
Index

Abiotic conditions, 278
Adaptation to ecological niches
Anolis radiation on Caribbean islands driven by,

102, 103, 109
Adaptive radiation, 102, 244
examples, 102
as extension of process of speciation, 102–103
individual-based model of, 103

Adaptive radiation, classical, 46
Adaptive radiation, dynamic patterns of
discussion, 120–121
diversification under random mating
area effect, 109
hybridization and neutral gene flow, 110
least action effect, 110
number of loci, effect of, 109
over-shooting effect, 110
timing of speciation, 109

mathematical model
habitat preference and dispersal, 106
individuals, 105
initial conditions, 108
introduction to, 102
life-cycle, 105
local extinction, 107
mating preference, 107
offspring production, 107
parameter values, 108
population genetic structure at
neutral loci, 108

reproductive isolation and species, 108
space and environment, 104
viability selection, 105

nonrandom mating evolution
divergence in mating characters, 114
diversification stages, 120
drift vs. selection (against hybridization), 112
hybridization, role of, 119
local adaptation and speciation, 120
reinforcement, role of, 118
species diversity promoting speciation, 117
strength of nonrandom mating, 112

Adaptive radiation in bacteria, experimental, 46–47
culture of bacteria, laboratory studies of, 46
fitness rate, 46
in Pseudomonas fluorescens, 46

successive substitution of beneficial mutations, 46
Adaptive speciation, 165
dietary, phenotypic and neutral genetic

differentiation, 166
male colour phenotypes, variation in, 166
mating preferences by assortative mating,

variation in, 165
African cichlid fish radiations, 155
Age-dependent probability, node as speciation

event, 287
Arbitrary identification of real species, 15
bias in reverse direction methods, 18–19
challenges of using hypothesis tests for species

diagnosis, 17–18
considering model-based approaches, 22–23
estimator bias and consistency, 19–20
example using specific migration and splitting

time cut-offs, 24–25
insufficiency of overall summaries of

differentiation, 21–22
introduction to, 15–16
nature of natural populations, 16–17
overcoming sample size effects using cut-off

criteria, 20–21
suggestions for criteria for species diagnosis, 23–24

Bacterial adaptation to complex environments, 47
genetic variance of fitness, estimating, 47
imperfect generalists, 47

Bacterial diversity in nature, 48–50
DNA of soil bacteria, 49
Dykhuizen’s analysis, 50
mean abundance, 49
phylotypes, estimates of, 48
probability density distribution, 49
Sheldon size spectrum, analysis of, 49
soil bacteria, estimating, 50
species richness, differences in, 50

Batesian mimicry, 178
Bayesian and likelihood methods, 15
Bdelloids, 32
benefits of sex, 32
range of species, 32
rare recombination, 32
reality of
testing morphological distinctiveness of, 33
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recognizability and structural analysis of, 32
reproducing via parthenogenetic eggs, 32
vs. monogonont rotifers, 32

Bias in reverse direction methods, 18–19
fixed difference between populations, 19
gene tree estimates approach, 19
sample size effect, 19

Population Aggregation Analysis (PAA) method, 19
Binomial general linear model (logistic

regression), 284
Biodiversity and limits to adaptation in time and

space, patterns of
finite ranges in, 77–78
distributional limits, 77
temporal or spatial persistence of species,
factors limiting, 77

future prospects, 95
integrating, 85–87
population growth rate, calculating, 85
species adapting to environmental change, 86

limits to adaptation determines species’
distributions, 92–94

habitat destruction and climate change, 93
invasive species, studies of, 94
range expansions of organisms, 92

limits to adaptation in space, 81–85
demographic and genetic stochasticity on
adaptation, 84

gene flow, effects of, 81, 82
gene flow at range margins, 85
genetic variance, evolution of, 84
geographical pattens of adaptation in species
range, 81

models of evolution at range margins, 82
limits to adaptation in time, 78–81
adaptation in response to environmental
change, 81

adaptation rate, determining, 78–79
genetic and demographic stochasticity by
random sampling, 80–81

genetic variation in adaptation, role of, 78–80
individual-based simulation models, 81
rate of environmental change in time and
extinction, relationship between, 78–79

predicting maximum rates of adaptation in
natural populations

condition-dependent sexual selection, 92
genetic variation in fitness, amount of, 89–92
phenotypic plasticity on rates of adaptation,
effects of, 92

