
Index

453

Ablotic organic synthesis , 41

Abnormality , 240

Abt , Helmut , 203 - 204 , 206

Acquisition signals, 279 - 280

Adaptation , 242 - 250 , 266
mammals and , 321 , 322

Adaptive advantage , 237 - 238

Albedo , planetary

and continental glaciers , 140 - 141

and deep-ocean heat storage , 140 -
141

of Earth , 112 , 133

ocean area and , 141

and parameterization, 136
AI fven waves , 346

Algae

blue -green , 309

green , 297 , 302 , 308

red , 298 , 309

Allegheny Observatory , 164

Alvin spacecraft , 47 - 48
Ames Research Center (ARC), 392
Amino acids , 212 . See a/so Hydroxy -

amino acids

Aminoacylation , 214

Amplifiers , low -noise , 407

Angiosperms , 308 , 312
Angus spacecraft , 47

Ant arctic circumpolar current , 142

Aquatic -marine habitats , 308 , 310
Archaeocyatha , 233
Archean era

continental crust during , 103

life during , 85

Arctic Circle , 91

Argentine glacier, 111

Arrhenius , Gustaf , 202 , 203

Artefacts , 277

Arthropoda , 233 , 249 - 250

Ascaris , 299 , 300 - 301

Ascomycetes , 298

Asteroids , 49

Astrometry , 171 - 172 , 177 - 178

Atmospheres , 79 - 100

Earth 's, oxygen and ozone in , 149 -

160

Atmospheric image degradation , 179 ,
180

Atom epoch , 4- 5

Bacteria

anaerobic diversification of , 95

chemistry of , 85

photosynthetic , 88 - 89
ultrastructure of , 85

Baja California , 94
Ballistic Missile Early Warning System

(BMEWS), 379- 380
Bang. See Big-Bang Universe
Banin , A ., 62

Barghoorn , Elso , 85
Barnard 's star , 164

Basalts , oceanic , 103 - 104 , 105 , 106 ,

107

Base stacking , 218 - 219

Basidomycetes , 298

Beagle, 420 , 421

Berkner , L . V ., 155 , 158

Big-Bang Universe , 1- 3

Binary stars, 184

and planetary search es, 178 - 179 ,

183 , 185 - 190



454 Index

Bioenergetics , sulfur , 52- 53

Birds , and tool modification , 277

Black holes , 349

Blood , 96

Boaden , P. J. 5 ., 300

Bonner D Llrchm Lister Llng, 337

Brachiopoda , 249
Brain

complexity of , 324- 325
human , 268

size, and intelligence, 259, 266
Budyko , 5 ., 128

Burgess Shale , 232 , 233

Bush , G . L ., 239

Bryozoa , 232 , 249

Calamites , 308

Callisto , 56 , 73

Caltech group , studies of Earth 's crust ,
103

Cambrian , fossil phyla , 229 , 230 , 232 -
233

Cameron , Alistair G . \ V., 109 , 203 , 204 ,

205 , 430

Cape Photographic Durchmusterung,
338

Catalogue of Bright Stars, 337

Catalogue of Nearby Stars , 187 - 190
Catalysis , 53 - 54

Cell symbiosis theory , 95
Cephalopods , 267

Cerra T 01010 Observatory, 339
Cess , RobertD ., 131 - 132 , 134 , 135 ,

140

Cetacea , 321

Chamberlain , T . C ., 424 , 425

Chang, Sherwood, 200
Charge-coupled device (CCD), 340-

341

Chemical evolution . See Evolution

('Chemical fossils , " 91

Cherts , fossiliferous , 86 , 87

Chimpanzee , and tool use, 279
Chordata , 232

Chou koutien , China , hearth site ,
281

Civilizations , advanced , 343 - 350

Clark , D . H ., 290

Clark , Robert B ., 234

Clausius-Clapeyron relationship, 134
Clay -water systems , frozen , 68 - 69 ,

70 - 71 , 72

Climate, Earth, changes in, 111- 114.
See a/so Climatic stability

Climatic modeling, 127- 144
Climatic stability , global

effects of clouds on , 132

and external forcing of , 131 , 138 -
139

and meridonal heat transport , 135 -
137

and radiative effects , 131 - 135

systems experiments on , 138 - 141

Clouds , 9 , 13

interstellar , 25

ion -molecule reactions in , 27

effects of , on climatic stability ,
132

effects of , on global radiation balance ,
134

planetary albedo and , 133

and surface temperature feedback ,
134 - 135

Clover  leaf arrangement , 214 , 215 , 218

Cnidarians , 233 , 234

Cocconi , Giuseppe , 360

Cognition , 324 - 326

Collagen , 298 , 299 , 300 - 301 , 302
Comets , 28 - 30

Communication , interstellar , 352 - 376 .

