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acquired characteristics, inheritance, 57
ADH locus, 14, 16
Aegilops kotschyii, seed polymorphism and
germination, 148
Aethionema saxatile, fruit types and
germination, 148, 150
age, resource value, 181, 182
ageing theories, 118
see also senescence
altruism, definition, 96
trait increase, 97
Ambrosia trifida, germination strategy, 144
amphicarpy, 149
animal behaviour, 73
conflict, 75
ESS theory, 75
evolutionary game theory applications,
86-90; groups and strategy, 87, 88;
species and group optimum, 89;
subgroups, 88
rational in conflict, 80
selfish gene approach, 73
types, 75
annual meadow grass (Poa annua),
senescence and habitat, 122
apomixis and germination, 130
asexual reproduction, 226
ratchet mechanism, 227
asymmetric contests, social mammals,
173-83
asymmetry, abuse, 179, 180
age-specific, 181-3
payoff, 182
respect exploitation, 180

baboons
ability to wound, 177
consorting out of oestrus, 179
consortships, 175
infant carrying by males, 179, 180
infanticide protection, 180

baboons (continued)
lifetime reproductive success and males,
182,183
male-male fighting, 174
males respect and common female, 178
natal immigrant males, 182
oestrus female value, 176, 177
respect of ownership, factors affecting,
175, 176
subordinate male mating, 175
yellow Papio cynocephalus, sex ratio of
offspring, 211, 212
bats
hammer-headed, lek mating, 302, 303
reversed sexual dimorphism, 295
behaviour, cooperative, 96
use of term, 95
see also animal behaviour and
cooperation
behavioural structure, 95-103
definition, 95
genetic structure, 101
group selection, 99; components, 100
kin selection, 97, 98, 101
measure, 96
payoff matrix, 102
Bergmann’s rule, 69
weasels, 158, 163
biometrical genetics, 5
birds
flock role, 75
reversed sexual dimorphism, 295
black-headed jackal (Canis mesomelas),
helper care of young, 199
body temperature and spermatozoa
viability, 291, 292
see also hyperthermia
bonnet macaques (Macaca radiata)
juvenile female mortality, 214
sex ratio of offspring, 211, 212
Borelli’s law, 108
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Bourgeois strategy, 111
ESS in hawks and doves, 175, 177
male lions, 175
breeding methods, parameter estimation
equations, 7
breeding performance, measures, 216
breeding size, estimation of population, 8

Cakile maritima, bilocular fruit, 148
Calendula sp, achene polymorphism, 151
capybara (Hydrochoerus hydrochaeris),
group size and young protection, 195
Castalis sp, fruit types, 151
cave bear (Ursus spelaeus), size and
glaciation, 69
Ceratocapnos sp, dehiscent and
indehiscent fruit, 150
character displacement hypothesis, 160,
161
character release, 161
chimpanzees
aged and meat, 181
female preference, 178
gang attacks, 177
oestrus female value, 176, 177
respect of ownership, factors affecting,
175, 176
chromosomal ploidy and senescence, 118
communal care, 111, 112
age at sexual maturity, 190, 191, 199
avian, 188, 191
benefits, 191-6; antipredator, 192, 193,
195; breeding sites, 194, 195; food
acquisition, 193, 195; territorial, 196
costs, 192, 196-8; aggressivity and group
size, 197; conspicuousness of group,
197; infanticide, 197, 198; misdirected
care, 198; parasite transmission, 198
decision-making, 199
decline and food availability, 196
definition, 188
degrees, 199, 200
delayed breeding, 188
family groups, 188-90
functions in mammals, 187-200
harem, 188-90
litter weight and body weight, 194
mammalian species incidence, 191
maternal error, learning hypothesis, 195,
196
matriarchy, 188-90
multi-male/multi-female, 188
natural selection, 187
synchronized birth and suckling, 191,
194
types and species, 189, 190
communities, factors affecting, 114

community matrix, 62
concept of limiting similarity, 69
cooperation
encounter assortment, 98, 103
evolution and behavioural structure,
95-103
evolution and ownership, 179-81
group selection models, 99, 100
payoff matrix, 102, 103
reciprocation, 98, 99
total defection, 98, 99
see also behaviour and game theory
Corydalis sp, fruit, 150
covariance between relatives, 6, 7
Crepis spp, seed dimorphism and
germination, 147

