
Adaptation , 6 , 7 . See also Biotic
adaptation

altruistic , 60 - 61

defining , 55 , 133 , 301
group , 136 - 137

group - related , 52 , 53

at level of multicellular vehicle , 172

meaning of , 238
at organismallevel , 299 - 301

Adaptation and Natural Selection , 52 ,
109

Adaptive topography , 15 , 207
Allelic fitnesses , 116 - 118

Allelomorphs , possible combinations
of , 29 - 32

Altruism , 40 . See also Ha miltons rule ;

Kin selection theory
definition of , 221

evolution of , 182 - 183 , 188 - 189 ,

197 - 202

examples of , 285 - 286
fitness and , 225 , 226

and inbreeding , 186
and kin selection , 184

model of , 197 - 198

reciprocal , 22 - 23 , 24
weak and strong , 283 , 290

Altruistic adaptations , and selection
among populations , 60 - 61

Altruistic alleles

fitness and , 223

Ha miltons rule and , 212 - 213

maintenance of , 247

models for spread of , 243 - 247
small group size and , 242 , 247
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Causality
concept of , 128
selection and, 139, 298
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Artificial selection , 71 - 72

Averaging , techniques of , 118 - 119

Basic selection model , 273 - 275 , 276

Bauplan , of animal types , 80 - 81

Beanbag genetics , 69 , 136

Biotic adaptation

definition of , 55 , 58

genesis of , 61 - 62

group selection and , 59 , 66 - 67

trap of , 170 - 171

Biotic environment , and fitness , 255

Biotic evolution

definition of , 55

extinction and , 65 - 66

vs . organic evolution , 55 - 58

Character , definition of , 301 . See also

Traits

Chromosomes , 36 , 73

reorganization of , 79 - 80

as replicators , 165

Colonization , 262

and migrant pool , 257

and variation in populations , 264

Constraint , evolutionary , 314 - 316

Context - independence , 86 , 97

variance in fitness and , 102 , 103

Context sensitivity

genes and , 71 , 76 , 87
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group selection and, 255, 257
importance of , 103
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biotic Ys. organic, 55- 58, 65- 66
description of , 170
hierarchical model of , 189
of horses, 56- 57, 59
human, 19- 23, 53- 54, 65

Context sensitivity (cont .)
and selection, 120- 122

Courage, evolution of , 194, 195
Covariance, in model of selection,

196- 198
Crossbreeding, 33, 37, 38
Cultural evolution , 22, 194
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Cybernetic model of selection, 153-

156

levels of analysis and , 298 - 299 ,
302 - 306 , 313 - 314

mutation , inbreeding , crossbreeding ,
and selection in , 29 - 38

rates of , 81 - 82

of single locus , 91
of social systems , 42 - 51
units of , 142 - 157

Evolutionary constraint , 314 - 316
Evolutionary entity , definition of ,

301 - 302

Evolutionary forces , modeling of ,
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Evolutionary theory
canonical objects of , 110 - 114

role of hierarchical structure in ,
292 - 317

Extinction , 259 , 260

group , 241 , 424 - 243 , 252

importance of , 64 - 66
rates of , 310

recolonization and random , 262

Family structured models , 183 - 184
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of kin selection , 214 - 220 , 225 - 226
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vs . density , 45

model of differential , 118

Fitness . See also Genotypic fitness
absolute vs . relative , 283

allelic , 110 , 117 - 118

calculations of changes in , 274 - 275
context sensitive , 87 , 120

definitions of , 133 , 296 - 297 , 301

estimates of , 94 - 96 , 97

frequency -dependent , 187
group , 136

group selection and , 306 - 308

heritable variance in , 86 , 102 - 104

inclusive (see Inclusive fitness )
individual level , 294 , 295

influence of traits on , 188

species level of , 304 - 306
trait group , 278 - 283

variations in , 114 - 119 , 298

Fitness values , 115 , 116 , 117 , 119

as artifacts , 134

genic , 126

Fittest , survival of , 193 - 195
Food resources , and population density
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disagreement with Wallace and , 18 -

