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acclimation (acclimatization), 220 urban boundary layer, 128, 135 albedo (surface reflection of energy),
actinomycetes, in soil, 109 urban vs. non-urban, 126-128, 135 131-132, 136,139
adaptations, 220, 236, 270, see also genetic urbanization effect, 83-84 algae, 109, 188,212, 307
adaptation; wildlife (urban) air flows (urban), 65, 66, 126, 127-128, algal blooms, 167, 168, 201
Adelaide (Australia), bird use of trees, 248 139-143 allotment (community garden), 207-208
adjacency (adjacencies), 51-53, 230 air layers and, 128, 129 alpha diversity, 208
corridor-centered neighborhood, 56 around buildings, size/shape effect, 142 alpha index, see circuitry (alpha index)
house plots, 294 bats and bird affected by, 247 amphibians, 253-254
importance for wildlife, 265-266 breezes (local), 139-140 adaptation to urban conditions, 271-272
parks, 351 cool air drainage, 128, 140 changes over decades/centuries, 270
patch-centered mosaic, 56 isolated buildings and trees effect, decline with habitat changes/loss, 253
wildlife movement and, 265-266, 370 142-143 habitat requirements, 253
adjacency arrangement effects, 52, 53 seed dispersal, 220 Amsterdam, 81, 361
adjacency arrangement model, 56 skimming, ventilation from, 142-143 anaerobic bacteria, 108, 164, 167
adjacency effect, 52, 239, 370 streamline, see streamline air flow anaerobic conditions
advection (net horizontal energy flow) street canyons, 141-142, 327 urban soil, 103, 104, 106
(Qu), 131,133,136 turbulent, 65, 127, 140 wastewater discharge into water bodies,
aeration, urban soil, 103 vortex, 65, 140, 141 167
aerobic bacteria, 108, 164, 359 winds and windbreaks, 140-141 anaerobic decomposition, 116
aeroecology (aerobiology), 247 air pollutants/pollution, 25, 126, 143-148 anastomosing networks, 45
agricultural land, 265, 345 from aircraft, 362 animal(s)
groundwater pollution, 154 airdome development, 128 around dumps, 359
habitat loss by urbanization, 89-90, 322, cities in arid land, 147 in cracks in hard surfaces, 291
324,349 city centers and, 327, 330, 332 dispersal, 67, 264
see also cropland dominant, in different cities, 145, 146 for food, in urban areas, 346
agriculture (urban), 17, 343, 344-349 gases, 143, 144 groundwater, 156-157
ecological effects, 347-348 green roofs reducing, 311 in/on buildings, 307, 309
food growing, 346-347, 348 greenspace reducing, 371 migration, 67, 264
on green roofs, 313 health effects (adverse), 144 pollinators, and seed dispersal, 220
large sites, types, 345-346 indoor plants reducing, 307 trees’ ecological roles, 224, 225
locations and types, 345-346 industrial, 145, 146 in urbansoil, 111-113
neighborhood and urban region inside buildings/vehicles, 146 urbanization effects, 86
linkages, 348-349 low-income residential areas, 318 see also wildlife (urban); specific animals
pest/disease diversity, 345 particulates, 25, 100, 143, 144, 145 animal biology, 264-265
small peri-urban/suburban sites, 346 land use effect, 146 animal movements, 15-16, 66-68, 70,
small sites in suburbs/cities, 346 urban vs. suburban areas, 145-146 264-265
temporary nature, 349 sources, 143 by boundaries, 69-70
air, 125-148 spatial distribution, 145-147 city centers to residential areas, 330
composition, 143 street trees affected by, 284 control, translocation, 265
cool air drainage, 128, 140 temperature effect, 147 lobes and coves channeling, 70
cooling, greenspace size and, toxic, 144 narrow wooded corridors, 228
137-138, 371 traffic causing, 146, 281, 284-285, 287 roadsides, 364-365
energy and radiation, 129-133 types, 143-145 shrubby area, 230
see also energy; radiation urban agriculture and, 347 translocated animals, distance, 265
global warming and, 147-148 vegetation reducing, 19 tree rows (urban), 227-228, 286
heat and, see heat wall plants reducing, 309 types, 264
in/out of cities, 126-128 aircraft noise, 361-362 via vehicles on roads, 286
layers, 128-129 airdome, 128-129, see also heat island see also wildlife (urban), movement
moisture, 126-127, 352 airports, 361-362 anoxic “dead zones,” 167, 186
“side streak,” 142 air/water pollution, 362 anthropogenic climate change, 269-270
temperatures, see temperature wildlife habitat, 263, 361 anthropogenic heat (Qy), 131, 132, 133,
trees’ ecological roles, 125, 224 wildlife movement and collisions, 361 135,332
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ants, 112
apartments, location, 38
aquaculture, 165-166, 345
aquifers, 151-152, 156
Arcata (California, USA), 165
archaeophytes, 213-214
architecture, 28
Argentina, fertilizer, peri-urban soil
contamination, 118
arid land, 135, 147, 253
arthropods, 25, 254
spatial pattern, 255
see also insect(s); invertebrates
artifacts, in fill, 117
asbestos, 161
asphalt see tarmac (asphalt) surface
Auckland (New Zealand), tree distribution/
species, 226
Austin (Texas, USA), bats, 246

back-corner patches, 294-295
backline strips, house plots, 294, 295, 321
back-space corridors, 321,
see also house plots
bacteria
aerobic, 108, 164, 359
anaerobic, 108, 164, 167
chemo-synthetic, 109
fecal coliforms, 164, 168, 179
in urban soil, 108-109
“bank storage,” 158
Barcelona (Spain), 230, 257, 266, 320, 367
barrier islands/strips, 201-202
basins, constructed, see constructed basins
Basel (Switzerland), pigeons, 252-253, 262
bat(s), 246-247, 268
activity, and dependencies, 53, 246, 247
movement routes, 267-268
roost locations, 247, 257, 268, 270, 369
species/types, 246
beaches, urban, 202
bees, 220,278
beetles, 112,297
behavioral adaptations, 270, 271
behavioral adjustment/change, 270
Berlin, West, bryophyte species, 211
Berlin area (Germany)
green corridors, 363
greenspace effect on temperature,
137-138
land-use changes, 87
plant density and zones, 214
rubble and chemicals in, 117
Sudgelande Railway Park, vegetation, 215
vegetation, time scales for change, 75
beta diversity, 208
beta index (intersection linkage), 72,
122,381
Bhopal, India, 145
bicycling, 286
bioaccumulation of heavy metals, 115,
154,168
biodiversity, 232
agricultural land (urban), 348
golf course, 357
habitat heterogeneity and, 374

house plots, 295-297, 298, 306, 374
human patterns correlated, 234
plants, see plant(s) (urban)
primary measure (richness of
species), 232
sprawl affecting, 86
suburban residential developments
and, 325-326
urban areas, ecological change
rates, 84-86
urban ecology solutions, 30
wetlands, 177
wildlife, see wildlife (urban)
see also species richness (diversity)
biofilters, 180
biofiltration, indoor plants, 307
biogeochemical cycles, 119
biogeochemical flows, 68-69
biological oxygen demand (BOD), 164,
173,174
biomimicry/biomimetics, 340
biophilia, 19, 307
“bioreceptivity;” 307
bioremediation, 117-118, 181
bioretention basins, 179, 180, 181-182
biotope mapping, 205
bird(s) (urban), 247-253
agricultural land (urban) and, 349
air flows and atmospheric conditions,
effects, 247
aircraft collisions, 361
annual counts/censuses, 268-269
behavioral adaptations, 270
big-three city, 248, 252-253
abundance, and feeding, 252
effect on native bird diversity, 252
breeding, density in house plots, 297
breeding habitat extent required, 240
on buildings, 309
cat predation, 22-23
characteristics, 241
city centers, 331
densities
changes over time, 269
in cities, 259, 261-262
in suburbs, 249, 261-262
tree cover effect, 266-267
diurnal, food and numbers, 248
on dumps, 359
feeding, 264
“foraging guilds,” 248, 251, 257
genetic changes, 271, 272
green corridors and, 369
green roofs and, 312, 313
groupings and types, 247-248
habitat selection, 55
large greenspaces, 354
cemeteries, 357-358
golf courses, 354, 356-357
microhabitats, 257
migration, 248, 256, 267, 313
mortality
floodlights/lights, 256
glass strikes, tall buildings, 256
railways and, 278
movements

