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acceleration, 106127, 259-276
allometric constraint—-muscle recruitment
hypothesis, 230, 231
allometric growth, 38, 39
allometry, 26, 36, 37, 48-49
Alouatta seniculus (howling monkey), 211
analysis of variance (ANOVA), 397
Andrews plots, 380, 382
angiosperm, 200, 201
ansa coli, 369, 371
anthropoid, 230-254
Aotus trivirgatus (night monkey, owl monkey),
145-146, 212, 214, 230-254, 362
apes, 2, 169-173, 183-190
African, 168, 398-399, 404
Asian, 398-399
arboreal, 107-125, 127, 135, 136-137, 173
Arctocebus calabarensis (angwantibo),
144-145
Ashton, E. H., 2,3
astronauts, 134
Ateles (spider monkey), 125, 211, 358, 362,
384, 404
ATP (adenosine triphosphatase), 106, 138, 140
australopithecine, 2-3, 4, 393
Australopithecus afarensis AL-228, 286
Avahi (woolly lemur), 362
laniger (eastern woolly lemur), 213
axial force, 298-299

balancing side (b-s), 230
bats, 404
behavior, 99-127
biogeographic history, 362
biogeographic regions (areas), 354, 355, 357,
358, 359, 362, 364
biomechanics, 418
biometry, 2
bipedalism, 4, 263, 274, 275, 281-291, 393
energy costs, 287, 288
stride frequency, 314-316
stride length, 309-311
striding gait, 173
threat display—appeasement behavior
complex, 291

420

bipedalization
predictions of theories, 283
theories of, 281-282
biporionic width, 60
bite force, 230, 231, 232, 250, 251, 252, 335,
338, 340, 342, 343
bizygomatic width, 60
body size, 49, 354, 355
brachiators, 215, 216, 217, 219
brain, 206-222, 400-403, 406
braking, 102, 107, 125, 259, 273
b-s see balancing side

Cacajao (uakari), 384
Callicebus (titi monkey), 362
moloch (dusty titi monkey), 212
Callimico goeldii (Goeldi’s monkey), 212
Callithrix jacchus (common marmoset), 212
calvarial length, 50, 60
Canis familiaris (domestic dog), 259-276
canonical correlate analysis, 384-385, 405
canonical variate analysis, 162-163, 164, 167,
190, 380
carrying hypothesis, 283-290
Cave, A.J.E., 417
cebid, 106, 113, 121, 123, 124
Cebuella pygmaea (pygmy marmoset), 212
cells (plant), 194-203
axis, 197
buckling, 197, 201
framework, 195
elongated, 201
lumen, 197, 201
volume fraction (cell fiber content) (V,),
195, 196, 197, 198, 200, 201, 202,
203
wall, 193, 194, 195-203; secondary, 197,
202
cellulose, 195, 197, 202
center of mass (COM), 300-301
height during standing and walking, 304,
306-309
horizontal and angular displacement, 316
vertical excursion, 304-306, 325-326,
328
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center of pressure, 261, 269, 270, 272, 275
Cercocebus (mangabey), 39-40
(Lophocebus) albigena (gray-cheeked
mangabey), 211
cercopithecoid, 2
Cercopithecus (guenons), 99-127
ascanius (red-tailed monkey), 106-127,
211
diana, 126
mitis (blue monkey), 211
cerebellum, 208, 211, 218, 219, 220, 222
cheirogaleids, 358
Cheirogaleus (dwarf lemur), 362
medius (fat-tailed dwarf lemur), 213
major (greater dwarf lemur), 213
chewing side see working-side
Chlorocebus (Cercopithecus) aethiops (vervet,
green monkey), 106-127
clavicle, 137
climbers, 207, 212, 213, 214, 215, 216, 217,
218, 221, 355
Colobinae, 358, 360
adult allometry, 33
ontogenetic allometry, 38
sexual size differences, 30-31, 33
taxonomy, 25, 3940, 46, 61
Colobus (colobus monkeys), 25-26, 31-39
(Piliocolobus) badius (red colobus), 25-26,
31-39, 211
comminute, 203
complexity, 402-409
contraction, coefficient of, 110
cosines, direction, 261-276
covariance, 380
craniometric differences, 73, 78, 79
craniometric variation, 66, 73, 82, 92
cranium
length of, 50, 60
width of, 60
creases method, 387
critical stress intensity factor (Kj¢), 195, 198,
199
cross-sectional data, 13, 19, 22
crus, 114, 125
cuboid bone, 169-170, 172-173

