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accountability, corporate approaches,
292
acid rain, 4
acidification of ocean, 65, 117
acritarch fossils, 44
actinomycin, 141
adaptation capital, 139, 164
adaptive change model, 151
additivity, 316
aerobic life forms, 43
Africa, 49, see also sub-Saharan Africa
biodiversity loss trends and drivers,
215-229
centres of population growth, 407
charcoal in, 368
conservation efforts, 245
demographic transitions, 195, 214,
247
dependence on agriculture, 232
extinction crisis, 245
extinctions in, 214-256
fertility trends, 247
forest conservation, 364
forestry community practices, 8
habitat loss and fragmentation,
217-221
human migration from, 53
life expectancy, 200
population, 230
population dynamics, 229-233
population growth, 17,256, 408
population, median age, 231
species risk from climate change, 105
tension with Europe, 387
urbanisation in, 233-235
wildlife trade, 224
African Clean Energy (ACE), 368
African elephants, 264
species, 242
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African Orphan Crops Consortium
(AOCC), 383
African Union, Science, Technology
and Innovation in Africa Strategy
(STISA-2024), 251
age-dependency ratio (ADR), 203
aging of population, 202-205
policy options in societies impacted,
205
agricultural civilisations, sensitivity to
environmental change, 55
agricultural potential, 316
agricultural trade, in Africa, 255
agriculture
biodiversity change, 287, 369-378
energy for, 375-376
forest cover decline and, 370
growth, 291
impact of pests and disease, 295
in Africa, 387
intensification, 176-178, 290
neglect of public costs, 288
research and development, 373
agroecology, 381-383
agroforestry, 363
agro-industries, in tropical forest areas,
220
airborne fraction of carbon dioxide,
58
algae, biomarkers of, 45
All-Species catalog, 89
Amazon, 3, 64
Amazonian Dark Earth, 140
American chestnut (Castanea dentata),
104
amphibians
extinction rates from cohort analysis,
92
in Africa, 216
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population level depletions, 30
public domain taxonomy, 89
animals. see also species
estimate of species numbers, 81
evolution, 46
anoxygenic photosynthesis, 38
Anthropocene, 52
biosphere in, 268-272
projecting development, 58-61
soils and erosion, 143
anthropogenic global change, systemic
view, 52-57
antibiotics, 199
application of Global Footprint results,
324
aquaculture, 380
sustainable, 125
aragonite, 65
archaea, in earliest biosphere, 38
Archean Fon, xix
Arrhenius, Svante, 59
Arthropoda, 113
estimate of species, 83
Asia
African wildlife trade with, 224
agricultural modernisation, 185
centres of population growth, 407
demographic transitions, 195
fertility rate decline, 198
forest conservation, 364
forestry community practices, 8
life expectancy, 200
population, 230
ASOCANA (sugar producers’
association), 344
asteroid impact hypothesis, 26
asteroids, 15
Late Heavy Bombardment, 37
atmosphere, 34
as carbon sink, 275
as waste reservoir, 57
carbon in, 5, 7
National Footprint Accounts for
connecting with land, 326
oxygen and carbon dioxide, 47
Australia
extinction in, 53
Great Barrier Reef, 105
human use of fire, 54
population, 194
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species risk from climate change, 105
average life expectancy, before 18th
century, 199

background extinctions, 29, 80
estimates, 91
order-of-magnitude estimate, 97
rate, Xix
bacteria, in earliest biosphere, 38
badlands, denuded, 148
Bangiomorpha pubescens, 44
Bangladesh, 209
baselines, shifting, 30-31
bats, 267
bees, and coffee yield, 3
Bennett, Hugh Hammond, 148
Soil Conservation, 149
biocapacity, 313, 314, 317, 326
versus demand, 318
bioclimatic envelope, 62
biodiesel, 366
biodiversity, 47
as creator, 35
as victim, 52
breaks in fossil record, 24
climate change as threat, 62
consequences of global change for, 66
conservation, versus poverty
alleviation, 297

efforts to preserve, xx

ethics and conservation, 263

genetic narrowing, 180

global change and, 34-68

global drops in, 26

intrinsic value of, 20

moral leadership for protection, 129

palaeontological and geological data
on, 22

productivity loss and, 364

reasons to preserve, 262

rebound after extinction, 28

role in life support system, 34

state of world’s, 80-105

tools for engineering, 388-390

biodiversity conservation, 332-351
energy demands and, 363-369
mainstreaming nature into

decision-making, 338-339
scope for, 337
strategies needed, 333
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biodiversity hotspots, 288
in Africa, 217
urban areas as, 413
biodiversity improvement, 380
agroecology, 381-383
genetic engineering, 384-387
in agriculture, 369-378
organic procedures, 384
orphan crops, 383-384
biodiversity loss, 262
agriculture and, 266
climate disruption and, 267-268
consequences for human well-being,
285-301
cost of unwarranted, 293-297
cumulative risks, 296
from habitat destruction, 263-264
from overharvesting, 264-265
resources and pollutants, 265
biodiversity loss in Africa
illegal hunting and fishing, 223-226
trends and drivers of loss, 215-229
biofortification of plants, 384
biofuels, 376-378
biogas, 376
biohacking, 19
biological communities, 2
abiotic environment and, 3
biological extinction. see extinction
biomass, 365-366
biomass dilemma, 368
biomes, climate thresholds to viability,
64
biopesticides, 382
biosphere
as common property resource,
6-8
as mosaic of ecosystems, 1-4
as sink for pollution, 4
erosion of, 5-6
human pressure increase on, 332
humanity’s demand from, 269
in Anthropocene, 268-272
lifespan of, 66
origins, 40
productivity, xix
route to sustainable dependence on,
276
survival, 34
biotechnology, 19, 285