rate and magnitude of change in optimum in
space and time, 88–89

strength of selection, 87–88
Biotic drift, 228
effects of, 228

Biotic interactions and speciation in tropics
biotic interactions facilitates speciation, 228–231
adaptive divergence of traits, 229
biotic factors to speciation in tropics, examples
of, 231

reproductive isolation and geographic
isolation, evolution of, 231

species interactions contributing to community
diversity, 232

biotic interactions stronger in tropics, 224–226
latitudinal patterns in frequency of different,
224–225

latitudinal patterns in strength of, 225–226
latitudinal patterns in traits involved in, 225

climate, history and topography, 221–222
climatic factors associated with species
richness and latitude, 221

history and topography associated with species
richness, importance of, 221–222

evolution and latitudinal gradient, 222–224
biotic interactions hypothesis, 222–223
evolutionary speed hypothesis, 222
evolution of organisms, significant factors
in, 223

evolutionary implications of strong biotic
interactions, 226–228

abiotic and biotic interactions, importance
of, 226

allocating resources for different adaptive
challenges, 226

biotic drift, 228
coevolution, 227–228

speciation rates higher in tropics, 232–233
biotic interactions in maintenance of high

tropical diversity, role of, 233
tropical diversification and speciation rates,
estimating higher, 233

strong biotic interactions lead to greater species
richness, 231–232

Janzen-Connell effect, 232
synopsis and future directions, 233–234
biotic interactions in tropical regions,
importance of, 233

Red Queen hypothesis, 233
Biotic interactions hypothesis, 222

Catch-22, failure to recover correlations, 318
Cenozoic
climate changes effects, 310
diversity, trend, 312

Changing fitness landscapes, 140
Clade age
analysis of, 249–249

Clades, 41
Cladogenesis, 282
effective rate, 282

Climate changes, 317
Coalescent model, 36
Coevolution, 227–228
diversification of tropics, 227
tropical speciation, role in, 228

Colour-based hybrid index, 157
Complex temporal patterns, tests for, 288–292
clade’s history, 279, 288
generalized additive models, 288
advantage, 289–290
fitted rates and confidence intervals plotted
against time, 290

phylogeny underpinning, 290
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Complex temporal patterns, tests for (cont.)
restriction, 289
results, 290

limitations, 291–292
Constant diversification model, 262
Constant rate models, 251
Continuous-time Markov model, 282
“Coordinated stasis” hypothesis, 316
Cretaceous-Tertiary boundary, 301
limit to diversity, 301
mass extinction, 318

Cross-correlations
as effect of equilibrium, 318
between origination and extinction rates, 317

Cut-off criteria, overcoming sample size effects
using, 20–21

cut-off values, 20
partly arbitrary, recommended, 21

general hypotheses, 20
Cut-off values, 15, 20

Demographic exchangeability, 39
Density-dependence/diversity-dependence, 278
Density-dependent diversification, 283
Density dependent speciation, 252
Diagnosis process, 15
Dichotomous approach, 199
Direct female mate choice
behavioural preferences for conspecific

males, 160
divergent femalemating preferences restrict gene

flow, 161
unimodal in male phenotype frequency

distribution, 161
Distinct population segment (DPS), 15
Divergence measures, 26
Divergence population genetics of

chimpanzees, 24
cut-off values, 15
Pan troglodytes troglodytes versus Pan t. verus, 24

Divergence process, 15, 21
Divergences, 284
‘sister’-species sequence, 284
zero sequence, assumption, 284

Divergence score (DS), 159
Divergent selection, 31, 40
Diversification
in asexuals
absence of interbreeding, 31
geographic isolation and divergent selection
causing, 31, 37

pattern of diversity in bdelloids, 33
pattern of morphological variation within
clade of bdelloids, 33

recombination and clonal reproduction in
bacteria, 31

sympatric speciation, 31
complex temporal pattern of – clade dynamics, 288
geological subepoch using survival analysis,

estimation, 289
initial phase in Dendroica, 287
per-lineage net rate of, 290

Diversification
in tropical regions
autocatalytic process, 219

Diversification rates, 278
American bird genera, 283–
decrease in, 283
temporal patterns in, 278–279
macroevolution, two approaches to, 279–282
model system approach for macroevolution,
292–296

phylogenetic approach, problems with, 292
tests for, 282–292,

Diversification under random mating
area effect, 109
intensive diversification, larger areas for, 109

effect of number of loci, 109
hybridization and neutral gene flow, 110
blue butterfly species utilizing different hosts
and diverged in morphology, 110

