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10 percent rule, 174, 188
50/500 rule, 254

A

abiotic disturbances, 150

fire, 150

geological events, 150

severe weather, 150
abiotic/environmental filter, 156
abiotic factors, 52, 101, 162, 170, 258
abiotic nitrogen fixation, 201
accessory pigments, 56
acidic solutions, 57, 58
acidity, 57
acid rain/acid deposition, 202
adaptations, 9

desert plants, 68, 69

host adaptations, 130

living things, 9

parasites, 130

physical environment, 8-9

climate shapes, 8-9
living things, 9

adaptive radiation, 46-47, 50

competition lack, 47

evolution of, 47

specialization, 47
adenosine triphosphate (ATP), 180, 204
age-structure diagrams, 94-96

age classes, 95, 96

definition, 94

human population growth, 96
agricultural waste, 242

projects, 282

air currents, 23-27
alleles
beneficial combinations, 46
definitions, 35
dominant, 35, 37
frequencies, 36-37, 39, 45
genetic drift, 45
recessive, 35, 37
allelopathy, 123

American Academy for the Advancement of
Science (AAAS), 212

ammensalism, 108
ammonification, 203
amplified genes, 231
anaerobic/anoxic environments, 64
anaerobic cellular respiration, 206, 207
animals

desert animals, 70

helpers, influencing succession, 163-164

illegal trade of, 244

impact succession process, 164
anoxygenic photosynthesis, 206
antagonistic interactions, 108
anthropogenic climate change, 216
apocalypse, 244-245
apparent competition, 124
aquatic biomes, 31

freshwater biomes, 31

marine biomes, 31
artiodactyls, 65
assimilation, 175

efficiency, 188

nutrient assimilation, 203

atmosphere, 8, 13, 17, 20-23, 191, 200,
208,212, 213

as carbon sink, 224
changes, 214-217
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atmosphere (continued)
Coriolis effect, 23, 24, 27
greenhouse gases in, 213, 216, 242
heavier water molecules into, 219-220
monitoring, 217-218
nitrogen oxides, 202
sulfur dioxide in, 205, 207
atoms, 12, 13,57, 191, 194, 199, 203, 207
autotrophs, 171, 195-196, 200, 203, 207

Babbitt, Callie, 281-282
balancing (negative) feedback loops, 224
baseline rate of extinction, 247
basic/alkaline, 57
Basilosaurus, 65
Bavestrello, Giorgio, 84
beachgrass, 157. See also marram grass
beavers, 138, 139, 151
Becquerel, Edmond, 182
belt method, 270
beta diversity, 235-236
Biden, Joe, 227
bioaugmentation, 261, 262
biodiversity, 230, 231, 280-281, 285
definitions, 14
DNA technology
eDNA metabarcoding, 231, 233
eDNA sampling, 231
evaluation, 231
ecosystem diversity, 231
equilibrium, 237-239
distance effect, 239
larger geographic areas, 238-239
target effect, 239
theory of island biogeography, 237-238
focus on hotspots, 246
genetic diversity, 230
global patterns of, 234-237
increasing temperature and water, 235
latitudes, 234
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primary productivity, 235
topographic features, 235
importance of, 229-234
interactions, 236-237
in larger geographic areas, 238-239
loss of, 240
habitat loss, 240-241
invasive species, 241
overconsumption, 243-244
pollution, 242
population growth, 242-243
in mangrove islands, 238
mass extinction, 247-248
regulations, 248
scales of, 235-236

species richness/taxonomic diversity (see species
richness/taxonomic diversity)

values, 233
intrinsic value, 233
social values, 234
utilitarian value, 233-234
biogeochemical cycles, 197
definitions, 13
elements tracing through, 195-196
carbon cycle, 198-200
nitrogen cycle, 200-203
phosphorus cycle, 204-205
redox reactions, 196-197
sulfur cycle, 205-208
biological fitness, 9, 83, 90, 107, 109
biological interactions, 281
biological legacies, 154
biological nitrogen fixation, 201
biological reserves, 259, 264
biomagnification, 190
biomass, 140, 147, 181, 185-188
pyramids, 181-182
biomes
aquatic biomes, 31
freshwater biomes, 31
marine biomes, 31
definitions, 9



desert biomes, 30
forest biomes, 30
taiga, 30
temperate rainforests, 30
tropical rainforests, 30
grassland biomes, 30
savannahs, 30
temperate grasslands, 30
tundra biomes, 30
bioremediation, 261-262, 283
fungi, 283
microbes, 283
oil-eating bacteria, 283
plant and microbial communities, 283

biosphere, 8, 89, 170, 181, 208, 218, 242, 249,
263-264, 279, 285-286

definition, 8, 89
functions, 264
biotic/biological filter, 156
biotic disturbances, 151
ecosystem engineers, 151
herbivory, 151
biotic factors, 52, 101, 162, 170, 258

biotic interactions, 107. See also species
interactions

biological fitness, 109
coevolution, 110, 130
impacts on individual organisms, 108
black-footed ferret populations, 255
blue baby syndrome, 202
body temperature regulation, 71-72
decrease effects, 71
ectotherms, 71
endotherms, 72
homeotherms, 71
increase effects, 71
poikilotherms, 71
torpor, 72
breeding programs, 255-256
building blocks, of life, 193-195. See also elements
matter vs energy, 195

