface flow, overland flow, 126
surface flow, quickflow, 128
surface flow, recurrence intervals BOX,

134
surface flow, streamflow, 126
surface flow, weir flow measurments

BOX, 130, 131
techniques, 159–161
tides, 122, 144–146
tides, neap tides, 146
tides, spring tides, 145
wetland, 107–161
wetland classification, 267–268
wetland importance, 108–111
wetland restoration, 411–412

Hydroperiod
treatment wetlands, 445–446
wetland, 111–118, 136

Hydrophyte, 35, 210
Hydrophytic vegetation (see also

Hydrophyte), 37
Hypoxia, 178, 355, 440

Gulf of Mexico, 178–179, 406
BOX, 387–389

Kattegat, 85

Ibis ibis, 91
Ictalurus, 343
Ictiobus, 343
Illinois, 291

cypress swamp water budget, 119, 120
drainage, 295
Kankakee Marsh, 64
mitigation success, 422
phosphorus nutrient budget, 202, 204
riparian wetland productivity, 152–153
river hydrograph, 133
SWANCC v. U.S. Army Corps of

Engineers, 485
treatment wetlands, 436, 460
wetland drainage, 292
wetland losses, 50, 51

Impacts on wetlands, 287–305
India, 98

aquaculture, 310–311
mangrove protection of coast, 352
wetlands, 97–98

Indian Lake wetland, Ohio, 436–439
Indian Ocean tsunami BOX, 350–352
Indiana, 291

drainage, 292, 295
Kankakee Marsh, 64–65
wetland losses, 50

Indonesia
carbon sequestion in wetlands, 318
Indian Ocean tsunami, 350
mangrove destruction, 400
wetland methane generation, 321

Insularity, wetland, 251
Intergovernment Panel on Climate Change

(IPCC), 313–314
International Association of Ecology

(INTECOL), 20
International Union for the Conservation of

Nature and Natural Resources
(IUCN), 22, 37

International wetland classification,
269–274

Invasive species, see exotic species
Inventory, of wetlands, 259, 277, 279–283
Iowa, 291

drainage, 295
wetland losses, 50

Iraq, Mesopotamian Marshes, 5, 7,
389–392

Ireland
peat mining, 300, 302
turf carts, 11

Iris pseudacorus, 416
Iris versicolor, 416
Iron

mine drainage treatment wetlands,
432–433

oxidized rhizospheres, 218
transformations, 169, 171, 177, 183–184
transformations, effects on phosphorus,

196
treatment wetlands, 456

Isolated wetlands, 26
Issyk Kul, China, 99, 102–103
Istizostedion, 343

Jabiru mycteria, 78
Japan, 7, 300, 400

aquaculture, 310
Lake Biwa, 13–14
rice field management for methane,

331
Juncus

effusus, 407, 416, 457–458
ingens, 215–216

Jurisdictional wetland, 34, 39–40

Kankakee Marsh, Indiana, 64–65, 292
Kankakee River wetlands

economic evaluation, 365
restoration, 386–387

Kansas, playas, 64
Kara Sea, Siberia, 97
Kattegat, Sweden, 85
Kentucky

coal mining, 302
treatment wetlands, 429
water pollution of wetlands, 304–305
wetland losses, 50

Kenya, fishing, 11
Keoladeo National Park, India, 97–98

Kesterson National Wildlife Refuge, water
pollution, 305

Kidneys of the landscape, 4
Kissimee River, Florida, 57–59

Lacustrine system, US wetland classification,
266–267

Lagenidium giganteum, 461
Lagoon, 32
Laguna de Términos, Mexico, 73
Laguna Madre, Mexico, 73
Lagunas, 74
Laguncularia

racemosa, 417
salt exclusion, 226

Lake Erie, 65–66
marsh, water budget, 119–120
macrophyte biomass, 153
seiche, 147–148