See a/so Radio search , interstellar ;

Travel , interstellar

Continental crust , 102 - 106 , 104

Continents

age of , 107 - 108

composition and formation of , 101 ,
102 - 106

configuration , geological time scales
and , 141 - 142

growth of hydro sphere and , 106 -
107

Continuously habitable zone (CHZ),
129 - 135



455Index

El dredge, N., 238
Ellis, j . S., 134
Elodea. 312-313
Encephalization

adaptation and, 266

area and , 265

biology of, 264- 267
dimensional complexity and, 267
environmental diversity and , 265

mass extinction and , 260

metabolism and , 266 - 267

parental care and, 267
rates , 261 - 264

relative levels of , 262 - 263

trophic level and, 266
Environmental diversity , 265

Equilibrium , deviations from , 96
Erdmann , V . A ., 225

Eucaryotic cells, 92
Europa , 56 , 73

European Space Agency (ESA),
174

Evapotranspiration, 140- 141
Evolution

atmospheres and , 79 - 100

of cognition , 324- 326
of complexity , 319- 321
cosmic , 1, 6 - 8

of intelligence , 321 - 324

of intelligent lifE~, 317 - 327

of man , 317 - 327

of multicellular life , 229 - 254

organic chemical, 21-45
of plants , 307 - 314

quantum events in , 241 - 242
of technological species, 277-285

Extensin , 298 , 299

External forcing , climatic stability , .

131 , 138 - 139

Extinction , mass , 266

Faint early Sun paradox , 128 -
129

Ferns , 308

Filters and gates , matched , 361 - 363

Filter -signal mismatch loss, 366-
370

Convoluta paradox a, 94

Copernicus , 428

Copper, smelting, 281- 282
Corl , K . G ., 260

Cosmic evolution

and global hypothesis, 1, 6- 8,
principal eras in, 14

Cosmic haystack, 397- 398
CurrieD . G ., 178

Cyclops project , 347, 360, 368

Dainty , J. C., 178

Darwin , Charles , 420 - 421 , 424

De Bergh, C., 129, 130
Delmer , D . P., 302

DeVries , A . L ., 72

Dinoflagellates, 94
Dinosaurs , 259 , 266

DNA , 61 - 62 , 218

Dobyhansky , T ., 320
Double helix

. DNA , 218

RNA , 211 - 212 , 214 , 218 , 219 -

220

Drost -Hansen , W ., 65

Dryopithecinae , 323
Du Brul , EL ., 325

Durham, J. W., 229
Dyson , Freeman , 429

Earth

accretionary history of , 125 , 126

atmosphere of , 79 , 80 - 82 , 96 - 98

climate , 111 - 114

early evolution of , 39

early life on , 79 - 80 , 82 , 83
formation of , 102

mantle of , 102 , 103

preblotic , 37- 45
sulfur occurrence on , 48

Eavesdrop ping hypothesis, 377-
390 .

