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of parasite hosts, 384–8, 385f–7f
of plants
against herbivores, 294–307, 296f–307f
apparency theory and, 298–9, 298f
carbon dioxide and, 306–7, 307f
fertilisers and, 305, 305f
of roots, 300, 301f
of shoots, 300, 301f
stress and, 305–6, 306f
timing of, 299–303, 299f–303f

Defensive symbioses, 437–8
Defoliation, by herbivores, 307–8, 309, 309f
Deforestation

extinction risk of, 507, 507f
nutrient flux and, 688–9, 689f
zero policy for, 720

Degradation, of habitat, 507–8
Delayed density dependence

for parasitoids, 323f
of predation population dynamics, 323, 323f
satiation and, 329–30, 329f

Demographic transition, 145
Demographic uncertainty, of extinction, 503
Density

biomass and, 167–8
crowding and, 136–9
and emigration, 183
of prey, predator aggregate distributions and, 349–50
self-thinning and, 161–8, 163f, 164f, 166f–8f

Density-dependence, weather and, 465

Density-dependent birth, 455, 455f
Density-dependent death, 455, 455f
Density-dependent dispersal, 181–3, 181f–4f, 390f
Density-dependent emigration, 184f, 186
Density-dependent growth, 135, 136f
Density-dependent transmission, 396–7, 397f
Density management diagrams (DMDs), 168–9, 169f
Depensation, in harvest management, 493–5, 494f
Deserts, 25f, 26–7, 111, 649t
Desiccation, 47
Destruction, of habitat, 507
Deterministic chaos, 152
Detritivores, 357–77, 362f–5f

in aquatic biomes, 364, 364f
ATCH for, 550, 550f
carnivore faeces and, 373
cellulose and, 371, 371f
dead bodies and, 375–6
ecological stoichiometry of, 369–71, 370f
food chains of, 550–1
herbivore faeces and, 373–4, 373f, 374f
invertebrates as, 375–6
invertebrates faeces and, 372–3, 372f
mutualism of, 371–2
NPP and, 675, 675f
parasites as, 379
resources and, 371–7, 371f–5f, 376t
in streams, 364–5, 365f
in terrestrial biomes, 363–4
vertebrates as, 376–7

Development
life histories and, 207–8
temperature and, 39–41, 41f

DI. See Dissolved inorganic
Diapause, 111–12
Diatoms, 244, 245f, 265–6, 266f
Dicholorodiphenyl-trichloroethane (DDT), 484, 731
Diet width, 289–92
Differential resource utilisation, 244–5
Dilution effect, 400–1, 400f
DIN. See Dissolved inorganic nitrogen
Dinosaurs, 118
DIP. See Dissolved inorganic phosphorus
Direct density dependence, of predation population

dynamics, 323–4
Direct life cycles, of parasites, 379
Direct transmission, 396, 403–4
Disasters, 58–9
Disease. See also Infections

extinction risk of, 509, 510f
immunisation for, 406–7, 406f
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from invasive species, 24f
parasite hosts diversity and, 399
superspreaders of, 398, 398f

Dispersal. See also Dispersion; Invasion
active, 177–9, 177f, 178f
active–passive continuum of, 175
defined, 170
demographic significance of, 186–95
density-dependent, 181–3, 181f–4f, 390f
eccentric, 190–1, 190f
ESS for, 183
by inbreeding and outbreeding, 182, 182f
in metacommunity, 601, 601f
metapopulations and, 192–205, 194f, 196f, 198f–201f,

203f, 204f
modes of, 175–6, 175f
non-kin competition and, 183, 183f
passive, 175–9, 178f
patchiness of, metapopulations and, 192–5
philopatry and, 181
polymorphism, 184–5, 184f, 186f
population cycles and, 466
of seeds, mutualism of, 428–9
by sex, 185–6, 186f
of single populations, 186–95, 187f–91f
turnover, 180
by wind, 176–7

Dispersion
aggregated, 180–3, 181f–4f
patterns of, 179–83, 180f–4f
random, 180, 180f
regular, 180, 180f

Dissolved inorganic (DI), 727
Dissolved inorganic nitrogen (DIN), 727–8, 727f
Dissolved inorganic phosphorus (DIP), 727–8, 727f
Dissolved organic (DO), 727
Dissolved organic carbon (DOC), 722
Dissolved organic matter (DOM), 365f
Dissolved organic nitrogen (DON), 727, 727f
Dissolved organic phosphorus (DOP), 727, 727f
Disturbance

in communities, 593–4, 594f
food chain length and, 565–6, 567f
of food webs, 552, 557
of habitat, 508
by grazing, 537

species richness and, 608
Diversity. See also Beta diversity; Biodiversity; Gamma

diversity; Zeta diversity
in communities, 574–5, 575f
of fish, 597

of habitat, island biogeography and, 621
of parasite hosts, disease and, 399

DMDs. See Density management diagrams
DO. See Dissolved organic
DOC. See Dissolved organic carbon
DOM. See Dissolved organic matter
Domestic processes, decomposition and, 359
Dominance decay (DD), 576, 576f
DON. See Dissolved organic nitrogen
Donor control, 357, 548
DOP. See Dissolved organic phosphorus
Dormancy

of animals, 111–12
of plants, 112–14, 113f
of seeds, 112–14, 113f

Dryfall, 683–4, 684f
DSSs. See Decision support systems
Dung beetles, 373–4, 373f, 374f
Dutch elm disease, 411, 411f
Dynamic pool models, for harvest management,

495–6, 496f
Dynamic thinning lines, 162–3, 162f

Earthworms, 54, 362–3, 363f, 364
Ebola, 404, 405f, 406
Eccentric dispersers, 190–1, 190f
ECMs. See Ectomycorrhizas
Ecological Society of America, 477
Ecological stoichiometry, 95, 369–71, 370f, 675
Economically optimum yield (EOY), 492, 492f
Economic injury level (EIL), 478–9, 478f, 485
Economic threshold (ET), 478–9, 485
Ecosystem engineers, 417
Ecosystem Exploitation Hypothesis (EEH), 550
Ecosystem respiration (RE), 665, 665f, 676, 676f
Ecosystem services, 58, 502, 648
Ecosystem size, food chain length and, 564, 568, 568f
Ecotypes, 2–5

for conservation, 4, 4f
polymorphism of, 5–8, 6f

Ectomycorrhizas (ECMs), 442
Ectotherms, 41–4, 43f, 52, 53f
EEH. See Ecosystem Exploitation Hypothesis
EESC. See Equivalent effective stratospheric chlorine
Effective population size, 503–4
EIL. See Economic injury level
Elasticity analysis, 129–31, 129f, 130f, 458
Electivities, 529–30
Elephantiasis, 378
Elevation, as species richness gradient, 633–6, 634f–6f
El Niño–Southern Oscillation (ENSO), 49, 50f, 676–7
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Eltonian pyramids, 669
Emigration, 183

deaths and, 108
density-dependent, 184f, 186
in metapopulations, 192, 198

Endangered species, 503, 711
Endemism

climate change and, 20
conservation and, 15, 15f
in fish, 13
on islands, 18, 627
of parasites, 403–11

Endosymbionts, 437–40, 437f, 438f
Endotherms, 41–4, 43f, 52, 53f
Enemy-free space, of prey, 607
Enemy interaction theory, 591
Energy

endotherms and, 43–4
flux, 647–77
biomass and, 648–9
carbon dioxide and, 678–9
climate change and, 676–7, 677f
decomposers and, 674–6
ENSO and, 676–7
grazers and, 674–6
nutrient flux and, 678–9, 679f
primary productivity and, 649–56, 649t, 650f–5f
productivity and, 648
through food webs, 671–2
trophic compartments for, 668–71, 671f

from foraging, 289–92
species richness and, 613–16, 614f–16f

Enforced dormancy, 113, 113f
ENSO. See El Niño–Southern Oscillation
Environment. See also Aquatic biomes/communities/

environments; Terrestrial biomes/communities
community and, 24–9, 25f, 28f, 29f
conditions of
for competition, 525
niches, 33–9, 34f–9f
species and, 32–64

evolution and, 1–31
fluctuations of
harvest management and, 495
interspecific competition and, 265–6, 266f

Environmental space, 169
Environmental uncertainty, of extinction, 503
Enzymes, in insects, 95
EOY. See Economically optimum yield
Ephemerals, 111

Epidemic curve, 404, 405f, 406
Equilibrium theory, of island biogeography, 619–31,

620f–31f
Equitability, 574–5
Equivalent effective stratospheric chlorine (EESC),

730, 730f
Ericoid mycorrhizas, 442–3
ESS. See Evolutionarily stable strategy
Essential resources, 96
Estuaries, 654

anoxic habitats in, 359
autochthonous production in, 665
minerals in, 27
nutrient flux in, 692–93, 692f, 693f

ET. See Economic threshold
Eutrophication, 728, 728f
Evenness, 574–5
Evolution. See also Coevolution

assisted, 723
climate change and, 19–22, 19f–22f
of commensalism, 419–20
environment and, 1–31
interspecific competition and, 247, 278–83, 278f–83f
on islands, 18–19, 18f
life histories and, 206–39
parallel, 17–18
of virulence, 392–4

Evolutionarily stable strategy (ESS), 183
Evolutionary time, 618
Exactly compensating density dependence, 135, 140–1
Experimental evolution, 395
Exploitation, 132–3, 132f, 133f. See also Overexploitation

EEH for, 550
of groundwater, 701
by humans, destabilising Allee effects and, 338
interference and, 248–9, 249f

Exploiter-mediated coexistence, 535–7, 540
Extinction

causes of, 505–11, 506f–11f
chain of, 510–11, 511f
on islands, 620–1
LTRE for, 128, 128f
metapopulations and, 197–203
modern and historical rates of, 502
MVPs and, 511–12
from overexploitation, 505–7, 506f
from parasites, 534–5, 535f
PPMs for, 513
PVAs for, 512–14, 512f
risk of, 502–5, 503f–5f
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of climate change, 508–9, 508f
of disease, 509, 510f
habitat and, humans and, 507–8, 507f
invasive species as, 509, 509f

vortex, 509–10, 511f
Extreme events, 58–9
Extreme temperature, 39

FACE. See Free air carbon dioxide enrichment facilities
Facilitation, 416–51. See also Commensalism; Mutualism

in community modules, 540–1, 543
to competition, 419, 420f
species richness and, 608
in succession, 587, 590–1