C

C4 photosynthesis, 70
California condor, 255
Callendar, Guy, 214, 216-217
Canadian lynx, 117
migration of, 119
population data, 115, 117
captive breeding programs, 255-256
carbon cycle, 198-200
cellular respiration, 198-199
definitions, 13
photosynthesis, 198-199

carbon dioxide (CO,), 12-14, 21, 62, 70, 193,
196, 198-200, 208, 213, 214, 216-218, 220,
222-225, 242, 247, 286

daily variation, 217

measurement of, 217

ocean’s absorption, 224-225

seasonal variation, 218

vs temperature, 220
carbon movement, through ecosystems, 200
carnivores, 111, 132, 140, 188
carrying capacity, 98, 101
catastrophic disturbances, 153, 284
cell membrane transport, 52-54

chemical structure, 52

molecule concentration, 53

protein-mediated transport, 53
cellular respiration, 176, 179-181, 191

in carbon cycle, 198-199

definitions, 13
chemical bonds, 177, 194
chemical fertilizers, 202
chemical potential energy, 177,179
chemoautotrophs, 200, 206
chemosynthetic autotrophs, 200, 203, 207
chemosynthetic bacteria, 171, 176
chemosynthetic producers, 171, 181
China, solar panels manufacturers, 182-183
chi-square goodness-of-fit test, 39
chlorophyll, 56, 187
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chloroplasts, 179, 180 cohesion-tension theory, 67

chronosequence, 160 cohort life table, 93
citizen scientist, 214, 216-217 colony collapse disorder, 244
climates. See also climate change commensalism, 108
biome examination, 29-31 common garden experiment, 123, 124
definitions, 17-18 community(ies)
energy transmission, 17-21 cycle, 12
energy budget, 20-21 definitions, 89, 137-138
greenhouse effect, 21 ecologists
solar radiation, 18-20 assemblage, 140
important component, 18 guild, 140
models, 215, 275 hypotheses challenge, 139
moving energy, 21-29 trophic levels, 140
air currents, 23-27 ecosystem formation
circulation cells, 22-23 community establishment, 11-12
water currents, 27-29 energy and matter, 12-13
refugees, 221 establishment, 11-12
shapes, 8-9 holistic concept, 139
tipping points, 227 individualistic concept, 139
variation, 212 interactions, 142-148
climate change, 211, 212, 285 direct and indirect, 142
anthropogenic factors, 216 human interactions, 147-148
causes, 211-212 influencers, 143-144
atmosphere changes, 214-217 responses, 152
living in greenhouse, 213-214 recovery, 152
sun, 212-213 resistance, 152
denial, 216 richness vs diversity, 141
regulation, 223-224 species composition, 141-142
checks and balances, 224-226 species diversity, 140-141
tipping points, 226-227 structure, 11
tracking changes, 217 definitions, 11
ice cores, 218-220 dominant species, 11, 35, 143,
monitoring atmosphere, 217-218 148,150, 158
climatic zones, 22-23 foundation species, 11

keystone species, 12
type/structure, 140
wildlife habitats, 138-139
community assembly theory, 155, 156
comparative studies, 273

climatological normals, 212

climax community(ies), 12, 154-157, 162
climax species, 163

cloud condensation nuclei, 207
clumped dispersion, 102, 103
coevolution, 110, 130 competition, 108

yucca plants and yucca moth apparent competition, 124
relationship, 109-110 definition of, 122
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interference competition, 123
interspecific competition, 123
intraspecific competition, 123
resource competition, 122
competitive exclusion principle, 125
conduction, 21
“Conference of the Parties” (COP), 227

conservation biology, 237, 243, 250, 252,
262,263

conservation ecology, 15
conservationists, 250, 255
consumers, 172-173
primary consumers, 173
secondary consumers, 173
tertiary consumers, 173
consumption efficiency, 188
contractile vacuole, 61
control group, 81, 268
controlled experiments, 268, 269
convection, 21, 22
convergent evolution, 9, 29, 33
coral bleaching, 57, 143, 222
Coriolis effect, 23, 24, 27
Cosmos (TV show), 193
countercurrent flow, 63
Cowles, Henry Chandler, 156-157

crassulacean acid metabolism (CAM)
photosynthesis, 70

The Creation (Wilson), 240

critical habitat, 248, 253
cyanobacteria, 201

cyclical or random disturbances, 158

D

damaged lands, restoration of, 260-261
bioaugmentation, 262
Darwin, Charles, 40-42, 230
finches, 49, 50
principles, 41-42
advantage, 41