Echinoderma , 249

E . Coll , 222 , 223

Eddy , J. A ., 113

Ediacaran , 230 , 233 , 234

Eichhorn , Heinrich , 164



456 Index

Harvard Revised Photometry , 337
Harvey , Joseph , 96
Hays, J. D., 113

Heat transport , 135 - 137

Henderson -Sellers , Ann , 128

Henry Draper (HD) Catalogue, 338-
341

Heppenheimer , T . A ., 121 , 122 , 204
Hershey , J., 164

Heterozygotes, 238- 239, 241
Hipparchus , 337

Hodgson, A., 220
Holland , H . D ., 152

Holley, R. W., 214
Hominidae , 264 , 324

Hominoids , 322

Homozygotes, 241
Hormones , 240

Horowitz , N . A ., 72

Horsetails , 308 , 312

Houk , N ., 339

Hurricane Beulah , 9

Hunten , Donald M ., 151

Huxley , Thomas , 318 , 321

Hydro sphere , 106 - 108

Hydroxyamino acids, 297- 303
Hydrogen bonding, 214, 215- 216, 217,

218 - 219

Hydroxylation , 298 - 299

Hyman , L . H., 234

Hyolithidia , 233

Ice ages , 112 , 135

Ice -air interface , 62

Ice catastrophe , 128 , 134 - 135

Ice - ice interface , 62

Informational relays , 240

Information signals , 379 , 380

Infrared astronomical satellite (I RAS),
173 , 174

Insects , tool use , 278

Intelligence

brain size and , 259 , 266

evolution of , 259 - 270 , 321 - 324

Intelligent life , 317 - 327

Interfacial environments , 62 - 68

Gala hypothesis , 96 - 98

Galactic nucleus , 292 - 293

Galapagos discovery, 54- 55
Galapagos finch (Cactospiza), 277,

279

Galaxies , formation of , 5 , 6 , 8- 9

Galaxy epoch , 5

Gal -Chen , T ., 128

Ganymede , 56 , 73

Gast , Paul , 102 , 103

Gates and filters , matched , 361 - 363

Gatewood , George , 164

General circulation models (GCMs),
134

Genes , 239 - 240

Genetic drift , 240 , 241

Geological time scales, continental
configuration and , 141 - 142

Gliese , Wilhelm , 187

Goldreich , P., 122

Gould , Stephen J., 238 , 248

Gravitational waves , 346

Gravity , plant evolution and , 312 -
313

Greater Spotted Woodpecker (Dendro-
copos major ), 277

Great Red Spot , Jupiter , 33

Greyson Shale, 301

Hadron epoch , 3

Harrington, RobertS ., 118, 178, 187,
188 , 204 , 205

Hart , Michael H ., 55 - 56 , 129 , 130 , 134

Fire, 281-282
Fischer- Tropsch-type synthesis, 40
Fishes, bony, 266, 267
Fitness, 237, 238
Flagellum, 91
Fossil records, 82, 84, 231

Late Precambrian, 300-301
metazoan body plans, 230-237
Phanerozoic, 229
trophic pyramid and, 320