daily fluctuations, 268
inhibitors, 266
stepping stones, 266, 267
turnover rate, 268-269
origin (rock cliffs), 248
in parks, 344, 351, 352
public interest, 241
seed dispersal, riparian vegetation, 193
species richness (diversity)
cities, 215,261-262
dogs on leashes and, 20
habitat fragments, remnant
greenspaces, 260
shrub cover/height relationship, 258
small wooded patches, 228, 266
spatial habitat patterns, 259, 260
suburbs vs. city, 262
suburbs vs. rural, 262
Syracuse (USA), 259
wood area as predictive of, 249
spillover effect from adjacent land, 265
tree use in cities, 248, 285
vegetation layers and, 251, 257-258
street trees and, 285
vertical built structures
as habitats, 256-257
as hazards, 256
walls/roof as habitats, 257
woody plants in house plots, role, 270,
303, 304, 305
see also raptors; songbirds; waterbirds
bird feeders, 264, 297, 306
Birmingham (UK), tree species, 238, 239
blackbirds (Turdus merula), 270, 271
“black-box” models, 46, 68
block surfaces, 288
boat landing areas, 200
“boom and bust” production, 337
Boston Region (USA), 84, 90, 196, 200,
366
boundaries, 44
convoluted vs. straight, 56-57, 69-70
flows around, 69-73
interwoven land mosaic, 51
movements across, 69-70, 72
lobes and coves effect, 70
soft and hard boundaries, 69-70
parallel movements (animal), 69
perpendicular movements, 69
between plants, 231-232, 239, 240
soil types and, 96
see also edge(s)
boundary (edge) model, 48, 82, 83
Brasilia, 50-51, 319, 369
Brazil, flooding management, 196
breezes, 66, 139-140, 147
brick surfaces, 288
bridges, 287
Brisbane (Australia), bird diversity, 262
brownfields, 110, 117-118, 359-361
habitat and succession, 360
soil contamination, 360
soil remediation, 181, 360
bryophytes (mosses), 211, 291, 307
buckthorn (Rhamnus cathartica), 230
Budapest (Hungary), 80
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buildings, 306-313 lichens, bird and animals, 357-358 centers, see city centers
abundance and spatial arrangement, 306 “old overgrown,” 357-358 coastal, see coastal cities
air pollution inside, 146 wildlife habitat, 263 compact vs. spread-out, 80
bird collisions/mortality, 256 centipedes, 112 definitions, 6
city centers, 327-329 central place theory, 46 development from villages, 36,212
designs and interiors, 306-307 change(s), 11, 73-76, 376-377 ecosystem decline, 5
green roofs, see green roofs city centers, 327 future perspectives, 372-373
green walls, see green walls cyclic, 73 gradient pattern, 41
growing food, 346 environmental (by century/year), 83-84 history of nature in, 5-6, 212
heat due to, 132 land mosaic, 44 largest, population size, 4
isolated, urban air flow, 142-143 plant species, 234-238 location, 36-38
plants and animals, 307-309, see also wall time scales, 16 human needs influencing, 36, 37
plants urban coastal zone, 197 microclimate and, 37
rating certification-system (LEED), 306 urbanization and peri-urban area, metaphors, 4
scale, geomorphic patterns 322-324 “mixed-use patterns,” 5
affecting, 37-38 wildlife, see wildlife (urban) natural forest gradient, 40-41
size/shape effect, air flows around, 142 see also ecological change, rates/ parks, see park(s)
urban soil affected by, 100 trajectories planned built communities, 326
wooden foundations, 153 changes-over-time principles, 16, 73-76 planning, 31, 64, 82-83
see also built structures time scales, 16, 75-76 population growth and histories, 4-8
built area, 7, 137, 202 Charles River (Boston Region), 189-190 population size, see population size
built environment, 7, 12-14 Chattanooga (Tennessee, USA), greenway satellite, 77, 78, 235, 324
built objects, 12 system, 367 shade from trees, 216-217
built spaces, 7 chemical(s) shape, 76-77
built structures, 3, 4, 12-14, 125,275-313 absorption, tolerant plants, 217 size
edge of floodplains, 183 estuary pollution, 201 bioregional limits, 5
positive/negative ecological “flushing” from surfaces during changes over history, 4-6, 236
importance, 13-14 storms, 163 greenspace, woodland and trees, 209
sustainability and design, 275 groundwater pollution, 154 optimum, 5
urban coastal zone, 197, 198 industrial, in wastewater, 161 radius and number of, 76
urban heat and, 136-137 urban air, 143, see also air pollutants/ travel time as guide to, 5
vertical, wildlife hazards/habitats, 256-257 pollution small, 63
see also buildings urban river pollution, 189 small food-producing sites in, 346
bulges model urbanization, 77, 235, 324 urban soil, 91-124 species richness, vs. in suburbs, 262
burial grounds, see cemeteries concentrated chemicals, 94 transformation patterns, 81
buried structures, 100 contamination, 110-111, 117-118, 119 urban mosaic, 50
buses, 286 flows, 118-119, 375-376 ventilation, 127-128, 139
business areas, 38 gases, 116 waterfront and harbors, 198
buteos, 249 from human structures, rubble, wildlife density, 261-262
butterflies, 266, 309 artifacts, 116-117 woodland in, 209
inorganic, 113-115 zones, plant species density, 214
Cairo (Egypt), air pollution, 147 organic, 115-116, 118 city as ecological system model, 49
calcium (Ca), 114-115 origin and sources, 113, 118-119 city centers, 35, 38, 326-332
calcium chloride, 115 toxicity, 115-116, 119 air pollution, 332
calcium-magnesium-acetate (CMA), 115 types, 113-116 birds, 331
“campus-like settings,” 358 see also mineral nutrient(s) “border areas,” 327
Canada geese, 265 in water bodies after wastewater buildings, people and transport, 327-329
canals, 186 discharge, 168 distinctive and unusual
Canberra (Australia), 84,212 chemical flow-through, 119, 120 characteristics, 327
capuchin monkeys, 271 chemical leaching, 359 habitat types, 330
car parking/parks, 287, 332 chemical oxygen demand (COD), 173, plants, habitats/types, 329-332
carbon dioxide, air pollution, 144, 147, 148 174,185 shade and urban heat, 332
carbon monoxide, 144, 146 Cheonggyecheon Stream/River (Seoul, soil, water and air, 329-332
carbon-to-nitrogen ratio, 110 South Korea), 195 spatial patterns, flows and changes,
cars, 30, 285-286 Chernobyl nuclear power plant, 76, 268 326,327
cat(s), 21-23 Cheyenne (Wyoming, USA), 258 spread, disasters and, 328
abundance estimates, 21, 331 Chicago (USA), 12,214, 313, 367 wildlife habitat, 263, 327, 330-331, 332
feral, 19, 21,22 China, 84, 89, 225-226, 349 city residential areas, 315-322
food types, 21-22, 264 Chlordane, in urban rivers, 189 courtyard/patio and single-unit housing,
free-ranging, types, 21 chlorofluorocarbons, 145, 147 319-322
predation by, 22, 23 circuitry (alpha index), 381 types, 319, 320
catacombs network, 120, 123 networks, 72, 122, 283 diverse housing types, 316
cattle, urban farmland, 349 circular gradient, 12 low-income areas, 316-319
cellulose, decomposition, 110 cities, 3, 64 multi-unit high-rise or low-rise, 316, 328
cemeteries, 357-358 air in/out of, 126-128 squatter settlements, see informal squatter
ecological succession, 237 bird species richness, 215, 262 settlement
446
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suburban residential area vs., 324-325
types/forms, 316,317
city-suburb-rural gradient, 41, 77, 262
city-to-rural gradient, 10-11, 12
clay, 37,95,101-102
clean water supply, see under water
climate change, anthropogenic, 269-270
coal-mining spoil, ecological succession, 237
coastal cities, 198, 199
groundwater flows, 153
waterfront and harbor, 198, 200
coastal plains, 98
coastal regions, 58-59
coastal saltwater wetlands, 175
coastal wetlands, 175, 176, 177
coastal zones (urban), 197-204
city waterfront and harbor, 198, 200
estuary and lagoon area, 198-201
flows and movements, 59, 197, 202, 203
natural changes, 197
natural vs. human differences/influences,
197-198
outer coastal areas, 201-204
rocky, 202
wetlands, 175, 176, 177, 200
Coleoptera, spatial pattern, 255
coliforms, 164, 168,179
Colombo (Sri Lanka), 310
color surfaces, heat amelioration
(cities), 139
combined sewage/stormwater systems, 163
combined sewer overflows (CSOs), 163,
167,189
commercial areas, 314, 326, 332-336
city center, 326
distribution around city, 333, 335
marketplace, 333
neighborhood streets with
shops, 332-333
office center and town centers, 333-334
residential land mixed, see mixed-
use areas
warehouse truck distribution center,
336,337
commercial strips, 334-336
community garden, 207-208, 237, 346
community service agriculture (CSAs), 345
community shopping centers, 336
“commuter shed,” 6
commuting, 75, 327, 328
compact-nucleus expansion, 7
composition of ecological community, 14
compost, 109, 110, 118, 297, 302
composting toilets, 169
concentric models, 49
concentric ring model, urbanization, 77, 78,
235,324
concrete surfaces, 288
cracks, 288
“cone of influence,” wells, 158
connected impervious cover, 171
connectivity (gamma index), 36
networks, 72, 122, 381
road network, 283
constructed basins, 179-182
bioretention/retention, 179, 180, 181-182

detention basins/ponds, 180
stormwater pollution, 180, 181-182
constructed wetlands, on golf course, 356
construction fill, groundwater
pollution, 154
controlled burning, 355
convergency point, 37, 55, 56, 72, 294
cool air drainage, 128, 140
“coolisland,” urban, 136
cooling
green roofs, 311
green walls, 309
greenspace effect, 137-138, 371
parks, 352
strategies in cities, 139
street trees, 139, 284
coral reefs, 201, 202
corridor(s), 11, 36, 44,73
back-space, 321
characteristics, 44, 362, 365
continuous vs. discontinuous, 294,
see also stepping stones
electric powerline, 364, 365
functions, 276
green, 240, 266, 343-371
benefits/role, 365
Bostons Emerald Necklace, 84, 366
characteristics, functions, 362, 365
land uses, 363, 364, 365
location and types, 362-363, 364
radial, 363, 365
vegetation types, 343
house plots, 294, 321
backline strip, 294, 295, 321
in interwoven land mosaic, flows
and, 50, 51
narrow wooded, 228
neighborhood, 362
networks, 45, 72, 365-366
pipeline, 362, 364
plant species dispersal, 240
remnant grassland, 240
of shade/shadow, 130, 131, 284
transportation, 77, 276
railways, see railways
roadsides, 364-365
types, 51, 240
urban-to-rural gradient, 42
wide wooded, 228
width, 369
and wildlife movement, see wildlife
(urban), movement
corridor-and-small-patch system, 368
corridor-centered mosaic, 56-57
corridor-centered neighborhood, 56
corridors per node (beta index), 72,
122,381
courtyard(s), 292, 319-322
plants, 319, 320
coyote (Canis latrans), 242, 243, 244,
259,261
characteristics and feeding patterns,
244,270
around dumps, 359
railways and, 278
cracks (in hard surfaces), 287-292

animals/invertebrates, 291
concrete surfaces, 288
diagonal, zig-zag, 288
ecological succession, 290-292
formation, 288-290
lengthening, network formation, 291
linear, 288
plants, 290-292
repair, 289
steel or wood surfaces, 288
tarmac surfaces, 288
types/forms, 289
vegetation roles/benefits, 291-292
vegetation sites, 290
in walls, 289-290
created greenspace, definition, 7
cropland (urban), 345
near streams/rivers, 187, 194
plant adaptation, 221-222
see also agricultural land
cultural perspectives, 26, 27
cyclones, 202

daylighting, streams, 186
DDT, in urban rivers, 189
dead zones, 167, 201
decomposition, organic matter, 382
in dumps, 359
human-made organic materials, 110
by invertebrates, 254
in sanitary sewage pipes, 164
sewage/wastewater, septic system, 169
in urban soil, 99, 106, 109, 110-111, 116
de-densification, 80
deer, 246, 265
definitions, urban ecology terms, 6-8
deforestation, 236
de-icing salt, 115,117,217-218
delta, 200-201
demographics, 2, 4-5, 63
low-income population, 316
megalopolis, 33
see also entries beginning population
dendritic networks, 45
de-nitrification, 164, 169, 176-177
densification, 7, 76, 79
dependent pairs (dependencies), 53-54
detention basins/ponds, 180
diagonal patterns, 32
direct gradient analyses, 42
disasters, 74, 76, 318, 376
city centers and, 328
tree species/density affected by, 227
dispersed development, 372-373
dispersed patches model, urbanization, 77,
78-79, 80, 324
housing-unit plot sizes, 79
see also sprawl
dispersion model, 47
dispersion of individual plants, 227
dispersivity, groundwater, 157
dissection (corridor formation), habitat
changes, 88-89
“distance from source” of species, 261
distance-decay pattern/model, 46
distribution of aggregated people, 372-373
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disturbances, 73, 74 ecological network, see network(s), green/ electric powerline corridors, 364, 365
along roadsides, 285 ecological electric-power generation, 66
human, effect on urban soil, 91-92, 96 ecological pattern models, 47-48 elephant hawk-moths (Deilephila
resilience/resistance to, 74, 75 ecological processes, urban soil affected elpenor), 219
wasteland, plant adaptation, 221-222 by, 99-100 Emerald network, 48, 84, 89, 367, 369
ditch networks, 365 ecological succession, 14, 85, 236-238 energy, 129-133
diversity, see biodiversity; species richness abandoned city building and, 86 flows, 131, 132, 133
(diversity) arrested, 237 day-night, 133, 135-136
diversity concepts (alpha, beta, gamma), 208 brownfields, 360 urban heat due to, 135-136
docks, 200 cliffs and quarries, 356 geothermal, 155
dog(s), 19-21 comparisons and positive/negative human need for, 17
diseases, risk for wildlife, 21 roles, 14 solar radiation, 129-131
feces/urine, 20, 21,217 in cracks, 290-292 storage (Qs), 131,133, 136
home ranges, 19, 20 cyclic, 238 surface energy balance of area,
on leashes, bird diversity and, 20 after disaster (Chernobyl), 268 131-133, 136
packs of, 20-21 on dumps, 359 surface reflection (albedo), 131-132,
walking, impacts, 20, 21, 228 examples, 237 136,139
wildlife avoidance behaviors, 20 floods and, 193 wavelength shifts, 132
domain of scales, 33 forms/types, 14, 15 see also heat
domestic animals, 19-23, see also cat(s); green walls, 309-310 energy-driven flow, 66
dog(s) on hard surfaces, 291 engineering, 28, 104
dominance of species, 14 “human-molded vegetation,” 86 engineering soil structure, 102, 103, 104
donut model, 47 industrial sites (post-production), 339 environment, concept and types, 3,7
Dortmund (Germany), bird species/ invertebrates, 269, 270 environmental constraints, 49
turnover, 268-269 plant categories (tolerants, inhibitors and environmental economics, 18
downtown, city, see city centers facilitators), 237 environmental gradient model, 48
drainage retrogressive, 238 environmental gradients, 42-43
house plots, 303-304 “sequence of patchy mosaics,” 237 environmentalism, 8
stormwater systems, 120-121 site conditions and plants “ephemeral channels,” 183, 185
urban soil, 103 affecting, 236-237 epiphytes, 210, 211, 308
drainage connection, 171 stages, 14, 85, 236, 237 equations/calculations, 381
drainage ditches, 172, 173, 180, 181-182 trees (urban), 226-227 estuaries, 198-201
drainfield, for septic systems, 169 in UK, 85 edges, 199, 200
dredging, 198 urbanization effect, 85-86 habitats, 199-200
“dump favela,” 50-51, 319, 359 vacant lots, 360 pollution, 201
dumps (tips), 109, 358-361 wildlife, 269 reconfiguration by flooding, 203
groundwater pollution, 154 ecology, xii, 3, 8-9, 11, 73-75 sediment-covered bottom, 200-201
wildlife habitat, 263 areas involved in field of, 8-9 eutrophication, 179, 201, 301, 356
dunes, 201 environment and, history, 8-9 evaporation, 132, 151
Dusseldorf (Germany), habitat types, history of science/field, 8, 10, 11 evapo-transpiration, 132-133, 139, 143, 151
205-206, 263 overlapping subjects, 8 humidification of dry hot air, 371
dust, street, 165, 281, 309 subspecialties, 8 latent heat in daytime, 132-133, 136,
economics, 18-19, 28, see also specific types 143,347
earthworms, 112 ecopolis, 29 reduction, increased stormwater
East Kolkata (Calcutta, India) ecoregions, 58 runoff, 171
wetlands, 177 ecosystem(s), ix, 7, 296, 378 evergreen ground cover, 293
eco-city, 29 analysis, 68 exponential growth, 382
ecological assays, 12-16 development, 238, 296 exurban area, 7, 39, 321
ecological change, rates/ response to disturbances, 74 adjacency effects, 52
trajectories, 83-90 stability, 73 population density, 40
habitat loss/degradation/ ecosystem models, 48 residential area, 7, 321-326
fragmentation, 88-90 ecosystem services, 30, 225 small agricultural sites, 346
soil, water and air, 83-84 edge(s), 44,70 spatial patterns, 324-326
urban land uses, 86-88 convoluted, house plots, 294 see also peri-urban area
vegetation and biodiversity, 84-86 estuaries, 199, 200
ecological community (natural filtration effect, 69 facilitator patterns, 266
community), 14 habitat edges, 239, 240 farm animals, 19, 345, 346, 349
ecological economics, 18 house plots, 294 farmlands, see agricultural land
ecological engineering, 68 natural habitats, 69 “favela” dump, 50-51, 319, 359
ecological finiteness, 18 parks, 69 fecal-coliform-bacteria level, 164, 168, 179
ecological footprint concept, 63 straight, in urban areas, 240 feedback loops, 44
ecological gradients, 42-43 types, 239, 240, 294 feral cats, see cat(s), feral
ecological heterogeneity (diversity), 36 see also boundaries feral dogs, 19
ecological infrastructure, 366 edge effect, 69, 239-240 feralization, plants, over centuries, 236
ecological mosaics, 60-63, see also land edge (boundary) model, 48, 82, 83 ferns, 211
mosaic “effective mesh size,” 89 fertilizers, 40, 114, 217
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for growing food, 86, 347
for lawns, 300-301
pollution, 40,41, 173-174, 301
urine recycling and, 169
fill, in soil, 92, 94, 95,116, 117
Finland, wildlife movement,
greenspaces, 368
fire, in large natural areas, 354-355
fire hazardous conditions, 52, 355
“fire-stick” burning, 55
fish
adaptation to river flooding, 196
harbors and lagoons, 200
urban rivers, 190
urban streams, 186
water pollution and, 174, 190
fish farms, 345
flash flood, 153, 173, 194
flat areas, large (landform), 98
flooding, 149-150, 153-154, 170, 173, 193
causes/sources, 194
combined sewer overflows, 189
ecological consequences, 194
flash, 153,173,194
human activities increasing, 194-195
from land and floodplain, 194-195
land use affecting runoff and, 194
Los Angeles River, 187
risk, measurement, 194
from sea, 202, 203
from upriver/upslope land, 194
by urban rivers, 187, 188, 193-197
adaptation to, 188, 196
management, 195-196
recurrence, 193
by urban streams, 193-197
floodplain(s)
irrigation-and-drainage systems, 194-195
urban rivers, 188, 190, 191, 195
urban streams, 182-185
floodplain friction, 194
flood-prone areas, 193, 194, 196
flood-pulse model, 188
“floristic similarity;” 238
flower gardens, 299-300
flowering plants, 211, 278
flows, 11, 14-16, 65-90, 375-376
air, see air flows
around boundaries, 69-73
biogeochemical, 68-69
built structures/networks, 142, 375
changes-over-time, see changes-over-time
principles
chemical, in urban soil, 118-119,
375-376
city center, 326, 327
coastal regions, 59, 202, 203
corridor networks, 72
curvilinear, 65
directionality, 57, 70-71, 72
energy, see energy, flows
gravity model and, 72-73
groundwater, see groundwater
heat, 133
horizontal, 65, 119
human-driven processes, 65, 197