Index

birds, xvii
data on South American species, 101
extinction rates from cohort analysis,
92
in Africa, 216
Lake Chad and, 228
species, 87
Birds of Paradise, 158
birth rate, and population growth rate,
197
births, unplanned, 209
bivalve molluscs, 27
black-crowned crane (Balearica
pavonina pavonina), 228
Bocaccio rockfish, habitat
requirements, 120
Boiga irregularis (brown tree snake),
104
boreal forests, 64
boring billion, 43, 44
Borlaug, Norman, 181
bottom trawling, 116
Brachiaria, 373
Bradley, R. S., 151
brains, development, 47
Brazil, 376
brown tree snake (Boiga irregularis),
104
Brundtland Commission (1987), 19
report, 290
bushmeat in Africa
consumption, 234
hunting, 253
butterflies, 385
Butzer, K. W., 150

cacti, 265
Camara lantana, 221
Cambrian Explosion, of animal
diversity, 46
cap carbonate, 45
Cape Town, South Africa, 414
capital funds, for smart villages, 391
Caracas Action Plan, 288
carbon
cumulative emissions, 55
flows into and from soil, 142
forests as stores, 364
growth in atmospheric
concentration, 7
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in atmosphere, 5
sequestration of, 326
time series of atmospheric
concentration, 9
carbon dioxide, 267
emissions, 312, 315
global emissions, 57
global temperature change and, 58
in atmosphere, 47, 49
per capita emissions, 417
carbon emissions
from cities, 411
in humanity’s footprint, 324
Carbon Footprint, 324
Carboniferous-Permian glaciations,
46
Cartagena Protocol on Biosafety to the
Convention on Biological
Diversity, 387
cassava, 176, 366
improved varieties, 179
Castanea dentata (American chestnut),
104
catastrophe
recovery from, 28-29
risk of, 15
cathedrals, 20
Catholic Church, 19, 206
Ceiba pentandra, 243
cereal crops, domestication, 54
Chang, T. T., 182
charcoal
deforestation associated with
production, 234
for cooking, 234
in Africa, 368
cheetah, 235, 236-239, 243
cubs for pet trade, 237
chemosynthesis, 113
Chestnut blight fungus (Cryphonectria
parasitica), 104
Chhotkei, Odisha, India, 372
Chichen Itza, 157
Chicxulub asteroid, 155
children
increase, 290
mortality reduction in Africa, 231
responsibility to, 19
Chile, 129
China, 149, 181, 332
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Ecosystem Function Conservation
Areas (EFCAs), 349
land-use and human development
planning, 345-350
National Ecosystem Assessment, 347
national parks, 349
chromosomes, in eukaryotes, 44
cichlids, 96
in Lake Victoria, 223
cities. see also urban areas
climate change and, 415
current planning model, 412
density of inhabitants, 412
dependence on land-use functional
zones, 409
ecological footprint of, 408
performance criteria need, 419
services provided by natural
ecosystems, 413
vulnerability to climate change,
416
water footprint of, 409
city and nature concept, versus closed
loop system, 421
city planning, 413
design problem, 420
global sustainability and, 419
civilisations
development, xviii
soil erosion studies and decline, 149
soils, connection to, 162
climate change, 6, 17, 326
African biodiversity and, 226-229
as threat to biodiversity, 62,267-268
economics of, xx
extinction and, 104-105
in new design condition, 415-418
records of past, 56
risks of, 312
societal declines and, 155
climate disasters, 415
climate sensitivity, 59
closed loop system, versus city and
nature concept, 421
coexistence, between humans and other
species, 246
coffee, yield decline, 3
cohort analysis, extinction rates from,
92
cold seeps, 114
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collapse, 142
environmental degradation models,
157
Colombia
denuded landscape of, 147
erosion, 146
Colorado River, impact of diversion, 31
commercial discounting, 18
commodity booms, 252
common property resources, and
fertility intentions, 8
commons, 274
global, 315
competition in evolution, 24
complexity revolution, 43-52
conservation, 287, 292
motivation for, 333
scope for, 337
Conservation International, 299
conservation palaeobiology, 30-31
Consultative Group for International
Agricultural Research (CGIAR),
373
consumption based accounting system,
for greenhouse gas emissions, 418
consumption, in rich world, 275-276
Continental Free Trade Area (CFTA),
255
Convention on Biological Diversity
(CBD), 299
Convention on International Trade in
Endangered Species (CITES), 223
cooking
charcoal for, 234
fire for, 53
cookstoves, 366-368
coral reefs, 113, 116, 264
bleaching events, 117
threat of loss, 65
Corn Belt, 182
Costa Rica, 3, 335
coffee farms, 266
forests and crops, 336
native species, 337
countries, demand versus biocapacity,
318
Cretaceous Period, 48
extinction event at end, xvii, 25, 26
CRISPR (cas9 gene-editing technique),
18,388