competition, 41
inheritance, 41
selection pressure, 41-42
speciation, 41
variation, 41
decomposers, 1,172, 173, 175, 196, 203
Deepwater Horizon spill, 242
defensive mutualisms, 111
demographic transition model, 99, 100
denature, 71
denitrification, 203
density-dependent growth, 98
desert animals, 70
water loss prevention, 70
desert biomes, 30
desert plants, 68-70, 188
adaptations of, 68, 69
C4 photosynthesis, 70

crassulacean acid metabolism (CAM)
photosynthesis, 70

protection from overexposure, 70
reduced leaf structures, 68
water storage, 69
detritivores, 172, 188, 196
diapause, 87
Diet for a Small Planet (Lappé), 175
diffusion, 53, 54, 64
dimethyl sulfate (DMS), 207, 208
dispersion, 102-103
clumped dispersion, 102, 103
limitations, 102
random dispersion, 102-103
uniform dispersion, 102, 103
dispersive mutualism, 111
disposable soma, 83

dissolve/disperse, 54, 57, 62, 66, 186, 224, 242

distance effect, 239

distribution, 10, 48, 101, 102
fundamental niche, 102
realized niche, 102
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disturbance(s), 12, 14, 150, 281
community responses, 152
and landscape characteristics, 259
sources of, 150
human impacts, 151-152
natural forces, 150-151
DNA
barcode, 231
biodiversity
eDNA metabarcoding, 231, 233
eDNA sampling, 231
evaluation, 231
polymerase, 34
sequencing, 231
dominant species, 11, 35, 143, 148, 150, 158
dormancy, 87
Dorudon, 65

Dune Succession Trail, in Indiana Dunes National
Park, succession idea, 157

easterlies, 24-25
ecological connections
climate change, 14-15
community and ecosystem formation
community establishment, 11-12
energy and matter, 12-13
conservation, 15-16
physical environment adaptation, 8-9
climate shapes, 8-9
living things, 9
population reproduction, 10-11
interactions, 11
life history, 10
ecological footprint, 101, 285-286
ecological release, 237
ecological succession, 12, 159, 260
ecological thinking, 280-282
ecological understanding, 7, 8
The Ecology of Fear, 118-119
ecosystem(s), 170, 174, 182
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building blocks of life, 193-194
matter vs energy, 195

definition, 8, 89

diversity, 231

energy flow into, 183-185
gross primary productivity, 183
net primary productivity, 183-184
usage of cellular respiration, 183

engineers, 143, 151

examination of, 169-170
consumers types, 172-173
energy roles, 170-172

Gaia hypothesis, 208

into human health
biodiversity, 280-281
biological interactions, 281
disturbance and succession, 281
environmental factors, 281

services, 280

tracing elements through biogeochemical
cycles, 195-196

carbon cycle, 198-200
nitrogen cycle, 200-203
phosphorus cycle, 204-205
redox reactions, 196-197
sulfur cycle, 205-208

ecosystem ecology, 170

ecotone, 139

ecovoltaics, 282

ectotherms, 71

eddies, 27, 186

eddy covariance flux towers, 186

edge effects, 258, 259

Einstein’s theory, 195

elastic potential energy, 177

electrical energy, 177

electromagnetic radiation, 55, 212

elements, 13, 194

tracing through biogeochemical cycles, 195-196

carbon cycle, 198-200
nitrogen cycle, 200-203
phosphorus cycle, 204-205



redox reactions, 196-197
sulfur cycle, 205-208
EL NINO, 26-27
Emerson, Ralph Waldo, 251
emigration, 10, 91, 92, 237

endangered species, 244, 247, 248,
252-254

Endangered Species Act (ESA), 138, 248, 253

habitat protection, 253
poaching protection, 253
species protection, 253
endemism, 230
endotherms, 72
energy, 55
budget, 20-21
definitions, 55
maintenance, life with, 54-56
and matter, 12-13, 140, 172
release, 191 (see also cellular respiration)
transformation, 177, 179
kinetic energy, 177
potential energy, 177
transmission, 17-21
energy budget, 20-21
greenhouse effect, 21
solar radiation, 18-20
energy changes, 177-178
cellular respiration, 179-181
energy transformation, 177
kinetic energy, 177
potential energy, 177
photosynthesis, 178-179
energy-diversity hypothesis, 235
energy flow, 181-183
into ecosystems, 183-185
gross primary productivity, 183
net primary productivity, 183-184
usage of cellular respiration, 183

net primary productivity (NPP),
185-187

to next level, 187-188

to space, 191

through food webs, 188-190
energy for life, 174-181

assimilation, 175

cellular respiration, 176, 179-181

energy changes, 177-178
excretion, 175
growth, 176
ingestion, 175
photosynthesis, 178-179
rules, 176-177
energy roles, 170-172
consumers, 172
decomposers, 172
detritivores, 172
producers, 171
chemosynthetic producers, 171
photosynthetic producers, 171
scavengers, 172
entropy, 54