least action effect, 110
over-shooting effect, 110
timing of speciation, 109

Diversity, 301
analysis, data, 309
geographic spread of sampling, 309
Oligocene exclusion, 310
sample species, 310

of bacteria, estimating, 46
Cenozoic, trend in, 312
community scale, 301
curves, 301
origination and extinction rates, relationship, 301
and rank-order correlation, 310
Sepkoski’s compendia, 306

equilibrium, 317–319
population-level mechanism, locate, 319

estimation, 305
SIB diversity, 307
specimens, counting, 306,
standing diversity, 308

of eukaryotic microbes, 46
estimating diversity of protists, 52

limits to, 319
patterns, 30
variability, 301
variance in, by saturation, 318
of vertebrates, 319

Diversity curve simulation, 313
data curve dampening, 314

Diversity dynamics theories
and macroevolutionary theories, 316

Dobzhansky-Muller incompatibility models,
143–144

divergence in few key genes affecting
reproductive isolation, 145

evolution of genetic incompatibilities
in hybrids, 144

Ecological by-product speciation, 127
Ecological divergence
imperfect reproductive isolation and weak

genotypic clustering, results, 127
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Ecological influences on temporal pattern of
speciation

clade age, 248–249
correlates with sympatry and other aspects of

range size, 249–250
relationship between species mean range size
and γ, 250

discussion, 252–253
molecular phylogenies, tests of slowdown in,

245–248
stages of speciation, 241–244
ecological and nonecological influences on, 241
geographically isolated populations, 241
geographically separated populations diverge,
241–243

species expand ranges enabling renewed
rounds of geographical isolation, 243–244

strength of slowdowns, 251
temporal patterns of speciation, 244

Ecological model, 242
Ecological niche
ecological speciation, role in process of, 127

Ecological phylogenetics of bacteria, 52–53
application of, 53
comparative test of neutrality, 53
species richness, 53

Ecological speciation, 139
comparative approaches for study of, 199–202
dichotomous approach, 199
parallel speciation method, 201

critical caveats, 195–196
degree of progress towards, 128
ecological divergence promotes reproductive

isolation and, 196
examples of, 195–196
future directions, 195
illustrating study of, 207
Neochlamisus bebbianae leaf beetles,
case study, 202

importance of, 214
process of
divergent selection between niches, 129, 146

sister-group comparisons approach, 202–211
study of, 197
biological traits, evaluating role of, 197
evolutionary generality, levels of, 198
taxonomic generality, phenomenon
expression, 199

traits, levels of, 197
vs nonecological model, 242–243

Ecological speciation hypothesis, 241
Endangered Species Act, 15
Entity, 30
Environmental shifts, 316
Estimator bias, 19
dependency of species diagnosis on sample

size as, 19
Eukaryote life cycle, 50–51
diversification in asexual groups, 51
reproduction of haploid eukaryotic microbe, 50
species and gender, 50

Evolutionary dynamics, analyses of, 281

Evolutionary nature of diversification in sexuals and
asexuals

bdelloid rotifers: ancient asexual scandal, 32
bdelloid species, reality of, 32
species by any other name, 37
testing evolutionary nature of diversity, 34

diversification in asexuals, 31
diversity in bdelloid rotifers, testing adaptation to

different niches, 34
coalescent model, 36
geographical isolation, 34
maximum likelihood models, 37
population genetic theory, 35

introduction to, 29
reality of higher taxa existence, 41
sexual diversification: neutral versus non-neutral

species
divergent selection, 40
independent limitation, 40
R.I., 38

Evolutionary significant unit (ESU), 23
Evolutionary speed hypothesis, 222
Evolution as master variable
in microbial community, 59, 67,

Evolution of nonrandom mating
divergence in mating characters, 114
average diversity in male mating character, 117
average number of mating morphs per filled
ecological niche, 116

distributions of mating characters in
simulations, 114

female mating preference traits, variation
in, 117

drift vs. selection (against hybridization), 112
average time to evolution of nonrandom
mating over runs with single/multiple filled
niches, 113

hybridization, role of, 112
local adaptation and speciation, 119–120
reinforcement, role of, 120
within-niche divergence in mating
characters, 119

species diversity promoting speciation, 118–119
correlations of measures of sexual
diversification with number of filled
niches, 119

stages of diversification, 117–118
strength of nonrandom mating, 120
average time to evolution of nonrandom
mating over runs with single/multiple filled
niches, 113