Index

critical threshold, breaching, 417
crop cultivation, xviii
in Americas, xviil
crop diversity, 176-178
genetic narrowing, 180, 183
crop diversity
agricultural intensification and, 177
genetic narrowing, 180
in developing world, 175
crop diversity
Green Revolution 2.0 and, 185-186
crop diversity
Green Revolution implications,
186-188
crop diversity
varieties available from breeding
programmes, 188
crop genetic landscape, 178
cryopreservation, xxi
cryosphere, 60
Cryphonectria parasitica (Chestnut
blight fungus), 104
cultivars
genetic engineering of modern, 297
widespread adoption, and potential
failures, 297
cultivated plants, 296
cultural services, 289
cultures, social complexity, 153
Cuvier, Baron, 23
cyanobacteria, 42

dark matter. see also soil biodiversity
140, 161
Darwin, Charles, theory of evolution,
23
de Lacy, I, 183
de Landa, Bishop, 157
death rate, and population growth rate,
197
deep sea, species in, 83
deforestation, 217, 233, 363
of Amazon, 3
of Iceland, 145
demand on nature, 317, see also
Ecological Footprint
demographic dividend, 204
demographic transitions, 193,233
ADR pattern of change and, 203
in Africa, 214, 230-233
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women’s role and, 248
Denisovans, xvii
dependency ratio, 205
dependents, versus productive age

group members, 203

depreciation, 265

in natural resources, 4
destruction, drivers of, 277
developed world, population, 194
developing world, age histogram, 16
Devonian Period, mass extinction at

end, 25

Dhaka, Bangladesh, 412
Dianthus, 96
dinosaurs, 48
diversified cropping systems, 186
diversity. see biodiversity
dogs, domestication, xviii
drones, 254

in Africa, 250
drought

in Maya world, 160

Lake Chad and, 227

Mayan collapse and, 156
Dura, George, 367
Dust Bowl (U.S.), 148
Dutch disease theory, 219

‘Early Anthropocene’ hypothesis, 55
Earth
climate system tipping elements,
61
dark matter, 161
human population impact, xix
orbit variations, 56
snowball Earth, 34, 43, 45
system sensitivity versus climate
sensitivity, 60
timeline of history, 36
Earth Overshoot Day, 325
East Africa, solar home systems, 361
ecological deficit, mechanisms allowing
for, 315
ecological footprint, 318
area types, 317
basic accounting principles and, 315
global, 9-11, see also global
ecological footprint
of cities, 408
per capita, 319
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trusting, 319-323
value added to climate debate, 324
ecological services, global demand for,
10
economic growth, and threats to
species, 300
economic systems, rewards for short-
term production, 338
economic transformation, and
innovation in Africa, 251-252
economics, of climate change, xx
economies of scale, cities and, 358
economy, mapping resource
dependence of, 312
ecosystem services, 286, 289,
334
aggregate willingness to pay for, 294
deterioration, 262
efforts to implement framework, 342
improvements in China, 348
ecosystems, 333
biosphere as mosaic of, 1-4
breaking point, 30
productivity, 325
resilience of, 3
toxification, 264
Ediacaran biota, 46
education
in Smart Villages, 378-379
in Smart Villages, sustainable, 392
in sub-Saharan Africa, 292
Egypt, 150, 153
irrigation in, 55
salinisation in, 154
elderly population, risks from projected
increase, 205
electricity
in Africa, 234
rural access to, 358
elephants
African, 264
African, species, 242
forest population in Central Asia,
225
emerging economies
agriculture in, 185
supermarkets in, 185
Enallagma, 96
End Permian period, 47
Endfield, G. H., 150
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energy
access for global poor, 359
biodiversity loss reduction and
demands, 363-369
for agriculture, 375-376
Smart Villages and access, 391
energy escalator, 361
Smart Villages and, 362
energy poverty, 360
Energy4Impact, 366
Envirofit, 368
environment
change, and poverty, 290
monitoring, 249-251
threats from new technologies, 18
environmental problems, 6
equivalence in productivity, 316
erosion. see also soil erosion
rock record on land and, 25
essentialism, 389
ethanol, 366
ethics, biodiversity and, 263
eukaryotic organisms, xvii, 44
biomarker evidence of, 44
number of species, 80
Europe
African wildlife trade with, 224
extinction in, 53
negativity toward GM crops, 388
population, 194, 230
tension with Africa, 387
European Footprint, 314
European Union, fishery management
policies, 124
eutrophication, 57
Everson, R. E., 183
Exclusive Economic Zones (EEZs), 127
exclusive private goods, 286
externalities, 6, 273-275
extinct species, restoring, 388
extinction
climate change and, 104-105
conservation approaches to stem,
245-246
danger from rate, 6
geographic concentration, 103
in deep time, 22-31
marine species vulnerability to,
119-122
meaning, 15-21

Index

relative ubiquity over history of life,
25
survivorship, 27-28
extinction events
geological record of, xvii
number 6, xix, 262-277, 332
extinction rates, 80
background, xix
from cohort analysis, 92
from molecular phylogenies, 94-95
extinctions in Africa, 214-256
agricultural intensification and,
252-255
innovation and economic
transformation, 251-252
extinctions per million species-years (E/

MSY), 90

family planning
in Bangladesh, 209
multi-sectoral impacts, 210
unmet need for, 208
unplanned pregnancies and, 209
Family Planning and Health Services
Project (FPHSP), 209
family policies
couples as responsible parents, 209
incomplete implementation of
preferences, 208
preferences regarding size, 207
farmed fish, world consumption, 125
farmer’s rights, 299
farming. see also agriculture; crop
cultivation
independent occurrence, 54
livestock, 379-380
Mayan, 158
slash-and-burn methods, 219
farmland erosion, 143
FEMSA, 344
ferrous iron, 38
fertilisers
as threat to oceans, 65
natural, 381
fertility
in Africa, 235, 256
population trends and, 197-199
projections by region, 198
soils with high, 140
trends in Africa, 247
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financial resources, 309
fires, 54
intentional use, 53
positive feedback involving, 49
fish
in Africa, 216
in Lake Chad, 228
fisheries
reform policy models, 123
reforms, 122-125
restoration, 126
fishing, 115
illegal in Africa, 223-226
flowering plants, public domain
taxonomy, 89
Fondo Agua por la Vida y la
Sostenibilidad, 344
food production, 16
projected demand, 409
sustainable intensification, 371-374
food tastes, rural African differences,
235
food webs, 3
in oceans, 46
food, plants as source, xx
Ford-Lloyd, B. V., 182
forest reserves, 245
forests, xvii, 317
carbon sequestration capability, 321
China investment focus on, 345
in Ghana, 242
fossil charcoal, 46
fossil fuel energy, 56
versus renewable energy, 361
fossil record
breaks in biological diversity, 24
extinction rates from, 91
for assessing current diversity
changes, 30
hominids in, xvii
learning to read, 24-27
on normal species extinction, 119
fossilisation, as imperfect process, 24
France, 321
Francis (Pope), 113, 129, 206, 263
Encyclical, On care for our common
home, 20, 35, 67, 382
Francis (Saint), 214
free market, and world’s finite resources
use, 411