environmental change, 46, 71, 78, 90, 108, 148,

152, 242, 248, 284
environmental dispersal, 101-104
dispersion, 102-103
distribution, 101, 102
fundamental niche, 102
realized niche, 102
metapopulation, 103-104
environmental DNA (eDNA), 231
metabarcoding, 231, 233
amplification, 231
comparison, 231
DNA sequencing, 231
sampling, 231

environmental factors, 41, 85, 208, 273

community structure, 281
growth limitation, 97
environmental impact, 85-87
feast and famine, 87
optimal foraging, 86
survival strategy, 85-86
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equilibrium, 37-39, 237-239
biodiversity, 237-239
distance effect, 239
larger geographic areas, 238-239
target effect, 239
theory of island biogeography, 237-238
definitions, 53
Hardy-Weinberg equilibrium, 38
ESA. See Endangered Species Act (ESA)
eutrophication, 125, 147, 185, 202, 242, 283
evolution
antibiotic-resistant bacteria, 48
Darwin's finches, 50
equilibrium test, 37-39
evidence of, 48-50
genetic drift, 45-47
adaptive radiation, 46-47
bottleneck effects, 45, 46
founder effects, 45-46
natural selection, 40-44
Darwin'’s principles, 41-42
population change, 42-44
selection pressure, 43-44
population genetics, 35
theory of, 48-49
track genetic changes, 36-37
water
gas exchange, 62-64
salt balance, 59-62
swimming and floating, 59
excretion, 175
experimental group, 81
randomization, 268
replication, 268

exploitative competition. See resource
competition

exponential growth models, 97, 98, 116
continuous time model, 105
discrete-time model, 105, 106

ex-situ conservation, 255

extinction, 10, 47, 78, 147, 237, 239-241, 247. See
also mass extinction
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F

facilitation, 155
family structure, 80-81
Farrell, Terence, 159, 160
fast life history, 77, 78, 85
fast-slow continuum, 77-80
fecundity, 77, 83, 94
feedback loops, 224
balancing (negative), 224
reinforcing (positive), 224, 226
field methods, landscapes, 257
field studies, 114, 257, 267-269
fire, 150, 154
abiotic disturbances, 150
fireweed, 161, 163, 277
first law of thermodynamics, 176
food chain, 147, 170, 172, 188
food webs, 64, 114, 188-190
fore-dunes, 157
forest biomes, 30
taiga, 30
temperate rainforests, 30
tropical rainforests, 30
forest fires, 12, 200, 281

fossil fuels, 14, 34, 43, 101, 199, 214, 216,
282,286

foundation species, 11, 14, 143
freshwater biomes, 31

Fritts, Charles, 182

functional extinction, 245

fungi, 47,126, 127, 147,164, 172, 283

G

Gaia hypothesis, 207, 208

gas exchange, 62-64
anaerobic/anoxic environments, 64
countercurrent flow, 63
oxygen diffuses, 63
oxygen exchange, 63

Geiger, Rudolph, 29



genes, 35
flow, 36-37, 50, 103, 259
pool, 36
genetic code, 34, 35, 49, 80
genetic diversity, 230, 274
genetic drift
adaptive radiation, 46-47
competition lack, 47
evolution of, 47
specialization, 47
bottleneck effects, 45, 46
founder effects, 45-46
genetic variation, 34, 252
genome, 35
genotype
definitions, 35
frequencies, 36, 37, 39

geographic information systems (GIS), 257,
264, 274-275

geological events, 150
geometric growth rate, 105, 106
GHG. See greenhouse gases (GHG)
GIS. See geographic information systems (GIS)
global temperature, 214, 215
average temperature, 214, 215, 221, 224
predictions, 215-216

global warming, 90, 212, 213, 216. See also rapid
global warming

Grant, Peter, 49
Grant, Rosemary, 49
grassland biomes, 30

savannahs, 30

temperate grasslands, 30
gravitational potential energy, 177
Graya politella, 108
greenhouse effect, 213, 214

greenhouse gases (GHG), 14, 21, 191, 200,
213-216, 218-219, 223, 242

emissions, 175, 224, 227
gross primary productivity, 183, 186
gross production efficiency (GPE), 188
growth, 176

abundance measurement, 90-91

density-dependent factors, 97
density-independent factors, 97
growth limitation, 97-101
growth monitoring, 91-92
life tables, 93-97
rate, 92

growth limitation, 97-101
carrying capacity, 98
environmental factors, 97
J-shaped growth curve, 97, 98
S-shaped growth curve, 98

growth rate of the population (dN/dt), 92,
97, 104-106

growth rate of the predator population
(dP/dt), 116

growth rate of the prey population (dR/dt), 116

H

habitat fragmentation, 15, 103, 258
definitions, 103
edge effects, 15
habitat loss, 15
potential mates, 15
habitat loss, 240-241
fragmentation of ecosystems, 240
habitat destruction, 241
monocultures, 240
habitat protection, 253
Hadley cell, 22, 23
Half-Earth Map, 264
The Half-Earth Project, 264
handling time, predator, 112
Hardy, G.H., 37
Hardy-Weinberg equation, 38-39
Hardy-Weinberg equilibrium, 38, 39