data visualization, 206, 207
Daubentonia madagascariensis (aye-aye),
213,215,369, 372, 374, 375, 407

autapomorphy, 369-370
cranium, 371, 373
dentition, 373
primitive features, 370, 371
relationships, 369-370, 371
indriid affinities, 374-375

deceleration, 125, 260-274

421

defenses of plants
anti-ingestion, 199
anti-mastication, 200, 203
chemical, 199
mechanical, 198-199, 200;
displacement-limited, 198, 199, 200,
stress-limited, 198, 199, 200, 201, 203
demes see variation, infraspecific
dental comb, 369-374
design of observation, 395-396
development, 401
diagonal
couplets, 263
gait, 272, 275
sequence, 263
Didelphis virginiana (North American
opossum), 19
diencephalon, 208, 218, 219, 220, 222
dimension-free parameter, 260, 261
direction, 258-276
discriminant function analysis, 47-48,
380
displacement, 269-271
display hypothesis,
diurnality, 355, 358
divergence time, 360, 361, 364
“Division of Labor”, 100, 120
domain
deformation, 194, 195
fracture, 194, 195
drive, 259, 273, 274, 276
dynamic similarity, 136

early Homo, 66-93
ecological

clock, 362, 365, 366

clustering, 358

distance (D?%), 359-365

diversity, 354, 355, 359, 365, 366
elasticity, 106

recoil, 105

storage, 106

strain energy, 105
electromyography (EMG), 232
encephalization, 206
energy expense of contraction, 102-127
Erythrocebus patas (patas monkey), 121, 125,

126, 211

evolution, 206-222, 380

of humans, 2-3

of land vertebrates, 136
evolutionary morphology, 125-126
excursion

lower limb: angular, 309-311, 326; vertical,

304-306, 326
muscle (h), 101
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excursion/velocity, 106—125
experimental design, 395-396

fasciculus length, 99-120, 127
in situ (measured) (lf/), 109, 111
resting (adjusted) (lfr), 109, 111, 116
faunivory, 355, 358
Fayum, 2
Fp, 251
feeding, 287-288
hypothesis, 283-290
postures, 287
Felis domesticus (domestic cat), 121
fiber, plant, 193-202
content see cells, volume fraction
toughness, 196
first digit, 175
Fisher, R. A., 396
fixed-contact-point model, 311-313, 314-327
Foup, 251
Fops 251
folivory, 355, 357, 358
food particle size, 193
force, 258-276
curves, 261, 264, 265, 266; asymmetry, 262;
symmetry, 265
ground reaction, 267
plate, 259, 260, 261, 266, 269
forelimb, 3, 4, 134-137, 149-150, 259-276,
398
forward cross, 263
fossil, 66-93, 393, 409
fossil species recognition (FSR), 70-93
fossils, named
KMN-ER-1470, 66, 74, 79, 82, 86, 87, 93
KMN-ER-1813, 66, 74, 78, 79, 80, 82, 86,
89,93
OH-7, 66
OH-8, 163, 165, 167, 168-169, 171-173,
186-190
OH-13, 66, 89, 93
OH-16, 66, 87
OH-24, 66, 74, 78, 79, 80, 82, 86
Stw-53, 66, 74, 78, 79, 80, 82, 86, 89, 93
Fourier
analysis, 260-272, 379, 381, 382
coefficient, 260, 261, 262, 263, 264, 265,
266, 267
curves, 395
equation, 263
function, 262
fracture, plant, 200, 201, 202
domain, 194
events, 195
intercellular cracks, 202
of cell wall, 196, 201
of food particles, 193