Evolution of nonrandom mating
divergence in mating characters
average diversity in male mating
character, 116

average number of mating morphs per filled
ecological niche, 116

drift vs. selection (against hybridization), 112
average time to evolution of nonrandom
mating over runs with single/multiple filled
niches, 113

species diversity promoting speciation, 118–119
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Evolution of nonrandom mating (cont.)
correlations of measures of sexual
diversification with number of filled
niches, 118

strength of nonrandom mating, 120
average time to evolution of nonrandom
mating over runs with single/multiple filled
niches, 113,

Evolution studies, laboratory experimental, 132–135
direct selection results in premating isolation,

132–135
evolution of reproductive isolation, studies on, 132
indirect selection results in partial premating

isolation, 132
selectiononmore traits promote speciation,132, 134
in speciation, 132

Extinction, 92
Extinction
density dependence of, 313
followed by massive radiation, 301
rates of, 301

Extinction rate, 259

Female hybrid sterility, 180
Flat diversity trajectory, dynamic mechanisms,

317–319
Fossil record
age estimates, 291

Gap analysis, variant, 309
Generalized additive models (GAM), 288
advantage – flexibility in modeling, 291

Genetic and morphological data, analyses of
adaptive divergence between bdelloid lineages, 32
existence of distinct entities, predicting, 29, 31, 34

Genetic dimensions and ecologically-dependent
hybrid fitness, increased, 139

divergence in greater number of genes equally
affecting reproductive isolation, 144

Genetic variation in fitness
evolutionary rates, estimating, 89
genetic correlations between traits, 89–87
rates of adaptation, factor affecting, 89

Geographical barrier, 241
Geographical isolation, 34, 38
Geographically separated populations diverge,

241–243
dispersal and restriction of gene flow, 244
diverge in various traits generate reproductive

isolation, 241
ecological speciation compared with

nonecological factors, 242–243
global warming
Oligocene, missing data and diffcult analysis, 311
Paleocene-Eocene boundary, 310

Good theory, characteristics of
evaluating, 59

Haldane’s Rule, 180, 185
Heliconius, 177
colour-pattern mimicry as means of local

protection, 178

Heliconius cydno cordula, 185,
Heliconius cydno and Heliconius melpomene, 179
colour pattern divergence leading to evolutionary

consequences, 180
diverged as result of shift in mimicry ring, 188
melpomenemimics postman-patterned and dennis-

ray erato, 179
mimicry in, 179
polymorphisms in, 179

Heliconius demeter, 182
Heliconius heurippa and Heliconius pachinus, 185–187
assortative mating, 185
hybrid colour pattern causing reproductive

isolation, 187
hybrid speciation, evolved by, 185

Heliconius himera vs. Heliconius erato, 178–179
diverged in colour pattern and mate

choice, 178
Heliconius melpomene malleti, 189
Heliconius melpomene melpomene, 185
Heliconius melpomene plesseni, 187
Heliconius telesiphe, 188
Heliconius timareta, 187
Heliconius timareta timoratus, 187
Heliconius tristero, 182, 188
Hybrid fitness, 139

Independent evolution, 29, 34, 38
Independent limitation, 41
Indicators of divergence, 25
Individual regression-based analyses of strength of

association, 212–211
Information processing hypothesis, 203
Instantaneous extinction rate, 308
Insufficiency of overall summaries of

differentiation, 21–22
Fst estimating population migration rate, time of

splitting and gene flow level, 21, 22
Internode interval, 260
Ithomia, 182

Janzen-Connell effect, 232

Lag load/evolutionary load, 78
Latitudinal biodiversity gradient, cause of, 219
ecological hypotheses, 219
evolutionary hypotheses, 219
historical hypotheses, 219

Latitudinal patterns in biotic interactions, 224–226
frequency of different biotic interactions, 224–225
inferences, 226
strength of biotic interactions, 225–226
traits involved in biotic interactions, 225

Least action effect, 110
Lineage-through-time (or LTT), 260
Linkage disequilibrium, models invoking magic

traits or, 144
LTT see lineage-through-time (or LTT)

Macroevolution, approaches to, 279–282
speciation events and extinction events,

infering, 279
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Macroevolution, model system approach for, 292
planktonic foraminifera (best species-level fossil

record), 292
evolutionary research, used in, 294
fossil record, 293–294
lineage phylogeny for, 294
morphologies specific to biological species, 292
speciation and extinction, 294
taxonomy, 293

species level categories, 293
Macroevolutionary research, 279
data set, 279
developed as model systems for, 292
extinctions, 282

