Index

a

absorber state
261, 264, 299

absorption 93, 94, 110, 119, 120, 131, 227,
440, 443

abundance 7, 10, 11, 258, 269, 287, 288,
293, 303, 338-340, 343, 349, 351, 390,
418, 420, 427

abyss 138

accretion 151

active cliff 87

adenine 214

adenosine triphosphate (ATP) 33, 400

adiabatic 7, 8, 12, 36, 104, 105, 111, 130,
131, 136, 137, 167

adjacency matrix 187, 188, 268, 269, 271,
274-277, 292, 402

adult 300, 400, 405, 406

Afar 159

affector 399, 402-404

affinity 65, 66, 83, 251, 387

Africa 134, 143, 145, 147, 149, 158, 159,
405, 419

Agulhas Current 127

air dryer 119

air-sea flux 111

223, 227, 228, 230, 232, 256,

air-sea interface 111, 114
Akinetes 139
alanine (Ala) 389-391, 435

albedo 89, 96, 101, 110, 119, 123
allele 300-303

allele drift 302

allosteric enzyme 404

alphabet 317, 407-411, 425

Alps 143, 157, 158

aluminium 149

America 143, 159

Ambharic 410

amino acid 28, 387, 389-392, 418, 431, 435

ammonium 439

AMOR 112,133

amphibian 70

Andes 143, 146, 157

Andronov, Aleksandr Aleksandrovich 25,
163, 170, 173

Angola 127

anisotropic 66, 68, 75, 76, 91

annihilation 10

anoxic 138, 139, 147, 155, 371, 436, 437, 439,
441

anoxygenic 139, 437

Antarctic 102, 118, 120, 121, 125, 137,
140, 142, 143, 147, 149, 157-159, 185,
186, 452

Antarctic Bottom Water (AABW) 140

Antarctic Circumpolar Current (ACC)
157-159, 389-391

Antarctic Peninsula 142, 149

anticyclone 125, 126, 135

antisymmetric 66, 166, 167, 292, 295

ants 377

anvil head 131

ape 375, 393, 407

Apex Chert formation 139, 154

Apollo 125

Arabia 158

Arabic 410, 411

archaea 139, 437, 438, 440

archaean 139, 438, 440

Archaeopteryx 147, 372

Archimedes 40, 130

Arctic 118, 120, 138

Arrhenius, Svante 85, 86, 91, 97, 103, 108,
109, 124, 418, 450

Asia 411

Asimoyv, Isaac 3

102,

Physics of Self-Organization and Evolution, First Edition. Rainer Feistel and Werner Ebeling.
© 2011 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2011 by Wiley-VCH Verlag GmbH & Co. KGaA.

501



502

Index

asteroid 151, 418, 437

asymmetry 44, 166, 167, 315, 325, 359, 362,
377, 448

Atlantic 96, 112, 127, 138, 143, 157, 158

Atlantis Massif 419

atmosphere 3, 13, 53, 54, 85, 86, 88-93,
103-112, 117-121, 123, 124, 130-132, 134,
136, 137, 139, 140, 144, 149, 152, 153,
437-439, 441, 450-452

atmospheric pressure 38, 133

atoll 140

attack 201, 206

attractor 32, 54, 77, 8688, 123, 134, 141,
155, 169, 170, 172, 173, 176, 214, 216,
217, 220, 230, 233, 234, 243, 254, 264,
305, 335, 347, 348, 351-354, 356, 358-361,
382, 394, 395, 401, 421, 444, 446448, 450

Australia 122, 143, 149, 159

autocatalytic 213-214, 216-218, 238, 246,
253, 266, 267, 271-273, 275, 287, 289,
304, 306, 307