onset of, 195

point of initiation, 195

radial, 202
fragmentation, 193-201
frugivory, 355, 358
function, 400-403, 406, 409

gait, 263-275
cycle, 260, 261, 266, 267, 272,274
Galago (bushbaby), 144145, 146, 150-151,
358, 361, 406
senegalensis (Senegal bushbaby), 213
Galagoides demidoff (Demidoft’s bushbaby),
213
geometric morphometrics, 26-29, 31, 393
geometry, 380-382
glycolysis, 138, 139
gomphotheres, 200
Gorilla gorilla (gorillas), 66-93, 162, 173,
209, 211, 404
gorilla, 67,75,76,79, 81, 82, 83, 84, 85, 86
berengei, 67,75, 76, 81, 82, 83
diehli, 67,75, 76, 81, 82, 83
graueri, 67,75, 76, 81, 82, 83
gravity, 134-137, 149-150, 298
grinding, 231
ground-dwelling, 135
growth, 12, 13-15, 400-402, 403
parameters, 16-17, 19-20, 22
of humans, 13-15, 16

W/, (excursion/adjusted belly length),
111-124
Hapalemur griseus (gray bamboo lemur), 368
Haplorhini, 212, 213, 214, 217, 368-369, 370,
371
hemicellulose, 195
heterochrony, 16
hierarchical levels, 72, 73, 76, 77, 78, 86, 89,
379
hind limb, 4, 258-276, 398
hip, 398
hippocampus, 208, 218
hominoid, 398-399
Homo (humans), 2, 5, 173, 183-190, 209
habilis, 3, 4, 66-93
rudolfensis, 79, 88
Hylobates (gibbons), 2, 3, 146, 211, 358, 361,
384, 404
hypothesis-free, 206

immunocytochemistry, 147-153
impulse, 265, 266
acceleration, 273, 274
braking, 273
propulsive, 273
indentation (hardness) test, 195
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index, 380 lorisines, 144, 145
crural, 112, 119 lumbar lordosis, 285-286
distal, 112 lumping, taxonomic, 3

dorsal, 112, 119

femoral robusticity, 112, 119
indices, statistical, 163, 166, 167, 190
Indri indri (indri), 213, 362, 374
indriids, 358
ingestion, 199, 200
insectivores, 404
integration, 386
interaction, statistical, 18—-19
intercellular fracture (cracks), 198
“intercept toughness”, 196, 197
inverted-pendulum model, 298-302, 303,

311-314

jaw joint, 335-349
jaw lever system, 338, 339, 340, 341, 348

Kendall’s shape space, 28-29
Kenya, 66, 74, 89

Kjc see critical stress intensity factor
knuckle walking, 173

Lagothrix (woolly monkey), 125, 211,
404
landmark
configurations, 27-28, 29, 31
points, 380
lateral transverse bending (wishboning),
232-254
Le Gros Clark, W. E., 1
leaping, 354, 355, 358
Lemur (lemur), 146, 148, 150
catta (ring-tailed lemur), 232-254, 368
(Eulemur) fulvus (brown lemur), 101, 106,
121,213
Lepilemur (sportive lemur), 362
ruficaudatus (red-tailed sportive lemur),
213
lignin, 195, 202
limb extensor, 136
limbs
inside, 259, 262-264, 271, 275
outside, 259, 263, 264, 271, 275
see also forelimb; hind limb
linear model, 18
loading, 230, 232, 243, 254
locomotion, 3, 99-126, 134, 135, 146,
206-222, 259, 260, 261-263, 266, 273,
274,297-328
logarithmic transformation, 167
longitudinal data, 12-13, 19, 22
Lophocebus (mangabey), 40
Loris (loris), 144—145, 146, 358, 361, 384
tardigradus (slender loris), 213