Macroevolutionary theories, 316–317
and diversity dynamics theories, 316
extinction and origination rates for marine

animal families, 316
Mark-recapture estimation, 305
Mathematical model
habitat preference and dispersal, 106–107
maggot flies Rhagoletis, reduced response of
hybrids to parental host-fruit odors, 107

preference component, 106
habitat selection, 104
individuals, 105
genetic divergence within and between species,
evaluating levels of, 105

mutation rates of, 105
initial conditions, 108
introduction to, 102–104
invasion by species, process of, 104
life-cycle, 105
stages, 105

local extinction, 107–108
mating preference, 107
mating between female and male with traits,
probability of, 107

offspring production, 107
parameter values, 108
population genetic structure at neutral loci, 108
reproductive isolation and species, 108
space and environment, 104
viability selection, 105–106
Beverton-Holt model, 106
fitness of specialist/generalist, 106,

Mating preferences
evolution of, 102, 104

Maximum likelihood method, 37, 259
Metabolic model, 319
Microbial biogeography, 53–55
geographical structure of species, 54
global diversity of species, 53

Microbial diversity, 60
Microbial ecology, 59, 60
Microbial world
applying neutral community models in, 62
biology in parameters, 65
caveats and ambitions, 73
evolution as master variable, 66
free energy and rate of evolution, 69
non-paradox of nitrifiers, 68

theory in, 59
back to basics, 61
characteristics of good theory, 61,
criticism of application of, 60
model parameter, 59
perilous patterns, 60
stochastic models, 61

Mimicry, 180
pleiotropic effects on reproductive isolation, 180

Model-based approaches, considering , 22–23
isolation with migration model, 22

Model system approach, 295–296
Molecular analysis, orgination rate, 315,
Molecular phylogenies
γ test in, 288
tests of slowdown in, 245–248
analysis of molecular phylogenies
of birds, 245

assessing patterns of species diversification
through time, 245

null model of constant probability, 245
regression effect, 247
slowdown in speciation rate, 245
uniform probability model, 247–248

timescales derived from, 291
vs. fossil record estimates, 291

Monte Carlo simulations, 284
Moran process, 265
Morphospecies, 294
Müllerian mimicry, 178

Nailhead rays or postman pattern, 183
Nature of natural populations, 16
con-specific populations, 16

NCM see neutral community models (NCM), 315,
Neochlamisus bebbianae leaf beetles
host plants as different host forms, associated

with, 202
information processing hypothesis, 203
results, 211

Neontological macroevolution, 294
Nested Clade Analysis (NCA) method, 18
Neutral coalescent theory, 33, 40
Neutral community models (NCM), 35, 41
New species, 18
diagnosis of, 15
finding of, 17, 20
identification of, 15

Niche dimensionality and ecological speciation
alternative mechanisms generating association
changing fitness landscapes, 140
divergence in greater number of genes and key
genes, 144

Dobzhansky-Muller incompatibility models,
143–144

increased genetic dimensions and ecologically-
dependent hybrid fitness, 139

models invoking magic traits or linkage
disequilibrium, 144

pleiotropy, 140–143
causality and role of time since divergence, 145–146
degree of progress towards speciation, 146
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Niche dimensionality and ecological speciation
(cont.)
empirical evidence dimensionality in niche

divergence affects speciation
evolution studies, laboratory experimental,
132–135

other empirical tests, 138–139
Timema walking-stick insects, data from
natural populations of, 135–138

niche divergence and speciation, 128–131
and peak shifts during speciation, 145
total selection strength, increased, 131–132

Niche dimensionality hypothesis, 128
Niche dimensionality versus process of

speciation, 129
Niche divergence and speciation, dimensionality in,

128–131
assessing, 129
empirical tests for association between
phylogenetic test, 138–139
population genetic test, 139

increased, 127, 131
genetic divergence promoting speciation,
results in greater, 127, 139

niche difference promoting phenotypic
divergence, 129

progress towards speciation, related to measures
of, 131

examples of measures, 131
quantifying, 129

Nonallopatric speciation model
in apple maggot fly Rhagoletis pomonella, 103

Nonparametric bootstrap simulation, 305
Nonparametric hypothesis tests, 312
Non-random mating, 166
influence on dynamics of reproductive isolation

and diversification, 102, 110–112
Null model, 245, 312

Origination rate, 301
density dependence of, 313

Over-shooting effect, 103
species of spiny-legged Tetragnatha spiders on

younger Hawaii islands, example, 103

Paleobiology database, 302
Paleontology, preserve of, 278
Pan troglodytes troglodytes versus P. t. verus, 24–25
effective sizes, 24
gene flow, 24–25
probability density for τ and Nm, 24
splitting time, 24