automata 3, 4

autotrophic 154, 155, 291, 292, 296, 416,
440, 451

avalanche 87, 210, 420

Avatar 385

Avogadro, Amedeo 39, 378

Avogadro constant 39

Avogadro number 39

Awash 159

axon 400, 401

Azores High 126

b

babbling 366, 405, 406

baby 366, 367, 404-406

background radiation 9, 94, 177

bacteria 139, 387, 416, 439, 441

bacterium 188, 201, 213, 315

balance equation 47, 63, 64, 106, 111,
151, 179, 197, 310, 402

Baltic Sea 87, 91, 132, 134, 136, 138, 145,
159, 161, 297, 371, 438-440

Bangiomorpha pubescens 439

Barkhausen, Heinrich 25, 163

baroclinic instability 86

barotropic 105

basalt 139, 141, 142, 153

beauty 392, 393

beech tree 375

Belousov-Zhabotinsky reaction 23, 24

Benard cell 23, 68, 125, 140

Benguela 126-129, 157

Benguela Nifio 126, 127, 129

Benguela upwelling 127, 129, 157

Berlin 2, 3, 18, 112, 372

beryllium 90

Bible 160

bicycle 206

bifurcation 68, 69, 130, 145, 314, 320, 381,
394, 396, 397, 405

— diagram 314, 381, 395, 405

Big Bang 8

bilinearity 47, 79

bimodality 86, 140, 141, 143, 145, 153, 420

binary 43, 151, 165, 166, 168, 188, 225,
291, 292, 315, 343, 344, 357, 359, 361,
385, 390, 400-402, 411, 424, 433,
435, 448

biological species 200, 223, 305, 329, 448

biomass 288, 289, 291, 305, 439

bipedality 159, 405

bird 147, 160, 300, 375, 376, 392, 404, 406

—songs 406

birth-and-death process
221, 222

bistability 138, 213, 214, 217-220, 223,
231, 232, 242, 289, 377

black-body 7, 11, 12, 75, 76, 85, 91-94

—radiation 42, 71, 103

black hole 53

Black Sea 138, 159, 161, 406

block matrix 270, 283

blossoms 147

Bogolyubov, Nikolay Nikolaevich 173

boiling temperature 37

Boltenhagen 440

Boltzmann constant 21, 42, 76

Boltzmann equation 302

Boltzmann, Ludwig 1,6,21,32,42,51,55, 60,
61,71, 76, 77, 163, 234, 238, 302, 378, 379,
418, 447

Boltzmann-Planck entropy 234, 238

Boltzmann-Planck principle 77

Boole, George 167, 213, 263, 316, 343,
344, 351

boring billion 155, 160, 439, 441

Bose gas 201

bottleneck 111, 159

boundary layer 114, 119

brain 239, 367, 401

Braun-Le Chatelier principle 118

British Columbia 159

Buck Reef Chert 139

Budyko, Mikhail Ivanovich 88, 89, 91, 106

buoyancy 130, 131, 137, 141, 142

Burgess Shale 147

butterfly effect 86

195, 199, 202, 206,



c

calcium 149

calibration 43

California 138

Cambrian 147, 155, 156, 160, 440, 441

camera 384-386

Canada 439

cancer 239, 397

Cancun 449, 451

cannibalism 393

canonical-dissipative 172, 173, 295

canonical equation 169, 443

Cape Horn 149

Capek, Karel 3

Capetown 102

Carathéodory, Constantin 54, 67, 167, 342

carbon 85, 90, 121, 138, 153, 390, 437, 452

carbondioxide 85,86,106,119-124,138,153,
155, 157, 418, 450452

caricature 384, 392, 406, 408, 431

carnivores 292

Carnot cycle 90

Carnot, Sadi 12, 18, 43, 90, 148

carrier invariance 369

Carroll, Lewis 313

Cassini-Huygens space probe 155

catalyst 378, 388, 425, 430, 434, 435

catalytic 29,154, 198,201, 203, 205, 263, 266—
271, 274, 275, 277, 278, 287, 307,
386-388, 391, 392, 417, 420-425, 427-437,
440, 442

catalytic cascades 420, 421

catastrophe theory 394

causality 16, 26, 91, 117, 121, 122, 127, 164,
165, 167, 186, 368, 383, 408, 432

Cenozoic 157, 160

central dogma 425

CERN 7,9, 453

chalk cliff 87

Chapman-Kolmogorov equation 181, 182

charcoal 147

chemical picture 271

chemical potential 38, 46, 53, 68, 111,
113-116, 291

chemical reactions 65, 187, 221, 246, 250,
255, 304, 306, 307, 342, 422, 424

Chicxulub impact 147, 149, 160

Chile 145, 146, 149

Chiloe Island 146

chimney 135, 137, 138, 149

Chinese 410

Chlamydomonas reinhardtii

chromodynamic 10

chromosome 233

394

Index

circulation 119, 120, 125, 128, 134-136, 138,
143, 145, 158
circulation model
cladogenesis 335