Lake Manyara, Tanzania, 90–91
Lake Michigan dunes, wetland succession

BOX, 235–236
Lake Okeechobee, Florida, 56–59
Landscape

wetland restoration, 408–410
wetlands in, 26–27

Laos, 98
Larix, 168
Larix laricina, 238
Laurentian Great Lakes, 44

seiches, 146–148
wetland hydroperiod, 112–113
wetlands, 68–70
wetlands and water level changes,

330
wildlife management, 306–307

Laws and protection
U.S. Supreme court decisions, 485–486
wetlands, 469–491

Leersia, 246
oryzoides, 416

Leiostomus xanthurus, 343
Lemna, 416, 428

treatment wetlands, 457
Lenticels, 214, 217–218
Lepomis, 343
Lesser Snow Goose, 71, 73
Lesser Yellowlegs, 71
Liquidambar styracifula, 417–418
Literary references to wetlands, 15–16
Lithhuania, wetland losses, 49
Llanos, South America, 74, 77
Loon, 72
Loss of wetlands

causes, 289–290
US by state, 493–495

Louisiana, 5–6, 402
Caernarvon Diversion, 405–406,

440–441, 449
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coastal wetland economic analyses BOX,
366–367

coastal wetland management, 330
delta, 43, 66–68
delta restoration BOX, 403–406
Gulf coast drainage, 292, 295, 298–299
Hurricane Katrina, 352–353
mallard hunting, 340
marsh, 257
methane emissions, 321
nutria harvest, 334–336
river diversion, 405–406, 440–441, 449
sediment subsidence, 328–329
swamp productivity, 150
treatment wetlands, 429, 445
waterfowl management, 308
wetland losses, 51

Louisiana Coastal Area (LCA) Plan, 67
Loxodonta africana cyclotis, 90
Ludwigia, 212

pelloides, 216
Lythrum salicaria, 212, 421

MacKenzie River, Canada, 72
Macrophyte (see also Vegetation)

planting experiment, 253–256
Magnolia virginiana, 60
Malic acid, 221
Mallard, 71, 337, 339–341
Management of wetlands, 305–312
Mangal, 32
Manganese transformations, 169, 177,

183–184
Mangrove, black, see also Avicennia, 214
Mangrove, red, see also Rhizophora, 214
Mangrove swamp, 32

adventitious roots, 230
aquaculture, 311–312
coastal protection, 350, 352
economic evaluation, 369
expansion in Louisiana, 329
methane emissions, 320
nitrogen loading, 250
organic export, 158
prop root, 213
restoration, 400–402
restoration, Florida BOX, 401–402
salt exclusion, 226
tides, 144
turnover rate, 250
US extent, 260
viviparious seedlings, 222
water budget, 120
water chemistry, 200
west Africa, 90, 92

Manitoba
peatlands
prairie potholes, 62

Manning equation, 131–132

Marceno, agricultural practice, 310
Marine system, US wetland classification,

266–267
Marsh, 31–34

gas, 188
management, 287, 307–308

Maryland, agricultural wastewater wetland,
439

Massachusetts
Thoreau’s Bog, 318
wetlands and flood mitigation, 347

Matsula Bay, Estonia, 84–85
Mediterranean Sea Deltas, 79–81
Mekong Delta, Vietnam, 98–99
Mercenaria, 343

mercenaria, 223
Merganser, 72
Mesopotamian Marshlands, Middle East,

43, 93–94
restoration BOX, 389–392

mesotrophic, 34
Methane emissions from wetlands (see also

Carbon transformations), 189–192,
319

and climate change, 315–316
competition with sulfate reduction, 320
management, 331–332