land mosaics and, 50, 51, 70-73
land-and-sea, 59
mapping, 55, 72
mineral nutrient, 68-69, 83, 322
nature of, 65-69
network, see network flows
organisms, 15-16
patterns, 65-66, 67
primary routes, 72
rates/trajectories of ecological
change, 83-90
recurrence interval, 384
rivers, see river(s) (urban)
spatial attributes affecting, 70, 71
system and ecosystem, 68-69
typical distance, 55
underground (urban), 122-124
urban coastal zone, 59, 197, 202, 203
across urban-region boundary, 63
urban-rural and rural-urban, 38
vertical, 65
water, see water flows
flushing, 20
food
grown in urban areas, 344, 345-347, 348
on/in buildings, 346,
see also agriculture (urban)
human need, transported, 17, 36
wastewater aquaculture, 165-166
food security, 349
“food shed,” 349
food waste, 264, 328, 330, 332, 333
foraging guilds (bird), 248, 251, 257
forest(s) (urban areas), 353-355
changes in Rome, 84-85
city-to-natural forest gradient, 40-41
ecological succession, 85, 237
for forestry, and multi-use, 355
layers/strata, 208, 231
logging patterns, outward urban
expansion, 82, 83
sprawl development, 79, 80
unplanned reforestation, land
recovery, 89
urbanization effects, Sydney, 84
wildlife, 261
see also tree(s); woodland
forestry, 355
Fort Collins (Colorado, USA), brown bat
roosts, 247
fossil fuels, 17,132, 143
fox, red (Vulpes vulpes), 244, 267,272,278
fractals, 34
fragmentation (habitats) see habitat(s),
fragmentation
fragmentation (land/landscape), 89
Frankfurt (Germany), green wall, 310
“free-spirit” people, 121
freeze—thaw cycles, 290
frogs, 272, see also amphibians
front-space strips, 321, see also under
house plots
fruits, 230, 270, 303
function (functioning), land mosaic, 44
fungi, 109, 110, 222
fungicides, lawns, 300

gamma diversity, 208
gamma index, see connectivity (gamma
index)
garbage
cat food supply, 21, 264
wildlife food source, 264
see also dumps (tips); waste
garden(s), 2,292
community, 207-208, 237, 346
flower, 299-300
institutional, 346
office centers and, 333
public health issues related to, 25
tiny, in little-used spaces in cities, 346
vegetable, 86, 299-300, 346
Garden City movement, 297
garden walls, 304-306
gardening, 17, 296, 299
gases, in urban soil, 116
gasoline-powered lawn equipment, 302
genetic adaptation, wildlife, 271
genetic change, 220, 270-273
genetic diversity, climate-related, 222
genetic drift, 271
genetic variation, plants, 221
genetics, plants, 220-223
geographic information system (GIS)
images, 46
geographic regions, 58
geological processes/patterns, 97-99
geomorphic framework, 36-38
geostatistical models, 46
geothermal heat, 155
giant hogweed, 215, 219
Gini coefficient of inequality, 385
glades, 229
global warming, 147-148, 235
golf courses, 354, 356-357
problems associated, 356
wildlife habitat, 263, 357
government/politics, urban ecology
principles use, 29
gradient patterns, 12, 32
gradients (ecological), 34, 42-43
in cities, 41
city—suburb-rural, 41, 77, 262
city-to-natural forest, 40-41
city-to-rural, 10-11, 12
urban-rural, see urban-rural gradient
vertical, radial, circular, 12
grain size, 32
graph theory, models, 46, 49, 52
gravel, 350, 356
gravity model, 72-73, 284, 381
greater tit (Parus major), 266-267
Greater Yellowstone Region, 54
green architecture, 306, 307
green corridors, see corridor(s), green
green cover, 7
green infrastructure, 366
green roofs, 310-313
agriculture on, 313
air quality improvement, 311
animals/invertebrates, 312, 313
birds, 312,313
cooling, 311
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green roofs (cont.) cleaning, 154 lagoons, 199-200
extensive vs. intensive, 311 drinking water source, 151-152, 158 loss, and degradation, 88-90, 214
goal/function and benefits, 311, 313 flooding, 149-150, 153-154 reptiles/amphibian decline, 253
habitats and plants, 312-313 flows, 152-154, 383 urbanization causing, 88, 89-90, 322,
irrigation, 312 coastal cities, 153 324,349
soils, 312 habitat conditions, 156-157 low-income residential areas, 318-319
stormwater runoff, 311-312 heat in, 155-156, 158 management, airports, 361
types, 311 industrial uses/usage, 158 office centers, 333-334
green walls, 309-310 microorganisms, 156, 157 patch—corridor-matrix model, 238-239
skyscrapers, 310 pollution, 154-155, see also water selection, 55
streets, 281-282, 309 pollution sink or source, 294
see also wall plants porosity, permeability and small (roads), small populations, 280
green wedges, around London, 134 dispersivity, 157 spatial patterns, wildlife, see wildlife
greenbelt(s), 364 pumping, water-table lowering, 152, (urban)
greenbelt model, 48 153,196 species richness variations, 233
greenhouse effect, 132 “recharging;” 152 successional, greenspaces and
greenhouse gas, 147 rise in, 153 corridors, 343
greenhouse production, 346 saltwater intrusion, 153 types, 205-207
greenspace(s), 7, 343-371, 373-374 surface water interaction zone, 157 underground, urban areas, 121-122
adjacent land, “species rain,” 369, 370, 373 urban agriculture effect, 347 in urban sprawl, 86
changing with urbanization, 84-85, 235 groundwater emergence zone, 153 habitat arrangement model, 48
cities, relative to population size, 209 groundwater wetlands, 176 habitat selection model, 47
distance between, wildlife and, 260, 261 growth economics, 18 habituation of species, 351
effective, criteria for and benefits, 369-371 hand test, soil texture type, 101-102
functionally linked, 367-369, 373 habitat(s), 7, 11, 14, 205-240 harbor(s), 198, 200
groups, 366-367 area/size, plant species and, 232-233, 239 lakeside, 204
infill, 80 arrangement, species dispersal, 240 pollution, 201
large, 353, 354 artificial (built) structures as, 256-257 harbor islands, 199, 263
airports and military bases, 361-362 breeding, for bird species survival, 240 hard surfaces, 287-292
brownfields and vacant lots, 359-361 changes due to urbanization, 88-90 commercial strips, 334
cemeteries, 357-358 agricultural and natural land, 89-90 cracks, see cracks (in hard surfaces)
cliffs, quarries and mines, 355-356 loss/degradation/fragments, 88-90, ecological succession, 291
dumps, 358-361 322,324,349 types, 288
golf courses, 354, 356-357 spatial processes causing, 88-89 see also impervious surfaces
institutions/municipal facilities, 358 city centers, 330 hawks, 249, 256
natural/semi-natural areas, 353-355 classification, 205-206, 207 headwaters, urban stream, 183-184
urban forests, 355 grouping-by-mechanism, 206-207 healthy ecosystem, definition, ix
mammal predators in, 242, 243 definition, 7 heat
planted vegetation, areas, 209-210 diversity (heterogeneity), 36, accumulation, greenhouse effect, 132
semi-natural, 7 207-208, 374 airdome development, 128
size/area, 137, 354 alpha, beta, and gamma, 208 airports and, 362
decrease in metro areas, 343 cemeteries, 357 amelioration in cities, 139
species richness (wildlife), 243, community gardens, 207-208 anthropogenic (Qp), 131, 132, 133,
260-261 fine-scale within land uses, 207-208 135,332
species—area effect, 260 house plots, see habitat(s), in causes/sources, 135-137
temperatures and, 137-138 house plots energy flow, 135-136
smaller vs. large cities, 344 parks, 351 groundwater heat, 155-156, 158
stormwater runoff, 170-171 plant diversity see plant(s) (urban) surfaces and structures, 136-137
time scale for urbanization change, 235 rail corridor, 276,277 emission, 132, 133
types, 343, 344 semi-natural areas, 353 flows, 133
urban heat and, 137-138 wildlife, see wildlife (urban) geothermal, 155
urban wildlife moving out of, 261 edge, 70, 240, see also boundaries; edge(s) global warming and, 147
uses, 373 estuaries, 199-200 greenspaces and impervious spaces
vegetation on, change during fragmentation/fragments, 88-90, 214, 235 effects, 137-139
urbanization, 81, 235 ecological effects, 240 in groundwater, 155-156, 158
greenspace system, integrated, 366-371, 373 plants and, 238-240 intensity, of heat island, 134, 136
effective, criteria for success, 369-371 reptiles/amphibian decline, 253 latent (Qg), 131, 132-133,136
functionally linked greenspaces, 367-369 by roads, 280, 286 net horizontal advection (Q,), 131,
groups of greenspaces, 366-367 spatial measures, 89 133,136
greenway, 228, 363 wildlife species richness, 260-261 pollution, urban rivers, 190
greenway systems (USA), 367 groundwater conditions, 156-157 sensible (Qy), 131, 132,133,136
Grevillea macleayana, 221 in house plots, 208, 293-295, 296-297 storage (Q), 131,133
grey-water recycling, 169 specialized structures, effect, 297 streets, 281, 282
groundwater, 151-157 at two scales, 208 transportation and buildings as
animals, 156-157 types, 293,295 sources, 132
aquifers, 151-152, 156 industrial areas, 339 urban air, 126, 131, 133-139, 332
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urban streams, 185
see also energy
heatisland, 128-129, 133, 135, 148, 155
characteristics, 134-135
city centers, 134, 332
heat intensity, 134, 136
hot dry and tropical areas, 135
heavy metals
air pollution, 145
bioaccumulation, 115, 154, 168
street dust, 281
urban river pollution, 189
urban soil, 40-41, 115, 118
Hemiptera, 255
herbaceous layer, 185-186, 231
herbicides, 276, 277, 300
herbivores
invertebrate, see insect(s)
mammal, 245-246, 347
prevention in vegetable gardens,
300, 347
herbivory, 218-220
distribution in woods, 219
low levels in urban areas, 218-219
non-native species, 219
specific insects and trees, 219
herpetofauna (herps), see amphibians;
reptiles
hierarchy of spatial scales, 12, 33
high-rise buildings, 316, 326, 327, 328
skyscrapers, 310, 327, 328
highway bypass, around city, 88
highways, urban, 280
hills, air flow streamlining, 140
hillside development, flash floods and, 194
hill-top, 98
Hiroshima City (Japan), 81, 87
home range, 51, 67
cats, 22
dogs, 19, 20
people, mixed use area and, 314, 372
wildlife, 55, 264
homes, see housing; residential areas
horizontal flows, 65, 119
horizontal natural processes, 34
horizontal patterns, 32, 34, 35
plant communities, 231
soil (urban), 92, 95-97
house mouse (Mus musculus), 245,271
house plots, 292-297
areas surrounding, effects, 306
biodiversity, 263,295-297, 298, 306, 374
designs and management, 292-293,
297,298
detached houses, 317, 324
features, 303-306
forms/types, 293, 295, 319
front-/back-space, 292, 297-299, 321
corridors, species movement, 321
depth/width and proximity to
others, 293
habitat diversity, biodiversity, 299, 321
normal vs. large plots, 324
row of front spaces, 292, 321
size and uses, 297, 324
garden walls, 304-306