Clausius-Clapeyron equation 117

Clausius, Rudolph 1, 6, 18-20, 32, 35, 47, 52,
54, 60, 63, 117, 313, 314, 379

cliff

— active 87

—chalk 87

climate 13,71, 85, 86, 88,90-92, 95,103, 106,
107, 109-111, 119, 120, 122-125, 136, 138,
155-158, 184, 186, 405, 440, 441, 446, 449—
451

— attractor 86, 124, 450

climatology 39, 91, 102, 103, 105, 110, 113,
114, 122, 134, 249

clock 381, 384

clouds 86, 103, 119, 120, 122, 123, 131, 150,
152, 153, 269, 328, 374, 376, 443, 446, 450

cluster 8, 11, 12, 53, 189, 201, 205, 206,
270-274, 276-280, 307, 362, 395, 396, 403

coacervate 29, 303, 305-307, 367, 417,
420-424, 427, 429-432, 434, 435

coagulation 151

COBE 9

cod 297

code 29, 30, 116, 334, 366-369, 373,
382-392, 399, 403, 406, 409, 411, 412, 416,
425, 429, 430, 432, 434-436

coding invariance 29, 369, 382-384, 387, 399,
403, 406, 409, 411, 412, 425, 430

coexistence 227, 232, 266, 271, 282-284,
286, 296

collective properties

colony 394, 395

Colorado river 123

color receptors 375

colour vision 147

Columbus, Christopher 411

combinatorial explosion 30

comet 150-152, 418, 437

commodity 16, 308, 309, 318, 408, 411,
412, 448

communication 367-369, 380, 388, 393, 396,
399, 404—-4006, 410

community matrix 253, 291, 292, 294, 295,
336, 337, 339, 341

comparability 39, 308

complexity 1,4, 14, 15, 30, 31, 111, 167, 168,
209, 211, 306, 308, 315, 347, 369, 373, 376,
384, 390, 392, 401, 404, 410, 436, 447, 450

computer code 334, 365, 410

concatenation 392, 432, 434, 435

120

241

503



504

Index

concave 325, 328

Concepciéon 145, 148

connectivity 190, 192-194

Conrad, Michael 241, 321-323, 327, 333

conscious activity 313

conservation of energy 19, 61

conservation of mass 64

contact temperature 76, 94

continent 91, 110, 117-119, 125, 128, 136,
140-145, 148, 149, 152-155, 157, 158, 303,
420, 441, 450, 452

continental plate 125, 141, 142

control parameter 37,170, 245, 381, 382, 394,
444

convection 23, 68, 72, 88, 125, 126, 130, 131,
137, 138, 140, 143-145, 148, 149, 152, 153,
156, 158, 314

convex 325

conveyor belt 138

cooling, radiative 105, 152

cooling rate  104-106

Copenhagen 449, 451

Copernicus, Nicolaus

copper 412

coral fishes 407

coral reef 140

Coriolis force 66, 125, 127, 135, 136

correlation 8,49, 52,117,119, 121, 123, 129,
156, 187, 200, 205, 206, 211, 323, 325,
333-335, 366, 374-376, 385, 388, 416

- function 187

—length 323, 333-335

cosmic background 8, 12, 13, 88-90, 92-95,
101, 103, 106, 148

Coulomb friction 148

Cracow 5

crater 224

craton 141

Cretaceous 146-147, 151, 157

critical fluctuation 86, 344, 387, 448

critical point 58, 59, 87, 216, 388, 395

cross-catalytic 266, 267, 273, 275, 277, 280,
287, 300, 304, 307, 331, 345

crust 13, 42, 86, 88, 124, 140, 141, 143-145,
148, 149, 152-155, 420, 436

crying 366, 404, 405

Cryogenian 139, 155, 160, 440

crystal 51, 60, 106, 119, 150, 377-380

culture 4, 365, 386, 407, 408

cuneiform 408

Curie, Pierre 66, 371

Curie point 371

Curie-Prigogine principle 67

cyanobacteria 90, 139, 437-441

25, 164, 376

cybernetics 3, 4

cycle 19,97,98,100, 101, 103, 105, 117, 123,
126, 127, 129, 188, 189, 193, 194, 269, 287,
292, 296, 402, 422-427, 429-433, 435, 451