19 , 24

and evolution of humans , 19 - 23

and group selection . 21 - 22 . 23 - 24

and individual selection , 13 - 14 , 16 -
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interpretation of fossil record by , 57

levels of selection and , 10 - 14

principles of , 102

Demes , 185 . See also Trait group

basic selection model and , 275 - 276

concept of structured , 275 - 283

definition of . 275

individual selection and structure of ,

278 - 283

structured , 275 - 290

Demo  graphic analysis , and fitness ,

309 - 311

Density - dependent homeostatic response
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Descent or Man . 3 . 19 - 23

Deterministic theory of evolutionary

change . 93 . 94 . 97 . 99 . 253

Differential reproduction , levels of ,

88 , 89 , 137 , 138

Differentiation

nonadaptative , 37

role of local isolation in , 37

Dimensionality , problem of , 90 , 91
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118 - 119

Germ -line replicators , 162 , 163 ,
176 - 177

Green beard effect , 222

Group , defining , 184 , 224
Group extinction , and group selection

, 241 , 242 - 243 , 252
Group reproduction , 242 , 243
Groups as individuals , 153 - 156
Group selection , 9 , 52 - 67 , 137 . See

also interdemic selection ; Kin
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arguments against , ix , 113
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definitions of , 10 , 54 , 136 , 184 , 290 ,
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and group extinction , 241 , 242 - 243 ,
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251 , 265 - 266 , 306 - 308
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intrademic , 185 , 187
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184 - 185 , 224 - 226 , 241 - 243

migrant pool and , 253 , 257 , 260 ,
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quantitative difficulties with , 239 -
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theories of , 40 , 58 - 60

tim e scales , variation and , 3 13 - 314

traditional , 186 - 187

Wallace and , 18 , 19

Group selection models , 243 - 247 ,
250 - 267

assumptions of , 106 , 252 - 266
individual selection and , 265 - 266

intrademic , 252 - 253 , 254

migrant pool and , 253 , 257 , 260 ,
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migration and population size , 258 -
260

Forces , and population genetics , 127 -
128

Fossil record , and evolution , 55 - 57

Frequency -dependent selection , 117 ,
223 , 239

Frequency of alleles , 77 - 78 , 276 . See
a/so Gene frequencies

Gene combinations

mutations and , 33 - 35

possible , 29 - 32
Gene frequencies , 77 - 78 , 97 , 276

changes in , 46
deterministic theories and , 93 , 94

distribution of , 32 - 33

equation for , 207 - 208
models of , 183 - 184

Genes

context sensitive , 87

fitness of , 71 , 72 , 76

interaction of (see Epistatic interactions
)

linkage of , 136
mutation of (see Mutation )

unity of , 69 - 82
Genet , definition of , 169

Genetic identity coefficients , models
based on : 208 - 214

Genetic theory of relativity , 111 - 112 ,
116 , 133 - 134

Genic selection , 6 , 55 , 62

definition of , 54

mistaken , 110 - 111

organic adaptations and , 59
possible real causes of , 122 - 123

Genic selection coefficients . See Selection 

coefficients

Genic selection ism , viii , 2

blases and inadequacies of , 86 , 87
and context -dependence , 112 - 113
criticism of , 114 - 119

defects of , 114

and scientific language , 124 - 127
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social interactions and distributions

of , 205 - 207

unity of , 69 - 82
Genotypic fitness . See also Fitness

of altruists , 223

family , 2l6 - 220
social interactions and , 205 - 207
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Group selection models ( cont .)
single locus and , 265 - 266
traditional , 252 , 254

variation between population and ,
260 , 262 - 265

Growth vs . reproduction , 171 - 172 ,
177

Grue , and genic se1ectionism , 124 - 127

Ha miltons rule , 182 - 183 , 199 - 200

and inclusive fitness . 228 - 231

for increase of an altruistic trait ,
212 - 213

Heritable variance in fitness , 86 ,
102 - 104

Ileterozygote superiority , 123 , 127
genetic relativity and , 116
selection and , 114 - 119