harvest methods, in net primary productivity
(NPP), 185-186

Haudenosaunee Confederacy, 263
heat, 18

herbivores, 111, 121-122, 188
herbivory, 151

heterotrophs, 172, 187, 195
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hibernate, 87
HIPPO, 65, 240, 244
habitat loss, 14
invasive species, 14
pollution, 14
population growth (human), 14
overharvesting, 14
homeostasis, 51
homeotherms, 71
hotspots, biodiversity, 246
human impacts
on disturbance, 151-152
agriculture, 151-152
logging, 151

human interactions, communities,
147-148

human management, influencing succession, 167

human population growth, 96, 97, 99, 101, 202,
242, 244, 249-250, 264, 279

humans understanding ecosystems, 280-281
hunting and fishing, 243

collateral damage, 243

high-tech tracking, 243

profit motive, 243

wild populations assessment, 243
Hurricane Katrina, 150
hydrophilic molecules, 52
hydrophobic molecules, 52, 53

ice cores, 218-220

illegal animal trade, 244

immigration, 10, 91, 92, 118, 237-239, 259
induced mutations, 34

industrial ecology, 281-282

Industrial Revolution, 14, 42, 43, 101, 183, 191,
207, 218, 282

industrial waste, 242

influencers, 143-144
dominant species, 11, 143, 148, 150, 158
foundation species, 143
keystone species, 144
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influencing succession, 162
animal helpers, 163-164
early vs late arrivals, 162-163
human management, 167
invasive species, 166-167
nitrogen-fixers, 165-166

ingestion, 175

inhibition, 155

inorganic molecules, 196, 200

insect apocalypse, 245

interactions
biodiversity, 236-237
landscape(s), 257-259
living things, 283-284
population reproduction, 11
predator-prey relationship, 11

interconnected web, ecosystems,
279-280

interference competition, 123
intermediate disturbance hypothesis, 158

International Panel on Climate Change (IPCC),
214-215, 227

International Union for Conservation of Nature
(IUCN), 252-253

species evaluation factors, 252-253
interspecific competition, 123
intraspecific competition, 123
intrinsic value, 233
introduced species or non-native species, 241
invasive species, 222, 241, 282

influencing succession, 166-167

IPCC. See International Panel on Climate
Change (IPCC)

isotope ratio thermometer, 220
isotopes, 219
iteroparity, 76-77

IUCN. See International Union for Conservation of
Nature (IUCN)

J

jellyfish, 84-85
medusa, 84
polyp, 84



jet streams, 25, 27
Jovi, Jon Bon, 285
J-shaped growth curve, 97, 98

K

Keeling, Charles, 217

Keeling curve, 217

keystone species, 12, 144, 189-190
kinetic energy, 18, 21, 71,177,195
Képpen, Wladimir, 29

Krebs, Charles, 117

L

lab experiments, 274
Lack, David, 81
Lack’s hypothesis, 81-82
landscape(s)
characteristics and disturbance, 259
composition, 256
corridors in, 257, 258
definition of, 256-257
edge effects, 258
elements, 256
establish protected areas, 259-260
field methods, 257
geographic information systems (GIS), 257
interaction, 257-259
legacies, 259
patches in, 257, 258
remote sensing, 257
structure, 256
landscape ecology, 256
improve design of reserves, 259-260
land usage, 249-251
LA NINA, 26-27
Lappé, Frances Moore, 175
Last Glacial Maximum (LGM), 221
leguminous plants, 165
Leopold, Aldo, 251
lichens, 153, 284

life
boundary of, 52-54
with energy maintenance, 54-56
tables, 93-97
age-structure diagram, 94-96
cohort life table, 93
survivorship, 93-94
and water, 56-58
life history strategies, 76
components, 75-79
fast-slow continuum, 77-79

reproductive factors, 76-77 (see also
reproductive factors)

definitions, 10, 80
environmental impact, 85-87
feast and famine, 87
optimal foraging, 86
survival strategy, 85-86
fast vs slow, 78, 79
Lack's hypothesis, 81-82
survival and reproduction, 79-85
family structure, 80-81
intrinsic and extrinsic factors, 80
reproductive timing, 82-83
senescence, 83-84
trade-offs, 79, 83
life on land
body temperature regulation, 71-72
water and nutrients, 66-67
plant water transport, 66-67
from roots, 66
water loss prevention, 67-70
desert animals, 70
desert plants, 68-70
light and dark bottle method, 186
light energy, 55, 171, 174,177,179, 181, 282
limiting nutrients, 184
lines of latitude, 18
Linnaeus, 229