Facultative diapause, 112
Facultative mutualism, 371
Faeces

of carnivores, detritivores and, 373
decomposition of, 358
of herbivores, detritivores and, 373
of invertebrates, detritivores and, 372–3, 372f
microplastics in, 732

FAO. See Food and Agricultural Organization
Fast–slow continuum

for life histories, 227–31, 229f–31f
life histories and, for mammals, 238–9

Fecundity
intraspecific competition and, 135, 136f, 140
of mammals, predator intimidation and, 318–19, 319f
of parasite hosts, 399–401
of plants, herbivores and, 311–12, 311f
schedules, 117
age-specific, 114
for variables, 122–3, 125f

in Y model for life history trade-offs, 211f
Feeding commensalisms, 417–18
Fertilisers

grasshoppers and, 317
IFS and, 485–6
plant defences and, 305, 305f

Field capacity, 76, 77f
Fine particulate organic matter (FPOM), 365f
Fire

in forests, 715, 715f
high temperatures of, 48

First come best served, in interspecific competition, 265
Fish

acid rain and, 60, 722
age of maturity of, 220
allopatric speciation of, 12–13, 13f, 14

climate change and, 42, 718, 719f
commensalism of, 416–17
community diversity of, 597
detritivores and, 376
dispersal of, by sex, 185–6, 186f
endemism in, 13
in extreme temperatures, 52f
in food chains, 488–9
food switching by, 289f
foraging in presence of predators, 293–4, 293f
fundamental niche of, 244
harvest management of, 490–2, 491f, 492f, 495–9, 496f–500f
interspecific competition in
coexistence and, 243–4, 243f, 265

as invasive species, 23, 24, 24f
in lakes, acid rain and, 61
microplastics and, 732
migration of, 172
mutualism of, 421, 421f
in NAO, 52f
niches of, 36
complementarity of, 525–7, 526f
ordination for, 38, 38f

ocean warming and, 718, 719f
optimal foraging theory for, 290f, 291
overexploitation of, 733–6, 734f, 735f
polymorphism in, 14
realised niche of, 244
reproductive allocation in, predators and, 220, 221f
specialisation of, 3
species richness of, 559, 559f, 609, 609f
stream nutrient spiraling and, 690
temperature and, 40f, 42f

Fitness
contours, life history trade-offs and, 216, 217f
of host, symbiosis and, 421–2
number of offspring life history trade-offs and, 213–14, 214f
of parasite hosts, 388, 389f

Fixed escapement harvesting, 490–2, 491f, 492f
Fixed harvesting rate, 488f, 489
Fixed proportion harvesting, 490–2, 491f, 492f
Floaters, in territoriality, 159, 160–1
Flood risk, 701
Food

consumers and, match diversity of, 30
donor controlled, 357, 548
of moths, 54
parasites and, 414–15, 415f
population cycles and, 466
predation and, 317, 317f
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Food (cont’d)
of predators, preferences of, 286–8, 287f
quality of, predation population dynamics and, 330,

330f, 331t
switching of
of predators, 288–9, 289f
versus optimal foraging theory, 292

water from, 74
Food and Agricultural Organization (FAO),

171, 171f
Food chains, 522, 544–51

of detritivores, 550–1
fish in, 488–9
length of, 564–6, 564f–7f
pesticide biomagnification in, 480–1

Food webs, 464f, 522–3
acid rain and, 61
aggregate properties of, 557–9
bottom-up, 548–9, 549f
climate change and, 722–3
compartmentalisation of, 561, 562f, 563f
competition in, 557
of decomposers, 357, 362f
energy flux through, 671–2
keystone species in, 553–4, 554f, 555f
parasites in, 567, 568f
population stability in, 555–6
productivity of, 551, 552, 557
regime shifts in, 568–71, 568f–571f
robustness of, 552, 559–60, 560f
parasites in, 567, 568f

stability of, 552–7
biodiversity and, 401
complementarity effects and, 559, 559f
from fish, 559, 559f

top-down, 548–9, 549f
trophic cascades in, 544–51, 545f–51f
in mesopredator release, 547, 547f

trophic loops in, 561–4, 563f
Foraging and foragers

adaptation in, food chain length and, 565, 565f
by birds, climate change and, 717–18, 717f
diet width for, 289–92
energy from, 289–92
of grasslands, 310
as handlers, 290–1
optimal foraging theory of
for plants, 343–5, 344f
for predators, 289–92, 290f
versus food switching, 292

in patchiness of environment, 339–49, 340f–2f, 344f–6f, 347t,
348f, 349f

in presence of predators, 292–4, 293f
roots as, 76–7, 78f, 87–8
as searchers, 290
widths and composition of diets of, 285–94

Forests. See also Deforestation; Mangroves; Temperate forests;
Tropical rainforest

acid rain and, 60
carbon and, 685–6, 686f
carbon dioxide in, 78, 78f
climate change and, 21f, 713–15, 714f, 715f
at extreme temperatures, 52f
fires in, 715, 715f
management of, global warming and, 686–8, 687t
nitrogen in, 726, 726f
NPP in, 686, 686f
phosphorus in, 726, 726f
stability of, 21f
in wetlands, seed banks for, 112

Founders
evolution of tolerance and, 59
gaps and, 596–7

Four-trophic-level systems, 545–6, 546f
FPOM. See Fine particulate organic matter
Free air carbon dioxide enrichment facilities (FACE), 84–5,

84f, 85f
Frequency-dependent predation, 538–9, 538f, 539f
Frequency-dependent transmission, 397, 397f, 404
Frogs

migration of, 172
population size of, 108

Fundamental net per capital rate of increase, 122
Fundamental net reproductive rate (R), 122, 125
Fundamental niche, 36, 38–9, 39f, 244
Fungi, 140f

algae and, mutualism of, 444–5, 445f, 446t
allelopathy of, 248–9
ants and, mutualism of, 426, 427–8, 427f
beetles and, mutualism of, 425–6
carbon : nitrogen ratio in, 93
colonisation of, in dead wood, 366–7, 367f
corals and, mutualism of, 426–7
as decomposers, 357–77
at high temperatures, 48
local adaptation of, 4
as macroparasites, 380–1
as microparasites, 379
plants and, 36
herbivores and, 310
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mutualism of, 407
roots and, 88–90
mutualism of, 440–3, 441f, 441t

virulence of, 395f

Gamma (γ) diversity, 575, 592, 612, 613f
Gaps

in colonisation
in mangroves, 596, 596f, 596t
of mussels, 595f, 596

in communities, 592–7, 595f, 595t, 596f, 596t
GCMs. See Global climate models
Generation lengths, 121–7
Genet, 104, 106f
Genetic modification (GM), of crops, 481, 482f, 484, 484f
Genetic polymorphism. See Polymorphism
Genetic variation, as extinction risk, 503–4
Genotypes, 212–13, 296
Geographic space, 169
Geometric series (GS), 576, 576f
Geophytes, 29
GFCL. See Gross percentage forest cover loss
GHG. See Greenhouse gas
Gini coefficient, 157
Giving-up times, 341
Global climate models (GCMs), 711
Global human population, carrying capacity for, 144–8,

144f–6f
Global orchestration (GO), 727, 727f
Global stability, 552
Global warming, 22, 63–4, 63f, 711–20

coral bleaching and, 440
forest management and, 686–8, 687t
iron in oceans and, 698
permafrost methane anaerobic respiration and, 91–2, 92f

Glucosinolate, 296, 297f, 298, 302, 304f
GM. See Genetic modification
GO. See Global orchestration
GPP. See Gross primary productivity
Grasses, 135

grasshoppers and, 132
herbivores and, commensalism with, 417–18
mast years of, 328, 328f
modular populations of, 104
niche divergence in, 281, 281f
salinity and, 57
species distribution modelling for, 195
tolerance of, 308
trade-offs in, 257, 259f
in tundra, 25

Grasshoppers, 22f, 111, 132, 317
Grasslands, 25f, 26

colonisation gaps in, 596
foraging of, 310
invasive species and, 23
NPP of, 649t
species richness in, 558f
succession in, 585, 585f

Grazers and grazing
by detritivores, 361
energy flux and, 674–6
by herbivores, 285
as keystone species, 553
plant species richness and, 536–8, 536f–8f
as predators, 284
primary productivity and, 670–1
resources of, 92

Grazer–scrapers, 364
Greenhouse effect, 62, 63–4
Greenhouse gas (GHG), 62f. See also Carbon dioxide; Methane

climate change from, 570–1, 571f
global warming and, 64

Grime’s CSR triangle, 232, 233f, 234–5, 234f
Gross percentage forest cover loss (GFCL), 507f
Gross primary productivity (GPP), 649

climate change and, 652
ocean depth and, 667, 667f
RE and, 665, 665f, 676, 676f
in seasonal environments, 652

Groundwater, 685, 701
Growth

essential resources for, 96
of genet, 106f
interspecific competition and, 240
intrinsic, 255
life history trade-offs and
survivorship and, 212, 212f
Y model for, 211f

of modular organisms, 104
of parasite hosts, 399–401, 401f
plant defences and, 296–7, 297f
of plants, defoliation and, 307–8
of populations, 455–6, 458–9, 459f, 459t, 461
rate hypothesis, 304
resources and, niche differentiation and, 255
RGR, 80f
temperature and, 39–41, 41f

Growth-differentiation balance hypothesis, 304–5
GS. See Geometric series
Guilds, 526–7, 529–30, 529f
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Gulls, 11
Gut

metagenome in
of bees, 436
of vertebrates, 433–4, 435f

mutualism in
in herbivores, 432–3, 433f
in insects, 434–6, 435f
in ruminants, 432–3, 433f, 434t
in vertebrates, 433–4, 433f, 434t

Habitats
anoxic, 359
area, species richness and, 619, 619f
checkerboards, 533
commensalism in, 417
CR and
age of maturity and, 220
comparative classification of, 216–17, 218f
reproductive investment and, 218

degradation of, 507–8
destruction of, 507
disturbance of, 508
by grazing, 537

diversity of, island biogeography and, 621, 621f
extinction risk and, 503, 505
hierarchy of, of communities, 572–3, 573f
humans and, extinction risk and, 505f, 507–8, 507f
life histories and, 214–21, 217f–19f, 221f
restoration of, for squirrels, 188–9, 189f
stress on, 232