Fuller, W., 220 .
Fungi, hydroxyamino acids in, 298,

300, 302



457Index

Life (continued )
origin of , 9- 10, 95 , 198
role of water in , 61 - 74

Life era , 14 - 16

Life models , 242 - 250

Lightning , 197

Lignification , 307 - 314

Lignin , 308 - 309 , 310 - 311 , 312 , 313 - 314

Lipman , Fritz , 195 - 196

Little Dal Group , fossils from 301

Little Ice Age , 111 , 118

Liu , S . C . , 151

Lizards , poikilothermic , learning in ,
264

Lorenz , Edward N ., 137

Lovelock , James E., 79 - 100

Lynds , C. R., 179

MacAlear , James, 73

McAlister , H . A ., 178 , 185 - 186

McCulloch , M . T ., 103

Machines , 282

Macroevolution , 237 - 240 , 241 , 253

Macro microcosm  icus Oceanus , 96

Mammals

encephalization in , 264 - 265 , 321 -
322

trophic pyramid and, 320- 321
t\ian , evolution of , 317 - 327

Margulis , Lynn , 430
Mariner 9 , 111

Mars

atmosphere of , 80 , 81- 82

climate on , 111 - 112 , 113

Grand Canyon of , 199

life on , 37 , 47 , 196

organic chemical evolution on , 37

soil on , 199

sulfur occurrence on , 48

Viking mission to , 47 , 80 , 111 , 196
water and ice on , 73 , 198

Marshall , L . C ., 155 , 158

Mass , C ., 131 , 140

rv1asursky, H., 112 , 199

Matsuda , R ., 240

Matter era , 4

Interferometry

single- and two -aperture, 171- 172
speckle , 177 - 190

International Astronomical Union , 393

Interstellar dust , 293 , 346

Jerison , H. J., 260 , 324

Jet Propulsion laboratory , 392

Jupiter
as failed star , 117

life on , 31 - 33

organic chemistry of , 31 - 33
radiation , 169 , 169 - 170

satellite system of , 187

sulfur on , 48

Kalotermes schwartzi , 92 - 93

Kasting , James F.J 196 , 197
Kelvin , Lord , 424 - 425

KittPeakinterferometer , 179 , 181 ,

182f

Klein , Harold , 195 - 196

Kominz , M . A ., 113

Kushner , D. J., 72

Labeyrie , A ., 178 , 179 , 183

Laguna Figueroa , Mexico , 87 - 88 , 89 ,
90

La Jolla group, studies of Earth 's crust,
102

Lamont -Doherty group , studies of
Earth 's crust , 103

Lamport , D. T . A ., 302
Lashley , K . S. 324
Late Carboniferous , Illinois , 233