Methane oxidation, see also Carbon
transformations, 322

Methane production, 177
Methanogenesis, see also Carbon

transformations, 322
Methanotrophs, 323
Mexico

marceno, 310
North American Waterfowl Management

Plan, 491
wetlands, 73–74

Michigan, 291
Houghton Lake treatment wetland BOX,

429–431
peat mining, 301
Supreme Court cases, 486
treatment wetlands, 427, 429

Micropogonias undualtus, 343
Micropterus, 343
Middle East wetlands, 93–94
Millenieum Ecosystem Assessment,

wetlands, 47
Minerotrophic peatland, 262
Mining, effects on wetlands, 301–303
Mink, 335
Minnesota, 291

beaver catch, 336
drainage, 293, 295
evapotranspiration, 144
methane emissions, 190
peat mining, 301
peatland, 149

prairie potholes, 62, 63
wetlands losses, 51
wild rice, 310

mire, 32–33
Mississippi, 291

drainage, 295
Mississippi River, 66–68

lower alluvial valley restoration, 383–384
Mississippi River Basin

bottomland wetland forest loss, 297
drainage of wetlands, 291
restoration, 388
wetland restoration, 448–449

Mississippi River Delta, see also Louisiana
Delta

effects of subsidence, 328–329
restoration, 402–406
river diversions, 440–441

Mississippi-Ohio-Missouri (MOM) River
Basin, see also Mississippi River Basin,
388

Missouri, 291
wetland losses, 50

Mitigation bank, 382
Mitigation of wetland loss, 379–382, 474

ecological success, 380, 421–423
legal success, 380

Mitigation ratio, 381
Mitigation wetlands, 380
Mitsch-Rust model, 152–153
Models, wetland community development,

241–258
centrifugal organization, 244–246
environmental sieve, 243–245
functional guild, 241–243

Mont St. Michel, France, 83, 329
Moor, 31–32
Morone saxatills, 343
Mosquito control, 291

treatment wetlands, 460–463
Mother Nature, Father Time, 423
Mottles, 170–171
Muck, 165, 167
Mugil, 343
Munsell color chart, 172, 479
Muskeg, 31–32
Muskrat, see also Ondatra zibethicus

agricultural runoff wetland, 438
harvested for pelts, 334–335
herbivory, 256–257, 308–309
treatment wetlands, 459
wetland creation and restoration,

411
Mutualism, 229–230
Mya arenaria, 343
Myanmar, 98
Myocastor coypus, 334–335
Myriophyllum

aquaticum, 416
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Myriophyllum (continued)
exalbescens, 238
papillosum, 216

Myrmecophaga tridactyla, 77

National Academy of Sciences, see also
National Research Council, 36

wetland studies, 482–483
National Research Council, 36–37, 39, 482
wetland reports, 21–22, 482–483
National Wetland Inventory, USA, 263
National Wetlands Policy Forum, 21
Natural Resources Conservation Service,

USDA, 22
Nebraska Sandhills, 64
Nelumbo

nucifera, 85, 102
treatment wetlands, 457

Netherlands
northern wetlands, 83–84
Oostvaardersplassen, 83
peatland restoration, 392
Rhine River, 81–83

New Hampshire, evapotranspiration, 144
New Jersey, Delaware Bay restoration,

394–399
New Mexico, playas, 64
New Zealand, 16

peat harvesting, 12
salt marshes, 393
treatment wetlands, 429, 457–458
wetland loss, 48–49, 288–289
wetlands, 95–97

Ngorongoro Crater, Tanzania, 88, 90–91
Nicotinamide adenine dinucleotide (NAD),

221–222
Nitrate-nitrogen

plant uptake, 219
pollution, 387–389

Nitrogen
agricultural runoff wetland, 438–439
agricultural wastewater wetland, 439
cycle, 177–183
inflows to wetlands, 250
river diversion wetlands, 441–444
treatment wetland, 430–431
wetland treatment, 449–453

Nitrogen transformations, 177–183
ammonification, 179–180
anammox, 178–183
assimilatory nitrate reduction, 180
denitrification, 178, 180–181, 316
dissimilatory nitrate reduction, 178, 183
dissimilatory nitrogenous oxide

reduction, 180
mineralization, 179
nitrification, 178, 180
nitrogen fixation, 181–182