internal structure, 293-297
biodiversity and wildlife, 263,
295-297, 306
habitat diversity, 208, 293-295
plant diversity, 295-297
spatial arrangement, 293-295, 306
surroundings, role, 293
private outdoor spaces, 292, 297-299
side yards, 299, 324
sizes, 79,297,317, 324
water-related structures, 303-304
wooded, 293
woody plants, 303, 304, 305
yards, gardens and lawns, 297-306,
see also garden(s); lawn(s)
see also courtyard(s); patio(s)
house sparrows (Passer domesticus), 23, 252,
253,331
genetic changes, 271, 272
housing
attached single-unit, 321
detached, house plot sizes, 79, 317, 324
low-density, 324
multi-unit high-/low-rise, 316, 328
public health issues related to, 25
single-family, location, 38
single-unit, in cities, 79, 319-322
spatial patterns, 321, 324-326
housing development area, wildlife
habitat, 263
human(s)
inclusion/exclusion in urban ecology, 3
social patterns, 17-18
human activities, 16-26
biodiversity correlation, 234
flooding increased by, 194-195
natural areas affected by, 355
over decades, 235
pests and public health, 23-26
riverside area (urban), 190-191
social patterns, economics and
needs, 16-19
soil patterns associated, 92-94
urban beaches, 202
urban coastal zone, 198
urban soil affected by, 100
human needs, 16-17
city location and, 36, 37
for village to become a city, 36
human structures, 197, 275-313,
see also buildings; built structures;
underground human structures
human waste, see sewage
humidity, 126-127
humus, 95, 106, 302, 347
hurricanes, 202
hydrocarbons, 116, 144, 174, 330
hydrographs, stormwater runoft, 172
hydrologic cycle, see water cycle
hydrology, 175, 281
Hymenoptera, spatial pattern, 255, 259-260
hyporheic zone, 156

igneous rocks, 98
impervious surfaces, 136, 170-173
city centers, 327

connected (drainage connection), 171
increase, effect on stormwater discharge
rate, 173
stormwater runoff, 170-173
amount, 170-171
urban heat and, 138-139
water flows and, 170-173
see also hard surfaces
inbreeding, 239
inbreeding depression, 221, 273
Indian balsam, 219
indirect gradient analyses, 42
indoor plants, 307
industrial areas, 38, 314, 336-342
alternative approaches, 339-342
forms/types, 340-342
interdependent industries, 340
characteristics, 338
contaminated soil, 118, 339
ecological conditions, 337-338
ecological succession, 339
groundwater usage, 158
location, 341-342
near rivers, flooding and, 195
plant and animal species, 339, 340-342
power and water requirements, 336,
340-342
production/post-production, 336-339
ecology of sites, 338-339
post-production inputs/outputs and
ecology, 339
production inputs/outputs, site
features, 337-338
site requirements, 337
stormwater runoff, 338, 339, 340-342
wastewater, 161, 338
woodlands succession, 237
industrial site vs. industrial city, 342
industrial symbiosis, 340
industrial waste, water pollution, 154, 189
infill, and infill threshold, 80, 361
infiltration, water penetration into
soil, 103, 104
informal squatter settlement, 316-319,
343,349
“dump favela,” 50-51, 319, 359
habitats, plants and animals, 318-319
inhibitor patterns, 266
input-output models, 46, 68, 69
insect(s)
diversity on non-native trees, 219
genetic adaptation, 271
green roofs, 312
herbivores, 219-220, 254
on trees, 219-220
insect pests, 24
insecticides, 271, 300
institutional gardens, 346
institutions, 263, 358
integrated pest management (IPM),
23,301
interdependent elements, 53-54
interdependent industries, concept, 340
“interdigitation”/interface, natural and
urban area, 52
“intermittent channels,” 183
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intersection linkage (beta index), 72, persistence/stability, 51,73 birds, 249, 252-253
122,381 structure-function—change green wedges around, 134
“interspersion,” natural and urban area, 52 characteristics, 44, 45, 55, 56 groundwater flow, 152
intertidal zone, 202 urban regions as, 51 heat island, 134
invertebrates, 254-255 land mosaic model, ix, 44, 48 Highgate Cemetery, 357-358
on/in buildings, 309 land recovery/restoration, 88-89 long-wave radiation, 130, 131, 132, 133
in cracks in hard surfaces, 291 land subsidence, 152 Los Angeles (USA), 259-260
ecological functions/roles, 254-255 land use, 7 Los Angeles River, 187, 189
ecological succession, 269, 270 airdome thickness and development, low-density housing, 324
gardens, 299 128-129 low-impact development, 182
green roofs and walls, 257, 313 changes during urbanization, 80, 88 low-income areas, residential, 316, 318, 319
house plots, 296 changes over centuries, 236 low-rise buildings, 316, 328, 331
light effect, 255 habitat diversity (fine-scale), 207-208
spatial patterns (by class), 255, 259-260 habitat groupings by, 206 macroclimate, 58
species richness and habitats, 255, 296 Kano (Nigeria), 40-41 macro-fungi, 222
species/types, 254, 269 mapping changes in urban area, 81 macro-nutrients, in urban soil, 114
underground, 122 “mixed-use patterns,” 5 Madrid (Spain), 260, 309, 310, 334
urban soil, 112-113, 269 patterns, 38-39, 70-73 Las Letras neighborhood, 58
urban streams, 184, 186 planning, principles/categories, 27-28 magnesium (Mg), 114-115
see also insect(s) time scale of changes, 235 mammals
invisibles, in urban ecology, 1, 2 tree species distribution, 226 in natural area of Portland (USA), 354
importance, 1 urban soil types and, 96 public health issues, 25
irrigation-and-drainage systems, 194-195 during urbanization, 86-88 tree canopy, 257
island biogeography model, 48, 238 water runoff and floods associated, 194 vegetable gardens, 300
islands landfill site, 263, 358 see also herbivores; predators; specific
barrier, 201-202 landforms, 98-99 mammals
harbor, 199, 263 landscape architecture, 28 Manchester (UK), 40, 144
near lagoon edges, 199, 200 “landscape complementation,” 55 mangrove swamps, 175, 176, 200, 203, 229
ivy (Hedera), 309 landscape ecology, 10, 294, 306 manure, for growing food, 347
landscape ecology models, 48, 239 maps, as models, 46
Jakarta (Indonesia), wetlands, 177 “landscape ecology revolution,” ix Marchetti constant, 5
Japanese knotweed, 215, 219 “landscape metrics,” 52, 89 market, 264
“jaws-and-chunks” model, 82, 83 “land-use flexibility,” 349 market gardening, 345, 348
journey-to-work model, 382 Las Letras neighborhood, Madrid marketplace, 333
(Spain), 57-58 mass flow, 66
Kalundborg (Denmark), interdependent latent heat (Q;), 131, 132-133, 136 “master-planned communities,” 326
industries, 340 latrines, 168 matrix, 44
kangaroos, 246 lawn(s), 300-303 meadows, 293, 312
Kano (Nigeria), 40-41, 225 in cemeteries, 357 megacities, 5, 63, 159
Kawasaki (Japan), interdependent characteristics, 300 mega-floods, 194
industries, 340 in greenspaces and corridors, 343 megalopolis, 6, 33, 76, 87-88, 373
kestrel, 249, 262, 331 mowing, 300, 302-303 megalopolis ecology, 373
keystone species, 259 pesticides, fertilizers and water, 300-301 “mental models,” 46
koala, mortality by dogs, 20 fertilizers, 301 mercury, 189
“K-selected” species, 216 pesticides, 300-301 Merseyside (UK), vegetation change with
Kuala Lumpur (Malaysia), green wall, 310 plant biodiversity without, 302-303 urbanization, 81
Kyoto (Japan), 237, 267, 268 watering, 301-302 meso-predator release hypothesis, 243
“lawn specialists” (species), 302 metamorphic rocks, 98
lagoons, 198-201 lead, air pollution, 145 metapopulation, urbanization phase,
bottoms and sediments, 200 leaf area index, 217 322-324
islands at edge, 199, 200 LEED system, 306 metapopulation dynamics, 71-72, 381
lakes, 203-204 legacies of ecological conditions, 75 metapopulation models, 48
land cover, 7 Leicester (UK), 211, 296 methane (CH,), 116, 359
land fragmentation, causes, 89 Lepidoptera, spatial pattern, 255 metro area (metropolitan area), 6
land market value model, 49 levees, 195 agricultural land around, 60, 62
land mosaic, 32, 50-51, 372-373 lichens, 211, 290-291, 307, 357 convolution of border, 62
city center, 50 light(s), 255, 256 as ecological mosaic, 60-63
corridors in, 50 lignin, decomposition, 109, 110 examples, alternative forms, 61-62
dependencies between elements, 54 limestone-karst rock, 156 greenspaces, see greenspace(s)
flows, 50, 51,70-73 linear growth, 382 land use change during
interaction strength, 50 litter (vegetation), 94-95, 105, 106 urbanization, 86-88
interwoven, 51 littoral zone, 153, 178 natural land around, wildlife
extent determination, 51 livestock, 19, 345, 346, 349 movement, 265
locality-centered, 51 lizards (Anolis cristatellus), 266 perimeter-to-area ratio, 60
patch-centered, 56-57 logistic (sigmoid) growth, 382 planning, 82
patches in, 50 London (UK) population density, 60
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types, negative/positive roles, 61-62
urban regions with, examples, 57, 60
urban-suburban-rural gradient, 262
metro area border models, 48
Mexico City (Mexico), 145, 204, 343, 353
microclimate, 126-129
air in/out of cities, 126-128
effects on plant growth, 216
layers of air and airdome, 128-129
moisture in air, 126-127
urban vs. non-urban areas, 128-129
ventilation of cities, 127-128, 139
microclimatic patterns, 37
microhabitats
green roofs, 312
house plots, 208
informal squatter settlements, 318
railways, 277, 278
urban wildlife, 251, 257, 328
micro-nutrients, in urban soil, 114-115
microorganisms (microbes), 24
bioretention basins, 180
groundwater, 156, 157
groundwater pollution effect, 154
organic matter decomposition,
see decomposition
underground, 121
urban soil, 108-111
distribution, 109-110
types, 108-109
water bodies after wastewater discharge,
168
wetlands, 176
midges, 174
migration, animals, 67, 264
military bases, 362
millipedes, 112
Milwaukee (USA), tree distribution/
species, 226
mineral(s), 36
in industrial wastewater, 161
in soil, 91, 92, 95, 99
mineral nutrient(s)
flows, 68-69, 83, 322
in urban soil, 99, 114-115
in wastewater discharge, 167
mineral nutrient cycles, 119
mines, 355-356
Minneapolis (Minnesota, USA), 367
mites, 112
mixed-use areas/land, 268, 314, 315
models, 38, see also specific models
moisture
conditions, vegetation grouping,
206, 207
in parks, 352
in urban air, 126-127, 352
see also rain; water
Mongolian oak (Quercus mongolica), 231
Moran index for degree of clustering, 384
mosaic patterns, 12, 31-64
spatial scales, 32-34
see also land mosaic; neighborhood
mosaics; spatial patterns
mosses, 211, 291, 307
motorcycles, 286