Habitat/species management areas, 605
Handlers, 290–1
Handling time, 326
HANPP. See Human appropriation of net primary production
Harrison, Smith and Slobodkin (HSS), 549–50
Harsh environments, species richness and, 417, 616
Harvesting effort, 489–90, 490f
Harvest management

depensation in, 493–5, 494f
dynamic pool models for, 495–6, 496f
environmental fluctuations and, 495
EOY and, 492, 492f
of fish, 490–2, 491f, 492f, 495–9, 496f–500f
fixed harvesting rate and, 488f, 489
mortality compensation and, 491–2, 493
MSY and, 488–90, 488f–90f
multiple equilibria for, 493–5, 494f
overexploitation and, 487–8
profit sharing in, 493, 493f

sustainability in, 491, 497–8, 498f
underexploitation and, 487–8

Hazards, 58–9
Heavy metals, 54, 60, 418, 616
Helminths, 380, 392, 392f, 407
Hemicryptophytes, 29
Hemiparasites, 381
Herbivores, 93

ATCH for, 550, 550f
bacteria on plants from, 310
birds as, 38–9, 39f
CE of, 672, 672f
defoliation by, 307–8, 309, 309f
faeces of, detritivores and, 373–4, 373f, 374f
food preferences of, 288
in four-trophic-level system, 545
grasses and, commensalism with, 417–18
grazing by, 285
gut mutualism in, 432–3, 433f
meta-analyses of, 312–14, 313f
nutritional contents of, 95
plants and
coevolutionary arms race of, 295
competition and, 308, 309f
defences against, 294–307, 296f–307f
fecundity and, 311–12, 311f
fungi on, 310
tolerance of, 307–14, 308f–13f

predation by, 285
secondary productivity by, 669
survivorship of plants and, 308–10
timing of, 312, 312f
viruses on plants from, 310

Herd immunity, 406–7, 406f
Herpes simplex virus, 394
Heterocarpy, 184
Heterogeneity

inbreeding and, 510
interspecific competition and, 263–9, 264f–9f
invasion and, 269, 269f
for parasitoids, 350–1
predation population dynamics of, 349–55, 352f–5f
spatial, species richness and, 616

Heterotrophic respiration (RH), 649, 686
Heterotrophs, 65, 95
Hidden trade-offs, 211
Hill numbers, 575
Historical checkerboards, 533
Holdfasts, 57
Holoparasites, 381
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Home field advantage, for plant litter decomposition, 367–8,
368f, 369f

Home-loving. See Philopatry
Hosts. See also Parasite hosts

fitness of, symbiosis and, 421–2
microparasites and, life cycle of, 407

Hot spots, of species richness, 603, 640, 735
HSS. See Harrison, Smith and Slobodkin
Human appropriation of net primary production (HANPP),

650–1, 651f
Humans. See also specific topics

in Anthropocene, 708–9
biodiversity and, 663, 663f
biodiversity loss and, 709–11, 738
births of, 145, 146f
community size spectra and, 578, 578f
deaths of, 145, 146f
exploitation by, destabilising Allee effects and, 338
global carrying capacity for, 144–8, 144f–6f
habitat and, extinction risk and, 505f
as hyper-keystones, 554–5, 555f
infections of, cycles of, 405, 406f
intraspecific competition of, 144–8, 144f–6f
invasive species and, 23–4, 23f, 24t
LUC and, 724–9, 724f
nitrogen cycle and, 704
phosphorus cycle and, 702

Humidity, 54, 71
Hybridisation, 3, 6
Hydrological cycle, 699–701, 699f, 701f
Hyperaccumulators, 60
Hyper-keystones, 554–5, 555f
Hypoxia, 728, 728f

IBP. See International Biological Programme
Ice age, 19f, 20–2
ICS. See International Commission on Stratigraphy
Ideal free distribution, 347, 348f
IFS. See Integrated farming systems
Immigration

to islands, 619–21
in metapopulations, 192, 198

Immobilisation, 358
Immune response

to infections, 405
of parasite host, 390

Immunisation, herd immunity and, 406–7, 406f
Importation, for biological control, 483–4
Inbreeding, 182, 182f

depression, as extinction risk, 504–5, 504f

heterogeneity and, 510
Index of abundance, 108, 108f
Indirect life cycles, of parasites, 379
Indirect transmission, 396
Individual-based data, on species richness, 606
Induced dormancy, 113
Inducible defences, 294–5

for parasitoids, 303, 303f
Industrial melanism, 7–8, 7f
Industrial processes, decomposition and, 359
Infections, 378

of humans, cycles of, 405, 406f
immune response to, 405
population dynamics of, 402–10, 405f, 406f, 409f, 410f
protozoan, prevalence of, 405
transmission threshold of, 403
zoonotic, 384

Inhibitory resources, 97
Innate dormancy, 113
Inoculation, for biological control, 483–4
Insecticides

DDTs, 484, 731
in IPM, 485
plant defences and, 296

Insects, 140f
allopatric speciation of, 12
bacteria and, symbiosis of, 436–7
biological pesticides for, 484
cold tolerance of, 46
as decomposers of dead bodies, 375, 375f, 376t
enzymes in, 95
food switching by, 289, 289f
frequency-dependent predation of, 539f
for fungi colonisation, in dead wood, 366–7, 367f
gut mutualism in, 434–6, 435f
importation of, for biological control, 483
interspecific competition of, 525f
at low temperatures, 45
migration of, 171, 171f
oxygen and, 90
pest control of, bacteria for, 438, 438f
plant defences against, 300–3
as pollinators
as keystone species, 553
mutualisms of, 429–32, 430f

as unitary organisms, 102
Integral projection model (IPM), 125–7, 126f
Integrated farming systems (IFS), 485–6, 487f
Integrated pest management (IPM), 485–7, 486f, 487f
Intensity, of parasites, 382
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Intercropping, 277, 277f, 418–19
Interference, 133, 134f

aggregated distributions and, 347–9, 348f
coefficients, 348–9, 348f
exploitation and, 248–9, 249f
predation population dynamics and, 330–9, 332f, 333f, 335f,

336f, 337t, 338f
pseudo-, 350

Intergovernmental Panel on Climate Change (IPCC), 570–1,
647, 711–13

Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem services (IPBES), 711

Intermediate disturbance hypothesis, 593–4, 594f
International Biological Programme (IBP), 647
International Commission on Stratigraphy (ICS), 708, 709f
International Union for Conservation of Nature and Natural

Resources (IUCN), 502–3
on population size, 709–10
protected area classification by, 604–5
Red Line assessment of, 520–1

Interspecific competition
aggregated distributions and, 266–7, 267f
apparent competition and, 270–4, 271f–3f
of bacteria, 282, 282f
coexistence and
in birds, 244–5, 245f
in diatoms, 244, 245f
in fish, 243–4, 243f
niche overlap and, 261–2, 261f
niche similarity and, 262–3, 263f

colonisation and, 263–9, 264f–9f
ecological effects of, 274–6, 275f–7f
environmental fluctuations and, 265–6, 266f
evolution and, 247, 278–83, 278f–83f
first come best served, of fish, 265
in fish, 243–4, 243f
fundamental niche and, 244
general features of, 247–9
growth and, 240
heterogeneity and, 263–9, 264f–9f
of insects, 525f
Lotka–Volterra model for, 249–52, 250f, 251f, 252t
of parasites, 389–92, 391f, 392f
with phytoplankton, 259f
phosphorus and, 241–2, 241f

for plants and nitrogen, 242–3, 242f
prevalence of, 534
of protozoans, 282–3, 283f
realised niche and, 244
of roots, 260, 260f

of shoots, 260, 260f
survivorship and, 240
between unrelated species, 245–6, 246f

Intertidal zone, 57–8, 57f
Intimidation, 318–19, 319f, 331, 338–9, 338f
Intransitive competition, 533–4
Intraspecific competition, 132–68

density-dependent growth and, 135, 136f
fecundity and, 135, 136f, 140
of humans, 144–8, 144f–6f
mathematical models for, 148–61, 149f–52f, 154f–61f
of parasites, 389–90
of plant modular organisms, 137f
in population models, 149–50, 150f
population size and, 141–8, 141f–6f
prey isoclines with, 332–4, 332f
quantification of, 139–41, 140f
self-thinning and, 161–8, 163f, 164f, 166f–8f

Intrinsic growth rate, 255
Intrinsic rate of natural increase, 54, 122
Inundation, for biological pest control, 484
Invasion, 180

dynamics of, 189–91, 190f, 191f
heterogeneity and, 269, 269f
in lakes, 181f, 190–1, 190f
life history fast–slow continuum and, 230–1, 231f
LUC and, 738
plant tolerance for, 308, 308f
species distribution modelling for, 195, 196f

Invasive plant species (IPSs), 736–8, 736f, 737f
Invasive species

current and projected distribution of, 738, 739f
as extinction risk, 509, 509f
humans and, 23–4, 23f, 24t

Invertebrates
algae and, photosynthesis symbiosis of, 438f, 439–40
as carnivores, 364
detritivores and, 375–6
faeces of, 372–3, 372f

interspecific competition of, 266–7, 267f
at low temperatures, 45
as modular organisms, 102
neonicotinoids in, 481
niche models for, 37–8, 37f, 38f
parasite host defences of, 385
pH and, 616, 617
in streams, agricultural pollution and, 29, 29f

IPBES. See Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem services

IPCC. See Intergovernmental Panel on Climate Change
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IPM. See Integral projection model; Integrated pest
management

IPSs. See Invasive plant species
Iron, 87

as inhibitory resource, 97
in oceans, global warming and, 698

Irreplaceability, 640–1, 641f
Islands

biogeography of, equilibrium theory of, 619–31, 620f–31f
birds on, checkerboard distributions of, 532, 532f
colonisation on, 622, 624, 625f
evolution on, 18–19, 18f
extinction on, 620–1
immigration to, 619–21
metapopulations and, 197, 198f
as nature reserves, 629–31, 629f–31f
species richness and, 619–31, 619f–31f

Isoclines
of interspecific competitors, 250-1, 250-1f, 474, 474f
of predator, with mutual interference, 333f
in predator–prey models, 321-2, 332-8, 474, 322f, 333-8f, 474f
of prey, with intraspecific competition, 332–4, 333f
vertical, 334, 350
ZNGI, 95–7, 96f, 253–7, 254f

Isopods, 111
for decomposition, 372–3, 372f
humidity and, 54
plant defences and, 301–2, 301f

Iteroparous life cycle, 108–10
IUCN. See International Union for Conservation of Nature and