Macaca (macaques), 142, 148, 150, 151, 152,
230-254, 399
fascicularis (crab-eating macaque), 234
fuscata (Japanese macaque), 234
mulatta (rhesus macaque), 149, 150
mammal, 12, 16
Mandprillus (mandrill), 39
marsupial, 19, 21
masseter/pterygoid complexes, 349
mastication, 198, 199-200, 203, 229-254
masticatory apparatus, 198, 334, 335, 336,
340
maxilla, 33, 37
medulla, 208, 211, 219, 221, 222
mesophyll, 200, 201
Microcebus (mouse lemur), 143, 146, 149,
150, 152
murinus (gray mouse lemur), 213
microgravity, 135
midbrain, 208
midparietal width, 60
mid-stance, 265, 266, 274, 275
Miopithecus talapoin (talapoin monkey),
211
modeling, 16-17
analytical levels, 397-400
multi-factoral, 396
statistical, 396
molars, 200, 201, 203
bladed, 201, 202, 203
cusped, 200, 201, 202
molecular phylogeny, 360, 361
moment, 261-276
double support, 261, 275
Monodelphis domestica (short-tailed
opossum), 19
morphologic
differences, 72, 78, 79, 82, 89
integration, 392
variation, 68, 69, 71, 72, 73, 87, 88, 90, 92,
93
morphometrics, 3, 24, 165, 206, 207
motor function, 207-222
motor units, 140
movement on level surface, 272
moving-contact-point model, 303-304,
313-314, 326-327
multivariate, 71, 78, 206, 207
analysis, 47-48, 57-58, 162-163,
404
axes, 386
morphometrics, 379, 380
statistics, 417418
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muscle, 99-127, 400402, 403

antigravity, 104, 107

belly length, 110; in situ (measured) (),
108, 111; resting (adjusted) (), 105,
110, 111, 116

contractility, 100, 101, 106; isometric, 102,
106, 120, 124; isotonic, 102, 106, 107,
120, 127

elasticity, 137

fiber architecture, 99—-108, 126

fiber type, 135, 139-142, 144145, 146,
147, 149; ontogeny, 142, 151-152;
plasticity, 145, 147

force, 100-125; vector of, 334-349

function, 99

gluteal group, 99-127

hamstring group, 99-127

heterogeneity, 135, 138, 141-142

jaw, 334-349

jaw adductors, 229-254

line of action, 335-349

mechanical work, 138

parallel-fibered, 100-124

pinnate-fibered, 100-109

plasticity, 127

unipinnate, 101

viscous, 137

weight: percentage (%W), 117, 120

muscles, named

biceps femoris (flexor cruris lateralis),
107-124

gastrocnemius medialis, /48, 150,
151

gastrocnemius lateralis, 149, 150, 151

gluteus medius, 107-123

gluteus minimus, 107-124

gluteus superficialis, 107-122

gracilis, 142

masseter, 232-254

piriformis, 112

postsemimembranosus see
semimembranosus proprius

presemimembranosus see
semimembranosus accessorius

pterygoid, lateral, 251, 252

pterygoid, medial, 251

rectus femoris, 106

scansorius, 113, 124

semimembranosus

semimembranosus, accessorius
(presemimembranosis), 107-125

semimembranosus, proprius
(postsemimembranosis), 107-125

semitendinosus, 107-125

soleus, 143, 144, 148, 149, 150, 151,
152

tensor fasciae latae, 112
tibialis posterior, 175
triceps brachii caput laterale, 148, 150,
151
triceps brachii caput mediale, 150, 151
triceps surae, 106, 124, 127
vasti peripherales, 106
vastus intermedius, /50, 151
vastus lateralis, 101, 106, 150, 151
vastus medialis, 106, 144, 150, 151
myosin, 140, 141-144
myotendinous junction, 109, 1710