Mount Auburn Cemetery (Cambridge,
USA), 357-358
mountain regions, 59-60
mountain top, 98
movement(s), 14-16, 65-69
across boundaries, see boundaries
animal, see animal movements; wildlife
(urban)
coastal zones (urban), 197, 202, 203
commuting effects, change-over-time, 75
energy-driven, 66
fish, in urban rivers, 190
habitat and land-use preferences
affecting, 72
human-related, coastal zone, 197
mapping, 72
materials and objects, underground, 122
motor-powered, 66
nature of, 65-69
patterns, 65-66, 122
plant, 15-16, 66-68
primary routes, 72
rate, 72
spatial attributes affecting, 70, 71
species, corridors, 240, 265
urbanization, see urbanization
see also flows
mowing, lawns, 300, 302-303
mud flats, 200-201
mulch, 302
“multifunctional landscape mosaic,” 348
multi-habitat species, 53, 55
multi-modal transport system, 328
multiple nuclei models, 49
municipal solid waste (MSW), 358-359
mushrooms, 222

Nanjing Region (China), outward
urbanization, 77
native species, 370, see also plant(s) (urban);
wildlife (urban)
natural area/land, 7, 89-90, 353-355
benefits, 354
habitat loss/degradation,
urbanization, 89-90
native species of wildlife, movement, 265
“natural burial,” 357
natural community, plants, 232
natural environment, 3, 7
natural habitats, 7
natural processes, time scales, 234
natural structures, coastal zone, 197
natural systems, 7
degradation, 2
wastewater treatment, 165, 173
natural vegetation, protection,
priorities, 34
naturalization, species, 213, 235
“naturbanization,” 77
nature, definition, 7
nature reserve, “spillover effect” of birds into
adjacent area, 265
nature-and-people interaction model, 38, 39
nature’s patterns, 34-36
nature’s services, 30, 225
negative attributes, urban region, 379

neighborhood, 54
residential, streets with small
shops, 332-333
sewage treatment facilities, 165
neighborhood corridors, 362
neighborhood ecology, city residential
area, 321-322
neighborhood mosaics, 49-58, 87
adjacencies, 51-53
central organizing force, 55, 57
convergency points, 55, 56
corridor-centered, 56-57
dependent pairs and
surroundings, 53-54
interactions between, 54-56, 87
land mosaic, see land mosaic
patch-centered, 56-57
tightness, strength of interactions,
54-56, 57
two, tight interactions, 57-58
neighborhood shopping malls, 336
nematodes, 112-113
neophytes, 213-214
nests, parasitized, 266
net radiation balance, 382
The Netherlands, National Ecological
Network, 367
netway-and-pod transportation, 285,
287,375
network(s)
ditch, 365
green/ecological, 45, 48, 72, 365-366, 367,
374,375-376
broad-scale/regional, 366
dendritic/rectilinear patterns, 366
ridge, 45
road, see road networks; street networks
underground, 124
catacombs, 120, 123
pedestrian walkways, 122-123
quarried limestone tunnels, 123
sewage wastewater, 123-124
urban streams, 366
network flows, underground, 122-124
city centers, 330
materials and objects, 122
transportation, 120, 122
water, 120-121, 122
network forms, underground, 122
New England (USA), bird density in city,
261-262
New Mexico (USA), commercial strips and
wildlife, 334
New York, Long Island (USA), water
cycle, 151
Nishinomiya City (Japan), 257-258, 260
nitrogen (N), 114-115
estuaries, 201
excess, in wastewater discharge, 167
fertilizers, 301, 356
runoff from gardens/lawns, 301
seawater pollution, 166
stormwater pollution, 174
urban agriculture effect on
groundwater, 347
urban streams, 185
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nitrogen dioxide (NO,), street tree species scattered, as system, 366 gardens, 299
and, 284 shape, and adjacent areas, 351 golf courses, 355
nitrogen fixation, wetlands, 176-177 sizes, 137, 350, 351, 369 growing food and, 347
nitrogen oxides (NOx), air pollution, 144, 145 spatial patterns, 351-352 lawns, 300-301
node connection, 283, 381 stormwater runoff control, 371 runoff into water bodies, 301
noise, 11 temperature and moisture, 352 in urban rivers, 189
aircraft, 361-362 trees, 350, 351 inurban soil, 115-116
railways, 276, 277 wildlife, 351-352 pH, soil, elevated, 94
roads/traffic, 280 park system (connected parks), 366, phenotypic plasticity, 270
non-native species, spread, 67, 68, 369-370, 373-374 Philadelphia (USA), 270
see also plant(s) (urban); wildlife “parkways,” walking, 366 Phoenix (USA), 78, 88, 160
(urban) particulate matter (PM) see under air phosphorus (P), 114-115
“non-point sources,” pollution, 154 pollutants/pollution excess in wastewater discharge, 167
nursery plants, 210 pastureland, 345 fertilizers, 301, 356
nutrients, see mineral nutrient(s) patch(es), 11, 34, 44 reduction, constructed basins effect, 181
characteristics, 44, 50 in runoff from gardens/lawns, 301
oak woods/species, 8,218 dispersed, urbanization model, stormwater pollution, 174
“oasis effect,” 136 see dispersed patches model urban agriculture effect on
office centers, 333-334 edge effect, 239-240 groundwater, 347
offshore breeze, 140 house plots, 294-295 urban streams, 185
omnivores, 242 land mosaic, 50 wetlands, 176
onshore breeze, 140 occupancy, 238 physical environment, 4, 7, 14
organic matter, 106 shape, 240, 381 phytoremediation, 181, 217, 360
decomposition, see decomposition, species richness, 384 phytosociology, 205
organic matter urban-to-rural gradient, 42 pigeon (common) (Columba livia), 252, 253,
sewage/wastewater, groundwater patch-centered mosaic, 56-57 263,271,331
pollution, 155 patch-corridor-matrix model, 44-45, daily fluctuations in Venice, 268
urban soil, 102, 104, 106 48,238-239 pigeon species, urban areas, 252
carbon-to-nitrogen ratio, 110 house plots, 294 pipe systems, see sewage system
organic wastes, 118, 347 uses, 44 Pizen (Czech Republic), 235
organisms, 3, 12-14 pathogens, wastewater discharge, 167, 168 planned built communities, 326
underground, 121-122 patio(s), 292,319 planning, urban/city and regional, 26, 29,
urban soil, see soil (urban) plants, 319-320 62-63, 82
see also microorganisms; wildlife (urban) pattern perception models, 49 cities, 31, 64, 81, 82-83
orthogonal grid models, 49 patterns, urban ecology, 11-12 metro area, 82
Osaka (Japan), 260-261, 262, 266-267, 269 pavements towns, 63
Ottawa (Canada), green corridors, 363-364 permeable, 172,288 urbanization, 82-83
outward expansion, see urbanization porous, 172, 288 plant(s) (urban), 205-240
owls, 249-250, 262 see also impervious surfaces adaptations, croplands vs. disturbed
Oxford (Ohio, USA), songbirds and peak flow, 172-173, 194, 383 wasteland, 221-222
vegetation, 251 pedestrian walkways, 122-123 boundaries (between communities),
oxidation-reduction balance, 103-104 “pedon,” 96 231-232,239-240
oxygen people and activities, see human activities; on buildings, 307-309
dissolved, low in wastewater discharge, human needs choice/selection, factors considered, 210
167 percolation and percolation test, 103, 169 city centers, 330
levels in groundwater, 157 peregrine falcon (Falco peregrinus), 249, climate-related genetic diversity, 222
root requirement for, 106 256-257,270,287, 331 colonization, cracks in hard surfaces,
ozone, 130,218 perforation, habitat change due to, 88-89 290-292
ozone smog, 144, 147 perimeter-to-area ratio, 60 community dominance, 232
peri-urban, definition, 7, 39 community structure and dynamics,
parasitism, by invertebrates, 254 peri-urban area, 13, 39-40 230-238
Paris (France), 120, 123, 260, 309 adjacency effects, 52 change/dynamics, 234-238
park(s) (city), 344, 349-353, 369 built objects, 13 spatial, see spatial structure below
biodiversity, factors associated, changing patterns, urbanization, 322-324 see also ecological succession; time
369, 370-371 description (European cities), 321 scales
birds, 351, 352 land patterns, 35-36 cropland vs. built-area, 221-222
connected, integrated system, 373 residential area, 321-326 density, in city zones, 213,214
development, “human-molded small agricultural sites, 346 diseases, 219
vegetation,” 86 soil, fertilizer, and contamination, 118 dispersal, corridors, 240
distribution, 17 spatial patterns, 35-36, 324-326 dispersion, 227
edges, 69 peri-urban development, compact, 321 distribution in urban areas, 213-214
functions/benefits, 349, 350 permeability, groundwater, 157 diversity see plant(s) (urban), species
habitat diversity, 208, 351 pest(s), 19,23 richness (diversity)
large, 351 plant/trees, 23,219 emitters of chemicals, 218
models of urban people and nature, 28 wildlife (urban), 24, 265 extinction rates, 236
plants, 351, 352 pesticides, 23 feralization, over centuries, 236
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“floristic similarity;” 238
flowering, 211, 278
as generalists, 216
genetic variation, 216
green roofs, 312
groupings, 210
grown for food in urban areas, 346-347
growth inhibition by wastes, 216
habitat fragments, 238-240
herbivory defenses/prevention, 218-219
high plasticity, 222
high uptake/assimilation, 217, 218
indoor, 307
industrial sites, 339
informal squatter settlements, 318-319
invasive, 213, 215, 235
microclimate effects, 216
movements, 15-16, 66-68
native species, 213, 215, 218
elimination, processes, 214
gene exchange, 221
house plots, 296
time scale for change, 235
natural community, 232
natural hybrids, 236
naturalized, 213, 235
non-native species, 213,218
archaeophytes and
neophytes, 213-214
in cities, 213
herbivory/herbivores, 218, 219
house plots, 295, 296
invasion over decades, 235
mixtures with native species, 214-215
seed dispersal, 220
time scale for change, 235
variation by habitat, 214
normal response curve, 215-216
nursery, 210
origins, 212-213
ornamental, 210
in parks, 351, 352
patios/courtyards, 319-320
pests, 23
phenology, 234, 235
in planted areas, species interactions, 232
preadaptations, 222, 227
productivity, in house plots, 296
railways and, 277-278
resistance and resilience, 216, 217, 222
response to urban stresses, 217-218
roots, see root(s)
soil types effect, 216
spatial structure, 230, 231-234
change over time, 234-236
horizontal pattern, 231
vertical stratification, 231-232
species
green roofs, 312-313
industrial sites, 339
planted, in greenspace, 209-210
spontaneous, in greenspaces, 210
species mixtures (native/non-native),
214-215
species patterns, 230
species pool, 238

species resistance/assimilation
variations, 218
species richness (diversity),
232-234, 266
adjacency arrangement pattern, 56
adjacency effect, 239
boundary type and, 239-240
city centers and, 330
forest patches in city, 266
forest size and adjacent land use
affecting, 52
habitat area/size, 232-233, 239
habitat type and, 233
Harvard University (Boston), 233-234
house plots, 295-297
human design/maintenance efforts
and, 232,233
planted species, 295, 296
on vacant lots, 360-361
taxonomic groups, 210-212
tolerance to chemicals, 217
tolerants, inhibitors and facilitators, 237
transport by vehicles on roads, 286
trees’ ecological roles for, 224
types, 208-210
in urban soil, 105-108
on walls, see wall plants
see also tree(s)
plant biology, 215-223, see also herbivory;
pollination; seed dispersal
plant ecology, physiological, 215-218
plant responses to environment, 215-217
species functions, 217-218
plant genetics and adaptations,
220-223,236
factors favoring/limiting change, 221
plantations, in urban areas, 229
“point source,” 154
poles and pole arrays (docks), 200
pollination, 220, 221, 234, 254
pollinators, 299, 347, 348
pollutants
air, see air pollutants/pollution
estuaries, 201
stormwater, see stormwater
street dust, 281
urban rivers, 189
urban soil, 94, 100
pollution
air, see air pollutants/pollution
cleansing processes of water bodies,
174,189
coastal zones of cities, 198
commercial strips, 334
environmental economics and, 18
estuaries, 201
groundwater, 154-155
harbors, 201
industrial areas, 337-338
neighborhood retail center, 332-333
ponds, 178-179, 182
railways, 277
rivers, see river(s) (urban)
seawater, nitrogen, 166
stormwater, see stormwater
urban agriculture and, 347

water bodies, see water bodies (urban/
local)
wetlands, 177
polychlorinated biphenyls (PCBs),
189,201
polycyclic aromatic hydrocarbons (PAHs),
116, 189,218
pond(s), 178-179
bioretention, 180
detention (catch basins), 180
factors controlling characteristics, 178
on golf courses, 356-357
house plots, 303
pollution, 178-179, 182
stormwater pollution management, 155
stormwater runoff, 178
types, 179
vegetation, 178
pond-systems, wastewater
aquaculture, 166
population density, 36
exurban, 40
metro areas, 60
rural, 40
suburban, 40
urban, criteria/definition, 36, 40
urban regions, 60
population genetics, 272
population size, of cities, 4-5, 76
optimum and limits, 5, 76
USA cities, 5
porosity, groundwater, 157
Portland (Oregon, USA), 354, 367
positive attributes, urban region, 379
potholes, 288
prairie dogs (Cynomys), 142-143
preadaptation, 222, 227, 270
predators
escape from, animal movement,
264-265
invertebrates, 254
mammal, 242-245
daytime distance from shrub/
forest, 261
mid-size predators, 242, 243-244
top predators, 242, 243, 244, 259, 261
prime footprints, 30, 63
private spaces, 292
protozoa, in urban soil, 109
public health issues, 23, 24-26
air pollution, see air pollutants/pollution
home, plants and sprawl, 25
low-income residential areas, 318
urban ecology principles use, 28
water-related, 24-25
wildlife-related, 25
publicland, 38
public transport, 17, 286
Puerto Rico, 90, 367