Natural Resources
Ivermectin, 414

JA. See Jasmonic acid
Janzen–Connell hypothesis, 538–9, 538f
Jasmonic acid (JA), 299–300, 300f

Key factor analysis, of abundance, 456–8, 456t, 457f, 459t
Keystone species, 553–4, 554f, 555f
Kleiber’s law, 99
Knock-out mutants, 296
K-selection, 226–7, 228f, 238
K values, 139–40, 140f

LA. See Leaf area
Lack clutch size, 223–4, 224f, 225f
LAI. See Leaf area index
Lakes

acid rain and, 60
anoxic habitats in, 359

autochthonous production in, 665
carbon dioxide in, 79, 79f
eutrophication in, 728, 728f
fish in, acid rain and, 61
invasion in, 181f, 190–1, 190f
nutrient flux in, 690–2, 691f
photosynthesis in, 71f
solar radiation in, 71f

Lambda (λ) contribution analysis, of abundance, 458,
459t, 460f

Land sharing, 610
Land sparing, 610
Land-use change (LUC), 724–9, 724f

invasion and, 738
La Niña, 49, 50f
Latitude

productivity and, 651
as species richness gradient, 631–3, 632f, 633f

LDMC. See Leaf dry matter content
Leaf area (LA), 232
Leaf area index (LAI), 142
Leaf dry matter content (LDMC), 232
Lichen

from algae-fungi mutualism, 444–5, 445f, 446t
in tundra, 25

Life cycles, 108–11
graph, 124, 124f
of microparasites and hosts, 407
of parasites, 379
of plants, 110
semelparity of, 108–11
of unitary organisms, 102, 109f

Life histories
allometric relationships in, 235–6, 235f, 236f
for mammals, 238–9

components of, 207–10, 207f–9f
development and, 207–8
evolution and, 206–39
fast–slow continuum for, 227–31, 229f–31f
for mammals, 238–9, 239f

habitats and, 214–21, 217f–19f, 221f
K-selection and, 226–7, 228f, 238
natural selection and, 208
phylogenetic constraints on, 232–9, 236f–9f
on mammals, 238–9, 239f

reproductive allocation and, 208, 208f, 218–20, 219f
reproductive value and, 208–10, 209f
resources in, 210
r-selection and, 226–7, 228f, 238
seeds and, 206
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Life histories (cont’d)
size and, 207, 207f
trade-offs in, 210–14, 210f–12f
with CR, 210f, 213
fitness contours and, 216, 217f
genotypes and, 212–13
with offspring size and number, 213–16, 214f, 215f, 221–6,

222f–5f
option sets and, 214–15, 217f
for survivorship and growth, 212, 212f

Life table response experiment (LTRE), 127–8, 128f
Life tables

cohort, 114–17, 114f, 115f, 116f, 123, 123f
for modular organisms, 121, 121f
static, 118–20, 120f
variables of, 122–3

Light compensation point, 69–71, 71f
Living planet index, 604, 604f
Lizards

as ectotherms, 44
food chain length of, 566
in four-trophic-level system, 545
frequency-dependent predation of, 539f
guild competition of, 529–30, 529f

Local adaptation, 3–5, 5f
Local stability, 552
Logistic equation, for continuous breeding, 154–5, 155f
Log series (LS), 576, 576f
Long-lived agents, 396
Lotka–Volterra model

competitive exclusion principle and, 240, 255–6
food chain length and, 564
for interspecific competition, 249–52, 250f, 251f, 252t
for predation population dynamics, 320–2, 322f, 350

LS. See Log series
LTRE. See Life table response experiment
LUC. See Land-use change
Lyme disease, dilution effect and, 400–1, 400f

MacArthur fraction (MF), 576, 576f
Macroecology, defined, 605
Macronutrients, 87
Macroparasites, 380–1

in crops, 408, 409f
Magnesium, 87
Mainland–island metapopulations, 198, 198f
Malaria, 407
Malathion, 480
Mammals

allometric relationships in life histories for, 238–9, 239f
biodiversity conservation of, 15

carcasses of, decomposition of, 367
clutch size of, 225, 225f
coinfection of, 392, 393f
conservation of, 515, 517f
as detritivores, 376
dispersal of, by sex, 185–6, 186f
extinction risk of, 503
in extreme temperatures, 53f
fecundity of, predator intimidation and, 318–19, 319f
interspecific competition of, 278–9, 278f
as invasive species, 24f
life histories of, 210
fast–slow continuum for, 229–30, 230f, 238–9, 239f
phylogenetic constraints on, 238–9, 239f

marginal value theorem for, 346–7, 346f, 347t
marsupials, 17–18, 17f, 27–8, 429
in mesopredator release, 547, 547f
metabolic scaling of, 99
metapopulation capacity for, 204–5, 204f
migration of, 170, 173–4, 174f
phocine distemper in, 409, 410f
physical defences of, 295
population cycles for, 467–74, 467f–9f, 472f, 473f
population size of, 709, 710f
predator–prey cycles of, 325
reproductive allocation in, 219f, 220
species richness of, 615f, 633f
survivorship curves of, 119–20, 119f
as unitary organisms, 102

Manganese, 87
Mangroves

colonization gaps in, 596, 596f, 596t
tsunamis and, 58

Maquis, 25f, 26
Marginal value theorem, 341–7, 342f–5f, 347t
Marine protected areas (MPAs), 637–8, 637f
Marine sediments, zonation of, 359, 359f
Marine zoning plans, 642–3, 643t, 644f
Markov chain model, 586
Marsupial mammals, 17–18, 17f, 27–8, 429
Mass-effects metacommunity, 600–1
Mast seeding, 212
Mast years, 181, 327–8, 328f
Matter flux, 678–707. See also Nutrient flux

biogeochemical cycles of, 679–80
Maximum sustainable yield (MSY), 488–90, 488f–90f
MEA. See Millennium Ecosystem Assessment
Mean intensity, of parasites, 382
Mean resistance, virulence and, 395f
Mean trophic level (MTL), 498–9, 499f, 500f
Measles, immunisation for, 407
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Megafauna, 361
Mercury, 731, 733
Mesofauna, 361
Mesopredator release, 547, 547f
Metabolic theory of ecology, 97–101
Metabolism

allometric scaling of, 97–101, 98f, 99f
temperature and, 39–41, 40f

Metacommunity, 530, 599–602, 599f–602f
abundance in, 601, 601f
dispersal in, 601, 601f
neutral theory for, 600
patches in, 599
species richness in, 601

Metagenome, in gut
of bees, 436
of vertebrates, 433–4, 435f

Metapopulation
abundance and, 194f, 195
of butterflies, 198, 198f, 201f, 202–3, 203f
capacity, 201
for birds, 204–5, 204f
for mammals, 204–5, 204f

conservation of, 515–18, 516f–18f
defined, 192
dispersal and, 192–205, 194f, 196f, 198f–201f, 203f, 204f
dynamics of, 195–205, 198f–201f, 203f, 204f
extinction and, 197–203
islands and, 197, 198f
mainland–island, 198, 198f
parasites in, 408
of parasitoids, 353f
persistence and, 194f, 195
recolonisation and, 197–203
uninhabited habitable patches and, 195–7

Methane, 62, 685
MF. See MacArthur fraction
Microbivores, 361–5, 362f–5f
Microparasites, 379, 403–4

life cycle of, 407
Microplastics, 731–2, 732f, 733
Migration. See also Emigration; Immigration

of birds, climate change and, 716, 716f
conservation for, 172–5, 173f, 174f
defined, 170
of insects, 171, 171f
as one-way trip, 172
patterns of, 170–5
of predators, 349
between resources, 172

Mildew, 381

Millennium Ecosystem Assessment (MEA), 647–8, 727, 738
Mimicry, 314f, 316
Mineralisation, 358
Minerals, 87–90, 88f, 89f

decomposers and, 369–70, 370f
in estuaries, 27
as inhibitory resource, 97
NPP and, 659–61, 660f

Minimum viable populations (MVPs), 511–12
Mites

as macroparasites, 380–1
temperature and, 40, 41f

Modular organisms, 102–4, 103f
birth of, 106f
competition of, 139, 139f
constant yield of, 135
counting individuals of, 106–8
death of, 106f
growth of, 104
integration of, 106, 107f
life table for, 121, 121f
neighbours of, 139, 139f
plants as, intraspecific competition of, 137f

Modular population, 104
Molluscs

calcium carbonate for, 63
humidity and, 54
as invasive species, 24, 24f

Molybdenum, 87
Monomodal community size spectra, 577f
Monophagous, 93

foragers, 285
Monotonical community size spectra, 577f, 578
Monotonic damping, 151
Mother knows best hypothesis, 288
Moths

dispersal of, 178, 178f
food of, 54
industrial melanism and, 7–8, 7f
temperature and, 54

Movement, 169–205. See also Dispersal; Migration
resources and, 169
of seeds, 169

MPAs. See Marine protected areas
MSY. See Maximum sustainable yield
MTL. See Mean trophic level
Müllerian mimicry, 316
Multimodal community size spectra, 577–8, 577f
Multiple equilibria

for abundance, 474–5, 474f, 475f
for harvest management, 493–5, 494f
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Mussels
barnacles and, 536
colonisation gaps of, 595f, 596
specialisation of, 3

Mutual antagonism, Lotka–Volterra model and, 252
Mutual interference, 331, 332f, 334
Mutualism

of ants
aphids and, 424, 424f
butterflies and, 425–6, 426f
fungi and, 426, 427–8, 427f
plants and, 422–5, 422f, 423f, 425f

between decomposers and plants, 370–1
of corals and algae, 439–40
defined, 416
of detritivores, 371–2
of fungi
beetles and, 425–6
plants and, 407, 440–3, 441f, 441t
roots and, 440–3, 441f, 441t

in gut
in herbivores, 432–3, 433f
in insects, 434–6, 435f
in ruminants, 432–3, 433f, 434t
in vertebrates, 433–4, 433f, 434t

in human agriculture, 423–4
of keystone species, 553
models of, 451, 452f
in mycorrhizas, 440–3, 441f, 441t
of nitrogen-fixing bacteria, 30, 416, 446–51,

447f–9f
of plants
bees and, 451, 452f
fungi and, 407, 440–3, 441f, 441t

of pollination, 429–32, 430f
protection in, 420–3, 421f, 422f
as reciprocal, 417
of rhizobia and legumes, 446–50, 448f, 449f
of seed dispersal, 428–9