nasal, 37
Nasalis larvatus (proboscis monkey), 51-55,
57-59, 211, 407
navicular, 173-183
tubersosity, 175
Neanderthals, 3
neocortex, 208, 211, 218, 219, 220, 222
New World monkeys, 398
niche-metrics, 406407
nocturnality, 355, 358
non-chewing side see balancing side
nonlinear growth, 12
nuchal shelf, 3
Nycticebus (loris), 144, 145-146
coucang (common slow loris), 213

occipital height, 52, 60
Old World monkeys, 398
Olduvai Gorge, 66, 74, 87
olfactory bulb, 208
ontogeny, 24, 31, 36, 38-39, 409
scaling, 38, 39
trajectories, 37
optical stress analysis, 379
orbit, 33
Otolemur crassicaudatus (thick-tailed
bushbaby), 213, 230-254
garnetti (small-eared greater bushbaby),
234
oxidation, 138
Oxnard, Charles, 1-6

paleocortex, 208, 218
Pan (chimpanzee), 173, 209, 211, 258-276,
361, 404
Papio (savanna baboon), 40, 232-254, 384
anubis (olive baboon), 211, 234
parasagittal plane, 136
partial least squares, 384-386, 387, 389
pelvis, 4
australopithecine, 281
percentage reduced physiologic cross-sectional
area (%RPCA), 109, 110-121
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permutation test, 30
Perodicticus potto (potto), 213
phase
deformational, 194
elastic, 194
plastic, 194
phosphotungstic acid hematoxylin (PTAH),
109
phylogenetic
distance, 360, 361
inertia, 20
signal, 359
phylogeny, 3940, 163
physiologic cross-sectional area, 100,
110
reduced, 103-117, 121
see also percentage reduced physiologic
cross-sectional area
pinnation angle (), 100-116
Pithecanthropus, 3
Pithecia monachus (monk saki), 211
placenta, 368
Pongo (orangutan), 4, 162, 169, 173,
404
population continuum, 71
taxonomy, 68, 71, 72, 73, 88
population-thinking approach, 66-92
postorbital constriction, 60
posture, 144, 150-151
sprawling, 136
power stroke, 232-240, 243, 244, 247, 250,
251, 253-254
Presbytis (leaf monkey), 46, 51-55, 58, 59-60,
407
Presbytiscus, 46, 51-55
primates, 404
communities, 353-365
phylogeny, 354, 356, 358, 359
radiations, 362, 363, 365
socioecology, 354
principal component scores, 30, 31
principal components analysis (PCA), 29,
47-48,75,77,208-222
principal coordinates analysis (PCO),
356
Procolobus (olive colobus), 25-26, 31-39
Procrustes distances, 30-31, 33
Prolemur simus, 374
Propithecus (sifaka), 374, 384
verreauxi (sifaka), 213
propulsion, 107, 115, 125
prosimian, 144
proto-Daubentonia, 371
Pteropus (flying fox), 213
Pygathrix nemaeus (douc langur), 46, 51-55,
57-59, 211, 407