Q* (net all-wave radiation), 131, 135, 382
quarried limestone tunnels, 123

quarries, 355-356

rabbit species (Lepus, Sylvilagus), 245-246

raccoons (Procyon lotor), 244
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radiation, 126, 129-133 ridge networks, 45 seawalls, 202
heat in groundwater and, 155 Rio de Janeiro (Brazil), 340 rock cliffs, 308, 309, 355-356
“sky” (diffuse), 131 riparian vegetation, 193 rocky coasts, 202
solar, 129-131, 155, 382 urban rivers, 187-188, 190-193 rodents, 25, 245, 359
wavelength shift (short- to long-), 132 urban streams, 183, 185-186 Roman cities, aqueducts for clean water, 159
radioactive isotopes, in air, 143 riparian wetlands, 176 Rome (Italy), 84-85, 87, 350
radius gradient, 12 riparian zone, disconnected from roofs, green, see green roofs
radon, 116 groundwater, 196 root(s), 105, 106-108
rail beds, 276, 277 ripple effects, 235 functions, 108
rail yard, 276 river(s) (urban), 186-193 growth and requirements for, 106-108
railways, 276-279 algae, herbivores and animals, 188 nutrient/mineral absorption, 106, 114
barrier/filter effect on wildlife, 278 benefits, 186, 189 sizes (large, fine), 108
corridors, 276, 277, 278, 364 bottom, 187-188 root hairs, 108
land surrounding, 278-279 channel and water flow, 187-189, 195 root systems, sizes, 108
disused, walkways, 279 high flows, see flooding “r-selected” species, 216
ditches alongside, 276, 277 low flows, 187, 188-189, 196-197 rubble, 116-117
ecological succession, 237, 277 channelization, 187, 195 ruderal vegetation, 207, 221-222
noise and vibration, 276, 277 close human interactions, 190, 191
pollution, 277 fish, 190 salt marsh, 199, 201, 203, 235
spores, seeds and species distribution, 278 groundwater animals around, 157 saltwater, 76, 153, 166, 202
vegetation and plants, 277-278 habitat heterogeneity, 190 saltwater lagoons, 198
wildlife and, 277, 278, 279 migration, 187 San Diego (California), 242-243, 260
rain, 126, 150, 170, see also stormwater pollution, 189-190 sand, 37, 95,101-102, 158
“rain-garden,” 180-181 restoration, 187 sand quarry, 356
rainwater runoff sediment, 187-188,200-201 Sao Paulo (Brazil), 327
flooding, 194 species limited by water flow or saprophytes, 109
green roofs, 311-312 pollution, 189 satellite cities, 77, 78, 235, 324
see also stormwater runoff vegetation, see riparian vegetation scales, 32
rank-size rule for city population, 381 vertical and horizontal dimensions, domain of, 33
raptors, 247, 249-250, 254 187-188, 190 see also spatial scales
artificial structures as habitats, 249, 254, water quantity/quality patterns, 188 sea-grass beds, 200
256-257 River Thames (London), 187 sea-level rise, 203
rare species, 259-260, 362 riverbanks, 187, 190, 191 Seattle (USA), 40-41, 43
rats (Rattus), 245 riverside area, urban, 57, 191 seawalls, 202
rectilinear networks, 45 changes during urbanization, 87 seawater, 76, 153, 166, 202
recycling, 118, 359 environmental conditions, 192 sector models, 49
urine, 169 human activities along, 190-191 security (defense), 36
water, 160, 165, 169 natural land uses, 191 sediment
regions (geographic), 58-60 structures, 190-193, 195 estuary bottom, 200-201
regulatory economics, 18 types, positive/negative roles, 191-193 lagoons, 200
relative humidity, 126 riverside infrastructure, 190 reservoirs, 158
religion, urban ecology principles use, 29 road(s), 279-287 urban rivers/streams, 167-168, 187-188
reptiles, 253-254 as conduit for animal movement, 364-365 in wastewater discharge, 167-168
changes over decades/centuries, 270 extension of effects on sides, 280-281 sedimentary rocks, 98
characteristics, habitat requirements, moving objects, 285-286 Sedum, green roofs, 312, 313
253,254 noise from traffic, effects, 280 seed bank, 236
decline with habitat changes/loss, pollution from, 281, 287 seed dispersal, 220, 254, 278, 286
253,260 related features, 286-287 self-locomotion, 66
diversity in arid areas, 253 surfaces, 287, 288 “self-organizing principles,” 51
reservoirs, 158, 159 types, 281 semi-natural greenspace/area, 7, 8, 353-355
sediment in, 158 ring roads, 287 habitat heterogeneity, 353
stormwater pollution, 203-204 streets, see street(s) parks (city), 351
residential areas, 314 urban highways, 280 resistance to disturbances, 74-75
city see city residential areas urban/suburban, 280-281 woodland, 353-354
commercial area mixed, 268, 314, 315 widths, 281, 282 septic systems, 168-170, 304
green networks, 366 wildlife crossing, mitigation advantages/disadvantages, 170
low-income areas, 316, 318, 319 structures, 280 wastewater treatment problems, 169
resilience (to disturbances), 74, 75 wildlife population reduction, 280 septic tank, 169
resistance (to disturbances), 74 road ecology, 279 sewage, 118,123, 151, 160-170, 304
resolution, 32 road kill, 245, 246, 280, 286 back-yard outhouse toilets, 302
restaurants, 328, 331 road networks, 282-284 city centers and, 327
retail business areas, 38, 334 patterns/features, 282-284 components and organisms, 161
retail center, neighborhood, 332-333 types/forms, 283, 284 effectiveness of treatment, 164
retention basins, 179 “road-effect zone,” 57 primary treatment, 164
Rhododendron punticum, 219 roadsides, 284-285 secondary treatment, 164
ribbon development, 286 rock(s), 98, 99 septic systems, see septic systems
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sludge, 118, 165, 169
tertiary treatment, 165, 166
sewage system, 151, 161-166
combined with stormwater system,
163,167
global availability, 160-161
pipe systems, 161-164
access to and problems, 162, 163
decomposition processes in, 164
separate from stormwater system,
163-164, 166
septic systems vs., 170
treatment facilities, 161, 164-165
neighborhood, 165
wastewater discharge effect on water
bodies, 165, 166-168
sewage wastewater network, 123-124
shade
city centers, 332
green walls, 282
streets, 281, 282
from trees in cities, 216-217
shade corridors, 130, 131, 284
shadow lengths, 382
Shanghai (China), greenspaces, 85
Sheffield (UK)
flowering plants, 211
habitat diversity in parks, 351
house plots, 293-294, 296, 297, 300
shopping malls, 335-336
shops, 328, 332-333
shorebirds, changes over time, 269
short-wave radiation, 130, 131, 132
shrinkage, habitat change due to, 88-89
shrub layer, 231, 258
shrubs, in urban areas, 229-230
distribution (Barcelona), 230
diversity, 229
house plots, 303
large wooded patches, 229
roles, 229, 230
spontaneous growth, 229, 230
wildlife and, 258
side-boundary vegetation strips, 324
silt, 37,95, 98,101-102
in reservoirs, 158
silviculture, 355
Singapore, 310, 369
sinuosity ratio, 384
skunks, striped (Mephitis mephitis), 244
sky conditions, 126
“sky” radiation (diffuse radiation), 131
sky view factor, 130, 382
skyscrapers, 310, 327, 328
slope of ground, 37-38, 98
sludge, sewage, 118, 165, 169
slugs, 112,297
slums, 316
snails, 112
social patterns (human), 17-18
societal goals, 377-378
sodium chloride (NaCl), 115,117,217-218
soil (urban), 91-124
aeration, 92
agricultural “crop,” 91
agriculture effects on, 347

anaerobic conditions, 103, 104, 106
biological/physical components, by size,
107,108
boundaries between types, 96
bulk density, 102
buried compaction layer, 95
chemicals in, see chemical(s)
city center, 329-330
classification of types, 95-96, 101
clay, 95,101-102
compacted, 91, 93, 94, 330
compaction, 95, 100, 102
trees resistant to, 105
composition, 91, 92
compressibility, 103
contaminated
brownfield sites, 360
detention basins and biofilters, 180
industrial areas, 118, 339
Kano (Nigeria), 40-41
core characteristics, 92-94
degradation, 83, 105
designed-and-mixed, 92
development, organic matter role, 106
drainage, 103
under drainfield (septic system), 169
ecosystem development, 105
energy and nutrients from, 106
erosion (by water/wind), 18, 97, 98, 99,
118,158
fill, 92, 94,95
food web, 149
functions, 91-92
gasesin, 116
for green roofs, 312
horizontal pattern, 92, 95-97
human disturbance effect, 91-92, 96
human structures/artifacts, 93
identification of types, and maps, 96
impervious (hard) surface above, 94
“improved”/’remediated,” 92
key natural and human processes
affecting, 97-100
ecological processes, 99-100
geological processes, 97-99
human processes, 91-92, 96, 100
loamy, 101, 102
minerals, 91, 92, 95
“natural,” 91
organic matter, see organic matter
organisms in, 105-113, 114, 121-122
animals, 111-113
large invertebrates, 112-113, 114
microbes, see microorganisms
plants and roots, 105-108
tiny invertebrates, 112-113, 114, 122
vertebrates, 111, 122
patterns (associated with human
activities), 92-94
permeability and percolation, 103
pH elevation, 94, 114
plant growth, effects on, 216
plasticity and elasticity, 103
pore size distribution, 103
remediation, 181, 360
sandy, 101, 102