431

fungi

diseases from, 267

estimate of species numbers, 81, 84
fungicides, 291
future, discounting, 293

Ga (giga-annum), xix
game parks, 245
gases, fluxes of, 39
Gates Foundation, 299
GBIF, 89
GDP (gross domestic product), 268,
271, 321
agricultural share in rich versus poor
nations, 301
GDP/capita growth rate, 204
gender equality, and family size, 248
gene drive systems, 389
gene sequencing, 249
genetic engineering, and smart villages,
384-387
genetic narrowing, 183
genetically modified (GM) crops,
opposition to, 389
GEP (Gross Ecosystem Product), 350
germ theory of disease, 199
Germany, 22
germplasm, access to, 187
Ghana, and grey parrot decline, 242
Ginkgo, 96
giraffe, 235,239-242
distribution map, 240
population decline, 239
species, 239, 241
glaciations, 43, 46
Global Alliance for Clean Cookstoves,
367
Global Biodiversity Information
Facility, 89
Global Burden of Disease survey,
296
global change
biodiversity and, 34-68
life adaptation to, 63
global commons, 315
global ecological footprint, 9-11
for sustainable consumption
estimate, 272-273
how accounting works, 320
mapping path to, 313-314
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Global Footprint Network (GFN), 10,
105,272,312, 318
calculation replication, 320
global health management, 298
global hectares, 313, 316
comparing over time, 319
global inventories, completeness, 83
global warming
soil and, 142
warfare and, 156
globalisation, 270
Golden Rice, 384
Gollin, D., 183
Gram Oorja, India, 380
graphite, 37
grasslands, 49, 64
China investment focus on, 345
Great Acceleration, 57
Great Rift Valley, 49
Green GDP, 272
Green Revolution (GR), 175, 181
Green Revolution 2.0 (GR 2.0), 175
crop biodiversity and, 185-186
Green Sahara, 64, 152
collapse, 153
greenhouse gas emissions, 117
from cities, 417
Greenland, short-term disaster versus
collapse, 154
grey parrot (Psittacus erithacus), 235,
242-245
decline, 242
distribution map, 244
groundwater collection system, in
Spain, 154
growth paradigm, 67
Guam, brown tree snake in, 104
Gulf of California abalone fishery, 127
gullies, 146, 147

habitat destruction, 5
habitat loss, 263-264, 292
biodiversity loss and, 273
degradation in oceans, 116
in Africa, 217-221
Hadean Eon, xix
haplochromine cichlid fish, 214
happiness, global surveys of, 276
heat, storage in ocean, 117
hectares. see global hectares

Index

herbaria, species, 88
herbicide-tolerant GM crops, 385
historical science, collapse in, 150-155
Hogue, Alexandre, Mother Earth Laid
Bare, 149
Holocene, 55
Holocene Wet Phase, 152
Homo erectus, xvii, 53
Homo sapiens, xvii
as planet changers, 35
first appearance, 53
honey bees, 266
hoodoos, 146
hot state, tipping Earth into, 67
hothouse mode, 61
household income, local commons and,
9
household size, and commons share, 8
housing, 201
human capital, 1
human evolution
hominids, xvii, 49
timeline, 50
human health, interconnection with
animal and plant health, 298
human history, and soil erosion, 147
human population
as planetary force, 53
as societal asset, 1
as superpredator, 116
coastal concentration, 118
demand for biosphere’s goods and
services, Xix
endurance through downturns, 163
footprint, 16
future, 1
global change by, 52
global energy use, 57
growth, xviii
growth and consumption, 105
history of world without, 31
impact on Earth system, xix
increase, 57
size and per person Footprint, 319
hunter gatherers, xviii
hunting, illegal in Africa, 223-226
Hutton, James, 150
hydrogen, 38
anoxygenic photosynthesis and, 39
loss of atoms to space, 42
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hydrogen sulphide, 38
hydrothermal vent ecosystems, 113
hyper-city regions, 407

hypoxia zones, 116

ice age termination
carbon release and, 52
Northern Hemisphere climate
fluctuation, 54
Iceland
denuded landscape of, 144
short-term disaster versus collapse, 154
soil erosion and biodiversity collapse,
145
iconic indicator species, disappearance
of, 235-245
ideal family size, 207
iNaturalist, 89
inbreeding depression, overcoming, 389
income per capita, world, 10
income, demand from biosphere and,
273
Indawgyi Stove, 367
India
Corporate Social Responsibility
(CSR) initiatives, 392
disease and health expenditures, 296
electricity capacity, 366
ICRISAT’s GreenPHABLET, 378
income proportion based on local
commons, 9
population, 358, 407
rice production, 187
solar-powered village, 372
indigenous communities
learning from, 378
resilience and sustainability, 139
Indonesia, 149
cookstoves, 367
Industrial Revolution, 193
Anthropocene start and, 56
industrialisation, 57
effects, 287
infectious diseases of humans
costs of, 295
livestock as source, 379
innovation in Africa
economic transformation and,
251-252
learning and, 252