MVPs. See Minimum viable populations
Mycorrhizal networks, 443, 443f
Mycorrhizas, 88–90

mutualism in, 440–3, 441f, 441t
Myxomatosis, 393–4, 394f

NAME. See Numerical Atmospheric-dispersion Modeling
Environment

NAO. See North Atlantic Oscillation
Nasty neighbour hypothesis, 161, 161f
Natal dispersal, 170
National parks, 605

Natural hosts, 383
Natural monuments, 605
Natural selection, 1–2

life histories and, 208
optimal foraging theory and, 291
phylogenetic constraints and, 232
of sessile organisms, 3
for virulence, 394

Nature reserves, 604
islands as, 629–31, 629f–31f

N-dimensional hypervolume, 33, 97
Near-threatened species, 711
Necrotrophic parasites, 379
Negative binomial encounters, 350
Neighbours

of modular organisms, 139, 139f
nasty hypothesis for, 161, 161f

Nematodes
birds and, 411–14, 412f, 413f
humidity and, 54
as macroparasites, 380

Neonicotinoids, 481
Net ecosystem productivity (NEP), 649
Net photosynthesis, 69–73
Net primary productivity (NPP), 615, 615f, 649, 649t, 650,

650f, 652f
biomass and, 655–6, 655f
detritivores and, 675, 675f
in forests, 686, 686f
minerals and, 659–61, 660f
PAR and, 656–7, 656f
in oceans, 666, 666f

in seasonal environments, 659, 659f
soil texture and, 658–9
SST and, 666, 666f
in succession, 652, 661
temperature and, 658, 658f
water and, 657, 657f, 658f, 660f

Net recruitment curves, 142–3, 142f, 143f
Net reproductive rate, 143, 149–50
Neutral competition, 262
Neutral theory

for metacommunities, 600
of niche differentiation, 530–1, 531f

Niches, 34f–9f
breadth of, in species richness, 607
complementarity of, community module competition,

525–8, 526f–8f
of cover crops, 55, 55f
differentiation of
coexistence and, 244–5, 262
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coexistence without, 247–8, 248f
in community module competition, 525–31, 529f, 531f
neutral theory of, 530–1, 531f
resources and growth and, 255
in seasonal environments, 618

divergence of, in grasses, 281, 281f
fundamental, 36, 38–9, 39f, 244
models for, 35–6, 36f
ordination of, 33–5, 37–8, 37f, 38f
overlap of
interspecific competition coexistence and,

261–2, 261f
in species richness, 607

realised, 36, 244, 294
resources of, 97
similarity of, interspecific competition coexistence and,

262–3, 263f
species distribution modelling for, 195, 196f
successional, 587, 587f
temperature in, 39–56, 40f–3f, 45f–7f, 50f–3f, 55f

Nicholson, A. J., 454–5
Nicholson–Bailey model, of predation population dynamics,

324–5, 350
Nickel, 60
Nitrates, 88, 95, 695–6, 696f
Nitrogen, 87

in agriculture, 725–6
from ammonia, 95
carbon dioxide and, 79
carbon : nitrogen ratio, 93, 95
decomposers and, 370

on continental shelves of oceans, 693–5, 695t
cycle, 703f, 704
decomposers and, 369–70, 370f
in estuaries, 692–3, 692f, 693f
in forests, 726, 726f
from nitrates, 88, 95
NPP and, 659–61, 660f
in oceans, 665–6
photosynthetic capacity and, 71–3, 72f
plants and, interspecific competition for, 242–3, 242f
in rivers, 727–8

Nitrogen dioxide, 60f
Nitrogen-fixing bacteria

as keystone species, 553
mutualism of, 30, 416, 446–51, 447f–9f
succession and, 450–1

Nitrous oxide, 62
Non-kin competition, 183, 183f
Non-seasonal environments, specialisation in, 618
Normalisation constant, 97, 98

North Atlantic Oscillation (NAO), 49, 50f, 51f
NPP. See Net primary productivity
Null model analysis, for community competition, 528–33,

529f, 534
Numerical Atmospheric-dispersion Modeling Environment

(NAME), 176, 176f
Nurse plants, 418
Nutrient budgets, 680–1

in aquatic biomes, 689–707
on continental shelves of oceans, 693–5, 695t
in oceans, 696–7, 697f, 698f
in terrestrial biomes, 680f, 682–9, 683f–6f, 689f

Nutrient flux
deforestation and, 688–9, 689f
downstream effects of, 726–7
energy flux and, 678–9, 679f
in estuaries, 692–3, 692f, 693f
in lakes, 690–2, 691f

Nutrients
loss of, in atmosphere, 684–5
pollution of, in aquatic biomes, 681–2, 682f
spiraling, in streams, 689–90, 690f

Obligate mutualism, 371–2
Oceans

acidification of, 720–1, 722f, 723f
climate change and, 707, 707f

anoxic habitats in, 359
carbon dioxide in, photosynthesis and, 63
continental shelves of, nutrient budgets on, 693–5, 695t
depth of, GPP and, 667, 667f
eutrophication in, 728, 728f
high temperatures in, 48
iron in, global warming and, 698
NPP of, 649t, 650
nutrient budgets in, 696–7, 697f, 698f
PAR of, NPP and, 666, 666f
plankton in, 696–7
primary productivity in, SST and, 666
productivity of, 651
upwelling in, 665–6, 668f
warming of, fish and, 718, 719f

Offspring size and number, life history trade-offs with, 213–16,
214f, 215f, 221–6, 222f–5f

Oligophagous foragers, 285
OLS. See Ordinary least squares analysis
Omnivores

in community modules, 540
food preferences of, 288

One-generation cycles, in predation population
dynamics, 324–5
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Optimal foraging theory
for plants, 343–5, 344f
for predators, 289–92, 290f
versus food switching, 292

Optimal sowing rates, for conservation, 138, 138f
Option sets, 214–15, 217f
Orchid mycorrhizas, 443
Ordinary least squares analysis (OLS), 237, 238f
Ordination

of communities, 578–81, 580f
of niches, 33–5, 37–8, 37f, 38f

Osmoregulation, 297
Outbreaks

in abundance, 474f, 475f
secondary pest, 479–80, 480f

Outbreeding, 182, 182f
Overcompensating density dependence, 134, 140
Overexploitation

density-dependent emigration and, 186
extinction from, 505–7, 506f
of fish, 733–6, 734f, 735f
harvest management and, 487–8

Overyielding, 557, 662
Oxalic acid, 295
Oxygen, 90–1, 91f

hypoxia and, 728, 728f
Ozone depletion, 730, 730f, 733

PACF. See Partial autocorrelation function
PAR. See Photosynthetically active radiation
Paradox of enrichment, 609
Paradox of the plankton, 247–8, 248f, 265–6
Parallel evolution, 17–18
Parasite hosts

aggregated distributions of, 381–2, 382f
coevolution of, 392–5, 394f, 395f
competition for resources of, 388–92, 389f–92f
constant final yield with, 388–90, 390f
defences of, 384–8, 385f–7f
trade-offs with, 386f, 387f

diversity of, disease and, 399
fecundity of, 399–401
growth of, 399–401, 401f
immune response of, 390
population dynamics of, 410–15, 411f–13f, 415f
as predators, 384
resistance of, 388, 389f
as resources, 384
specificity of, 383–4
as superspreaders, 398, 398f
survivorship of, 399–401

tolerance of, 388, 389f
transmission in, 396–402, 397f–401f
virulence and, 388, 389f

Parasites
allopatric speciation of, 12
of crops, 378
as detritivores, 379
direct life cycles of, 379
disease and, 378–415
diversity of, 378–81, 380f
essential resources of, 96
exploiter-mediated coexistence of, 540
extinction from, 534–5, 535f
food and, 414–15, 415f
in food webs, 567, 568f
indirect life cycles of, 379
interspecific competition of, 389–92, 391f, 392f
life cycles of, 379
in metapopulations, 408
plants and, competition of, in salt marshes, 402, 402f
population cycles and, 466
as predators, 284–5
protozoan as, beetles and, 411f
resources of, 92
on seeds, 286
transmission and virulence of, trade-offs with, 394

Parasitoids
aggregated distributions of, 340f, 349–50, 349f
aggregation of risk for, 355f
as biological control agents, 356
consumer–resource systems for, 320
continuous redistribution of, 351
coupled oscillations of, 286f
defensive symbioses of, 438
delayed density dependence for, 323f
heterogeneity for, 350–1
importation of, for biological control, 483
inducible defences for, 303, 303f
marginal value theorem for, 343, 344f, 346
metapopulations of, 353f
Nicholson–Bailey model for, 324–5
as predators, 285
as searchers, 324
type 2 functional response for, 326, 326f

Paris Climate Agreement, 733
Partial autocorrelation function (PACF), 461–2, 462f
Partial rate correlation function (PRCF), 462, 462f,

464f, 465
Partial refuges, 350
Particulate organic carbon (POC), 612, 612f
PAs. See Protected areas
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Passive dispersal, 175–9, 178f
Patches and patchiness

colonisation in, 595f
of dispersal, 180
metapopulations and, 192–5

foraging in, 339–49, 340f–2f, 344f–6f, 347t, 348f, 349f
in metacommunities, 599
metapopulations in, 195–7
species richness of, 575
stochastic colonisation of, 543

PCMs. See Phylogenetic comparative statistical methods
Perfectly substitutable resources, 96
Perimeter : area ratio, 594, 594f, 596
Permafrost, 91–2, 92f, 570–1, 571f
Permanent wilting point, 76, 77f
Persistence, metapopulations and, 194f, 195
Persistent organic pollutant (POP), 731, 733
Pest control, 478–87

biological agents for, 483–5, 483t
of insects, bacteria for, 438, 438f
IPM for, 485–7, 486f, 487f

Pesticides. See also Insecticides
bee gut metagenome and, 436
biological, 484
habitat loss from, 508
resistance to, 481–2, 482f
unintended consequences of, 479–81, 480f

Pests
colonisation of, 484
defined, 478
EIL of, 478–9, 478f
ET of, 478–9

PET. See Potential evapotranspiration
Pgi. See Phosphoglucose isomerase gene
PGLS. See Phylogenetic generalised least squares
pH

acid rain and, 722
carbon dioxide and, 79
in harsh environments, 616, 617f
in niches, 33
of soil, 54–56, 55f
species richness and, 616, 617f