Darwin, C., theory of evolution, 57, 58
components needed, 56
conditions of existence, 60
criticism and orthodoxy, 70
dead, 55
definition, 57
ecological and evolutionary loads, 60, 61
expression, 58
fossil record changes, 68, 69
germ line, 57
long-term ecosystem behaviour, 64, 65
Red Queen and evolutionary load, 58,
59
deer, red (Cervus elaphus)
breeding performance measures, 216
breeding success and maternal rank, 214,
215
maternal dominance and sex ratio,
216-19
Rhum, 220
sex ratio of offspring, 211-13
deer, white-tailed, sex ratio and litter size,
208
Dimorphotheca sp, fruit types, 151
dioecy, 271
andro- and gyno-, 240
angiosperm distribution, 247, 254, 255
cosexual state, 255
distyly families, 242-5
families showing, 241
inbreeding avoidance, 237
incidence, Cotula spp, 281
and self-incompatibility system, 238, 247,
254, 255; mixed families frequency,
256, 257; and tests in general, 257-60
sex ratio, 273
species and heterostyly, 240-2
display costs, 313
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DNA sequence polymorphism, 16
gene phylogeny, 16
dominance hierarchy, 173
dormancy
adaptive, 131
and competition, 135-7
differential, 143
enforced, 135
escape, 135
innate, 135
leaf-canopy-induced, 144
predictive, 135
switching signal, 134, 135
uncertain environments, 129-32
see also germination
Drosophila spp, genetic variability, 122
D. melanogaster, ADH locus, 16; inbred
and antagonistic pleitropy hypothesis,
124; lethal loci, 8
D. persimilis, allozyme alleles and
inversions, 10; xanthine
dehydrogenase alleles, 12, 13
D. pseudo-obscura, allozyme alleles and
inversions, 10; esterase-t alleles, 12, 14,
15, 17; xanthine dehydrogenase alleles,
12,13

ecological load, 60
ecological time-scale, 59
ecology and evolution, time scales, 59, 60
ecosystems
dynamic behaviour, 65
evolution, 61-3; macroscopic approach,
63
evolutionarily stable strategies, 61, 62
evolutionary and ecological stability, 62
species-poor, evolution, 65
species-rich, evolution, 65
effective migration rate, 32, 33
elephant seals, juvenile conflict avoidance,
181
Emex spinosa
amphicarpy, 149
seedling and aerial fruit germination,
149, 150
ESS, see evolutionarily stable strategy
esterase-5
allele distribution in Drosophila spp, 12,
14, 15
rare alleles, 14, 15
evolutionarily stable strategies (ESS), 108
behaviour understanding, 75
gene-frequency time scale, 59
Hawks-Doves game, 91; lifetime in
baboons, 183
interspecific games, 83, 84
Nash’s equilibrium condition, 81

evolutionarily stable strategies (ESS),
(continued)
need for concept, 74
precursors, 74
role, 74
and sex ratio in local mate competition,
281, 282
uninvadable population, 82
vigilance game, 87-90; analysis and
value, 88
evolutionary biology, pedigree, 56
evolutionary ecology, theory, 56
evolutionary genetics, measurements, 4
evolutionary load, 60
evolutionary stability, definition, 63
evolutionary time scale, 60

facultative responses of genes, 269
fighting, costs and reproductive success,
182