cyclone 86, 125, 126, 135, 137

Cydonia 375

Cyrillic 410

cytosine 214

d

Dampfloch 138, 140

Dansgaard-Oeschger events

Daphnia 399

Darwin, Charles 1,5, 29, 31, 140, 145, 148,
161, 167, 239, 240, 289, 296, 300, 308, 313,
314, 361, 362, 365, 367, 373, 377, 392, 393,
401, 420, 430, 435437, 440, 442

Darwin principle 240

Debye ocean 374

deception 374

decision-making 376

deep convection 137, 138, 153

deepwater formation 137, 157

degradation 63, 90, 395

Delesseria sanguinea 440

dendrite 400, 401

denudation 141

dependent variable 48

desert 90, 110, 121, 127, 160, 451

desiccation 158

desoxyribonucleic acid (DNA) 28, 30, 214,
233, 342, 387, 392, 431, 433-435, 442

Desulfobacterales 439

deuterium 134, 452

devaluation of energy 61

Devonian 147

diagonal-dominant matrix 267, 269

diamond 141, 149

diffusion 16, 42, 53, 113, 165, 179, 183, 195,
221, 328, 332, 337, 394, 395

diffusion matrix 328

Dikika 159

dinosaurs 147, 151, 157, 160, 300, 349

diode effect 121, 137

Dirac delta 182, 326, 445

discontinuity 88, 124

disorder 21, 22, 32, 51, 60, 61, 83, 323, 331,
332, 415

dissipative structure 3,23, 86, 88, 90, 95, 124,
125, 134, 313, 314, 380

diversification 29, 157, 383, 397, 399, 400,
403, 405, 408, 430, 432, 435, 438

divine beings 363, 372, 376

Dmasini 159

126



Dollar 412

dolphins 406
Doushantuo 147
Drake Passage 149, 157, 158
Drake plate 149

dry season 122
Duffing, Georg 25, 163
duplication 427, 434
dust devil 86, 126, 134
dyadic product 328
dynamical map 26, 164
Dyson sphere 91

e

earthquake 145, 146, 148, 407

East China Sea 419

eclipse 443, 444

ecological picture 273, 276, 279

ecology 4, 14-17, 31-33, 90, 165, 169, 195,
199, 221, 232, 234, 239, 241, 246, 261, 2606,
271-273, 276, 279, 281, 282, 285, 291, 293,
295, 297, 339, 341, 344, 356, 440

economy 15, 16, 31, 32, 91, 165, 194-196,
199, 206, 212, 221, 239, 241, 290, 308, 310,
380, 407, 413, 448, 450452

ectoderm 399

Ediacaran 147

effector 402-404

Ehrenfest, Paul and Tatjana 195, 196, 221,
224, 225

eigenfunction 182, 330, 332-334, 336

Eigen-Schuster concept 29

Eigen-Schuster theory 255

eigenvalue 130, 174, 175, 182, 247, 249, 254,
268, 270, 271, 273, 275, 277-279, 284, 307,
308, 330-334, 336, 337, 350, 422, 428

eigenvector 268-270, 275, 276, 278, 279, 307,
331, 428

Einstein, Albert 1,6, 7,46,51,52,77,78,167,
183

electric power 49, 90

electroweak symmetry 9

El Nifio 126, 129, 156, 158

emergent property 5, 28, 31, 39, 240, 241,
271, 309, 318, 320, 369, 370, 416, 446, 448