shear strength, 103
stormwater infiltration, 93
stratification (A, B, Clayers), 94-95
texture, 97, 101-102
texture, properties related to, 102-104
relative importance (by
activity), 104-105
root growth and, 106
structural, 102-103
water-/air-related, 103-104
trees’ ecological roles for, 224, 225
types, 91-92, 95-96, 101-102
Washington, D.C., 96
underground and, see underground
(urban)
urbanization effect, 83
vegetation and litter, 94
vertical layers (profiles), 92, 94-95
characteristics, 94, 95
volume change (deformation), 103
water drainage, 92
water infiltration, 103, 104, 151, 185
wetlands, 175, 176
zones/layers (A, B), 91, 92, 94-95, 106
aerated, groundwater in, 151
zones/layers (C), 94
solar radiation, 129-131, 155, 382
solid waste, 118, 358
solid-waste dumps, see dumps (tips)
songbirds, 248, 250-252
breeding/summer and winter
seasons, 251
crossing railways, 278
foraging guilds, 251, 257
habitat affecting density/diversity, 248,
251-252
migration, parks and, 344
roosting in trees, 252, 257
sensitivity to vegetation structure, 251
in suburbs, 251-252
South Korea, 118, 195, 214, 231
spatial arrangement
buildings, 306
in cities, 38-39
house plots, 293-295, 306
spatial ecological gradients, 34
spatial models
early models, 46-47, 62
land-use patterns, 38-39
patch-corridor-matrix, see patch-
corridor-matrix model
random (stochastic), 46
richness, and model types, 46-49
simple, 46
urban-rural gradient, see urban-rural
gradient, as spatial model
spatial patterns, 12, 26-28, 31-64, 377, 382
geomorphic framework, 36-38
greenspaces, 370
horizontal, see horizontal patterns
house plots, 293-295
human and nature’s, 34-36
invertebrates, 255
land-and-sea, 59
megalopolis, 33
oblique (diagonal), 32, 59
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spatial patterns (cont.) discharge rates, 173 wastewater discharge effect, 168
parks (city), 351-352 drainage systems, 120-121, 170-173 water quantity/quality and biology,
peri-urban (exurban) area, 35-36, flow patterns, 170-173 182-183,185-186
324-326 groundwater pollution, 154 watershed, floodplain and, 182-185
plants, see plant(s) (urban) infiltration into urban soil, 93, 170, 171 streamline air flow, 65, 127, 140
scale and, see spatial scales pollutants in, sources, 170-174, 180, isolated buildings effect, 142
universality, 49 198,281 street canyons and, 141
urban regions, metro areas and cities, clean-water supplies, effect, 174 street(s), 281-282
58-64, 327 USA vs. UK comparisons, 173-174 green walls, 281-282, 309
urbanization, 76-83 pollution management, 155 heat and shade, 281, 282
vertical, 31-32 pollution of water bodies, see water bodies stormwater and, 281
wildlife habitats, see wildlife (urban) public health issues, 24 street canyons, 136, 141-142, 281
spatial planning principles, 26-28 in sanitary sewage system, 162 air flows in, 141-142, 327
spatial processes streets and, 281 biodiversity, 282
habitat change due to, 88-89 structures to contain/absorb, 180-181 tree effects, 143
land recovery/restoration, 88-89 use on golf courses, 356 street dust, 146, 165, 281, 309
spatial scales, 12, 32-34 stormwater drain/basin, wildlife habitat, 263 street networks, 282-284
fractals, 34 stormwater pipe network, animal movement  “street swales,” 180, 287
hierarchy, 12, 33 via, 67 street trees, see tree(s), street
stair-stepped interpretation, 33 stormwater runoff, 170, 383 strip(s), see corridor(s)
urbanization, 75 amounts (by surface type), 170-171 strip development, 286
spatial sequence models, outward into bioretention basins, 180 stygobites, 157
expansion, 82, 83 carparks, 287 stygophiles, 157
species, 11 control by greenspaces, 371 subcanopy, 231
changes, urbanization effect, 85-86 estuaries, 201 subsidence, 152
“tightness” of interactions, 232 first flush, pollution, 173 subsoil, 91
species assemblage, 50, 232 flashiness, 173, 184, 185 suburb, 38, 39, 321
species continuum model, 48 green roofs and, 311-312 bird densities, 249, 261-262
species dominance, 384 greenspaces and woods, 171 bird species richness, 262
species pool, 238, 351 impervious surfaces, 171, 172 definition, 7, 321
“species rain,” 62, 369, 370, 373 industrial areas, 338, 339, 340-342 population density, 40
species richness (diversity), 14, 89, 232 low-income residential areas, 318 songbirds, 251-252
birds, see bird(s) (urban) neighborhood retail center, 332 species richness, vs. in cities, 262
fine-scale habitats associated, 208 peak flow, 172-173, 383 suburban area
habitat type and, 233 permeable pavements, 172 changing patterns, 39, 322-324
lagoons, 199 ponds, 178 development forms/types, 322, 323
patches, 384 porous pavements, 172 expansion, 321
plants, see plant(s) (urban) small water collectors, residential gradient from urban, to rural, 41, 77, 262
species—area relationship, 232-233 areas, 172 land patterns, 35-36
suburbs, see suburb swales (drainage ditches), 172, 173, seed dispersal in, 220
wildlife, see wildlife (urban) 180, 287 small agricultural sites, 346
see also biodiversity urban streams, 182, 183-184 spatial patterns, 324-326
species source, 265, 351 stormwater system suburban residential area, 7, 321-326
species—area effect, 260-261 combined with sewage system, 163, 167 inner suburb, 38,316
species—area relationship, 232-233, 260-261 separate from sewage system, types/forms, 316, 317
spiders, 112 163-164, 166 urban areas vs., 324-325
“spillover effect;” 265 stream(s), 182-186 suburbanization, 77, 321
spores, dispersal by trains, 278 bottom of, 184 succession, see ecological succession
sprawl, 6,7, 39,79, 324 channelization, 184, 195 successional habitats, 14, 15, 85
development in forests/woodland, 79, 80 daylighting, 186 Sudgelande Nature Park (Berlin), 277, 279
dispersed patches model, 77, 79 definition, and headwaters, 183, 206 sulfur dioxide, 144
environmental effects/features, 78-79 density, 384 surface depression storage, 383
habitats and biodiversity, 86 extentin USA, 183 surface energy balance, 131-133
springtails, 112 fish, 186 surfaces
squirrels (Sciurus, Tamiasciurus), 246 flooding, see flooding urban vs. non-urban, effect on heat, 136
starlings, 252-253, 331 flows, 152, 184, 185 see also hard surfaces; impervious
stepping stones, 36, 72, 228, 266 in storms, 185 surfaces
green roofs, for birds, 313 variations and flashiness, 173, 184, 185 “surroundings,” importance, 54
house plots as, 293, 294 velocity, 184-185, 324, 384 sustainability, urban, 29, 322
plant species dispersal, 240 herbaceous vegetation lining, 185-186 swales (drainage ditches), 172, 173, 180,
wildlife movement and, 266-268 invertebrates, 184, 186 181-182
birds, 266, 267 networks, 366 street, 180, 287
Stockholm, golf courses, 356-357 nitrogen/phosphorus levels, 185 swamps, 175, 176
storks (Ciconia), 256, 257 restoration, 186 Swindon (UK), 346
storms, 185, 188,194 temperature, 185 swine encephalitis, 25
stormwater, 84, 170-174 urbanization effect, 87, 324 sycamores (Acer pseudo-platanus), 219
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Sydney (Australia), 81, 84

synanthropic plant species, 52

Syracuse (New York, USA), 259,
261, 366-367

systems ecology, 68

systems models, 46

tarmac (asphalt) surface, 288
cracks, 288-289
temperature
green roofs, 311
groundwater, 155-156
inversion, 128, 129, 135
parks, 352
summer, shade from trees and, 216-217
urban air, 126, 135
agriculture effects, 347, 348
air pollution increase, 147
increase and global warming, 147-148
non-urban vs., 136-137
urban streams, 185
see also cooling; heat
termites, 67, 112, 267
territory and territoriality, 67, 264
tides, 76
Tiete River (Sao Paulo), 189
Tijuana (Mexico), bird species, 260
time scales, 16
change-over-time principles, 16, 75-76
disasters, 76, 234
natural processes, 234
outward expansion of urbanization, 235,
322-324
plant community structure change, 75,
234-236
centuries and millennia, 236
decades, 235
short (hours-seasons), 234
years, 234-235
range of (long to instantaneous), 75
shipping, bridges, cars, transport, 16, 75
urban changes, 16, 75-76
wildlife changes, 268-270
centuries, 270
daily/seasonal, 268
decades, 269-270
years, 268-269
see also ecological succession
toilets, back-yard outhouse, 302
Tokyo (Japan), 81,133
topographic features, 97-98
topsoil, 91, 92, 94
Toronto (Canada), 122-123, 204, 217, 244,
333,367
total nitrogen (TN), 164, 165
total phosphorus (TP), 164, 165
total suspended solids (TSS), 164, 174
town(s), 63-64
centers, 334
ecology, 63
planning, 63
toxic substances, in water bodies, 168
traffic calming, 286
traffic circles, 287
trains, see railways
trampling, 239

“transit-oriented development,” 316, 373
translocation of animals, to new sites, 265
transpiration, 132, 151, see also evapo-
transpiration
transportation, 16, 17, 373, 375
in city centers, 327-329
commuting and time scales for change,
16,75
harbors and waterfront area, 198
heat due to, 132
human need for, 36
land use change during urbanization, 87
motor-powered movement, 66
seed dispersal by, 220
time to neighborhood retail center, 332
underground networks, 120-121, 122
urban ecology principles use, 28
see also railways; road(s)
transportation corridors, 77
transportation structures, stormwater
runoff, 172
travel time, city size and, 5
tree(s), 125,223-229
adjacency effect, 239
around airports, 361
assimilation/uptake, 217,218
avoidance from dump sites, 359
benefits in cities, 223, 225
cooling, 139, 284
Kano (Nigeria), 225
bird use in cities, 248, 285
canopy, 227, 231, 257
cover, 8, 30
in USA and Europe, 238
density, in small wooded patches, 228
diseases and pests, 219
distribution and arrangement, 225-229
arrangement, 227-229
environmental disasters affecting, 227
time-related changes (years), 226
ecological roles, 223-225
major roles, 224
minimal roles, 224-225
minor roles, 224
ecological succession, 226-227
in front/back outdoor spaces (house
plots), 297-299
generalists, vs. specialist species, 229
habitat diversity (Taiwan), 207
herbivores, 219-220
house plots, 297-299, 303
isolated, urban air flow, 142-143
land use affecting species, 226
large wooded patches, 228-229, 239
leaf area index, 217
minimizing at airports, 361
narrow wooded corridors, 228
non-native species, 214, 229, 235
PAHs assimilation, 218
in parks, 350, 351
patterns, in metro area during
urbanization, 87
resistance and resilience, 216
response to urban stresses, 217-218
rows of, 227-228
saplings in shrubby areas, 230

shade from, 216-217
single, arranging, 227
single species in plantations, 229
in small wooded patches, 228, 229
soil ecosystem development, 105
species in Chicago, 214
species pool, 238
species resistance/assimilation
variations, 218
street, 284-285, 287
benefits, 223
bird species and, 285
city centers, 330
cooling by, 139, 284
mortality, 226
pollution affecting growth, 284-285
relative to city population size, 209
species related to NO, levels, 284
in street canyons, air flow, 143
urban-to-rural gradient, 226
vertical stratification, 231
birds and, 251, 257-258, 285
volatile organic compound
emission, 218
wide wooded corridors, 228
see also forest(s) (urban areas); plant(s)
(urban); woodland
tree swallow (Passer montanus), 250-251
tropical cities, wildlife and vegetation layers,
258-259
trucks, 285-286
tsunami, 202
turbulent air flow, 65, 127, 140
turnover rate, 268-269