433

insecticides, 291

insect-resistant GM crops, 385

insects, resistance evolution, 387

insecurity, poverty and, 410

integrated food-energy systems (IFES),
375

Inter-American Development Bank,
344

interdependent systems, in urban
theory, 420

Intergovernmental Science-Policy
Platform on Biodiversity and
Ecosystem Services (IPBES), 332

Internet, in rural areas, 378-379

International Monetary Fund (IMF),
321

International Treaty on Plant Genetic
Resources for Food and
Agriculture (the Plant Treaty),
299

International Union for Conservation
of Nature (IUCN), 119

interpretation of Global Footprint
results, 323

intrinsic value, 294

invasive species, 221-223, 267

in oceans, 116

InVEST (Integrated Valuation of
Ecosystem Services and Tradeoffs),
340, 347

iridium, 26

iron, deposit of oxidized, 42

irrigation, 375

beginnings, 55

irrigation in Africa, 255

IUCN Red List, 97-100

ivory, 223

Japan, population, 194
Jatropha, 366

John Paul II (Saint), 206
Jupiter, 37

Kazi, G. A., 184
Kenya

charcoal in, 369

maize, 381

rural-rural migration, 232
keystone species, 3
Kinshasa, 219
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labour productivity, in Africa, 232
Lagos, Nigeria, 407
Lake Chad, ecosystem degradation,
227-229
Lake Tanganyika, 229
Lake Victoria, cichlids in, 223
land use, 5
change, 176-178
competition between, 409
habitat loss and, 62
land, National Footprint Accounts for
connecting with atmosphere, 326
landesque capital, 139, 163, 164
in Mayan system, 160
landraces, 296
conservation of genetic material,
298
Plant Treaty and, 299
language, written, xviii
large-scale land acquisition (LaSLA),
300
Late Ordovician glaciations, 46
Late Preclassic period, drought, 164
Latin America, 332
demographic transitions, 195
energy supply for heating, cooking,
365
fertility rate decline, 198
life expectancy, 200
population, 230
urban population, 407
water for cities, 343-345
least developed countries
agriculture, 291
dependence on biomass for cooking,
365
fertility transitions, 197
population growth rates, 196
Leonardo da Vinci, 143
leopards, 226
less developed countries (LDCs)
demographic transitions, 195
mortality transition, 200
unplanned births, 209
LiDAR (laser mapping), 158
life
age of, xvii
first evidence on Earth, 37
humanity’s responsibility to protect,
333

Index

in soil, 139
origin of, 37
life expectancy
at birth, in 1950, 9
population trends and, 199-200
life forms, aerobic, 43
life-fulfilling conditions, 335
lifestyle changes, 16
life-support processes, 335
Lindert, P. H., 149
Little Ice Age, 56
livestock, 379-380
erosion in highland Mexico and,
146
Living Planet Index, 262
living standards, tradeoff, 269
local land use decisions, environmental
impact, 294
Lowdermilk, W. C., 149
low-income countries, population size
over time, 320
Lupinus, diversification, 96
Lyell, Charles, 150
Principles of Geology, 146

Ma (mega-annum), xix
Mace, Georgina, 333, 390
Madagascar, 217

forests in, 219
maize

Green Revolution and, 175

in Kenya, 381

insect-resistant, 385

pedigrees, 184

variability, 182
malaria, mosquitoes and, 389
Malaysian Borneo, 378
mammals, xvii, 48

extinction rates from cohort analysis,

92

global map, 102

human impact on extinction, 53

in Africa, 216

public domain taxonomy, 89
manure as fertilizer, 55
map projections, and Africa, 215
mapping species locations, 89
marine animals

fossil record, 2.5

global map of diversity, 102
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marine protected areas (MPAs),
126-129
Marine Reserve (MR), 126, 127
marine resources, in African nations, 226
marine species, vulnerability to
extinction, 119-122
Marinoan glaciation, 45
marker genes, 374
market prices, change and, 286
Marrakesh, 311
Marsh, George Perkins, 149
mass extinctions, 25
causes, 26, 47
recovery from, 28-29
risk of, 15
Sixth Extinction, 29-30, 262-277,
332
mass independent fractionation (MIF),
of sulphur isotopes, 41
material consumption footprint, of
middle class, 411
maternal morbidity, from unsafe
abortion, 209
Maya Civilisation, 164
agricultural terracing, 139
book burning, 157
collapse, 155
infrastructure growth, 158
Maya wetland field, 158
Mayapan, 157
MEA, classification of goods and
services, 4
meat, cooking, 53
Medawar, Peter, 21
medicines, soil as reservoir, 141
Medieval Warm Period, 56
Mediterranean, soil erosion, 146
megacities, 416
Mercator, Gerardus, 215
Mesopotamia
decline of Akkadian, 153
irrigation in, 55
salinisation in, 154
methane, 38, 42, 55
Mexico, 150
denuded badlands, 148
erosion, 146
forest conservation, 364
Milpa system, 178
microbes, diversity, 162
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micro-grids, 380
middle class
consumption footprint, 411, 413
impact of urbanisation and, 409
lifestyle, 411
projected growth, 414
Middle-Late Holocene Boundary, 152
migrant ruff (Philomachus pugnax),
228
Milankovitch cycles of changing solar
insolation, 52
milk processing, 377
Millennium Ecosystem Assessment,
286,289, 338
millets, 176, 383
improved varieties, 179
Miocene Epoch, 49
mites, 85
mitochondria, 44
mobile phones, 254
in rural areas, 378-379
mobile telephony industry, 392
modelling, for mapping ecosystem
services, 338
Modern Era (post 1500 CE),
humanity’s standard of living, 5
molecular phylogenies, extinction rates
from, 94-95
molluscs, bivalve, 27
molybdenum, 41
monoculture, 254
Monterey Bay Aquarium’s Seafood
Watch certification programme,
124
Moon, 37
moral leadership, for biodiversity
protection, 129
more developed countries (MDCs), 194
crop diversity, 381
family policies, 205
fertility rate decline, 197
total fertility rate (TFR) in, 205
mortality, and population trends,
199-200
mosquitoes, and malaria, 389
multinational corporations, 332
Multi-Regional Input Output
assessments, 318
Myanmar
fuelwood consumption rate, 367
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Myanmar (cont.)
Indawgyi Lake area, 367
Ministry of Environmental
Conservation and Forestry, 367
Smart Villages Initiative workshop,
367
mycorrhizae, 140
myopia, and unwarranted biodiversity
change, 289-293