fitness and group size, 89
fitness estimation

evolving populations, 7

expression, 58

meiosis and mating, 9
food chain, length determination, 115
fossil record, 55

behaviour, 56

extreme forms of species, 70
Fumaria sp, fruit types, 150

game table, male effectiveness in lek
mating, 311
game theory, 73-91

animals, 80

classical, 76-8; cooperative theory,
78-80; individual benefit, 81; minimax
principle, 76, 77; Nash solution, 78,
79; non-cooperative theory, 79, 80;
origins, 76, 79; Pareto optimality,
76-8, 81; Prisoner’s Dilemma, 76-8,
83, 90; summary, 80; symmetric, 83

and evolution, 108

evolutionary, 79; classical, distinctions,
82; ESS conditions, 82-5; genetic
framework, 90; interspecific
interactions, 85; non-cooperative,
comparison, 81-91; pure strategy, two
opponents, 85; task, 80, 81; vigilance
game, 86-90 (analysis) 88, 89 (group
size) 89

evolutionary ideas analogy, 81

fighting behaviour, 173

humans and rationality, 80

optimal strategy and germination, 140,
141

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521348973
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-34897-3 - Evolution: Essays in Honour of John Maynard Smith
Edited by P. J. Greenwood, P. H. Harvey and M. Slatkin

Index
More information

324

gel electrophoresis of protein, 11
allele identification, 12
charge substitutions, 12
genetic variations, 11
polymorphism, 11
sequential, 12, 14
gene flow
barriers, 31
multiple independent factors, 35, 36
single translocation, 32, 33
gene flow factor
column vector, 41
Dobzhansky barrier, 36, 37
first generation hybrid fitness, 33-5
formula, 33
heterozygote fitness disadvantage, 38, 39
method of finding, 40, 41
number of barrier factors, 35, 36
two-locus barrier and linkage, 38
values and linkage strength, 33, 34
gene frequency time scales, 59
genetic barriers, 31
Dobzhansky model, 36, 37
general hybrid effects, 37-9
Mendelian factors, 39
numbers of factors, 35
single chromosome changes, 33, 35
strength, 32, 35
genetic disease, postponement of early
onset, 119
genetic diversity, somatic mutation in trees,
24-7
genetic epidemiology, 6
analyses, 9
genetic variability
early fecundity, 121, 122
litter size and egg production, 121
genetic variation, measurement, 28
germination
amphicarp, 149
combined selective pressures, 141, 142
cues, 133
diachronic and seedling competition,
139-41; game theory, 140; mortality,
139; optimal germination fraction, 141
diachronic strategy, 137
early, fitness and mortality, 145, 146
evolutionarily stable strategy, 135, 136
fitness augmentation, 136, 137
genotype, apomictic annuals, 132, 133
geometric vs arithmetric mean, 132, 133
laboratory, 143
mixed strategies, 145
optimization, genetic justification,
129 31; yield, 131
payoff matrix, 144
predictive and innate, 133-5

Index

germination (continued)
risk avoidance, 132, 139
risk incurrence, 131, 132, 139
seed dimorphism, 145, 147
seed fitness, 137-9; coarse-grained
uncertainty, 138, 139; fine-grained
uncertainty, 137, 138
signal processing cost, 135
staggered emergence, 143
strategies, 12942
survival probability, 129
synchronic strategy, 137, 138
threatening uncertainty, 132
time distributed ESS, 140
timing in uncertain seasonal
environments, 137-9
gerontology, 117
evolutionarily based, 124, 125
and senescence, 125
goats, sex ratio of Barbari, 208
gradualism and punctualism, 68-70
grouse, sage, lek-mating, 302-9
guild structure of competing species, 112

haemoglobin, sequential gel
electrophoresis, 14
Hamilton’s rule, 97, 98
hermaphroditism, forms, 272
herring gull (Larus argentatus), polar
subspecies, 70
heterogeneity, adaptive in individuals, 20
heterostyly distribution, 240-2
heterozygosity and variation, 17
hopeful monsters, 55
horses, sex ratio and litter size, 208
Hutchinson’s ratio, 155
hyperthermia
embryo effects, 292, 293
female heat dissipation and size, 293,
294
sexual size dimorphism, 2914
testes, 291, 292
Hypochoeris glabra, achene types and
germination, 148, 149