UK, house plot biodiversity and coverage,
297,374
underground (urban), 119-124
in city centers, 330
network flows and forms,
see network flows
organisms and habitats, 121-122
rodents, 245
structures, see underground human
structures
underground human structures, 93, 116—
117,119-121
layering/vertical distribution, 121
networks, 120-121
types, 119-120
understory layer, 230, 231
urban, definition, 6, 41
urban area(s), xii, 6, 41
built spaces and greenspaces, 7
density, changes with urbanization, 79
ecological succession, 85
economics, 18
key concepts, 6-8
mosaics, 3, 4
social interactions, 17
time scale for changes, 75-76
varying terms in different countries, 6
urban attributes, 11-16
urban backbone, 36, 37
urban boundary layer (UBL), 128, 135
urban canopy layer, 128
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“urban chemical flows,” 68 house plot sizes and, 324 classification, 206
urban cliff hypothesis, 331 internal changes, 79-81 grouping-by-mechanism, 206-207
urban ecology, 3 “jaws-and-chunks” model, 82, 83 by origin, 206, 207
books on, 10 land use changes, 86-88 coastal, time scale of changes, 235
breadth of field and uses, 4 broad scale, 87-88 disturbed along roadsides, 285
concept, 2-4, 6, 12 natural land, 90 dynamics, see ecological succession
as contrasting concepts, 3 outward expansion, 7, 76-77, 82, 322, environmental gradients and, 42
ecology ‘in’ vs. ‘of  cities, 11 372-373 in greenspaces and corridors, 81, 343
history of, 4-11 distribution limits for species, 86 herbaceous, along urban streams/ditches,
cities and, 4-8 highway bypass, effects, 88 185-186
current phase, 9-11 internal change affecting/affected “human-molded,” development
early phases, 9 by, 80-81 sequence, 86
key areas to focus on, 11 patterns and time scale, 235, 322-324 layers/vertical structure, 231-232
major subjects, reflection on and future spatial sequence models, 82, 83 birds and, 251, 257-258, 285
prospects, 372-378 outward expansion models, 77-79, 235, wildlife and, 251, 255, 257-259
principles, for society’s solutions, 26-30 324,377 planted, in urban greenspace, 209-210
research areas and centers, 10, 11 combination of models, 78 ponds, 178
for society’s solutions, 26-30, 377-378 environmental effects, 78 railways and, 277-278
for big solutions, 29-30 planning and optimal expansion, 82-83 removal, flooding associated, 194
use in key disciplines/professions, 28-29 soil degradation, 83 riparian, see riparian vegetation
“urban energy flows,” 68 spatial patterns, 76-83 songbirds and, 251
urban environment, cultural/regional spatial scales and, 75 stability, 234
aspects, 26, 27 succession and species change, 85-86 succession, see ecological succession
“urban forest,” concept, 355 transformation patterns, 81 types, 205-207
urban form, 36, 62 vegetation change, 81, 84-86 urban areas, 84-86
urban form models, 48-49 water and mineral nutrient flows, 83, increase, to ameliorate heat in
urban greenspace system, see greenspace 84,322 cities, 139
system, integrated urban-region rings, 62, 261-262 on urban soil, 94, 105-108
urban growth boundary, 48, 364 urban-rural gradient, 10-11, 40, 42, 43, ecosystem development, 105
urban hierarchy, 33 49,262 wetlands, 175
urban metabolism, 68 challenges and end points, 43 vehicles, 30, 285-286
urban objects of ecology study, 3, 12-16 characteristics measured, 42-43 types, 285-286
urban regions, 3, 57, 58-64 city, suburb, peri-urb, farmland and Venice (Italy), 153, 268
agricultural land around metro natural land, 38-41 ventilation
area, 60, 62 ecological gradients, 42-43 airport-surrounding areas, 362
boundary, flows across, 63 as spatial model, 38-43 cities, 127-128, 139
criteria for mapping/boundaries, 60 urban-suburban-rural gradient, 41, 77, 262 ground level, burrows, 142-143
definition, 6, 7, 60 urban-to-rural concept, 40, 41 vertebrates (urban), 241
as ecological mosaic, metro area and, 51, urine, 169 diversity/abundance in large
57,60-63 dog, 20,21, 217 greenspaces, 354
examples, 60 USA invertebrates as food source, 255
inner ring, natural land, 62 air pollution from traffic, 146 pests, 24
planning, see planning, urban/city and bird mortality due to vertical built species richness, habitat fragments
regional structures, 256 and, 261
population density, 60 cities and population size, 5 underground, 122
regions surrounding, 60, 62 “food shed” and urban agriculture, 349 in urban soil, 111
spatial features, positive/negative golf courses, 356 vertical gradient, 12
effects, 63 greenway systems, 367 vertical pattern, 31-32
“urban revolution,” ix tree cover, 238 plants, see vegetation, layers
urban sprawl, see sprawl urban streams, 183 soil, see soil (urban)
urban sustainability, 29, 322 Vienna (Austria), 157, 281
urbanization, 2, 4, 6, 76-83, 373 vacant lot ecosystem, 85 villages, city development, human needs, 36,
air changes, 83-84 vacant lots, 359-361 212,372-373
Chinas Changjiang Region, 84 building on (infill), 361 vines, 230, 303, 308, 309, 330
definition, 7, 76, 321 plant diversity, 360-361 violets, genetic variation, 221
ecological change rates, see ecological valley bottom, 98 vireo, spatial habitat patterns, 260, 266
change, rates/trajectories vectors, 66, 67 viruses, in urban soil, 109
ecological phases, 322-324 vegetable gardens, 86,299-300, 346 visibles, in urban ecology, 1, 2
altered wildlife pattern phase, 322 vegetables, growing, 346-347 volatile organic compounds (VOCs), 144,
metapopulation, disrupted water vegetation, 205-240 146,218,287
phase, 322-324 along rivers/streams, see riparian volcano, 76
scattered habitat phase, 324 vegetation vortex air flow, 65, 140, 141
edge model, 82, 83 backline strip, 294, 295
habitat loss/degradation and change during urbanization, 81, 84-86 Waitakere City (New Zealand), 367
fragmentation, 88-90, 322, 324, 349 changes after city abandoned, 268 walking, in city centers, 327, 328
history of concept, 8 in city centers, 327 walking routes, 286
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walkways, 288
wall(s)
cracks, 289-290
garden, 304-306
green, see green walls
wall plants, 304, 307-308, 309
ecological functions/benefits, 309
heights and wildlife values, 307, 308
pollution reduction, 309
species, source and locations, 307-308, 309
see also green walls
warehouse truck distribution center,
336,337
wars, 376
Warsaw (Poland), wildlife, 259
Washington, D.C. (USA), 96, 366, 369
waste
city centers, 328, 330
industrial, 154, 189, 338
plant growth inhibition by, 216
waste site, groundwater pollution, 154
wasteland, 207, 221-222
wastewater, 151, 160-170
aquaculture for food, 165-166
commercial, 161
discharge, effects on water bodies, 165,
166-168
anaerobic conditions, 167
estuaries, 201
microorganisms, 168
nutrient excess and algal blooms, 167
sediment excess, 167-168
toxic substances, 168
groundwater pollution, 154
industrial, 161
in low-income residential areas, 318
partially treated, in rivers, 189
public health issues, 24-25
reused, for potable water, 160, 165
septic systems, 169
sewage, see sewage
treatment
failure in septic systems, 169
natural systems, 165, 166
partial, sludge from, 118
in water bodies, 167, 181
treatment facilities, 161, 164-165
types, 161
wastewater systems, 161-166
pipe systems, 161-164
water, 204
absorption by roots, 106-107
agriculture (urban) effect, 347
aquifer, uses, 152
capillary, 106
city centers and, 327
clean, supply (urban regions), 18, 150,
151, 158-160
aqueducts (Roman), 159
infrastructure to provide, 159
low-income areas, 318
stormwater pollutants effect, 174
supply problems in cities, 160
transport of supplies, 159
from urban rivers, 190
users and usage, 158, 161

see also water, drinking
content of urban air, 126-127
drainage, soil types, 92
drinking, 154
contamination, 25
groundwater, 151-152, 158
reuse, 160
sources, 158
surface-water supply, 158
erosion of soils, 97, 98,99, 118, 158
groundwater, see groundwater
for growing food, 347
human need for, 16-17, 36
infiltration into soil, 103, 104, 151, 185
inter-basin/inter-regional transfers, 159
for lawns, 301-302
potable-water reuse, 160
quantity/quality
cities, 160
urban rivers and, 188
urban streams and, 182-183, 185-186
recycling, 160, 165
runoff, house plots, 303-304
“surface runoff;” 151
surface-water supply, 158
trees’ ecological roles, 224
underground networks, 120-121,
121,122
urbanization effects, 83, 84
uses (household), 161
volume (average) used per household, 160
waste, see wastewater
water bodies (urban/local), 175-204
constructed basins, ponds, wetlands,
see constructed basins; pond(s);
wetland(s)
“not swimmable or fishable,” 168,
189-190
in parks, 351
pollution by wastewater discharges, 167
rivers, see river(s) (urban)
stormwater pollution, 173-174, 182
constructed basins, 180, 181-182
estuaries, 201
lakes and reservoirs, 203-204
processes to reduce effects, 174
quantity/quality effects, 174
rivers, 189-190
streams, 182-183
streams, see stream(s)
toxic substances in, 168
urban ecology solutions, 30
wastewater discharge effects,
see under wastewater
wastewater treatment/clean-up, 167
waterbirds, 250
wetlands and ponds, see pond(s);
wetland(s)
water budget, 383
water cycle, 150-151
key characteristics, 151
water flows (urban), 15, 66, 150-151
groundwater, 152-154
house plots, 303-304
non-urban vs. urban flows, 149
rivers, 187-189

stormwater, 170-173
peak flow, 172-173, 194
stream, to groundwater, 152
streams, 152, 183, 184
water pipes, 159, 160
leaks, ecological effects, 159-160
water pollution, 19
airports, 362
dog waste and, 21
groundwater, 154-155
stormwater, see under water bodies
(urban/local)
stormwater runoff and, 173-174
strategies for, 375
water resource management, 28
water systems, 149-174, 374-375
tightening, future prospects, 374-375
urban vs. non-urban, 149
water tanks, 159
waterbirds, 247, 250
habitat types, 250
ponds on golf courses, 356-357
water depth/salinity effect, 250
water-borne diseases, 168
waterfront, city, 198, 204
water-related changes, urbanization,
322-324
water-related diseases, 168
water-related public health issues,
24-25,318
water-related structures, in house plots,
303-304
watershed, urban streams, 182-185
water-supply pipes/mains, see water pipes
water-table, 151, 152
above/below, wastewater leakage from
pipes, 162-163
groundwater pumping reducing, 152,
153,196
land subsidence and, 152
risein, 153, 196
urban streams and, 185
water-treatment facilities, 159
weathering of rocks, 98, 99
weeds, 212-213, 296, 299, 347
wells, 158, 304
wetland(s), 18, 149, 175-177
bioretention, 180
characteristics, 175-176, 177
coastal, 175, 176, 177, 200
constructed, on golf course, 356
freshwater tidal, 176
functions, 176-177
greenspaces and corridors, 343
groundwater, 176
habitat heterogeneity, 177
house plots, 303
lagoons and estuaries, 199
microorganisms, 176
riparian, 176
surficial, 175
waterbirds, 250
wetland boundary, 175
wild pigs, 244-245
wildfires, 354-355
“wildland,” 52
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wildlife (urban), 241-273 loss, time since isolation in distance between, and location, 141, 142
avoidance behaviors to dogs, 20 greenspaces, 242-243 height and porosity, 140-141, 142
changes and adaptations, 157, 268-273 natural areas/land, 265 windspeed, 140, 142, 383
genetic adaptations, 270-273 needs/requirements, 241-242 wood fiber, 36
multi-scale changes, succession, non-native species, 265 woodchucks (Marmota), 246
268-270 in parks, 351-352 wooded corridors, 343
population density, 269 pests, 265 narrow, 228
time scales, see time scales population reduction by roads, 280 wide, 228
changing to new habitat, 20, 156-157 protected species, 260 woodland, 353-355
city centers, 330-331 public health issues associated, 25 area, predictive of bird diversity, 249
commercial strips, crossing, 334 railways and, 277, 278, 279 in cities, 209
cover for, 241-242 noise and vibration effects, 276, 277 conversion to builtland, floods and, 194
disease risk from dogs, 21 spatial habitat patterns, 259-263 ecological succession, 85, 237
dog walking impact, 20 animals of specific habitats, 262-263 foliage layers (2, 3, or 4), 231
ecological succession, 268-270 city, suburb, peri-urb, urban-region four-layer, 231
feeding, 264 ring, 261-262 two-layer, 231
garbage as food source, 264 greenspace patch size, 260 for forestry, 355
geographic range of species, 265 habitat fragments, 260-261 in greenspaces and corridors, 343
habitat heterogeneity and, 259, rare species, 259-260 herbivory distribution, 219
see also wildlife (urban), spatial species richness, 259-260 large wooded patches, 228-229, 239
habitat patterns species richness, 242, 243, 259-260 layers/strata, 208, 231
home range, 264 mixed-use land, 268 mixed-origin, Berlin, 215
house plots, 295-297 species source, and adjacencies, 265-266 regenerated, 231
mortality species types, 242-255, see also individual seed dispersal, 220
railways, 278 species and animal groups semi-natural areas, 353-354
road kill, 245, 246, 280, 286 streets, 282 small wooded patches, 228, 229, 266
movement, 264-268 suburban, 39 stormwater runoff, 171
airports and, 361 territories, 264 strips, wide wooded corridors, 228
along corridors, 240, 265, 364, 367, traffic noise effects, 280 see also forest(s) (urban areas); tree(s)
368,369 urban ecology solutions, 30 Woodlands, The (Texas), 63
altered patterns, urbanization vegetation layers, 251, 255, 257-259 woody plants
phase, 322 vertical built structures, 255, 256-257 bird feeding, 303, 304
distance, 368 as habitats, 256 ecological succession in cracks, 291
ecological network, 367 as hazards, 256 house plots, 303, 304, 305
facilitator/inhibitor patterns, 266 see also animal(s) Wye Valley (UK), cliffs and
road networks and, 284 wildlife underpasses/overpasses, 280, 286 succession, 356
species sources and adjacencies, Wilmington (Delaware, USA), 90, 353-354
265-266 wind, 140-141 xeroscaping, 292
stepping stones, 266-268 seed dispersal, 220
into urban areas, factors affecting, 370 soil erosion, 97, 98, 99,118 yard waste, 118, 300, 302
urban patterns, 265-268 streamline, see streamline air flow yards, 292
see also animal movements; bird(s) in street canyons, 141-142
(urban) ventilation of cities and, 127, 128 zones of influence model, 46
native species, 243-244 windbreaks, 140-141, 227 zoonotic diseases, 25
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