Lithophragma parviflorum, 108

little bluestem grass, 157
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local/alpha diversity, 235
logistic growth model, 98, 100
longevity, 77

Lotka-Volterra predator-prey model, 116

Lovelock, James, 208
Lyme disease, 269

M

MacArthur, Robert H., 237
macromolecules, 194
macros/macronutrients, 194
malarial parasite
adaptation, 130
host adaptations, 130
life cycle of, 128-129
symbiotic relationships, 130
mangrove islands, biodiversity in, 238
Margulis, Lynn, 208
marine biomes, 31
marine organisms, 60-61
excreting excess salt, 61
osmoconformers, 61
salt avoidance, 61
solute conservation strategies, 61-62
mark-recapture method, 271-272
marram grass, 157
mass extinctions, 223, 247-248
matrix, 257-259
matter vs energy, 195
maturity, 10, 76, 79, 86
Mauna Loa volcano, 160, 217
McKibben, Bill, 183
Merian, Maria Sibylla, 230
merozoite, 129
metabolic pathways, 196
metapopulation, 103-104
subpopulations, 103
microbes, 170, 207, 229, 274, 281, 283
to clean up oil spills, 261-262
nitrifying, 203
sulfur-oxidizing, 206
microbiota, 280, 281
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micronutrients or trace elements, 194
microorganisms, 261, 280
mineral nutrients, 66
mitochondria, 180
mortality, 80, 83, 85, 86, 91, 94
Mount St. Helens, volcanic disturbances, 160-162
moving energy, 21-29
air currents, 23-27
circulation cells, 22-23
water currents, 27-29
Muir, John, 230, 249, 250, 252
Mdllerian mimicry, 132
mutagen, 34
mutations, 34
induced, 34
spontaneous, 34
mutualism, 11, 108, 109, 111, 127, 137
defensive mutualisms, 111
dispersive mutualism, 111
moth and wildflower relationship, 108-109
mutualistic symbiosis, 127-128
trophic mutualism, 111

yucca plants and yucca moth
relationship, 109-110

mutualistic symbiosis, 127-128
mycoremediation, 283
mycorrhizae, 126

mycorrhizal fungi, 164, 262

N

natality, 91
National Geographic, 175

National Oceanic and Atmospheric Administration
(NOAA), 212

natural disturbances, 150-151, 159
abiotic disturbances
fire, 150
geological events, 150
severe weather, 150
biotic disturbances
ecosystem engineers, 151
herbivory, 151



natural selection, 40-44
artificial selection, 40
Darwin's principles, 41-42
definitions, 9
evolution by, 9
population change, 42-44
selection pressure, 43-44

directional selection, 43, 44
disruptive selection, 44
stabilizing selection, 44

negative pressure/tension, 67

néng, 255

net energy flow, 187

net primary productivity (NPP), 183-187

carbon dioxide concentration
changes, 186

climate and length of growing season, 183
growth in ecosystems, 183
harvest methods, 185-186
light and dark bottle method, 186
satellite methods, 187
water availability, 183
net production efficiency (NPE), 188
neutralism, 108
New Zealand, devastating invasions on, 241
nitrates (NO,7), 202, 203
nitrification, 203
nitrifying microbes, 203
nitrogen cycle, 200-203
nitrogen fixation, 165, 200-202
nitrogen formation, 203
nitrogen fixation, 200-202
abiotic nitrogen fixation, 201
bacteria, 165, 201
biological nitrogen fixation, 201
nitrogen-fixers, 165-166
nitrogen formation
ammonification, 203
assimilation, 203
denitrification, 203
nitrification, 203

nitrogen oxides, 202

NPP. See net primary productivity (NPP)
nucleotides, 34, 231

null hypothesis, 38, 276

nutrients, 164, 184, 194, 195, 199, 245, 261

o)

oak-hickory forest, 164

Obama, Barack, 227

observational studies, 268

ocean acidification, 222

ocean currents, 21, 22, 27-28

ocean gyres, 27, 28

oceanic biological pump, 224, 225

Odum, E.P., 175

offensive skills, predators, 132

oil-degrading microbes, 261

oil-eating bacteria, 283

oil spills, 242

omnivores, 111

optimal foraging theory, 112-113
marginal value theorem, 113, 114

optimum, 71

organic molecules, 178, 196, 198, 200, 204, 224

organisms, 150, 162, 169, 172, 174, 188, 222,
224, 229, 230, 233-236, 247-249, 257, 261,
262,270, 284

nutrients requirement, 193, 194, 196, 197
carbon, 198, 199
nitrogen, 200, 203
phosphorus, 204
sulfur, 205-206