Leakey , Louis , 280 - 281

Lepidodendron , 308

Lepton epoch , 3

L ' Escale Cave , France , 281

Levine , J. 5 ., 158
Life

basic requirements for , 56

early , on Earth , 79 - 80 , 82 , 83 . See
a/so Fossil records ; Plants

intelligent , 115 - 118 , 317 - 327

multicellular , hydroxyamino acids
and , 297 - 303



458 Index

" Maunder minimum , " 113

Meadows , A . J., 128

Metabolism , aerobic , 85

r..1 etazoans

fossil record of , 229 , 230 - 237

grades and body plans of , 235 , 236 -
237

hydroxyamino acids in , 297 , 298 ,
299

origin of , 302
Meteorites , 33 - 37

phases of , 34 , 35

sulfur content of , 49

Methane consumption , of primitive

organisms , 197

Michclson , A . A ., 178

Microbial life , 85 - 87 , 94

Microevolution , 237 - 239 , 241 , 253

Microwave window

free -space 358 - 359 360, ,

terrestrial , 359

Middle Cambrian Burgess Shale fauna ,

232 , 233

Midocean ridge basalts (MORB), 103-
104 , 105

Milankovitch hypothesis , 113 , 140

r..liller , S . L ., 69 - 70 , 211

Mismatch loss , 366 - 370

Mixotricha paradox a, 92
~10lecules

cometary , 30

intcrstellar , 26

Mollusca , 249

Monterey , Calif ., observatory , 339

Morgan stern , N. R., 62

Morphogenesis , 239 - 240

Morris on , Philip , 195 , 199 , 206 , 360 ,
393

Morse , J. W., 159

Mosses , 321

in New Zealand , 311

Mullen , G ., 128

Multicellular organisms
evolution of , 229 - 254

hydroxyamino acids in , 297 - 303

intelligence in , 259 - 270

Multichannel spectrum analyzer (MCSA),
364 , 365 , 369 - 370 , 407 - 411

Multiple -star systems , 204 , 205 - 206

formation of planets in , 121 - 122

planetary orbits in , 119 - 122
Murchison meteorite , 36

distribution of carbon in , 36

Mutations , 240 , 241

NASA , 173 - 174 , 199

NASA -Ames Research Center , 164 -
165

National Radio Astronomy Laboratory ,
407

Nebulae , 121 - 122

North , Gerald R ., 128

Nuclear magnetic resonance (NM R)
data , 62 - 67

Observational plan , SETI , 399 - 403
Oceans

bottom of , water temperatures ,

142 , 143f

and climatic extremes , 141

currents , continental coastlines and ,

142

increase in area of , 141

origin and evolution of , 101 , 106 -
107

O ' Neill , G ., 269

O ' Nions , R . K ., 103

Oort , Abraham H ., 137

Oparin -Haldane -Miller -Urey paradigm ,

38 , 42

Orbital element variations , 140 - 141

Orgel , L . E., 69 - 70
Oro , John , 200 , 201 , 202 - 203 , 206

Orography , 140 - 141

Orthogenesis , 318

Owen Tobias , 128

Oxygen , 149 - 155

Oxygenase , 299
Ozone

in Earth 's atmosphere , evolution

of , 149 , 155 - 160

effects of supernova explosion on ,

291 - 292 , 293



459Index

Ozone (continued)
solar flare and, 293

Ozma project, 394

Paris group , studies of Earth 's crust ,

102 - 103

Passingham, R. E., 260

Parenting , 323

Parent star , 287 - 289

Phanoerozoic phyla , 229 , 230

Photosynthesis
in sulfur , 52 - 53

symbioses and , 94

Phyla , fossil records of , 230 - 237 , 250

Pisias , N . G ., 113

Planetary evolution , role of sulfur in ,
49 - 50

Planetary systems , detecting , 173 - 176 .
See a/so Search for Extraterrestrial

Intelligence

search strategies , 351 - 376 , 395 -
399

with speckle interferometry , 177-

190 I
Planets , formation of , 121 - 122

Plants

evolution of , 307 - 314

hydroxyamino acids in, 297
vascular , 307 , 308 , 312 , 314

Platyhelminthes, 233, 234
Pollack , James B., 111 , 197 - 198

Pollard , David , 140

Polymerization , 211

Polynucleotides, 211- 212, 214
Polyeptides , 212
Pore solutions , freezing -point shifts of ,

69

Porifera , 302

Precambrian

fauna , 230 , 232 , 233 - 234

late , 300 - 301

life during , 85
multicellular forms , 229 - 230

Precursor generation, water and, 61-
73

Primates, encephalization in, 321, 322

Proboscidea , encephalization in , 321 - 322

Project Orion , 165

Prolerozoic, life during, 85
Proteinoids , 10 , 11

Protein synthesis , 211 , 213 , 224 - 226

Prototechnology , 278 - 279

Protozoans, hydroxyproline in, 302
Pseudocoelomates , 234

Pterotermes occidentis , 92 - 93

Pyrotechnology. See Fire

Quasars, 5

Radial velocity , 172 - 173

Radiation era , 3 - 4

Radio leakage, 377 , 378 - 390

Radio search , interstellar , 356 - 370 ,

377 - 390

Ramanathan , V ., 132

Rasool , S. 1., 129 , 130

Ratner , ~1. I ., 158

Raup , David M., 248 , 253

Rees , Martin , 392

Reid , G . C ., 291

Rhea , 184 , 185

Rhoads , D . L ., 159

Riddell , W . 1., 260

Ringwood , A . E., 102
RNA

and ablotic formation , 61 - 62

and double helix , 211 - 212 , 214 ,

218 , 219 - 220

messenger , 212 , 214

RNA transfer , 211 - 216

and chain -elongation , 222 , 223 ,
224

and crystallization , 216- 218
initiator , 222 - 224

in solution , 220 - 222

Rocks , sedimentary , 85 , 86 , 87

Rutherford , Ernest , 424 , 425

Sagan, Carl , 128 , 349 , 377
Saturn

as failed star , 117

satellite system , 73 , 187

sulfur on , 48



460 Index

Schopf , J. William , 199 , 202

Sea otter (Enhydra ), tool use, 278
Search for Extraterrestrial Intelligence

(SETI), 199, 269, 339, 340
energy requirements of , 357

goal and objectives of, 394- 395
instrumentation of , 403 - 413

observational plan of , 399 - 403

and search strategies , 351 - 376 , 395 -
399

and signal identification , 413 - 415

and sky surveys of , 370 - 376 , 391 ,
399 - 423

" Search for Extraterrestrial Intelligence,
The" (NASA SP- 419), 393, 395

Search strategies , 351 - 376 , 395 - 399

Seasonal cycle , 139

oceans and , 141

Sellers , WilliamD ., 128

Shark Bay , Australia , stromatolites , 91

Sharks , encephalization in , 266 , 267

- Shklovskii , I . S., 377

Shock waves , 346

Signal identification , 413 - 415

Signal processor , 412 - 413

Signals , extraterrestrial intelligence ,
363 - 366 , 395 , 397 - 399 . See a/so

Communication , interstellar ;

Eavesdrop ping; Radio
Sign language, 422-423
Silicate-water-air interface (SWA), 62,