indigo birds, lek mating, 302-8

infanticide, helpers in communal care, 197,
198

intermediate forms, maladaptiveness, 68

invasion matrix, 62

jumping, Borelli’s law, 108-10
kin selection and Hamilton’s rule, 97, 98

Lack’s hypothesis, clutch size evolution,
270, 271
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Law of Constant extinction, 66, 67
learning, evolutionary game theory, 91
lek mating
age model, 305-7
display reduction, 310-12
female choice, 301; independence, 309,
310
female discrimination functions, 303-5
index of skew and species, 302, 303
male cue distribution, 302-5; variability,
310-13
male, features, 301, 303
mating season male turnover, 312
model assumptions, 309
multiple cue assessment, 309
predation on males, 312, 313
size model, 305, 306
spatial models, 307, 308
lesser black-headed gull (Larus fuscus),
polar subspecies, 70
lethals, frequency and breeding population
size, 8
life history
evolution models, 271
genetic variability, 124
lions
Bourgeois strategy, 175, 177
infanticide, 197, 198
males respect and common females, 178
oestrus female value, 176, 177
respect of ownership, factors affecting,
175-7
lizard (Lacerta vivipara), embryo
development temperature, 294
local mate competition
higher plants, 280, 281
host egg dispersion, 276
mites, 279, 280
parasitoid wasps, 275-7
sex ratio, 274-6
and superparasitism, 276, 277

manakin, black-and-white (Manacus
manacus), age model and cue growth
rate, 305, 307
display reduction, 310-12
marker gene
first hybrid generation, 32
genetic background, 40
linkage and gene flow factor, 33
Mathematical 1deas in Biology, 108, 109
meiosis, cost, 233
Mexican free-tailed bats (Tadarida
braziliensis), synchronized birth and
clustering, 194, 195
mice, sex ratio and litter size, 208

mites (Tetranychus spp)
life history, 279
local mate competition and sex ratio,
279, 280
models
assortive mating and resource
competition, 45-51
Dobzhansky, fitness effects, 36, 37
evolutionary, dynamic behaviour, 65
female choice in lek mating, 3039
fitness value, 43
gametic stage mutations, 23
genetic variability maintenance, 24-7
hybrid fitness loss, 39
infinite alleles, 24
Levene, 52
null, 155
predator-prey relationships, 109
somatic mutation in tree growth, 20-7
structured deme, 99, 100
synaptic speciation, 43, 51, 52
Venable-Lawlor, 135
vigilance game, 86-90
Models in Ecology, 109
Monte Carlo simulation study, 9
mutation
chromosomal and species formation, 35
gametic rate, 23, 24
see also somatic mutation

Nash equilibrium concept, 79, 81
description, 79
and ESS, 81
inequality, 8, 82, 83
Nash solution in bargaining games, 78-80
asymmetric, 84
symmetric strategies, 83
Nasonia vitripennis (parasitic wasp)
blowfly range, 278
life history, 277
local mate competition and sex ratio,
275-9
superparasite, 277
natural selection, 57
Fisher’s fundamental theorem, 59, 64
sex allocation explanation, 269
nature and nurture, 73
neo-Darwinism
definition, 57
senescence, 123
niche and ecological, evolutionary load, 61