Phalanx-type plants, 179, 179f
Phanerophytes, 29
Phenolics, 298
Philopatry (home-loving), dispersal and, 181

sex and, 186
Phocine distemper, 409, 410f
Phosphoglucose isomerase (Pgi) gene, 203, 203f
Phospholipid fatty acids (PLFA), 361
Phosphorus, 87, 89–90

in agriculture, 725–6
from atmosphere, 683f
cycle, 702, 703f
decomposers and, 369–70, 370f
in forests, 726, 726f
NPP and, 659–61, 660f
in oceans, 665–6
phytoplankton and, interspecific competition for, 241–2, 241f
in primary succession, 680–1, 681f
in rivers, 727–8

Photoautotrophs, 65
Photoinhibition, 67
Photosynthesis

in aquatic biomes, 27
carbon dioxide and, 69
in oceans, 63

carbon in, 66
defoliation and, 307
in lakes, 71f
net, 69–73
photoautotrophs and, 65
symbiosis of, of invertebrates and algae, 438f, 439–40
water conservation and, 74–5, 76f

Photosynthetically active radiation (PAR), 67
light compensation point and, 69–71
NPP and, 656–7, 656f
of ocean, NPP and, 666, 666f
photosynthetic capacity and, 73
in streams, 664, 664f

Photosynthetic capacity, 72–3, 72f
Photosynthetic photon flux density (PPFD), 71f
Phylogenetic comparative statistical methods (PCMs),

237–8, 238f
Phylogenetic constraints

on life histories, 232–9, 236f–9f
on mammals, 238–9

natural selection and, 232
Phylogenetic generalised least squares (PGLS), 237, 238f
Physical defences

of animals, 315–16, 315f
of plants, 295

Phytomining, 60
Phytoplankton

food web trophic cascade of, 546, 546f
GPP of, 667, 667f
interspecific competition in, 259f
phosphorus and, 241–2, 241f

niches for, 34–5, 35f
species richness of, 609, 611

Placental mammals, species distribution of, 17–18, 17f
Plague, 384
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Planetary boundaries, 738–40, 741f, 741t
Plankton. See also Phytoplankton

calcium carbonate for, 63
coexistence of, 247–8, 248f
in estuaries, 692–3, 692f, 693f
microplastics and, 732
in oceans, 696–7
paradox of, 247–8, 248f, 265–6
physical defences of, 295

Plants. See also Photosynthesis; Resources
allometric relationships in, 100, 100f
antagonistic coevolution in, 394–5, 395f
ants and, mutualism of, 422–5, 422f, 423f, 425
apparent competition of, 271–2, 272f
in aquatic biomes, clonal growth dispersal in, 179
bacteria on, from herbivores, 310
bees and, mutualism of, 451, 452f
biodiversity of, 267–8, 268f
carbon in, 95
carbon : nitrogen ratio in, 93
cold tolerance of, 46, 46f
competition of, herbivores and, 308, 309f
constant final yield of, 137f
death of, defoliation and, 307
decomposers and, 370–1
defences of
against herbivores, 294–307, 296f–307f
apparency theory and, 298–9, 298f
carbon dioxide and, 306–7, 307f
fertilisers and, 305, 305f
of roots, 300, 301f
of shoots, 300, 301f
stress and, 305–6, 306f
timing of, 299–303, 299f–303f

dispersal of
invasion, 190–1, 190f
polymorphism and, 184, 184f

dormancy in, 112–14, 113f
fecundity of, herbivores and, 311–12, 311f
in four-trophic-level system, 545, 546f
fungi and, 36
from herbivores, 310
mutualism of, 407, 440–3, 441f, 441t

growth of, defoliation and, 307–8
herbivores and, coevolutionary arms race of, 295
at high temperature, 47–8
as hyperaccumulators, 60
inbreeding and outbreeding of, 182, 182f
as invasive species, 24f
life cycles of, 110
life histories of, 210, 210f

fast–slow continuum for, 228–9, 229f
litter decomposition, home field advantage for, 367–8,

368f, 369f
at low temperature, 44–5
macroparasites of, 381
as modular organisms, 102–4, 103f
intraspecific competition of, 137f

natural selection in, 2
nitrogen and, interspecific competition for, 242–3, 242f
nutritional contents of, 93–5, 94f
optimal foraging theory for, 343–5, 344f
oxygen for, 90–1, 91f
parasite and, competition of, in salt marshes, 402, 402f
parasite host defences of, 385
phalanx-type, 179, 179f
physical defences of, 295
population boundary lines for, 164–5, 164f, 166f
rank–abundance diagram for, 576f
in Raunkiaer’s life forms, 28–9, 28f
reproductive investment in, 218
reproductive value of, 209f
salinity and, 57–8, 57f
secondary metabolites of, 295–7
semelparity in, 222f
SESs of, 533
sodium chloride for, 32
species distribution of, temperature and, 49–54, 50f–3f
species richness of, 609, 609f, 610f
grazers and, 536–8, 536f–8f

subpopulations of, 200, 200f
survivorship of, herbivores and, 308–10
tolerance of
of herbivores, 307–14, 308f–13f
for invasion, 308, 308f

in tropical rainforest, 27
in tundra, 25
viruses on, from aphids, 310, 310f

Plastics, 731–2, 732f
PLFA. See Phospholipid fatty acids
POC. See Particulate organic carbon
Pollination and pollinators

chain of extinction of, 510–11, 511f
insects as, as keystone species, 553
mutualisms of, 429–32, 430f

Pollution, 59–61, 60f, 730–3, 731f, 733f
from agriculture, stream invertebrates and, 29
habitat loss from, 507–8
industrial melanism and, 7–8, 7f
sodium chloride from, 32

Polymorphism
dispersal, 184–5, 184f, 186f
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of ecotypes, 5–8, 6f
in fish, 14

Polyphagous foragers, 285
POP. See Persistent organic pollutant
Population. See also Abundance; Metapopulation

boundary lines, 164–5, 164f, 166f
cycles, 466–74, 466f–9f, 472f, 473f
defined, 107
experimental perturbation of, 459–60
growth rate of, 455–6, 458–9, 459f, 459t, 461
modular, 104
MVPs, 511–12
natural selection and, 2
of prey, predation and, 316–19, 317f–19f
resilience of, 29
stability of
in food webs, 555–6
species richness and, 560, 561f

variability of, species richness and, 556–7, 556f
Population dynamics

of infection, 402–10, 405f, 406f, 409f, 410f
of parasite hosts, 410–15, 411f–13f, 415f
of predation
aggregated distributions in, 339–41, 340f
consumer–resource models of, 320–5, 322f, 323f
coupled oscillations in, 286f
crowding and, 334
delayed density dependence of, 323, 323f
direct density dependence of, 323–4
food quality and, 330, 330f, 331t
of heterogeneity, 349–55, 352f–5f
interference and, 330–9, 332f, 333f, 335f, 336f, 337t, 338f
intimidation in, 331, 338–9, 338f
Lotka–Volterra model for, 320–2, 322f, 350
Nicholson–Bailey model of, 324–5, 350
type 1 functional response in, 325–6, 326f
type 2 functional response in, 326–7, 326f, 337, 338f
type 3 functional response in, 327, 327f, 335–6, 336f

Population projection matrices (PPMs), 123–7, 124f
for extinction, 513, 513f

Population size, 107–8, 108f, 122
asymmetric competition and, 159, 159f
as extinction risk, 503–4
intraspecific competition and, 141–8, 141f–6f
IUCN on, 709–10
territoriality and, 159–61, 160f, 161f

Population viability analyses (PVAs), 512–14, 512f
Postbreeding dispersal, 170
Potassium, 87, 90
Potential evapotranspiration (PET), 613–14, 614f
PPFD. See Photosynthetic photon flux density

PPMs. See Population projection matrices
Praziquantel, 408
PRCF. See Partial rate correlation function
Predation, 284–319

abundance patterns and, 285
in community modules, 534–40, 534f–9f
compensatory reactions to, 316–17
defined, 284
food and, 317, 317f
frequency-dependent, 538–9, 538f, 539f
by herbivores, 285
population dynamics of, 320–56
aggregated distributions in, 339–41, 340f
consumer–resource models of, 320–5, 322f, 323f
coupled oscillations in, 286f
crowding and, 334
delayed density dependence of, 323, 323f
direct density dependence of, 323–4
food quality and, 330, 330f, 331t
of heterogeneity, 349–55, 352f–5f
interference and, 330–9, 332f, 333f, 335f, 336f, 337t, 338f
intimidation in, 331, 338–9, 338f
Lotka–Volterra model for, 320–2, 322f, 350
Nicholson–Bailey model of, 324–5, 350
type 1 functional response in, 325–6, 326f
type 2 functional response in, 326–7, 326f, 337, 338f
type 3 functional response in, 327, 327f, 335–6, 336f

ratio dependent, 331
realised niche and, 294
of seeds, 310
specialist model for, 470–1, 472f, 473
on weakest prey, 317

Predator-mediated coexistence, 535–7
Predator–prey relationship

coevolution of, 292, 295
coupled oscillations of, 206f
cycles, 325
heterogeneity in, 350–1
pesticide biomagnification in, 480–1
population cycles for, 467–74, 467f–9f, 472f, 473f
zero isocline for, 474, 474f

Predators
aggregated distributions of, density of prey and, 349–50
apparent competition of, 270–1, 271f
community size spectra and, 577
endotherms and, 44
fish reproductive allocation and, 220, 221f
food preferences of, 286–8, 287f
food web trophic cascades for, 544–7, 545f–7f
foraging in presence of, 292–4, 293f
intimidation of, 318–19, 319f
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Predators (cont’d)
isoclines of, with mutual interference, 334
learning by, 349
in mesopredator release, 547, 547f
migration of, 349
optimal foraging theory for, 289–92, 290f
parasite host as, 384
polymorphism and, 5
population cycles and, 466
resources of, 91–2
saprotrophs and, 65
of seeds, 310
satiation of, 327–30, 328f, 329f

selfish herd and, 181
specialisation of, 292
switching of food of, 288–9, 289f
true, 284
types of, 284–5

Pre-emptive competition, 263–9
Prey

apparent competition of, 270
biomass of, 160f, 670, 670f
density of, predator aggregate distributions and, 349–50
endotherms and, 44
enemy-free space of, 607
isoclines of, with intraspecific competition, 332–4, 333f
population of, predation and, 316–19, 317f–19f
weakness of, 317