63 - 64 , 68

Silicate-water-ice interface (SWI), 62,
63 - 64 , 65 - 68

Silicate-water-silicate interface (SWS),
62 , 63 - 64 , 68

Simpson , George Gaylord , 202 , 318

Sky surveys , SETI , 370 - 373 , 391 , 401 -
423

targeted , 373 - 376 , 399 - 401

Smelting, 281- 282
Snow -ice albedo - temperature feedback ,

142

Solar flares , 293

Solar luminosity , 129- 130
Solitary burrowing wasp (Ammophi /a),

tool use , 278

Space telescope ( ST ) , 174

Speckle photographs , 177 - 190

Speech , 325 - 326

Spiral galaxy , 9

Spirochaetes , 93 - 94

Sproul Observatory , 164

Stanley , Steven M . , 238

Stars

binary , 178 - 179 , 183 , 184 , 185 -

190

catalogs , 335 , 337 - 341

formation of , 5 - 6

influence of , on emergence of intelligent 

life , 115 - 118

identifying suitable, 335- 341
luminosity of, 288, 289
parent , 287 - 289

properties of , 336 - 337

Stellar epoch , 5- 6

Strobel , D ., 7 , 151

Stromatolites , 87 , 89 , 91

Sulfur , 47 - 60

bioenergetics, 52- 53
biological utilization of , 51
catalysis , role of in , 53 - 54

compounds , 50 , 51, 53

cosmochemistry, 48-49
occurrence in Universe , 48 - 49

in planetary evolution , 49- 50
Sun

radiation , 169 - 170

sulfur on , 48

T - tauri stage of , 38 .

variations in output of , 112 - 113

Supernova , 118

explosion of , 289 - 292

Superphyla , 237

Swaziland , cherts , 86 , 89

Symbioses , 92 - 94

Szebehely , V ., 120

Taber , C . W ., 324

Tachyon , 349

Telepathy , 349 - 350

TV broadcasting, 379, 380- 387
Temperature

cloudiness and , 132 , 134 - 135



461Index

Temperature (continued )
outgoing -infrared irradiance and ,

136

snow / ice albedo feedback , 142

surface albedo and , 135 , 136

Termites , 92 - 93

Tesserae , colonization of , 242 - 250

Tools

animal use of , 277 - 279

hominids and , 324

humans and , 280 - 283 , 284

T owe , Kenneth , 196 , 200 , 201

Toys , 282

Travel , interstellar , 347 - 348 , 352 -

357

Trifid Nebula , 13

Triton , 56

Turekian , Karl K ., 203

Turbulent gas flow , 8

Tyler , Stanley , 85

Undulipodia , 91 , 93 , 96
United States Committee for the Global

Atmospheric Program (GARP)
report , 111

United States Naval Observatory , 164

University of Arizona , 184

Urey , Harold Clayton , 31 , 211
Usher , David , 202

Valentine , James W., 425

Van de Kamp , P., 164

Van Vleck Observatory , 164

Vapor , water , 131 , 134

Vascular plants , 307 , 308 , 312 , 314

Venera 9 , 80

Venus

atmosphere of , 80 , 81- 82
Soviet missions to , 80

and Venera 9 , 80

life on , 37

organic chemical evolution , 37
Vertesszollos , Hungary , hearth site ,

281

Video carrier signal, 280
Viking mission , 47 , 111 , 196

Vogt -Russell theorem , 336

Volcanic dust veils , 139 - 140

Volcanic outgassing , 151 - 153 , 154

Volvox , 302

Vonder Haar , Thomas H . , 137

Von lewenheimb , Sach , 96

Voyager mission , 33

Wagner , Philip , 282

Wald , George , 50

Walker , J . C . G . , 111 , 150 - 151 , 152 ,

158 , 196 - 197 , 199

Wallace , A . R . , 421

Ward , W . R . , 113 , 122

WarrenS . G . , 132 , 137

Wasserburg , G . J . , 103

Watson - Crick hydrogen bonding , 214 ,

215 - 216

Weather , 8 - 9

Webb , J . A . , 377

Wedgwood , Josiah , 420 - 421

Whittaker , R . H . , 302

Wilson , E . 0 . , 93

Wind fields , continental configuration

and , 142

Yeast , 214 , 215 , 216 , 217 , 223

and base stacking , 218 - 219 , 221 -

222

Zero - velocity surfaces , 120

Zhe - Ming , Chen , 129