Parallel speciation method, 201
Parametric bootstrap, 301
Parasite-mediated divergent sexual selection, 168
good genes models of sexual selection, 168
male nuptial coloration and parasite load,

relationship between, 168,
reproductive isolation between P. pundamilia and

P. nyererei, strengthens, 168
Perilous patterns, 60
PET see Potential Evapotranspiration (PET)

Phanerozoic marine invertebrate data,
tractability

vs. Sepkoski’s genus-level data, 302
Phylogenetic approach, 281–282,
problems with, 292

Phylogenetic reconstructions, 260
Phylogenetic test, 138
dimensionality of differences and differential

diversification rate, quantifying, 138
Phylogenies
of extant species, 279
speciation and extinction, rates of, 287

showing γ and p, with number of species (n), 287
Planktonic foraminifera (best species-level fossil

record), 292
evolutionary research, used in, 294
fossil record, 293–294
lineage phylogeny for, 294
morphologies specific to biological species, 292–293
speciation and extinction, 294
taxonomy, 293

Pleiotropy
hybrid fitness without changing fitness

landscape, reductions in, 140–143
Plio-Pleistocene bivalve, 302
Population aggregation analysis, 18, 19
Population differentiation, 16, 20, 21
Population genetic test, 139
ecological divergence and neutral genetic

differentiation, analyzing relationship
between, 139

Population genetic theory, 41
Population structure, 16
Potential Evapotranspiration (PET), 221
Premating isolation between N. bebbianae host

forms, 205
Product-moment correlation coefficients,

267–268
Protists, poverty of
adaptive radiation in bacteria, experimental,

46–47
bacterial adaptation to complex environments, 47
bacterial diversity in nature, 48–50
diversity of eukaryotic microbes, 51–52
ecological phylogenetics of bacteria, 52–53
eukaryote life cycle, 50–51
microbial biogeography, 53–55
sex and diversification, 55–56
themes and variations, 47–48

Pseudoextinction
and pseudospeciation, 315
rates, 315
turnover, cause of, 315

Pundamilia pundamilia and P. nyererei
geographical range of, 156
phenotypic characterization of, 156–157

Pure birth or birth-death models, 282

Quantitative biochronological method, 303

Random-walk speciation, 266
Range expansions, 243
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ecological conditions drive evolution
of dispersal, 244

ecological factors limiting expansion of species, 243
Rapid speciation, hybridization and adaptive

radiation in Heliconius melpomene, 177, 190
adaptive introgression, generality of, 177
beak shape in Darwin’s finches, characteristics
of, 190

species-specific niche-adaptations in Eueides and
Heliconius, 190

Heliconius cydno and relatives further south, 187–189
H. melpomene amaryllis, 188
H. melpomene malleti, 189
H. melpomene plesseni, 187
H. telesiphe, 188
H. timareta timoratus, 187
H. timareta, 187
H. tristero, 188

Heliconius heurippa and Heliconius pachinus, 185–187
hybridization, mimicry, and speciation, 183–185
hybridization between species of Heliconius,
184–185

nailhead rays or postman pattern, 183
rapid adaptation, source of variation for, 184

introduction, 177–178
introgression and hybridization as source of

mimetic adaptations, 189–190
melpomene, source of mimicry adaptation, 189
timareta-like and cydno-like Andeans of hybrid
origins melpomene, 190

speciation driven by mimicry, 178–180
Heliconius cydno weymeri mimics Heliconius erato
chestertonii, 179

Heliconius cydno and Heliconius melpomene, 179
Heliconius himera vs. Heliconius erato, 178–179
mate choice andmicrohabitat use, effects on, 180
mimicry in Heliconius species, 178–180
natural selection as source ofmicroevolution, 178
post-mating isolation, 180

speciation not driven by mimicry, 182–183
hybridization in evolution of mimetic and non-
mimetic colour patterns, role of, 183

Müllerian co-mimics, 182
Real higher taxa,existence of, 30
Red Queen hypothesis, 233, 317
Regression effect, 247
Reinforcement, classical
reduced intrinsic fitness, 165

Relaxed clock approach, 245
development of, 281

Reproductive isolation
divergence in more genes/key genes causing
divergent selection or genetically-correlated

affecting, 127
ecologically divergent pairs of populations

exhibiting greater levels of, 127
Reproductive isolation (R.I.), 38
divergence between species in sexuals, causing, 31
independent evolution in sexual clades, as

requirement for, 37
in sexual clade, 38

R.I. see reproductive isolation (R.I.)