425

quadrupedalism, 258-275
arboreal, 354, 355
terrestrial, 354, 355

Ramapithecus, 3

randomization test, 111, 112, 119, 121

registration, 27-28

regression, 360, 361, 364

retinal fovea, 368

rhinarium, 368

Rhinopithecus (snub-nosed monkeys), 46,
51-55, 57-59, 407

root-mean-square (rms), 231-236, 239

RPCA see physiologic cross-sectional area,
reduced

“rule of mixtures”, 195

sagittal crest, 2, 3
Saguinus (tamarins), 212, 362
oedipus (crested tamarin, cotton-top
tamarin), 212
Saimiri sciureus (squirrel monkey), 211, 214
sarcomere, 100, 101, 102, 104, 106, 109
schizocortex, 208
sclerenchyma fibres, 198, 200, 201
semiterrestrial, 107, 108, 126
Semnopithecus (leaf monkey), 51-55, 57-59,
407
septum, 208, 218
sex, 164, 173, 183
sexual dimorphism, 11-12, 15, 18-19, 20, 21,
30, 31, 37-38, 39, 51, 52, 68, 76, 78, 79,
80, 81, 82, 84, 85, 86, 87,93, 112, 173
hominin, 290
ontogeny of, 16, 40
sexual discriminant function, 80, 83, 84
shape, 26, 27-28, 174
coordinates, 389
space, 381
shear, 231, 233
shoulder, 398
Sinanthropus, 3
sine, 263
size, 26, 27, 31, 57, 163, 164, 174, 380
skull length, 49
smooth movement, 272, 273
South Africa, 66, 74, 89
splitting, 3
springers, 212, 213, 215, 216, 217, 221
stance phase, 261, 266, 267, 268, 269, 272,
274,275,276
stature, 324, 327
steer, 258, 259, 275, 276
Sterkfontein
caves, 74
scapula, 3
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strains

dimensionless, 195

distortions, angular, 194

distortions, linear, 194

permanent, 194

onset of, 195

reversible, 194
Strepsirhini, 209, 212, 213, 214, 215,

232-254, 368-375

stress, 194

analysis, 4

bending, 231

fracture, 195, 202

yield, 194, 195, 198, 199, 202
stress—strain gradient, 194
striatum, 211, 218, 219-220, 222
subspecies, 67, 69, 70-93
symphyseal fusion, 229-254
symphyseal fusion—muscle recruitment

hypothesis, 230, 231, 251

symphysis, 230-254

talus, 4, 164, 168-169, 172-183
Tanzania, 66, 74, 87, 89
tapetum lucidum, 368
Tarsius (tarsier), 384, 406
teeth, 2
postcanine, 231
shape, 193, 200-202
tooth row, 335-349
tendon
length of distal (¢7) 109, 110
length of proximal (z,,), 109, 110
length of total (/;), 111
tendon length/fasciculus length+tendon length
U+, 111-121
tension, 100-117
texture, 193-203
mechanical, 193
Theropithecus (gelada baboon), 40
theta (6) = arcsin (a/ly), 109
thickness, 196-198
thin-plate splines, 29, 37, 136, 379, 382, 383,
395
Thompson, D’ Arcy W., 415-416
threat displays, 288-290
three-dimensional coordinates, 394
toilet claw, 368-369, 371
toughness, 194-203
toughness—tissue thickness plot, 197
Trachypithecus (leaf monkey), 51-55, 58-59,
407
transformation grids, 29, 379, 382-383, 386,
395
tripedal, 263

trunk, movement and position, 300-301,
304-309
Tupia (tree shrew), 145-146

unit of analysis, 12-13, 399
univariate analysis, 166
University of Chicago, 3
unloading, 243

urodeles, 136

V. see cells, volume fraction
Varecia variegata (ruffed lemur), 213
variation, 13, 45, 46, 387
allometric, 26, 30
coefficient of (V*), 111, 117, 118, 121
infraspecific, 69-92; deme, 68-93;
individual, 68-92; intersexual see sexual
dimorphism; intrasexual, 76-87; locality,
68-93
interspecific, 45, 51, 70
intraspecific, 16, 45, 51, 66-93
population structure, 68, 71, 72, 73, 88
species structure, 72, 73, 75
velocity, 101-127
vertical clinging and leaping, 144
vertical ground reaction force (GRFy),
318-324, 326, 327
virtual stance limb (VSL), 298, 299, 303-304,
318

W/B see working side—balancing side ratio
WIPy see weight/estimated tetanic force
walking, 297-328
kinetic energy of, 298
potential energy of,
speed, 324, 326, 327, 328
walk-run transition, 327-328
weight/estimated tetanic force (W/Py),
111-124
weightlessness, 134
wishboning see lateral transverse bending
working side—balancing side ratio (W/B),
232-254
working side (w-s), 230

Young,J. Z., 416
Young’s modulus, 194, 195, 198, 199,
202

Zinjanthropus, 3

“zone of action”, 201

Zuckerman, Lord Solly, 1-3, 4, 415,
416
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