Nairobi, slum areas, 234
nanotechnology, 388
National Biosafety legislative and
regulatory procedures, 387
national boundaries, and conservation,
246
National Footprint Accounts, criticism
of results, 322
national parks, 9, 245, 288
in China, 349
natural capital, 1, 270, 332
change in abundance and
productivity, 315
China metric for tracking, 350
disinvestment in, 5
diversity and, 268
efforts to value and protect, 332
mainstreaming into decision-making,
350
managing human dependence on,
322
production rewards at expense of,
338
values, and resource policies, 341
views on significance, 312
Natural Capital Project (NatCap), 332,
339, 341, 350
natural ecosystems, services provided to
cities, 413
natural fertilisers, 381
natural resources
adding value to, 251
consumption by cities, 411
lack of depreciation, 271
spatial planning and preservation of,
421
natural selection, 24
nature
mainstreaming into decision-making,
338-339
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people and, 390
Nature Conservancy, 299, 344
nature reserves, 245
conservation of, 333
Neanderthals, xvii
nematodes, 85
Neolithic revolution, 55
Neolithic Subpluvial, 152
Neoproterozoic Era, 45
new design condition, 405-421
basics, 405-406
climate change, 415-418
overlapping trends, 418-421
planetary urbanism, 406-411
resource scarcity, 411-415
New Guinea, 103
New Holland, ‘Energy Independent
Farm’ concept, 375
New York City, investment in
watershed protection, 343
Newcomen, Thomas, 56
Niger, median age of population, 231
Nigeria, population growth, 17, 408
Nile perch (Lates niloticus), 221-223
Nile, settlement on, 153
nitrogen, 65
fixation, 140
flows into and from soil, 142
non-governmental organisations, 299
North America
extinction in, 53
population, 194, 230
nuclear facilities, 19
nuclear war, 267

oceans, 37, 44
acidification of, 65, 117
anoxia, 65
anoxia, and extinction, 47
climate change and, 267
deep, species in, 83
extinction threats to life in, 113-130
food chain, 3
food webs in, 46
heat storage, 117
oxygenation of deep, 45, 46
protected areas, 126-129
protection of, 288
threats to biodiversity, 115-118
threats to life in, 114
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OECD countries, 272
off-grid villages, 361
oil palm production, 220
open-access resources, 274
biosphere as, 7
option value, of biodiversity
conservation, 294
Ordovician Period, mass extinction at
end, 25
ore, industrial extraction, 266
organic procedures for farming, 384
orphan crops, 383-384
overfishing, 115
benefits of ending, 125
overharvesting, and biodiversity loss,
273
oxidized iron, deposit, 42
oxygen
atmospheric, over Earth history, 40
stabilisation of atmospheric, 47
oxygen revolution, 40-43
oxygenic photosynthesis, 40
ozone layer, 42

Pakistan, rice production, 187

Palau Marine Sanctuary, 129

palaeobiology, conservation, 30-31

Paleocene-Eocene Thermal Maximum,
49

palm oil, 366

pangolins, 265

parenthood, responsible, 206-211

Paris Climate Agreement, 309, 324

Paris, Museum of Natural History, 23

parochialism, and unwarranted
biodiversity change, 289-293

Payment for Ecosystem Services (PES),
364

peanuts, 366

pedosphere, 138

per capita ecological footprint, 319

urban areas and, 407

per capita income, and environmental
change, 290

Permian Period, mass extinction at end,
25

pesticides, 266

decreased use, 385
Phanerozoic Eon, xix, 47
Philippines, fisheries, 124
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Phillips, John, 24
phosphorus, 65
oceanic anoxic event and, 48
photosynthesis, 38
oxygenic, 40
phylogenies, direct estimates of
extinction rates, 97
phytoplankton, ocean warming and, 63
pigeon pea, 383
planetary urbanism, 406-411
plants
biofortification of, 384
concern for genetic narrowing, 183
estimate of species numbers, 83
extinction threats, 98
in Africa, 216
increase on land, 46
preservation, 89
taxonomies, 87-88
plastids, in plant and algal cells, 44
plate tectonics, 45
Plato, Critias, 142
Pleistocene period
humans, 151, 152
Megafaunal extinctions, 151
Pliny the Elder, 239
Pliocene Epoch, 49
polar bears, 266
pollution, 266
biosphere as sink for, 4
oceans and, 116
release from trapped ice, 267
Pontifical Academies, xx
poor countries
climate change strategy for, 301
commons in, 8
population. see also world population
aging, 202-205
densities, 176
disruptions from extinctions, 2
distribution by age and region, 203
dynamics in Africa, 229-233
India, 358
species survival and, 247-249
Population Reference Bureau, 311
population trends
fertility, 197-199
growth rate in 2015, 197
mortality and life expectancy,
199-200