Nitrosomonas, 209

Nitrous oxide
and climate change, 316
fluxes, 181–182

No Net Loss of Wetland Policy, 21, 379,
381, 473, 482

Nonpoint source pollution, treatment,
436–439, 450–451

North American flyways, 72
North American Waterfowl Management

Plan, 21, 489–491
North American Wetlands Conservation

Act, 484
North American wetlands

areal extent, 43
wetlands, losses, 49–54

North Carolina, 60
Great Dismal Swamp, 61, 65
salt marsh restoration, 393

North Dakota
evapotranspiration, 144
prairie pothole water budget, 120
prairie potholes, 62–63
treatment wetlands, 429

Northern pintail, 339, 341
Northern shoveler, 340, 341
Norway, treatment wetlands, 429
Nuphar, 60, 417

luteum, 215, 416
treatment wetlands, 457

Nutria
harvested for pelts, 334–335
marsh herbivory, 309

Nutrient budgets, 201–206
diagrams, 201, 203–204
inflows, 201
intrasystem cycling, 201–202
outflows, 201–202
source, sink, transformer, 204–205, 426
translocation, 201–202

Nutrient cycling, effects of hydrology,
158–159

Nymphaea, 60, 168, 417
nouchali var. caerulea, 89
odorata, 416
treatment wetlands, 457

Nymphoides peltata, 214
Nyssa, 62, 168, 214

aquatica, 417–418
sylvatica var. biflora, 60, 417

Obligate wetland species, 30
Ogallala Aquifer, 64
Ohio, 16, 291

agricultural runoff wetland, 436–439
created wetland carbon sequestration,

318
created wetland methane emissions,

321–323
drainage, 292–293, 295

Great Black Swamp, 65–66
Lake Erie marsh water budget, 120
Lake Erie wetland management, 306–307
mine drainage treatment wetlands,

432–433
mitigation success, 423
New Albany wetland protection, 487
Olentangy River Wetland Research Park,

20, 153–156, 182, 253–256, 408,
410, 413–415, 420–421, 441–444

river diversion wetlands, 441, 444
treatment wetlands, 429, 436–439
wetland inventory, 279–280
wetland losses, 50

Okavango Delta, Botswana, 14, 43, 87, 89,
121, 407

water budget, 121–122
Okefenokee Swamp, Georgia, 59–60

hydraulic conductivity, 139
water budget, 120

Olentangy River Wetland Research Park
(ORWRP), The Ohio State University,
20, 154–156, 182, 253–256, 408,
410

carbon and nutrient sequestration,
413–415

hydric soil development, 413–415
planting experiment, 253–256, 420–421
pulsing experiment, 154–156
water quality changes, 441–444

Oligotrophic, 34, 355, 444
Ombrophilous mire, 262
Ombrotrophic peatland, 34, 122, 159, 164,

262, 274–275
Oncorhynchus, 343
Ondatra zibethicus, 110, 334–335, 459

wetland creation and restoration, 411
Ontario, 68, 70

wetland losses, 54
Oostvaardersplassen, Netherlands, 83
Oregon, 291
Organic accumulation/export, 156–158
Orinoco River Delta, 74, 76–77
Osmoconformer, 228
Osmoregulation, 228
Osmotic pressure, 225–226
Otter, 335–336
Oxbow (see also billabong), 31–32, 441
Oxidides pore linings, 169–170, 218
Oxidized rhizosphere, 169–170, 180,

218
Oxyura, 337

Pacific cordgrass, see Spartina foliosa
Pakihi, 32, 95–96
Palo Verde National Park, Costa Rica,

75–76
Palustrine system, US wetland classification,

266–268
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Panicum, 60
hemitomon, 220
virgatum, 416

Pantanal, South America, 43, 74, 77–79
Papua New Guinea, 98
Peace River, Canada, 72–73
Peace-Athabasca Delta, 72–73
Pearl River, China, 99
Peat, 165

accumulation, 234–248
mining, 60, 300–302, 344
storage of carbon in wetlands, 317

Peatland, 6, 15, 37, 44, 53, 68
Canadian, 70–71
carbon storage, 317
classification, 262
definition, 31–32
effects of climate change on carbon, 325
England, 239
European, 86
hydrology/hydroperiod, 111, 114–115
methane production, 320
Minnesota, 149
New Zealand, 95–97
ombrotropic, 274
pioneer scientists, 20–21
restoration, 392–393
US extent, 260