I Ieuristics , and their blases , 97 - 101
Ilierarchical structures

evolutionary theory and , 292 - 317
population regulation and , 48 - 49
and species selection , 308 - 311

Ilomogeneity assumption , 274 , 276
Ilorses , evolution of , 56 - 57 , 59

Iluman evolution , 19 - 23 , 53 - 54 , 65

morality in , 21 - 23 , 24
population regulation and , 44 - 45
and subdivision into races , 36 - 37

Ilybrid sterility , 12 , 13 - 14

Ilybrid zones , narrowness of , 72 - 73

Identity by descent , 208 - 210
Identity coefficients , genetic , 208 -

214 , 226 , 227

Inbreeding , 37 , 38
and altruism , 186

effects of , 33 , 34 , 35 , 227 - 228

Inclusive fitness , 55 , 228 - 231 , 242

definition of , 183

and Ha miltons rule , 228 - 231

models of (see Inclusive fitness
models )

and social behavior , 200 - 201

Inclusive fitness effect , 208 , 211
Inclusive fitness models

of gene frequency change , 183- 184
of kin selection , 208 - 214 , 228 , 231

Individuals

defining , 145 , 147
groups as , 153 - 156

replica tors and , 168 - 169

as unit of reproduction , 177

Individual selection , vii - viii , 176 , 255

defining , 10 , 290

vs . group selection , 176 , 250 , 251 ,

265 - 266 , 306 - 308

and kin selection , 223 - 224

and single locus , 255 - 256

and sterility , 13 - 14 , 16 - 18

and structured demes , 275 - 290

and trait groups , 277 - 283

Interactors , 89 , 151

defining , 88 , 150

evolutionary role of , 156

Interdemic selection , 2 , 4 , 29 - 41 , 242 ,

243

meaning of , 238 - 239

modelsfor , 187

Intergroup selection , 197

in evolution of social systems , 42 - 51

vs . group selection , 40

premises of , 45 - 46

Intrademic group selection , 187 - 189

kin selection as , 252 - 253

models for , 254 , 258 - 259 , 260 , 262

Intragroup selection , 197

Isolation , differentiation and local , 37 .

See also Reproductive isolation

Kin selection , 2 , 284

altruism and . 220 - 221

caste differentiation and , 13

definition of , 184 , 220

equilibria in . 230

general process of , 183

green beard effect and , 222

and group selection , ix - x , 3 - 4 , 89 ,

173 , 184 - 185 , 224 - 226 , 241 - 243

importance of , 40

inclusive fitness models of , 183 - 184 ,

201 , 208 - 214 , 228 , 231

individual selection and , 223 - 224

as intrademic selection . 252 - 253

and kin group selection , 173 - 174 ,

177

social selection as , 222 - 223

and structured demes , 284 - 285

theory of ( see Kin selection theory )

trait groups and , 246 - 247

view of , 185

Kin selection theory , 182 , 183 , 203 -

231

family structured model of , 214 - 220
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as genic, 40, 109
and group-related adaptedness, 52,