Osteospermum sp, achene polymorphism,
151

overdominance, corn and plant breeding,
4,7
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ownership
asymmetry development, 173-9
females, feeding site, 178
respect, factors affecting species, 175-9;
extreme differences, 174, 180, 181;
intruder, 174; payoff asymmetry, 177

parental care, 187
patch theory, evolution of recombination,
231
perturbation analysis, 9
polymorphism
DNA sequence, 16
protein, 11-185; forces, 14
and variation, 17
population ecology, theoretical and
observational, 3
population genetics, 107
adaptability, 3
characteristics, 3
computation, 5; parameters and
measurement, 6
deductive programme, 5, 6
difficulties, 17
identity by kind and descent, 16
mechanisms and senescence, 123, 124
phenomena, 5
procedures, 9, 10
research needs, 114
single diallelic locus analysis, 121
theory and observation, 4, 5
theory role, 10, 11
variation in humans, abnormal, 5
variation in natural population, 3, 4
Prisoner’s Dilemma game, 76-8, 83, 90
altruism, 96
payoff matrix, 102, 103
see also game theory

probability of identity by descent of alleles,

25
protein, gel electrophoresis, 11
punctualism, 68-70
temporal and spatial stasis, 69
Lake Turkana mollusc sequence, 69
punctuated equilibrium, 4
punctuationalists, macro- and micro-
evolution, 55

ratchet effect, Muller, 227, 229
rats, sex ratio and litter size, 208
reciprocation theory

tit for tat, 98, 99

total defection, 98, 99
recombination, 225-34

closer linkage selection, 233

recombination (continued)
Fisher-Muller theory, 226-9, 231;
artefact, 229; individual selection, 228;
mutant fixation, 228
genetic drift, 230
parasitism, 232
patch theory, 231
phenomena explaining, 233
ratchet effect of Muller, 227, 229
selection modifier, 228, 229
sib-competition model, 231
and variation, 225, 226
varying epistasis, 232
Red Queen hypothesis, 56
complexity increase, 67
evolutionary load of species, 63, 64
lag load, 58, 59
law of constant extinction, 66, 67
physically stable environment, 64-6
physically unstable environment, 66
reproductive value and death rate, 119
resource competition
assortive mating, 45-51; four-locus
model, 50, 51; genotypic, 46-51;
phenotypic, 47-9; phenotypic with
genotypic, 47, 49; resource
distribution types, 46, 47
beak size and seed distribution, 44
intraspecific and sympatric speciation,
43-52
phenotypic-dependent, 43-5
phenotype distribution and mating, 44,
45
resource distribution and mating types,
46-51; underdispersed, 50
resource-holding power (RHP)
age-structure and species, 176, 177
asymmetry development, 173-9
extreme differences, 174
and social dominance, 173
rhesus macaques (Macaca mulatta)
female rank and offspring breeding
success, 21315
sex ratio of offspring, 209, 211-13

seals
grey, sex ratio, 209
Weddell, sex ratio, 209
seed
achene polymorphism, 150, 151
mixed strategies and annual habit, 150
seed dimorphism
and germination, 145, 147
examples, 147-9
seed dispersal strategies, 147
selection
hard and soft in trees, 21, 22
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selection (continued)
thinking, 269
see also natural selection
self-fertilization, sib mating equivalent, 281
self-incompatibility, 241-7
dioecious species, 257, 259, 260; families
with, 246, 247, 250-3; families
without, 246, 248, 249
and dioecy distribution, 247, 254, 255
doubtful cases, 246
evolution of dioecy, 238, 239
families showing distyly, 2426
homomorphic families, 239, 261
inbreeding depression, 243, 246
post-fertilization, 243, 246
post-zygotic, 246
sub-dioecious species, 257, 258
test in genera with dioecy, 257-60
senescence
antagonistic pleiotropy theory, 118-21
evolution, 117-25
evolutionary theory, 118-21; Hamilton’s
equations, 120; late reproductive
opportunity, 122; tests, 121-3
mutation accumulation theory, 123, 124
mutation, early age favourable, 119, 120
population-genetic mechanisms, 119,
123, 124
population-regulation, 117
protein-error catastrophe theory, 118
scientific traditions, 117
survival probabilities and fecundity, 120
sex, evolutionary ecology, 107
sex allocation, 269-83
conflict of interest, 281, 282
diploids, 272, 273
male and female fitness, 273, 274
statement, 272
theory, 271
see also sex ratios
sex ratios
adaptive significance, 220
breeding scheme adjustment, 280
breeding success, 210
causes of variation, 208, 209
control in wasps and mites, 274-80
equilibrium maintenance, 272
and ESS, 114; local mate competition,
281, 282
evolutionary theory, 225
local mate competition, 274-9
maternal dominance in primates,
211-16; red deer, 21618
maternal rank and offspring breeding
success, 214, 215
non-human mammals, 207-9
rank, 216-218