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108482288
www.cambridge.org

Cambridge University Press
978-1-108-48228-8 — Biological Extinction

Edited by Partha Dasgupta , Peter Raven , Anna Mclvor

Index
More Information

438

populations, reduced levels of
abundance, 30
potential Net Primary Productivity
(pNPP), 317
poultry, feed for, 379
poverty, 269
alleviation in biodiversity
conservation, 297
dependence on natural resources,
300
unwarranted biodiversity change
and, 289-293
vulnerability to climate disaster and,
416
pregnancy, percentage of married
women wanting to avoid, 208
primates, 49, 217
private cost, 274
private goods, 286
PROCANA (sugar cane grower’s
association), 344
produced capital, 1
production of goods, 334
productive space per person, 313
productivity, 2
from Green Revolution 2.0, 186
of biosphere, xix
prokaryotes, 44
in earliest biosphere, 38
phylogenetic tree of, 39
prokaryotic organisms, xvii
property rights, 7, 274
protected areas (PAs), 245, 288, 335
extinction of species and, 215
protection, private external costs of,
288
Proterozoic Eon, xix
acritarch fossils, 44
Providence Canyon (US Georgia),
146
provisioning services, 289
pulses, improved varieties, 179
Purdue University, GTAP input output
tables, 318
‘Push—pull’ inter-cropping, 382

Quaternary Period, climate change, 49,
53

quinoa, 187

Quito, Ecuador, water fund, 345
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reactive nitrogen, 57
recombinant DNA research, 19
red snapper fishery, 124
Reducing Emissions from Deforestation
and Forest Degradation (REDD+),
364
regeneration capacity, 314
Regional Economic Communities
(RECs), 246
regulating services, 289
relative potential NPP (pNPP), 317
relaxation oscillator, 52
renewable energy
for Smart Villages, 358, 359
versus fossil energy, 361
renewable energy technologies, lack of
maintenance, 375
reptiles, xvii
research and development
expenditures, 254
resilience of ecosystem, 3
Resource Investment Optimisation
System (RIOS), 344
resource scarcity, 411-415
city building and, 419
resource security, 310
human development and, 325
need for, 312
resources
finite nature, 309
humanity’s dependence on, 327
rhinos, smuggling and poaching, 224
rice
breeding, 181
Green Revolution and, 175
in South Asia, 179
mega varieties, 186
pedigree complexity, 183
spread of varieties, 179
Rimbunan Kaseh, Kuala Lumpur,
Malaysia, 376
rival private goods, 286
Rivero-Collazo, 1., 151
Rodinia (supercontinent), break up,
45
‘rofabards’, 145, 161
rono rice varieties, 181
Rosen, A. M., 151
Rosenmiiller, Johann Christian, 23
Rudel, T. K., 219, 233
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ruined landscapes, in Mediterranean,
146

rural economies, 359

rural lands, 335

rural population, 202
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genetic engineering and, 384-387
livestock rearing and, 379
private sector capital, 392
prototypes, 371, 390

renewable energy for, 359
sustainable education in, 392

Sahara Smart Villages Initiative workshop, 367
green, 64 snowball Earth, 34, 43
wet and green phases, 54 glaciations, 45
salinisation, in Mesopotamia and social capital, poor and, 293
Egypt, 154 social cost, 274
sandstorm, prevention, 348 social justice, xx, 300
satellite technology, 250 social planning, 67
lifespan of, 250 soil
Saturn, 37 biosensors for fertility monitoring,

Science and Technology Backyard
platform (STB), 373
Seafood Business for Ocean

375
components, 139
water in, 140

Stewardship (SeaBOS) initiative, soil biodiversity, 138-165

125 loss, 141
seagrass beds, loss, 116 soil degradation, 138
sedimentary rocks, 37 soil diversity, 140
seed banks, xxi soil erosion
seeds cases of onsite, 145-150
dispersing, 225 diverse perceptions on, 147

international transfer of improved
varieties, 175

human history and, 147
offsite impacts, 144

samples, 99 SLCP and, 347
self-interest, 326 soil health, 141
self-sufficiency, in Africa, 253 soil resources, humanity’s squandering
sequestration of carbon, 326 of, 138
Sequoia sempervirens, 105 soil sealing, 141
sharks, 265 soils, extinctions in, 161-165
Sixth Great Extinction, xix, 30, 277, solar home systems, in East Africa, 361
332 solar pump, 375
Skovmand, B., 183 solar system, formation, 37
Sloping Land Conversion Program solar-powered village, in India, 372
(SLCP), 345 sorghum, 176, 366, 377
slum areas, 201 improved varieties, 179
in African cities, 234 South Africa, median age of population,
slums, 410 231
Smale, M., 184 South America. see also Latin America
‘Small Pack/Whole Village’ method, extinction in, 53
374 South Asia, rain-fed environments, 179
Smart Nanogrid, 371 southern Africa
Smart Villages, 358-393 cheetahs, 237
biomass production and use, 365 plants, 216
capital funds for, 391 Southern Cone, in South America, 177
education for, 378-379 Spain, groundwater collection system
energy escalator and, 362 in, 154
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spatial planning, and natural resources
preservation, 421
speciation rate, 94
species, 80
costs of dispersal, 295
current extinction rates, Xix
disappearance of iconic indicator,
235-245
diversification rate, 95-96
diversity in ocean, 113
ecological interactions, 293
extinction causes, 7
extinction rate increase estimate, 370
extinction rate, 90-92
future extinction rate, 97-100
geographical patterns, 100
growth in number, xvii
headcount, 3
hyper-estimates of numbers, 83-85
identification, gene sequencing and,
249
invasive, 221-223, 267
keystone, 3
location of missing, 88
location of threatened, 100-104
loss, 249
number, 80
quantitative methods to estimate,
85-87
restoring extinct, 388
threatened, 80
Species 2000, 89
spiders, public domain taxonomy, 89
sponges, 46
state policy, 8
steam engine, 56
stone tools, 49, 53
Streptomyces, 141
Sturtian glaciation, 45
sub-Saharan Africa, 185
deforestation, 363-365
disease and health expenditures,
296
education, 292
energy supply for heating, cooking,
365
Green Revolution and, 175
modern varietal technology, 179
population growth, 196, 214
yield gap of crops, 373
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sugar cane grower’s association
(PROCANA), 344