Primary productivity. See also Gross primary productivity; Net
primary productivity

in aquatic biomes, 664–7, 664f–8f
energy flux and, 649–56, 649t, 650f–5f
grazers and, 670–1
by herbivores, 669, 670f
ocean acidification and, 723f
in oceans, SST and, 666
secondary productivity and, 668, 669f
in terrestrial biomes, 656–63, 656f–63f

Primary succession, 582–5, 583f
phosphorus in, 680–1, 681f

Production efficiency, 673
Productive space, food chain length and, 564, 568, 568f
Productivity. See also Primary productivity

beta (β) diversity and, 612
EEH and, 550
energy flux and, 648
food chain length and, 564, 565–6, 566f
of food webs, 551, 552, 557
gamma (γ) diversity and, 612, 613f
latitude and, 651

of oceans, 651
secondary, 668, 669, 669f, 723f
species richness and, 608–15, 609f, 610f, 612f–15f, 661–3,

661f, 662f
Profit sharing, in harvest management, 493, 493f
Protected areas (PAs)

agriculture and, 611
for biodiversity conservation, 604–5, 604f
for corals, 604f
establishing and managing, 724–5, 725f
IPSs in, 737, 737f
MPAs, 637–8, 637f

Protected landscapes/seascapes, 605
Protists, 4, 41f, 42, 100, 100f, 361
Protozoans, 371–2, 379

beetles and, 411f
as detritivores, 361
in gut mutualism, 433
infections, prevalence of, 405
interspecific competition of, 282–3, 283f

Provisioning services, 58, 502
Pseudo-interference, 350
PVAs. See Population viability analyses

Quantitative trait loci (QTLs), 47
life history trade-offs and, 213

R. See Fundamental net reproductive rate
RA. See Autotrophic respiration
Rabbits

as keystone species, 553
myxomatosis and, 393–4, 394f

Rabies, 384
immunisation for, 406–7

Radiative forcing, 711–12, 712f
Ramets, 106
Random dispersal, 180, 180f
Random encounters, in predation population dynamics, 324
Random fraction (RF), 576, 576f
Rank–abundance diagrams, 501f, 530, 575–7, 576f, 601
Rarefaction, for species richness, 606, 607f
Rates of increase, 121–7
Ratio-dependent isoclines, 334
Ratio-dependent predation, 331
Raunkiaer’s life forms, 28–9, 28f
RBP. See Rights-based fishery
RCMs. See Regional climate models
RCPs. See Representative concentration pathways
RDZ. See Resource-depletion zone
RE. See Ecosystem respiration
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Reaction–diffusion modelling, 193–4, 193f
Realised niche, 36, 244, 294
Recolonisation, metapopulations and, 197–203
Redfield ratio, 95, 665
Refection, 433
Refuges, 350
Regime shifts, in food webs, 568–71, 568f–71f
Regional climate models (RCMs), 711
Regular dispersal, 180, 180f
Regulating services, 58, 502
Regulation

of abundance, 454–5, 455f, 477–8
in predation population dynamics, 324

Relative growth rate (RGR), 80f
Remoteness of islands, 624, 624f
Reorganisation algorithms, 529–30
Representative concentration pathways (RCPs)

carrying capacity and, 711–12, 712f
for temperature, 712, 713f

Reproduction rates, 121–7
of helminths, 407
population cycles and, 466

Reproductive allocation
age of maturity and, 220
in fish, predators and, 220, 221f
life histories and, 208, 208f, 218–20, 219f

Reproductive investment, 218
semelparity and, 220–1, 222f

Reproductive strategy axis, 228
Reproductive value, 208–10, 209f
Reptiles. See also Lizards

biodiversity conservation of, 15
dispersal of, by sex, 185–6, 186f
in extreme temperatures, 53f
as invasive species, 24f
population size of, 709, 710f

Residual reproductive value (RRV), 208, 209
clutch size and, 224
CR and, 213, 217
options sets and, 216

Resilience
of food webs, 552
of populations, 29

Resistance
of food webs, 552
mean, virulence and, 395f
of parasite hosts, 388, 389f
to pesticides, 481–2, 482f

Resistant diapause, 112
Resource availability hypothesis, 304

Resource-depletion zone (RDZ), 67, 76
exploitation and, 133
nitrogen and, 88
phosphorus and, 89

Resources, 65–101. See also Carbon dioxide; Food; Minerals;
Productivity; Solar radiation; Water

of animals, 92–3
classification of, 95–7
competition for, of parasite host, 388–92, 389f–92f
consumer–resource models, of interspecific competition,

253–61, 254f, 256f, 258f–60f
of decomposers, 357
of detritivores, 357
detritivores and, 371–7, 371f–5f, 376t
environmental space and, 169
of grazers, 92
growth and, niche differentiation and, 255
life histories and, 210–14, 210f–12f, 214f
lifespan and, 93
migration between, 172
movement and, 169
of niches, 97
oxygen as, 90–1, 91f
parasite host as, 384
of parasites, 92
of predators, 91–2
self-thinning and, 166–7, 167f
species richness and, 607
transport of, 98

Resource-transport network theories (RTN), 99, 101
Resource utilisation curves, 262–4, 263f
RF. See Random fraction
RGR. See Relative growth rate
RH. See Heterotrophic respiration
Rights-based fishery (RBP), 735, 735f
Risk. See Aggregation of risk
Rivers

acid rain and, 60
nitrogen in, 727–8
phosphorus in, 727–8

Robustness, of food webs, 552, 559–60, 560f
parasites in, 567, 568f

Roots
competition of, 158, 158f
fungi and, 88–90
mutualism of, 440–3, 441f, 441t

interspecific competition of, 260, 260f
minerals and, 87–8
plant defences of, 300, 301f
water and, 76–7, 78f
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RRV. See Residual reproductive value
r-selection, 226–7, 228f, 238
RTN. See Resource-transport network theories
Ruderal strategy, 232
Ruminants, gut mutualism in, 432–3,

433f, 434t
Rusts, 381, 395f

SA. See Salicylic acid; Surface area theories
Salicylic acid (SA), 299–300, 300f
Salinity, 56–8, 56f, 57f
Salt marshes

decomposition in, 365–6, 366f
NPP of, 649t
oxygen in, 90–1
plant parasite competition in, 402, 402f

Sample-based data, on species richness, 606
Saprotrophs. See also Decomposition and decomposers;

Detritivores
predators and, 65

Satiation of seed predators, 327–30, 328f, 329f
Scaling coefficient, 556
SCFAs. See Short-chain fatty acids
Schistosomiasis, 378, 407–8

macroparasites and, 380
Scramble, 140–1

in population models, 151
SDMs. See Species distribution models
Searchers

foragers as, 290
parasitoids as, 324

Seasonal environments
GPP in, 652
niche differentiation in, 618
NPP in, 659, 659f

Sea surface temperature (SST), 42f
fish and, 735
NPP and, 666, 666f

Secondary metabolites, of plants, 295–7
Secondary pest outbreaks, 479–80, 480f
Secondary productivity, 668, 669, 669f, 723f
Secondary succession, 585–6
Seed banks, 110–11, 111f

for forests in wetlands, 112
in succession, 585

Seeds
bats and, 588
birds and, 93
dispersal of, 170, 175–6, 175f, 177, 177f
mutualism of, 428–9

dormancy of, 112–14, 113f

life cycles and, 110
life histories and, 206
movement of, 169
parasites on, 286
predators of, 310
satiation of, 327–30, 328f, 329f

species richness and, 609
in succession, 584–5, 584f
temperature and, 48–9

Selection. See also Natural selection
in communities, 572
complementarity, 640–1, 641f
in food webs, 557
K-selection, 226–7, 228f, 238
in metacommunities, 600
r-selection, 226–7, 228f, 238
species richness and, 662–3, 662f

Selfish herd, 181
Self-thinning, 161–8, 163f, 164f, 166f–8f
Semelparity, 108–11, 220–1, 222f
Senescence, 104–6, 105f
Series replacement model, of succession, 586, 586f
SESs. See Standardised effect sizes
Sexually transmitted diseases, 404, 411, 412f
Shade plants, 73–4, 73f, 74f
Shannon’s diversity index, 575
Shoots

interspecific competition of, 260, 260f
plant defences of, 300, 301f

Short-chain fatty acids (SCFAs), 432
Short-lived agents, 396
Shredders, 364
Sickle-cell anaemia, 5
Sigmoid growth curves, 143, 144f
Simpson’s diversity index, 574
Single populations, dispersal of, 186–95, 187f–190
S-I-R model, for acquired immunity, 385–6
S-I-S model, for acquired immunity, 385–6
Size. See also Population size

asymmetric competition and, 155–8, 156f–8f
community size spectra and, 577
of decomposers, 361, 362f
of ecosystem, food chain length and, 564, 568f
life histories and, 207, 207f
metabolic scaling and, 99f
spectra, for communities, 577–8, 577f
temperature and, 39–41, 42f

SLA. See Specific leaf area
Small populations, 502–5
Smuts, 381

as sexually transmitted disease, 411, 412f
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Snails
character displacement of, 280, 280f
physical defences of, 315–16, 315f
plant defences and, 301–2, 301f
polymorphism of, 6, 6f

Sociality, dispersal and, 181
Social parasitism, 381
Sodium chloride, 32
Soil

pH of, 54–6, 55f
texture, NPP and, 658–9
water in, 55, 55f, 76–7, 77f

Solar radiation, 66–74, 66f, 68f, 69f. See also Photosynthetically
active radiation

in aquatic biomes, 27
carbon dioxide and, 62
in lakes, 71f
photoautotrophs and, 65
in tropical rainforest, 27

Spatial heterogeneity, species richness and, 616, 617f
Specialisation

community size spectra and, 577
in non-seasonal environments, 618
of predators, 292
within species, 2–8

Specialist predation model, 470–1, 472f, 473
Speciation

allopatric, 8–14, 9f, 10f, 12f–13f
in communities, 572
on islands, 18–19, 18f

Species. See also specific topics
defined, 8
environmental conditions and, 32–64
geographic variation within, 3–5, 3f, 5f
number of, 501–2, 501f
reintroduction of, species distribution modelling for,

195, 196f
specialisation within, 2–8
turnover of, species richness and, 625–6, 625f, 626f

Species–abundance distributions, 530
Species accumulation curve, 606, 607f
Species–area relationship, 619, 619f
Species distribution. See also Aggregated distributions

of animals, temperature and, 49–54, 50f–3f
global warming and, 22, 64
historical factors in, 16–24, 16f–23f, 24t
modelling of, for invasion dispersal, 195, 196f
of plants, temperature and, 49–54, 50f–3f