emergent value 4

emission 71, 76, 86, 92-94, 97, 112, 122

empirical orthogonal function (EOF) 156

endosymbiosis 393, 440

energy 19, 53, 214, 293

— conservation 19, 61

— devaluation of 61, 62, 81

—free 35,57, 58, 61, 62, 81, 82, 148, 154,
292, 418, 419, 437

Index

— kinetic 44, 53

— potential 148, 330

—shell 61, 77, 447

ensemble 62,82,178, 180,241,299, 334, 379,
382

enthalpy 62, 81, 94, 96, 100, 104, 113

—free 58,59, 62, 81, 82, 96, 292

entropy

—export 23, 64, 89, 91, 104-106, 125, 148

—flux 21, 71-76

— lowering 32, 54, 56, 60, 61, 64, 313, 370

— production 23, 44,53, 56, 57, 59, 60, 63-73,
75, 76, 79, 80, 82, 83, 85, 88-91, 94, 95,
115, 125, 148, 246, 251, 292, 313, 314,
437, 448, 451

—residual 51, 377, 379, 380

— specific 51, 53, 104, 105, 113, 378

enzyme 387, 431, 434, 436

Eocene 157

epicycles 164, 376

equation of state 37-39, 48, 96, 130

equator 125, 126, 131, 135, 158

equipartition theorem 53

equivalence relation 167, 189

ERBE satellite 91

erosion 131, 140, 157

error catastrophe 145

escape velocity 54, 132

Escherichia coli 201

ester 213

eternal truth 377

Ethiopia 157-159

ethyl ethanoate 213

ETOPOS5 141, 144

Etruscan 410

Euclidian norm 346

Euclidian space 244, 346

eukaryote 139, 155, 367, 389, 438-440

Euler equation 135

euphotic 439

Europa 155

Europe 3, 138, 143, 147, 157, 159, 410, 411,
449, 451

Evans-Galavotti-Cohen theorem 82

evaporation 43, 54, 86, 110, 111, 113-115,
117-119, 134, 137, 450

evolution history 28, 155, 376, 384, 391, 408,
410, 412

evolution principle 68, 167, 245, 246, 248,
250, 253, 271, 279, 280, 284, 286, 290,
295-297, 306, 309, 314, 329, 341, 342, 364

evolution strategy 241

exchange value 31, 33, 63, 308, 310, 318,
412, 448

505



506

Index

exergy 61

experience 1,5,40,51, 85,123,130, 135, 372,
374, 376, 388, 393, 416, 435, 447

extensivevariable 38,40, 45, 46, 48,50, 51, 56,
57, 60

external variable 37, 39

extinction 138, 147, 151, 157, 159, 197,
223, 224, 232, 241, 242, 256, 257, 259,
260, 266, 270, 295, 298, 341, 377

extremum principle 32, 95, 241-243, 245,
248, 249, 252, 260, 261, 313-315, 323, 341,
344, 361, 448

— complete 244

— dynamical 243, 244, 249, 251

— static 244, 253

f

face on Mars 375

face recognition 375

fashion 393

feathers 147, 300, 412

feeding 246, 404, 406, 437

Ferrel cell 125

fertility 335

fiat money 412

fire-and-wire rule 401

firstlaw of thermodynamics
64

Fisher-Eigen equation 250, 253, 303, 306,
307, 313, 315, 323, 329, 331, 332, 335-337,
339-341, 344, 364

Fisher, Ronald Aylmer 32, 163, 250, 253, 297,
303, 306, 307, 313, 315, 323, 325, 326, 328,
329, 331, 332, 335-337, 339-342, 344, 363,
364, 382, 430

fitness 5, 31,211,235, 240,241,297, 302, 303,
308, 315, 316, 324, 325, 328-332,
335-337, 341, 361, 362, 393, 430, 448

fitness landscape 31, 241, 329, 331,
332, 337, 430

flintstone 411

Floquet coefficient 175

Floquet exponent 175

Florida 159

fluctuation catastrophe 223, 256, 257

fluctuation-dissipation theorem 80

flux temperature 76, 94

Fokker-Planck equation 179, 183

food 30, 32, 33, 90, 154, 201, 205, 235-237,
249, 292, 295, 296, 345, 356, 396, 405, 407,
411, 437