Pelecanus onocrotalus, 92
Peltandra virginica, 416
Penaeus, 343

aztecus, 228–229
Penman equation, 142–143
Pennsylvania, treatment wetlands, 429
Perca, 343
permafrost, 39
Phalaris arundinacea, 416
Phormium tenax, 97
Phosphate mining, 60
Phosphorus, see also Phosphorus,

transformations
agricultural runoff wetland, 438–439
agricultural wastewater wetland, 439
clay, 196
co-precipitation, 195
cycle, 193–196
effect of iron, 456
nutrient budget, 202, 204
plant uptake, 219–220
river diversion wetlands, 441–444
soluble reactive, 195
treatment wetland, 430–431
water pollution in wetlands, 303–305
wetland treatment, 450–453

Phosphorus transformations, 193–196
anaerobic release, 194
anaerobic release, 196
coprecipitation, 195
sedimentation, 194

Phragmites, 31, 81, 85, 138, 149, 168, 212,
408, 461

australis, 13, 93, 215–216, 343
397–399, 407, 416 421

australis subsp. americanus, 407
C4 photosynthesis, 227
removal, 395–396
treatment wetlands, 428, 457–458

Physiochemical environment, 108–109
Picea

glauca, 72
mariana, 72

Pickleweed, see Salicornia virginica
Piezometer, 160
Pintail, 71
Pinus, 86, 168

serotina, 60
Piranha, 77
Pistia, 76

stratiotes, 416
treatment wetlands, 457

Platanus occidentalis, 417–418
Playa, 32, 64, 74
Pneumatophores, 213–214
Pocosin, 32, 60, 276

water budget, North Carolina, 120–121
Pogonias cromis, 343
Polygonum, 246, 416
Pomatomus saltatrix, 343
Pomoxis, 343
Population values, 334
Populus

balsamifera, 72
deltoides, 417–418
epihydrus, 238

Potamogeton
pectinatus, 416
praelongus, 238

Pothole, see also Prairie potholes, 32
Pozas, 74
Prairie potholes, 62–63

carbon sequestration, 318–319
duck population, 339–340
effect of climate change, 330, 332
hydroperiod, 112–113, 117
water budget, 120

Precipitation, see Hydrology, precipitation
Primary productivity

effect of hydrology, 149–156
net community, 248–249
successional changes, 247–249
value estimate of, 365–368
wetlands, 249–251

Procambarus clarkii, 90, 343
Prop root, mangroves, 213–214
Puerto Rico, salt marsh restoration,

393
Pulse stability, 152,239, 251–252
Pyruvate, 209, 221

Quebec, 68–70
wetland losses, 54

Quercus
falcata var pagodifolia, 417–418
nigra, 417–418
nuttallii, 417–418
palustris, 213–214
phellos, 417–418

Quinghai Hu, China, 99, 102–103

Ramsar Convention, 17–18, 21–22,
488–491

contracting parties, 497–501
wetland definition, 37, 44
wetlands of international importance, 47,

68, 82, 489–491
Raphia taedigera, 76
Rating curve, streamflow, 129–130
Rational runoff method, 128–129
Raupo swamp, 31–32
Red Knot, 71
Red maple swamp, see Acer rubrum

hydroperiod, 118
Red-billed Duck, see Anas erythrorhynchos,

91
Redhead, 341
Redox concentrations, 170–171
Redox depletions, see also Mottles, 169,

171
Redox potential, 175–177, 209

measurement, 175–176
oxidation, 175
oxidized and reduced forms, 176
reduction, 175