Sampled in bin (SIB) diversity, 307
standing diversity estimates and turnover

rates, 312
Sampling standardized diversity curve, 310
Selection in natural populations, strength of
estimating, 87
traitmean/variance estimates, standardising by, 87
width of the selective function, 87

Sensory drive speciation, 166–168
differentiation microdistribution, 167
optomotor response paradigm, comparing

sensitivity by, 167
wavelength of maximum absorbance,

determining, 167
Sepkoski’s genus-level data, 302
vs. Phanerozoic marine invertebrate data,

tractability, 302
Sex and diversification, 55–56,
objections to, 56
sexual isolation prerequisite for speciation in

eukaryotes, 56
Sexual diversification: neutral versus non-neutral

species, 30
degree of independent evolution in, factors

determining
divergent selection, 40
independent limitation, 38
reproductive isolation, 38

R.I. causes divergence between species, 31, 37
Simple natural selection, 316
Simpson index of habitat diversity, 269
Simulation analysis, 307
“Sister-group comparisons” approach, 196
Sister species, 182
Sister-species sequence divergence, 284
Slowdown, diversification, 284
and age-dependent incompleteness, 287–288
species-level phylogenies, 287

Slowdown, diversification
evidence see Dendroica

Speciation, 30, 50, 284
Speciation
dimensionality of niche divergence, facilitates

increased, 128
Speciation, 177
assortative mating, evolution of, 178
ecological divergence, associated with, 177
ecology-driven, 177
in Heliconius butterflies, 177–178

Speciation, extinction, and diversity, 257
balanced diversification, 264–271
clade size, determining, 266, 268
constancy of species, 264
diversity-dependent speciation and/or
extinction, 266

Moran process, 265
random-walk speciation-extinction
process, 265

region area on diversity, influence of, 271
Simpson index of habitat diversity, 269
turnover time in steady-state clade,
estimating, 265
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Speciation, extinction, and diversity (cont.)
diversification bias, 261–264
absence of size – age relationship, 262
clade size and age, unrelated, 261
constant diversification model, 262
diversification rate, 261
phylogenetic analysis of clades, 262
speciation-extinction model, 262
species richness in clades, constant, 263
time-homogeneous speciation and extinction
rates, estimating, 263

rates of speciation and extinction in diversifying
clades, 258–259

clade age, determining, 258
net diversification rate, estimating, 258–259

reconstructed phylogenies and lineage-through-
time plots, 260–261

diversification rate of Australian agamid
lizards, slowing in, 261

implications of phylogenies, 261
internode intervals, distribution of, 260
lineage-through-time (or LTT), 260
number of lineages in clade, 260
patterns of diversification, analyzing, 260

Speciation, factors for variability in progress
towards, 128

Speciation and extinction, rates of
phylogenies of extant species, 278

Speciation and extinction in fossil record, 301
cross-correlations of rates, 317
data, 309
decline/increase, 317
density dependence of, 318
discussion
diversity equilibrium, 317
macroevolutionary theories, 316
turnover rates, 314

diversity curve simulation, 313–314
diversity estimation, 305
general patterns, 310–312
hypothesis tests, 312–313
population-level processes, based on, 319
time scale analysis, 303
turnover rates, 308

Speciation-extinction model, 262
Speciation models, analysis of
diversification events, 110

Speciation rate, 258, 259
ecological and nonecological factors

limiting, 240
factors affecting, 252

Speciation rates prediction theory, 319
Speciation slowdown, cause of, 249
Speciation through time, patterns of
molecular phylogenies of birds, analysis of, 245

“Speciation transect,”, 155
Species, 29, 30, 42
delimitation, 30
evolution of, 30

Species designation model, 284
age-biased sampling, to simulate effect of, 287

Species designation – node age, dependance, 284

Species diagnosis
challenges of using hypothesis tests for
alternative hypothesis, 17
conventional hypotheses, considering, 17
Nested Clade analysis (NCA), 18
population aggregation analysis, 18

species diagnostic protocol
cut-off criteria, 24
Pan troglodytes troglodytes versus P. t. verus, 24–25

suggestions for criteria, 24
choice of cut-off value, 23
divergence time, 23
gene flow, estimating, 23
population splitting, estimating, 23