sugar producers’ association
(ASOCANA), 344

sulphur isotopes, mass independent
fractionation (MIF) of, 41

supermarkets, in emerging economies,
185

superpredator, humans as, 116

supporting services, 289

sustainable consumption, global
ecological footprint for estimate,
272-273

sustainable development, 19, 272

sustainable education, in smart villages,
392

sustainable intensification, 16, 371-374

sustainable nutrition, 383

Switzerland, 311, 321

swordfish, 265

synthetic biology, 388

systematics, 249

Tappania, 44
taxonomic efficiency, 86
taxonomic effort, mechanistic model
and, 86
taxonomies, lists in public domain, 89
taxonomists, 80
technological progress, 276
technology
just access to, 390
ocean exploration and, 114
Technology Justice, 391
temperature
projection, 58
threat to organisms and, 267
Terminal Classic period, and Mayan
collapse, 156
Terminal Preclassic period, and Mayan
collapse, 156
Terminalia superba, 243
Terrat (Maasai village), Tanzania, 377
terrestrial mammal diversity, global
map, 102
Thailand, 177, 187
‘The Great Oxidation’, 42
The Nature Conservancy, 299, 344
tipping elements, 60
tipping points, 60, 64
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tissue culture, 99

Tokyo, 407

topsoils, erosion, 143

total fertility rate (TFR), 197

in MDCs, 205

Trace, Simon, 391

trade, and new species introduction,
295

tragedy of the commons, 7, 326

transgenic crops, 254

transportation, biofuel blending for
fuels, 376

tree cover, mapping, and biodiversity,
336

Tree of Life catalogue, 89

Triassic Period, mass extinction at end,
25

Tripartite Free Trade Area (TFTA),
255

trophic webs, 225, 226

tropical maize, 176

TURF-Reserves, 128

Turkey, Hatay Province, 146

US National Oceanic and Atmospheric
Administration, 124
ultraviolet radiation, 42
uniformitarianism, 150
United Nations
Food and Agriculture Organization,
182
Framework Convention on Climate
Change, 363
Millennium Ecosystem Assessment,
414
Sustainable Development Goals
(SDGs), 275
target for resource efficient,
sustainable city, 412
United Nations Convention on
Biological Diversity (CBD), 249
United Nations General Assembly,
Sustainable Development Goal,
361
United States
African wildlife trade with, 224
New Deal, and efforts to stop soil
erosion, 148
Piedmont and Coastal Plain erosion,
146
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urban areas, 311, see also cities
and biodiversity hotspots, 413
biophysical changes and, 414
population growth, 406

urbanism, informal, 410

urbanisation, 16, 200-202, 287
deforestation and, 219
economic development and, 358
in Africa, 233-235
local extinction and, 413
middle income class and, 409

vaccination schemes for livestock, 379

value, 293

Vatican Academy (2017), Biological
Extinction workshop, xxi

Vaughan, D. A., 182

vent ecosystems, hydrothermal, 113

verification, of Global Footprint results,
323

Vienna, airport, 311

Village-Based Advisors (VBAs), 374

volcanic lava, 45

warfare, and global warming, 156
waste, from cities, 411
water
for Latin American cities, 343-345
in soil, 140
water footprint, of cities, 409
water fund, by development
stage, 346
water hyacinth (Eichhornia crassipe),
221
Watt, James, 56
wealth, 271
wealth of nations, magnitude and
distribution relative to population,
271
weather stations, in Africa, 250
Weiss, H., 151, 153
West African Ebola outbreak (2014),
298
wetlands, 143
in Mayan system, 159
whales, 265
wheat, 183, 184
Green Revolution and, 175
spread of varieties, 179
White, Lynn, Jr., 214
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wild crop relatives
conservation of genetic material,
298
maintaining, 296
treaties and, 299
wild habitat, conversion, 295
wildlife sanctuaries, 288
Wilson, E. O., 15, 20, 314
women
empowerment from family planning,
210
role, and demographic transition,
248
Woolly Mammoths, 23
World Bank, 321, 344
influenza pandemic cost estimates,
296
pandemic detection estimates needed,
298
Wealth Accounting and Valuation of
Ecosystem Services (WAVES), 332
World Development Indicators 2016,
275
World Economic Forum
Global Risk Landscape Forum, 419

Index

risk report and competitiveness
report, 310
world income per capita, 10
world population, 230, 269, 311
estimates and projections, 194, 406
growth, 16
in 1950, 9
size, 188
world population trends, 193-205
growth rates, 196
world-average footprints, 314
written language, xviii

WWE (World Wildlife Fund), 10, 143

yield, 316

mechanisms for enhancing, 177
yield gap, 372, 387
Younger Dryas period, 54, 151

Zaman, Tariq, 378
Zerboni, A., 153
Zimbabwe, 9
cheetahs in, 236
zircon, 37
Zosterops, diversification, 96
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