53
modern, 62- 63
neoDarwinian , 55
and phenotypes, 88, 111

Neo-Darwinism, 55, 195

genotypic distribution of interactions

and , 205 - 207

group selection and , 224 - 226

inbreeding and , 227 - 228

inclusive fitness model and , 208 - 214 ,

228 - 231

individual selection and , 223 - 224

parental manipulation and , 13 , 226 -

227

Lethal chromosomes , 73

Lineage . definition of . 146 . 147

Linkage

gene , 86 , 87 , 136

species selection and , 311

and unity of genotype , 75 - 76

Linkage disequilibrium , 165

Linkage equilibrium , 92 - 93

Local races , subdivision of a species

into , 34 , 36 - 37 , 38

Macroevolution , cohesion of genotypes 

and , 80 - 82

Memes , 152 , 164

Mendelism , 116 , 117

importance of , 110

kin selection models and , 218 - 220

Metaphysics , and evolution , 142 - 157

Migrant pool , 260

effects of , 262

and group selection , 253 , 257 , 260 ,

261

vs . propagule pool , 261 , 262 , 263

Model building . See also Selection

models

blases in , 99 - 100

computational adequacy of , 87

Moraba scurra

data on , 95 , 97

fitness values and , 119

Morality , evolution of human , 21 - 23 ,

24

Mutation

gene combinations and , 33 - 35

organic evolution and , 57 - 58

role in evolution of , 29 , 33 - 35

Natural selection . See a / so Basic selection 

model ; Genic selection ; Group

selection ; Selection

conditions necessary for , 297

Darwin ' s ideas on , 10 - 14

definition of , 136

Organic evolution , vs . biotic evolution
, 55 - 58

Organismic selection , 134 , 143 , 151 ,
172

phenotypes and , 135
units of , 138

Overpopulation . See Population regulation

Parental care , evolution of , 221 - 222 ,

241

Parental manipulation , 13
and kin selection , 226 - 227

Parsimony , 265
and group selection , 113

principle of , ix , 251
Passive replicators , 163
Phenotypes

extended , 89

natural selection and , 88 , III

selection acting on , 134 , 135
Phenotypic effects , and genetic repli -

cators , 169 - 177

Polygenic inheritance , and group
selection , 256 - 257

population ( s)
definition of local , 273

group selection and small , 60 - 61

self -regulating , 45 , 46
variations between , 260 , 262 - 265

Population genetics . See also Gene -

frequencies
forces and , 127 - 128

selection and , 115

Population regulation
and intergroup selection , 42 - 51
mechanisms for , 5 - 6

migration and , 258 - 260
mutation rate and , 34 , 35

Population structures . See also Structured 
demes

continuum of , 185 - 186

definition of , 206

Predator -prey systems , 244

Primu1a family , Darwin ' s study of , 14 - 17



cybernetic model of , 153 - 156
defining , 297 - 299 , 301
equations for hierarchical model of ,

302 - 306

levels of , vii - ix , 9 - 10 , 133 - 140 , 167 ,
189 - 190

levels of analysis and , 298 - 299
level of operation of , 114 - 119

models for , 115 , 195 - 202 , 273 - 276

multilevel , 137 - 138

objects of , 193 - 195
relaxation of , 34 , 35

and replicators , 148 - 153
sexual , 11 , 19 , 20

species , 190 , 299 , 308 - 311
suborganismal , 295
target of , 76
units of , 86 (see also Context -independence

)

and unity of genotype , 74 - 75

Selection coefficients , 109 , 115 , 119

as artifacts , 124 , 125 - 126

genic , 87 , 128
Selectionism . See Genic selectionism

Selection levels , vii - ix , 9 - 14 , 133 -

140 , 167 , 189 - 190

analysis of , 298 - 299

controversy about , 142 - 143 , 153 ,
156 - 157

model for , 195 - 202

operation of , 114 - 119
power of lower , 194 , 199

relationships between , 313 - 314
Selection process  es

individuating , 119- 124
objects in , 120 - 122

Selfish Gene , The , 109

Selfishness , definition of , 290
Self - sacrifice , evolution of , 194 , 195

Sexual selection , 11 , 19 , 20

Signal genes , 222
Social genes , in family -structured

populations , 218 - 220
Social groups , selection at different

levels of , 43 - 51

Social hierarchy . See I Iierarchical
structures

Social insects , 12 - 13

Social interactions , genotypic distribution 
of , 205 - 207 . See also Altruism ;

Kin selection theory ; Parental manipulation
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Propagule pool , 259 , 260
colonization and , 264

vs . migrant pool , 261 , 262 , 263

Races

differentiation of , 33

subdivisions into local , 34 , 36 - 37 , 38

Ramets , 169 , 171

Recapitulation , 69

Reciprocal altruism , 22 - 23 , 24
Reductionist analysis , ix , 6 , 86 . See

also Inclusive fitness ; Kin selection

classes and blases of , 97 - 101

evolutionary theory and , 293 - 294
mistaken views of , 118

multilevel , 100

two loci and , 90 - 97

Reductionistic research strategies , and
units of selection controversy , 90 -
106