Species-level phylogenies, pattern for studies, 285
Species richness, 219
latitudinal gradient in, 219
Potential Evapotranspiration (PET), predicting, 221
between temperate and tropical communities, 219

Species richness, latitudinal gradient in, 219
Standing diversity, 308
estimating, 309
extinction and origination rate, 308
bias in, 308

Standing load, 78
Statistical independence of dimensions, 130
Stochastic process, 282
Subsampling, steps, 306
Substitution load, 78
Sympatric speciation, 30

Taxonomic status
of populations of species, 15–16, 17, 20

Temporal patterns
similarity in, for robust phylogenies, 291
tests for, 291

Temporal patterns in diversification rates,
278–296

macroevolution, two approaches to, 279–282
model system approach for macroevolution,

292–296
phylogenetic approach, problems with, 292
tests for complex, 288–292
tests for simple changes in net rate of

diversification, 282–288
Themes and variations, 47–48
experimental adaptive radiation, divergent, 48

Time-homogeneous speciation and extinction
rates, 263

Timema walking-stick insects, data from natural
populations of, 135–138

dimensionality in divergence in morphology and
physiology, 136–138

divergence in host-plant use, 137
divergent host-adaptation driven evolution of
reproductive isolation, 136

divergent selection of species, 137
ecotypes of Timema podura versus T. cristinae,
136–138

dimensionality in divergence of cryptic colour
patterns, 135–136

measuring phenotypic dimensionality, 135
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Time scale analysis
data collection, 303
error figure, 305
terrestrial tetrapods, 304

Total selection strength, increased
degree of divergence, limitations on, 131
divergence in multidimensional niche for

promoting effective speciation, 132
divergent selection on more dimensions,

importance of, 131
Trait divergence along speciation transect,

progressive levels of
colour-based aggression biases in males, 169
male aggression biases, 169

discussion and perspectives, 169–172
gene flow restriction between incipient species,

causes of
direct female mate choice, 160–161
postzygotic isolation, absence of intrinsic, 160
spawning habitat choice, 160

geographical variation in degree of genetic and
phenotypic differentiation, 157–

gene flow, assessing, 158
generating F2 hybrids between P. nyererei and P.
pundamilia, 158–159

introduction and outline, 155–156
male nuptial coloration, form of selection on, 163
divergent or disruptive selection on male
nuptial coloration, 163

laboratory experiments and field-based
quantificationof femalemating references, 164

negative frequency dependent selection on
male colour, 163

mate choice traits and inheritance, 161–163
colour polymorphism in Neochromis
omnicaeruleus, 163

divergent male nuptial coloration on female
mate choice, effect of, 162

inheritance of female mating preference, 162
reversing preference in P. nyererei for conspecific
males into heterospecific males, 162

Pundamilia pundamilia and P. nyererei, distribution
and phenotypic characterization of, 156–157

sources of selection on femalemating preferences,
testing predictions of speciation models

adaptive speciation, 165
classical reinforcement, 165
parasite-mediated divergent sexual selection,
168

sensory drive speciation, 166–168
Trait divergence along speciation transect,

progressive levels of
geographical variation in degree of genetic and

phenotypic differentiation, 303
variation in male colour phenotypes see colour-
based hybrid index

Tropical environments
biotic interactions, importance of, 219,
biotic interactions promoting coevolution,

strong, 219
“Turnover pulse” hypothesis, 316
Turnover rates, 308
cross-correlation based on African Plio-

Pleistocene mammals and eastern North
American early Paleozoic invertebrates, 316

evolutionary shifts and, 316
Miocene, changes, 311
molecular analysis and current analysis,

bias in, 315
Paleocene and, 312
pseudoextinction at Puercan – Torrejonian

boundary, cause of apparent, 315
speciation and extinction, discussion, 314–316
extinction rate, 314
origination and speciation rate, 315

“turnover pulse” and “coordinated stasis”
hypothesis, 316

Uniform probability model, 247–248

Van Valen’s theory see Red Queen
hypothesis

Yule process, 282, 285
extinction, 283
initial phase of diversification, 287
results, 283

Zink and Slowinski’s test statistic
error correction (γ), 283
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