orographic effects, 26
osmoconformers, 61
osmoregulation, 60
osmosis, 54, 61, 62, 66
overconsumption, 243-244
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host adaptations, 130
life cycle of malarial parasite, 128-129
resistance to, 130
risk of death, 131
symbiotic relationships, 130
parasitoids, 128, 131
Paris Agreement, 223-224, 227-228
parity, 76-77
iteroparity, 76-77
semelparity, 76 (see also suicide reproduction)
patch-mosaic model, 257
Pearl, Raymond, 100, 101
persistent organic pollutants (POPs), 190
phenotype, 35, 37, 43, 44
phosphorus cycle, 204-205
photic zone, 62
photoautotrophs, 206
photosynthesis, 55, 56, 62, 68, 70, 127, 177-179
in carbon cycle, 198-199
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photosynthetically active radiation (PAR)
sensors, 187

photosynthetic autotrophs, 200
photosynthetic producers, 171, 178, 179
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phylogenetic diversity, 230
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physical environment adaptation, 8-9
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plant defenses
constitutive defenses, 133
induced defenses, 133
plant growth, 117, 184, 185, 202
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climate change, 222
mineral nutrients, 66
nitrogen limitation, 165, 262
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hydrophilic molecules, 52
hydrophobic molecules, 52
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plate tectonics theory, 48
poaching protection, 253
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agricultural waste, 242
greenhouse gases, 242
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oil spills, 242
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polycyclic aromatic hydrocarbons (PAH), 34
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dynamics, 92, 104-106 (see also age-
structure diagrams)
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growth graphs, 105-106

growth rate of the population (dN/dt), 92,

97,104-106
with ecological footprint, 286
ecology, 89
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genetics, 35-39
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density-dependent factors, 97
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growth limitation, 97-101
growth monitoring, 91-92
life tables, 93-97
rate, 92

growth limitation, 97-101
carrying capacity, 98
environmental factors, 97
J-shaped growth curve, 97, 98
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life tables, 93-97
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cohort life table, 93
survivorship, 93-94

saving, 251-252
breeding programs, 255-256
threatened and endangered species, 252-254

size, 78,90, 91, 98, 115, 116, 252, 254, 269-271
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structure, 90

subpopulations, 103, 104
dynamically stable, 104
rescue effect, 104
sink, 103

survivorship, 93, 94
age classes, 94, 95
age-structure diagram, 94, 95
patterns of, 94

viability analyses, 254

zero growth, 99

population cycles. See predator-prey cycles

population reproduction, 10-11
interactions, 11
life history, 10
potential energy, 177
potential evapotranspiration (PET), 235
prairie dogs dig systems, 151
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searching for prey, 112
predators, 15, 43, 107, 189
alternative food sources for, 120
Canadian lynx
migration of, 119
population data, 115, 117
components of predation, 112
density-dependent limitations, 120
functional response
type 1, 120, 121
type Il, 120, 121
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(dP/dt), 116

inefficiency of, 119-120
long-term impacts, 111
offensive skills, 132
optimal foraging theory, 112-113
marginal value theorem, 113, 114
plant defenses against, 133
predator-prey cycles (see predator-prey cycles)
prowling behavior with, 111
risk-sensitive foraging, 114-115
seedivores, 122
sit-and-wait predators, 112
snowshoe hare
population data, 115, 117
survival rates, 117, 118
predator-prey cycles, 115-118, 274
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predator-prey relationship, 11
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prey population, 111
density-dependent limitations, 120
growth of, 107, 115
growth rate of the prey population (dR/dt), 116
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plant defenses, 133
protection of
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startling behavior, 133
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survival of, 120
primary consumers, 173, 174
primary producers, 176, 183, 187
primary production/productivity, 181, 184
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change process, 154
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producers, 171, 174
chemosynthetic producers, 171
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radiation, definition of, 21
random dispersion, 102-103
randomization, 268
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rapid global warming, 221-223
affects soil quality and plant growth, 222

consequences for human health and
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droughts, storms, and floods, 221-222
ecosystem functions changes, 222
fresh water, reduction of, 221
increases in food insecurity, 221
quantity and quality of fresh water, 221
species distribution changes, 222-223
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realized niche, 236
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tipping points, 226-227
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parity, 76-77
iteroparity, 76-77

semelparity, 76 (see also suicide
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reproductive timing, 82-83

resilience, 152, 280, 284, 285

resistance, 150, 152, 216
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respiration, 176, 180. See also cellular respiration
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Roosevelt, Theodore, 251

S
Sagan, Carl, 193-194
sampling methods, 269-270
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saving populations, 251-252
breeding programs, 255-256
threatened and endangered species, 252-254
viability analyses, 254
scavengers, 172
science of conservation biology, 250, 252
seagrass community, 146, 147
secondary consumers, 173, 174
secondary production, 176
secondary succession, 153-155
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inhibition, 155
tolerance, 155
second law of thermodynamics, 176, 197
seedivores, 122
selection pressure
directional selection, 43, 44
disruptive selection, 44
stabilizing selection, 44