sex ratios (continued)
variation in mammalian, 207-11;
functional significance, 210
sexual dimorphism
amphibians and reptiles, 289
competitive males, 288
factors influencing, 296
flight performance, 295
heat dissipation in small females, 293,
294
hyperthermia, 291-4, 296
large females, 287, 289, 296
large males, 289, 290; features and life
style, 290; sexual selection, 288
loading problems, 294-6
parental care, 289, 290
reversed in bats and birds, 295
size in birds and mammals, 287-97
weasels, 164-8; breeding systems, 169;
feeding differences, 164; geographical
variation, 1€4; and size, 168; small
females, 165, 166
sexual reproduction, high species diversity,
68
size-adjacent competitors, 155
skull length, weasels
sex and origin, 166
species, 158
sociobiology, 73
somatic mutation
evolutionary role, 19-29
fixation probability, 21, 22, 28
gamete pool contribution, 22
gametic mutation augmentation, 27
genetic diversity, 24-8
occurrence and transmission, 20, 21
plants, 19
probability of identity by descent, 25, 26
rate, 23, 24
recursion equation, 26, 27
tree growth model, 20, 21
speciation
chromosomal mutation, 35
stasipatric, 31
sympatric and resource competition,
43-52
speciation-extinction time scale, 59, 60
species
distribution sizes of terrestrial, 115
exogamous, 182
interaction of coexisting, 64
turnover, 61
stasis-plus-punctuation, 55, 66
statistical estimation, 9

testes, cooling, 291, 292
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Thalapsi arvense, early-germinating fitness
and mortality, 145, 146
The Theory of Evolution, 107
trees
genetic diversity and somatic mutation,
27
hard and soft selection, 21
somatic mutation modelling, 20, 21

Uganda kob, male seasonal turnover, 312

variation
descriptions, 17
somatic cells, 19

water vole (Arvicola terrestris), weasel prey,
163
weasels
character displacement, 160, 161, 167
ermine (Mustela erminea) body size, 158,
159; interspecific variation, 112;
Ireland, 161; prey size, 162, 163; size
and latitude, 158, 159; skull, feeding
and non-feeding measures, 162; skull
length, 158-62; skull size, sex and
origin, 166; skull size and species
range, 159-61; species distribution,

weasels (continued)
ermine (Mustela erminea) body size,
(continued)
USA, 157; UK size, 161; weight
variation, 70
hunting set, 156
least (Mustela nivalis), body size, 158, 159;
diet requirement and size, 165, 166;
distribution, USA, 157; skull length,
158; skull length, sex and origin, 166,
168; UK size, 161
long-tailed (Mustela frenata), body size,
158, 159; distribution, USA, 157;
skull length, 158; skull length, sex
and origin, 166, 167
prey size, 162, 163, 167
seasonality response, 163, 164, 167
sex and diet, 163-5
sexual dimorphism, 164-8; elongation,
165; feeding niche, 165
shape, 162
Weismann, A., 57
wild dogs, yearling dominance, 182
wildebeest (Connochaetes taurinus), calf loss
and matriarchal groups, 193
wolves, pack size and territory, 196
Wrightian adaptive landscape, 58, 59

xanthine dehydrogenase allele and
distribution in Drosophila spp, 12, 13
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