Reduced matricies, 171
Reedmace swamp, 31–32
Reedswamp, 33
Regional wetlands of the world, 54–104

map, 55
Remote sensing, of wetlands, 277, 279–281

imagery, 277, 279
interpretation and mapping, 281–283
platforms, 277, 279

Replacement wetlands, see also Mitigation
of wetland loss, 380

Residence time BOX, 122–123
Respiration

aerobic, 221
anaerobic, see also fermentation, glycolsis,

220–222
Restoration, see Creation and Restoration

Self-design, 252
Rheophilous mire, 262
Rheotrophy, 33–34
Rhexia, 246
Rhine River Delta, Netherlands, 81–83
Rhizobium, 182
Rhizophora, 214, 222

mangle, 230, 417
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Rhizophora, (continued)
prop roots, 218
salt exclusion, 226

Rhizosphere, 215
oxidation, 218

Rhode Island, red maple swamp
productivity, 150–152

Rhynchospora, 246
Rice, see also Oryza sativa, 214

adaptations to flooding, 212
paddies, methane emissions, 319–321
production, 9

Ring-necked Duck, 76
Riparian ecosystem, 32, see also bottomland

hardwood forest
hydrology, 132–134
organic export, 157
productivity, 152–153
US extent, 260

River diversion wetlands, 405–406,
440–441, 449

Louisiana Delta BOX, 440–441
Louisiana, 67, 403–406

River red gum (Eucalyptus camaldulensis),
94

Riverine system, US wetland classification,
266–267

Rivers and streams
dissolved and particulate substances,

197–199
water quality/chemistry, 197–200

Root porosity, 211
Ruddy Turnstone, 71
Russia, 31

peat mining, 300, 302

Sabatia, 246
Sagittaria, 419

latifolia, 222
Salicornia, 81, 397, 417

virginica, 68
Salinity

animal adaptations, 228–229
prairie potholes, 63
unicellular adaptations, 225–226
vascular plant adaptations, 226–228

Salix, 97, 212, 417 421
Salmo, 343
Salt exclusion, 226
Salt hay farm, 291, 309–310, 394, 397–398
Salt marsh, 9, 27, 30, 47–48, 62, 66, 68,

81–83, 164, 193
adaptations, 220, 224, 226–227
China, 99, 101
Classification, 263–264
community, 237
definition, 32
development, 248, 251–252, 257–258
estuaries, 200

fermentation, 193
hydrology, 111–113, 122
losses, 48
methane emissions, 320
nitrogen loadings/transformations, 180,

250
nutrient limitations, 177, 193, 196
organic export, 158
productivity, 156–157
pulse stability, 152
seed banks, 240
replacement by mangroves, 329
restoration, 378, 393–399, 403–407
salt hay farming, 291, 309–310
sea level rise, 328–330
soils, 139
storm protection, 352–353
tidal creek restoration, 396–397
tides, 144, 156
turnover rate, 250
US extent, 260
value of, 368–369
vegetation introduction, 417–418
water chemistry, 200
wildlife management, 308

Salt secretion, 226–227
Salvelinus, 343
Salvinia, 76

molesta, 90
rotundifolia, 416

San Francisco Bay, California, 68, 329
Sandhill Crane, 72
Sapelo Island, Georgia, 20
Saprist, see also Muck, 168
Saskatchewan, prairie potholes, 62–63
Scaup, 341
Schoenoplectus, 33, 417, 461

lacustris, treatment wetlands, 428
tabernaemontani, planting experiment,

420
validus, 215–216, 457–458
treatment wetlands, 457

School of Coast and Environment,
Louisiana State University, 20

Sciaenops ocellatus, 343
Science, wetland, 18–20, 22, 261, 378,

407, 423
Scientific literature, wetlands, 22–23, 161,

239
Scirpus, 31, 68, 417, 461

acutus, 419
americanus, 68–69, 246
fluviatilis, 33. 246, 416, 457–458
validus, 419, 420
treatment wetlands, 457