food web 201, 205, 292, 295, 296,
345, 356

forest 145, 159, 161, 375, 451, 453

19,20, 45,53,61,

fossil 17, 120, 138139, 146, 156, 206,
370-372, 386, 387, 437-439, 452

fossil fuel 120

Fourier, Joseph 100, 403

Fourier transform 403

Fowler, Ralph Howard 43

fox 236, 237

fractal dimension 54

fractionation 150

Fréchet derivative 156, 329

Fredholm integral equation 182

free will 376

freezing point 38, 49, 118, 137

freezing temperature 136, 137

friction 136, 143, 148, 168, 172

Friedman, Alexander Alexandrovich 1, 6,7

Frobenius theorem 269

front 24, 76, 86, 123, 125, 149, 182, 234,
291, 429

frozen 8, 123, 370, 380, 384, 387, 436

— history 370

frozen-in 9

fruits 147, 160, 375

fungi 139, 147, 160, 440, 441

g
Gaia world 314

galaxy 6, 8, 53, 447

Galerkin, Boris Grigoryevich 170

Galilei, Galileo 25, 40, 167

Gamov, George 1,6, 7, 214

Garching 453

gas, ideal 49, 54, 58, 104, 114, 116, 149,
150, 250, 297, 380

Gaspard theorem 83

gas thermometry 40, 42, 43

Gause principle 296

Gaussian distribution 78, 325, 326, 330,
338

Gauss theorem 179, 328

generating function 199, 224, 257, 262, 298

GENERIC 81

genetic distance 323

genome 233, 239

genotype 240, 302, 303

geo-engineering 92, 122, 450

Georgia 159

geostrophy 128, 135, 136

geothermal 124, 143, 144, 148, 153,
418, 437

German 4, 15, 57, 87, 158, 381, 412,
416, 453

Germany 140, 160, 375, 417

Gershgorin, Semyon Aranovich 350



giant impact 139, 153, 154, 420, 436

Giauque, William Francis 51, 378

Gibbs energy 58, 59, 62, 81, 82, 96, 291, 292

Gibbs function 59, 96, 104, 112, 113

Gibbs fundamental equation 48, 49, 52, 53,
56, 68

Gibbs, Josiah Willard 35, 37, 45, 47-49, 52,
53, 55-61, 68, 76, 77, 84, 96, 104, 112, 113,
235, 291, 292, 294, 299

Gibbs’ phase rule 37

Gierer-Meinhardt model

Gilbert, Grove Karl 140

Gillespie algorithm 198

glaciation 121, 155, 157, 158, 371, 452

glacier 118, 125, 159, 371

Glansdorff-Prigogine criterion 67, 68, 251

global warming 85, 90, 92, 111, 118, 121,
123-125, 138, 185, 449, 450

glutathione 398

glycine, Gly 389-391, 435

Gobi desert 110, 122

gold 9, 411-413

Goldstone modes 380, 430

grammar 405, 408, 409

gramophone spirit 418

granite 141, 142, 155

graph 15-17, 163, 165, 168, 187-194,
200-204, 206, 209, 210, 245, 256, 268-271,
275-277, 282, 292, 357, 358, 360-362,
401, 402

gravitational escape 134, 150, 153

gravity 8, 11, 23, 25, 39, 53, 54, 104, 117,
124, 125, 130, 131, 134, 150-153,
371, 443

great oxidation event (GOE)
160, 440

Greece 452

Greek 7,17, 18, 36, 40, 47, 409, 410

green algae 139, 394

greenhouse 85, 86, 91, 92, 98, 103, 106-109,
111, 119, 120, 122, 123, 134, 145, 152, 153,
162, 185, 186, 449

greenhouse effect 85, 86, 91, 98, 106-109,
111, 120, 122, 123, 152, 153, 162, 185,
186, 450