Species distribution models (SDMs), 714
Species richness

biodiversity and, 603–5

in communities, 574–5, 574f, 592
complementarity effects and, 662–3, 662f
data on, 606
disturbance and, 608
energy and, 613–16, 614f–16f
evolutionary time and, 618
extrapolation of, 606–7, 607f
facilitation and, 608
factors in, 605–6
of fish, 559, 559f
gradients of
elevation as, 633–6, 634f–6f
latitude as, 631–3, 632f, 633f
succession as, 638–9, 639f

in grasslands, 558f
habitat area and, 619, 619f
harsh environments and, 417, 616
hot spots of, 603, 640, 735
on islands, 619–31, 619f–31f
macroecology and, 605
in metacommunities, 601
model of, 607–8, 608f
niche overlap in, 607
pH and, 616, 617
of plants, grazers and, 536–8, 536f–8f
population stability and, 560, 561f
productivity and, 608–15, 609f, 610f, 612f–15f, 661–3,

661f, 662f
rarefaction for, 606, 607f
remoteness of islands and, 624, 624f
resources and, 607
selection and, 662–3, 662f
spatial heterogeneity and, 616, 617f
species turnover and, 625–6, 625f, 626f
of vertebrates, 710f

Species-sorting metacommunity, 600
Specific leaf area (SLA), 232
Spiders

dispersal of, 175
food chain length of, 566
in four-trophic-level system, 545
frequency-dependent predation of, 539f

Sponges
chemical defences of, 315f, 316
as modular organisms, 102
specialisation of, 3

Squirrels
apparent competition of, 273–4, 273f
habitat restoration for, 188–9, 189f
predator intimidation of, 318–19, 319f

SST. See Sea surface temperature

SUBJECT INDEX 841

0004949578.3D 841 30/10/2020 12:37:45 PM



Stability
of abundance, 454–6, 454f
alternative states of, for abundance, 476
food chain length and, 564–5
of food webs, 552–7
biodiversity and, 401
complementarity effects and, 559, 559f
from fish, 559, 559f

of forests, 21f
generalist predators switching and, 336–7, 337f, 337t
heterogeneity and, 268
of population
in food webs, 555–6
species richness and, 560, 561f

in predation population dynamics, 324
suppression and, trade-off of, 334

Standardised effect sizes (SESs), 533
Static life tables, 118–20, 120f
Stochastic colonisation, of patches, 543
Stochastic models

for communities, 541–3
of intraspecific competition, 153–4, 154f
of patch occupancy, 515

Stochastic processes, in metacommunities, 600
Strange attractors, 153
Streams

decomposers in, 365
detritivores in, 364–5, 365f
invertebrates in, agricultural pollution and, 29, 29f
nutrient loss in, 685
nutrient spiraling in, 689–90, 690f
PAR in, 664, 664f
velocity of, in niches, 33

Stress
as abiotic factor, 419
on habitats, 232
plant defences and, 305–6, 306f

Stress-gradient hypothesis, 419, 540–1, 542f
Strict nature reserves, 604
Subpopulations, 192–5

of bees, 197, 198f
of plants, 200, 200f

Succession
animals in, 587–8
to climax, 588–9
competition in colonisation and, 582
facilitation in, 587, 590–1
in grasslands, 585, 585f
nitrogen-fixing bacteria and, 450–1
NPP in, 652, 661
primary, 582–5, 583f

phosphorus in, 680–1, 681f
restoration and, 589–91, 590f, 591f
secondary, 585–6
seed banks in, 585
seeds in, 584–5, 584f
series replacement model of, 586, 586f
as species richness gradient, 638–9, 639f
vital attributes in, 568

Successional mosaics, 592, 598, 598f
Successional niche, 587, 587f
Sulphur, 87, 91

cycle, 703f, 704–5
Sulphur dioxide

in acid rain, 60, 60f
industrial melanism and, 8

Superspreaders, 398, 398f
Supply point resources, coexistence and, 255
Supporting services, 58, 502
Surface area theories (SA), 99, 101
Survivorship, 114

CR habitats and, 217
curves, 117–18, 118f
of mammals, 119–20, 119f

of grasshoppers, 317
growth and, life history trade-offs for, 212, 212f
interspecific competition and, 240
of parasite hosts, 399–401
of plants, herbivores and, 308–10
in population projection matrices, 124

Sustainability, 477–8
biodiversity conservation and, 642
in harvest management, 491, 497–8, 498f
of IFS, 485–6, 487f

Symbiosis, 416. See also Commensalism; Mutualism; Parasites
fitness of host and, 421–2
of insects and bacteria, 436–7
of photosynthesis, of invertebrates and algae, 438f

Taiga, 25f, 26
Tannins, 298
Target pest resurgence, 479, 480f
Temperate forests, 25f, 26

carbon dioxide in, 81–2
NPP of, 649t

Temperature. See also Global warming; Sea surface
temperature

carbon dioxide and, 81–2, 81f
crops and, 55, 55f
development and, 39–41, 41f
extremes of, 51–4, 52f, 53f
growth and, 39–41, 41f
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high, 46–8
low, 44–5, 45f
metabolism and, 39–41, 40f
in niches, 33, 39–56, 40f–3f, 45f–7f, 50f–3f, 55f
normalisation constant and, 98
NPP and, 658, 658f
photosynthetic capacity and, 71
RCPs for, 712, 713f
size and, 39–41, 42f
species distribution and, 49–54, 50f–3f
as stimulus, 48–9

Terminal investment hypothesis, 218–20, 219f
Terrestrial biomes/communities/environments, 24–7, 25f

detritivores in, 363–4
nutrient budgets in, 680f, 682–9, 683f–6f, 689f
primary productivity in, 656–63, 656f–63f

Terrestrial landscape planning, 644–6, 645f
Territoriality

asymmetric competition for, 159–61, 160f, 161f
benefits and costs of, 160
of vultures, 162, 162f

Territorial use rights in fisheries (TURFs), 736
Thermoneutral zone, 43–4
Time lags, in population models, 151
Time series, of abundance, 460–5, 462f–5f
Toads

allelopathy of, 248
migration of, 172

Tolerance
to cold, 45–7, 46f, 47f
of parasite hosts, 388, 389f
of plants, to herbivores, 307–14, 308f–13f

Top-down food webs, 548–9, 549f
Trade-offs

with biodiversity conservation, 642
with competition
colonisation and, 586–7, 599, 600f
commensalism and, 418

with costs of reproduction, 210f
in grasses, 257, 259f
in life histories, 210–14, 210f–12f, 214f
with CR, 210f, 213
fitness contours and, 216, 217f
genotypes and, 212–13
with offspring size and number, 213–16, 214f, 215f, 221–6,

222f–5f
options sets and, 214–15, 217f
for survivorship and growth, 212, 212f

with parasite host defences, 386f, 387f
with suppression and stability, 334
with transmission and virulence, 394

Transgressive overyielding, 557, 662
Transmission

density-dependent, 396, 397f
frequency-dependent, 397, 397f, 404
in parasite hosts, 396–402, 397f–401f
of parasites, trade-offs with, 394
threshold, of infection, 403

Transpiration, 74
Transport, of resources, 98
Trophic cascades

in food web, in mesopredator release, 547, 547f
in food webs, 544–51, 545f–51f
keystone species and, 553–4, 554f

Trophic compartments, for energy flux, 668–71, 671f
Trophic loops, in food webs, 561–4, 563f
Trophic transfer efficiency, 673–4, 673f
Tropical rainforest, 25f, 27

NPP of, 649t
PAR in, 67

Tropics
climate change in, 53
species richness in, 632–3, 633f

True predators, 284, 285
Tsunamis, 58
Tuberculosis, 378

BTB, 387, 387f
Tundra, 25, 25f

niche complementarity in, 527–8, 528f
NPP of, 649t
species richness in, 616, 617f

TURFs. See Territorial use rights in fisheries
Turnover dispersal, 180
Type 1 functional response, in predation population dynamics,

325–6, 326f
Type 2 functional response, in predation population dynamics,

326–7, 326f, 337, 338f
Type 3 functional response, in predation population dynamics,

327, 327f, 335–6, 336f
Typhoid Mary, 398

Ultraviolet radiation, 730, 730f
Undercompensating density dependence, 135
Underexploitation, 487–8
Unified Neutral Theory of Biodiversity and

Biogeography, 530
Uninhabited habitable patches, metapopulations and, 195–7
Unitary organisms, 102, 109f
Upwelling, in oceans, 665–6, 668f

Vertebrates
as detritivores, 376–7
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Vertebrates (cont’d)
gut of
metagenome in, 433–4, 435f
mutualism in, 433–4, 433f, 434t

parasite host defences of, 385
SESs of, 533
species richness of, 710f

Virulence
of bacteria, 395, 395f
evolution of, 392–5
mean resistance and, 395f
parasite hosts and, 388, 389f
of parasites, trade-offs with, 394

Viruses
as microparasites, 379
on plants
from aphids, 310, 310f
from herbivores, 310

Vital attributes, in succession, 568
Vital rates, 102
VORTEX model, 514, 514f
Vulnerable species, 711

Wallace, Alfred Russell, 1–2, 2f
WASH. See Water, sanitation, and hygiene education
Water

conservation of, photosynthesis and, 74–5, 76f
high temperature and, 47
hydrological cycle for, 699–701, 699f, 701f

as inhibitory resource, 97
NPP and, 657, 657f, 658f, 660f
photoautotrophs and, 65
roots and, 76–7, 78f
in soil, 55, 55f, 76–7, 77f

Water, sanitation, and hygiene education (WASH), 408
Weather, density dependence and, 465
Wetfall, 683–4, 684f
Wetlands

catchment management in, 729, 729f
forests in, seed banks for, 112
nitrates and, 695–6, 696f

White syndromes, 731
Wilderness areas, 604–5
Wind, dispersal by, 176–7

Yield–effort curve, 490, 490f
Yield-per-recruitment, 496, 496f
Y model, for life history trade-offs, 211, 211f

Zero-deforestation policy, 720
Zero isoclines, 250, 250f, 474, 474f
Zero net growth isoclines (ZNGI), 95–96, 96f, 253–4, 254f
Zeta (ζ) diversity, 575
Zinc, 60, 87
ZNGI. See Zero net growth isoclines
Zonation, 57–8

of marine sediments, 359, 359f
Zoonotic infections, 384
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