Sea water, chemistry, 198, 200
Sea-level rise, 327–329
Section 404, Clean Water Act, see Dredge

and Fill Permit

Sedge meadow, 31, 33
Sedimentation, phosphorus cycle, 194
Seed bank, 240–241

restored wetlands, 413, 419
Selenium, water pollution in wetlands, 205
Self-design 419–421

definition, 252–253
experiment in, 253–256

Self-organization, definition, 252–253
Senecio

aquaticus, 211
jacobaea, 211

Sengal, 12
Sine Saloum Delta, 88, 92

Serrasalmus nattereri, 77
Short-billed Dowitcher, 71
Shoveler, 71, 76
Shrimp farming in wetlands, 312
Shrimp, brown see Penaeus aztecus
Siberian wetlands, 97
Siderocapsa, 209
Significant nexus, 486
Silver maple, see Acer saccharinum
Sine Saloum Delta, Senegal, 88, 92
Slough, 33
Snow geese, 111, 341, 459
Society of Wetland Scientists (SWS), 20, 22
Soil

bulk density, 166
cation exchange capacity, 166–167
hydric see Hydric soils
mineral, 164–167, 169–172
nutrient availability, 166
organic, 164, 167–169
organic carbon, 166
organic matter, 455
organic, botanical origin, 168
organic, classification, 168–169
organic, decomposition, 168
organic matter accumulation, 413–415
oxidized pore linings, 218
oxidized rhizospheres, 218
pH, 166
permeability, 137–139, 166
reduction/oxidation in wetlands, 173
treatment wetlands, 454–456
wetland creation and restoration, 412
wetland transformations, 173

Sonneratia, salt exclusion, 226
Sora, 72
South American Wetlands, 74, 76–79
South Dakota, prairie potholes, 62–63
Spain

Ebro River, 81
treatment wetlands, 436
wetland house, 13
wetland losses, 49

Sparganium, 246
eurycarpum, 254, 416
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Spartina, 149, 168
alterniflora, 101–102, 156–157, 227,

251, 343, 393 407, 417
oxidized rhizosphere, 218
restoration, 397
root cross-section, 211
seed bank, 241

anglica, 101, 393, 417
foliosa, 68, 227, 417
patens, 237, 310, 394, 417
pectinata, 416
townsendii, 227, 393, 417
salt excretion, 227

Species richness, effect of hydrology,
147–149

Sphagnum, 6, 27, 168
bog, 237
bulk density, 166

Spruce, black, see Picea mariana
Spruce, white, see Picea glauca
St. Lawrence Estuary, 54
St. Lawrence Lowlands, 68–70
Stable isotopes, groundwater flows, 160
Stem hypertrophy, 213–214
Stork, yellow-billed, 91
Storm abatement, by wetlands, 312,

349–353
Stormwater treatment, see Treatment

wetlands
Striped bass, 343
Subsistence and wetlands, 347, 355, 373
Succession

allogenic, 232–241
autogenic, 232, 241
created and restored wetlands, 419–421
experiment, 253, 256
hydrarch, 232, 233
landscape patterns, 258
peatland, 239
wetland, 231–258

Sudd, Africa, 88
Sulfide avoidance, 220
Sulfur

carbon interactions, 193
cycle, 184–187
global wetlands, 355, 362
oxidized/reduced, 174, 176–177, 215
scrubbers, 455
toxicity, 98, 220, 400
transformations, 184–187, 193, 196, 209

Surface flows, see Hydrology, surface flows
Swamp, see also forested wetland, 31, 33,

238
Swamp forest

nitrogen loading, 250
turnover rate, 250
US extent, 260

Swamp gas, 188
Swamp Land Act, 290–291, 470

Swamp Thing, 16–17
Swampbuster, provision of the Food

Security Act, 39, 475–476
Swan Coastal Plain, Australia, 95
Sweden

Baltic Sea, 85
peat production, 302
pioneer researchers, 21
treatment wetlands, 436, 451
wetland losses, 49
wetland values, 366

Sycerus caffer nanus, 90

Taihu Lake, China, 100
Taiwan, Gandau Nature Park, 102, 104
Takings issue, 485
Tamarack, 27, 168, 262
Tanzania, 90–91
Taxodium, 56, 62, 168, 213–214

distichum, 123, 214, 269, 417–418
distichum var nutans, 60, 417

Telmatology, 18
Tennessee, drainage, 295
Texas

playas, 64, 295
rice field management for methane, 331

Thailand, 98
aquaculture, 310
economic evaluation of wetlands,

369–370
Indian Ocean tsunami, 351
mangrove destruction, 400
treatment wetlands, 440