Regression , altruism and positive , 201
Relativity . See Genetic theory of relativity

Replicators , 87 , 89

chromosomal segments as , 165 - 166 ,
177

competing , 175
definition of , 88 , 162

individual organisms and , 168 - 169 ,
177

and selection , 148 - 153 , 166

size of , 164 , 165

structural identity for , 149 - 150
types of , 162 - 163 , 176

Reproduction

differential , 88 , 89 , 137 , 138

group , 242 , 243

vs . growth , 171 - 172 , 177
Reproductive isolation , 185 , 186
Reproductive success . See Fitness

Robustness analysis , 100

Screening off , 88 , 134 - 135
Segregation distortion , 64
Selection , 4 - 5 , 38 . See also Genic

selection ; Group selection ; Iletero -
zygote superiority ; Individual selection

; Kin selection ; Selection levels ;
Units of selection

artificial , 71 - 72

conditions for occurrence of , 137 -
138

context sensitivity and , 120 - 122
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Sociality

benefits of , 43

evolution of , 182

Social selection , 222 - 223

Social systems , evolution of , 42 - 51
Social traits , selection for , 195 - 202

Sociobiology . ix . 203

caste differentiation and , 13

claims of , 9 , 10

and human morality , 24
Somata , selection of . 58

Spatial homogeneity , in genetic composition
, 273 - 275 , 277

Spatial homogeneity assumption , 187
Speciation

higher level analysis of , 293 , 294
and unity of genotype , 78 - 80

Species

demography of , 309 - 311

as individuals , 153 , 155 , 156 , 173

lowering adaptive level of , 34 - 35
selection above level of , 311 - 313

subdivision into local races of , 34 ,
36 - 37

Species selection , 190
vs . group selection , 299

and hierarchical model of evolution ,
308 - 311

Sterility
hybrid , 12 , 13 - 14

and individual selection , 13 - 14 , 16 -
18

Structured demes

and evolution of traits , 286 - 288

and individual selection , 275 - 290

Success , definition of , 301

Survival of the fittest , 193 - 195

Theories . See also Reductionist

analyses

blases in construction of , 99 - 100

evolutionary , 94 , 97 , I 10- 1 14, 253 ,
292 - 317

of genetic relativity , I I I - I 12 , 116 ,
133 - 134

group selection , 40 , 58 - 60

of near decomposability , 92 - 93
Three -body problem , 9 I
Time scales , selection and , 3 I 3 - 3 14

Trait groups , 187 - 188

and demes , 276 - 283

as group selection , 238 , 239

increasing variation between , 264

and kin selection , 246 - 247

selection and . 252 . 258 - 259

Trait - group selection , model of , 105 -

107 , 206

Trait - group variation , 282 - 283 , 286

Traits

and homogeneity assumption , 276

structured demes and evolution of ,

286 - 288

Units of selection , 175 - 176 , 297 , 298 .

See also Rep1icators ; Selection

levels ; Vehicles

ambiguity of phrase , 87 - 88 , 144

controversy over , vii - ix , 90 - 106 ,
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defining , 102 - 104 , 134 , 164

organisms as , 172

above species level and , 311 - 313

Variance , group selection and genetic ,

256 - 257

Variance in fitness , 86 , 87

additive and nonadditive , 102 - 104

Variation

between populations , 260 , 262 - 265

selection and , 313 - 314

trait - group , 282 - 283 , 286

Vehicles , 166 - 176

defining , 87 , 88

hierarchy of , 166 - 168

kin - group selection and , 173 - 174

nondiscrete , 174 - 175

organisms in , 168 - 169 , 172

reproductive vs . growth and , 170 - 172

Viabilities , genotypic , 118 - 119