semelparity, 76. See also suicide reproduction
semipermeable, 52, 54
senescence, 83-84
disposable soma, 83
sex sells, 84
trade-off, 83
wear and tear, 83
Seventh Generation, 263
sex sells, 84
Shannon index, 141, 160
Sinervo, Barry, 80, 81
sit-and-wait predators, 112
slow life history, 78, 79
snowshoe hare
population data, 115, 117
survival rates, 117, 118
social values, 234
solar cell, 182
solar energy, 182-183
solar farms, 282
solar irradiance, 20
solar panels, 182-183
solar radiation, 8, 17-22, 68, 213, 225
solar system, 8
solute potential/osmotic potential, 62
solutes, 54, 59, 61, 62, 66, 70
Sommer, Christian, 84
Serensen’s similarity index, 236
space for time substitution, 157
speciation, 41, 47, 50, 237
species-area relationship, 238-239
species composition, 141-142, 269
species diversity, 140-141, 230, 234
species evenness, 140, 141, 230
species interactions. See also coevolution
ammensalism, 108
antagonistic interactions, 108
commensalism, 108
competition, 108
apparent competition, 124
definition of, 122
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species interactions (continued) spontaneous mutations, 34

interference competition, 123 sporozoite, 128
interspecific competition, 123 S-shaped growth curve, 98
intraspecific competition, 123 statistical calculations, 141, 253, 276
resource competition, 122 mean, or average, 276, 277
definition of, 108 median, 276, 277
mutualism, 108 standard deviation, 276, 277
defensive mutualisms, 111 Stearns, Stephen C., 86
dispersive mutualism, 111 stomates, 67, 70, 184
moth and wildflower relationship, 108-109 stop and count organisms, 270
mutualistic symbiosis, 127-128 stratified sampling, 269
trophic mutualism, 111 strictly economic use policies, 250
yucca plants and yucca moth subpopulations, 103, 104
relationship, 109-110 dynamically stable, 104
neutralism, 108 rescue effect, 104
niche of, 126 sink, 103
resources subsidence, 22
competitive exclusion principle, 125 succession, 149, 281, 284
limiting resource, 125 climax community, 156-157
nonrenewable resources, 125 definitions, 12
renewable resources, 125 influence, 162
resource partitioning, 125-126 animal helpers, 163-164
symbiosis, 127 early vs late arrivals, 162-163
definition of, 128 human management, 167
mutualistic symbiosis, 127-128 invasive species, 166-167
parasites, 128-131 nitrogen-fixers, 165-166
parasitoids, 128, 131 species richness, 157-158
types of, 108, 109 study area, 159
species pool, 236 journey into the past, 160-162
species protection, 253 in real time, 159-160
Species Protection Index, 264 types, 152-153
species richness/taxonomic diversity, 140, community assembly theory, 155-156
141,148, 151, 157-158, 166, 230, 232, . .
234-235, 244 primary succession, 153-154

secondary succession, 154-155

successional plants, 163
influencing succession, 162-163

climax species, 163

pioneer species, 162-163
suicide reproduction, 76
sulfate (SO,?7), 205, 207
sulfate-reducing microbes, 206

endemism, 230
intermediate disturbance hypothesis, 158
large disturbances, 158
phylogenetic diversity, 230
small disturbances, 158
species evenness, 230
species sorting, 236
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304  Ecology For Dummies



sulfur cycle, 205-208
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enter ecosystems, 205
human impact on, 207
organisms movement, 206
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sulfur-oxidizing microbes, 206
sun, 212-213
a safe nuclear reactor, 282
survival and reproduction, 79-85
family structure, 80-81
intrinsic and extrinsic factors, 80
reproductive timing, 82-83
senescence, 83-84
trade-offs, 79, 83
survival of the fittest, 9, 40-45
survivorship, 93, 94
age classes, 94, 95
age-structure diagram, 94, 95
patterns of, 94
sustainability, 262-263, 286
definition of, 262
industrial ecology to increase, 281-282
systems thinking, 263-264
traditional ecological knowledge, 263
sustainable land use, 251
swimming and floating, 59, 60
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trace elements, 194
trade-offs, 79, 81, 83, 87
survival and reproduction, 79
traditional ecological knowledge, 263
transects, 270-271
transfer efficiency, 187, 188
transpiration, 66-67, 70
trophic cascade, 144-147
bottom-up control, 146-147
top-down control, 145-146

trophic levels, 172-176, 181-183, 187-188, 190

trophic mutualism, 111

trophic (energy) pyramid, 173-176, 181
tropical zone, 22
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ungulates, 65
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unsustainable lifestyles, 242
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water
adhesive properties, 57
cohesive forces, 57
currents, 27-29
cycle, 18, 58
evolution
gas exchange, 62-64
salt balance, 59-62
swimming and floating, 59
heat capacity, 57
and nutrients, 66-67
plant water transport, 66-67
from roots, 66
pH scale, 57, 58
polarity of, 56-57
potentials, 62, 66, 67
solid-liquid density, 57
solvent properties of, 57
surface tension, 57
water loss prevention, 67-70
desert animals, 70
desert plants, 68-70
wear and tear, 83
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Z

zero population growth, 99
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