The Nature Conservancy, 21, 63
Thermo-osmotic gas flow, see also

Adaptations, pressurized gas flow,
216–217

Thibaccillus, 209
Thornthwaite equation, 142–143, 159
Thuga occidentalis, 238
Tidal creek restoration, 401
Tidal freshwater marsh, 33, 241, 260

nitrogen loading, 250
St. Lawrence river, 68
tides, 144, 156
turnover rate, 250
US extent, 260

Tides, see Hydrology, tides
Tigris River, 7, 93, 389–392
Timber and Vegetation harvest in wetlands,

342
Todania ignis, 230
Treatment wetlands, 425–467

agricultural runoff, 435–439
agricultural runoff case study BOX,

436–439
agricultural wastewater, 439–440
classification of types, 428–445
design, 445–459

economics, 464–466
Florida Everglades BOX, 444
Houghton Lake, Michigan BOX,

429–431
landfill leachate, 444–445
liners, 454–455
management, 459–464
mine drainage, 431–434
mosquito control, 460–463
municipal wastewater, 429–431
pathogens, 461
river diversions, 440–444
root-zone method, 428
soils, 454–456
subsurface flow, 427–428, 454–455
summary considerations, 466–467
surface flow, 427–428, 454–455
three general types, 426–428
urban stormwater, 434–435
vegetation, 456–459
vegetation classification, 428
water level management, 461, 463–464
wildlife, 459–460

Tropical wetlands
carbon sequestration, 318
methane emissions, 321

Tsunami
Indian Ocean (2004), 289, 350–352,

379
wetland protection from, 288–290

Tundra Swan, 73
Turlough, 33
Turnover rate, see Residence time, 249–251
Typha, 31, 68, 149, 168, 245–246, 386,

416–417, 419, 421, 428, 431, 433,
461

angustifolia, 343, 416
domingensis, 76, 90, 215–217, 303–304,

387, 444
latifolia, 416
orientalis, 97, 215–216
planting experiment, 254–256, 420
treatment wetlands, 457

U.S. Army Corps of Engineers, 22, 37–38,
59, 67, 297, 347, 359, 381, 386–387,
470–477, 482, 485–486

U.S. Environmental Protection Agency, 22,
471–473

U.S. Fish and Wildlife Service, 22,
470–472, 475, 477

wetland classification, 262–264
wetland definition, 35–37
wetland inventory, 282–283

U.S. National Wetlands Inventory, 279,
281–283

U.S. Supreme Court, wetland decisions,
485–486

Uca, 224, 228–229
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Ulmus americana, 214, 238, 417
United Kingdom

peatland restoration, 392
tilipai fish ponds, 440
treatment wetlands, 429

United States
legal protection of wetlands, 470–488
peat mining, 300–302
wetland extent, 49–50
wetlands, losses, 48–53

Utricularia, 60

Vallisneria, 416
gigantea, 190

Valuation of wetlands, 356–374
Values

ecosystem, 347–355
of wetlands, 333–356

Vegetation, wetland
adaptations to anoxia, 210–222
adaptations to flooding, 210–222
obligate wetland plants, 478–479
planting experiment, 253–256
planting techniques BOX, 418–419
salinity adaptations, 226–228
treatment wetlands, 456–459
wetland creation and restoration,

416–421
wetland indicator status, 478–479

Venezuela, Orinoco River Delta, 76
Vernal pool, 33, 110, 275

hydroperiod, 112–114
Vietnam, 98

mangrove destruction, 400
mangrove restoration, 379, 400

Virginia, Great Dismal Swamp, 61–62,
65

Vivipary, 222
Viviparous seedlings, 210, 222
Vleis, 33
Volga River Delta, 85

Wad, 33
Wadden Sea, 84
Waikato River, New Zealand, 95–96
Water budget, wetlands, 118–123, 160
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