Greenland 137, 138, 158, 159, 437

Greenland Sea 137, 138

Greifswald 453

ground state 51, 330, 332, 377, 380

group theory 167

guanine 214

Guilder 413

Gulden 413

Gulf of Aqaba

394

139, 154, 155,

137

Index

Gulf of Lions 137
Gulf Stream 106, 118, 136, 138, 158

h
habitable belt 420
Hadley cell 125

Haldane, John Burdon Sanderson 163, 240

half-life 124

Hamiltonian 77, 169, 171, 172, 174

Hamilton, William Rowan 25, 169, 213

Hamming distance 318, 361

Hardy-Weinberg law 302

hare 236, 356

harmonic oscillator

harmonic sum 257

Hausdorff dimension 176

Hawaii 149

heat bath 36, 43, 57, 58, 72, 91, 92

heat capacity 49, 71, 96-98, 103, 104, 110,
115, 116, 137

heat conduction 63, 71, 72, 124, 144

heat exchange 47, 49, 51, 71, 138

heat flux 125

heat, sensible 110, 114, 119

heat transfer 19, 21, 46, 72, 92, 119

Hegel, Georg Wilhelm Friedrich 1, 2

Heinrich events 126

helicity 54

helium 7, 11, 124, 452

Helmbholtz energy 35, 57, 58, 61, 62, 81,
82, 148, 154, 292, 418, 419, 437

Helmholtz function 58, 112, 113

Helmholtz, Herrmann 1,6, 18, 25, 32,57, 58,
60-62, 112, 113

Hephaistos 7

herbivores 292, 296

Hermite polynomials

Hesiod 7

heterotrophic 291, 398

hierarchy 15, 180, 210, 211, 271, 272, 296

Higgs field 8

Higgs ocean 374

Hilbert-Schmidt expansion 336, 337

Himalayas 143, 157

historicity 86, 88,151, 154, 156, 158, 318, 320,
448, 449

holistic 15, 39, 211, 446, 448

Hollywood 210

hologram 403

Homer 7

Homo erectus 159

Homo heidelbergensis 159

homologous substitution 327

homomorphous 168

330, 444, 445

330

507



508

Index

Homo sapiens 159

honey bees 377

Hopf bifurcation 381, 382

Hopf, Eberhard 25, 163, 381, 382

hopping 203, 205, 209, 320, 331, 335, 336

horse 206

hot spot 149

Hubble, Edwin 6, 7

human 6, 28, 33, 43, 61, 85, 88, 90, 121, 123,
125, 156, 158-161, 184, 200, 233, 239, 300,
308, 312, 313, 326, 365, 367, 368, 372,
374-376, 381, 384-387, 393, 401,
404-410, 415, 435, 441, 443, 448-451

humanoids 404, 407, 411

human society 90, 125, 368, 385

Humboldt Current 129

humidair 43,52,111-114,116, 130,131,133

humidity 59, 86, 92, 105, 111, 114, 117, 119,
120, 123, 131, 133, 242

— relative 109, 111, 114-117, 119, 123, 134,
152, 153

- specific 111, 113, 116, 117, 119, 123, 130,
131, 134

Hunting formation 439

hurricane 86, 126, 134, 136

Huxley, Julian 28, 366, 393

hydrogen 7, 11, 39, 41, 124, 132, 134, 138,
150, 155, 213, 271, 332, 377, 378, 439, 452

hydrogen sulfide

— H,S 138, 155, 418, 439

hydrological cycle 118

hydrosphere 88, 124, 136, 140

hydrostatic 104, 105, 130, 136

hydrothermal vent 154, 418, 419, 421, 437

hyperbolic growth 219, 220, 230, 242

hypercycle 16, 29, 219, 255, 287, 300, 308,
367, 417

hypercyclic growth 219

hyperselection 232, 242, 266, 290, 300, 303,
315, 347, 420, 427

hypsography 86, 140, 153, 158, 420

i

ice 38,43,51,90,106,112,118,119, 121, 126,
136-138, 140-142, 145, 150, 153,
155-159, 186, 377-380, 450-452

ice age 138, 159, 451, 452

iceberg 141, 142

ice core 90, 121, 186

ice cover 43,90, 118, 136, 140, 156

icel 377-379

iceIh 377,379

Icelandic Low 126

ice XI 378

ideal gas 49, 54, 58, 104, 114, 116, 149, 150,
250, 297, 380

Mllinoian ice age

illusion 374

Immanuel Kant’s yellow glasses

immigration 343

imprimitive matrix 270

inclination 99

independent variable 20, 37, 58, 59, 81, 346

India 129, 143, 157, 158, 411

Indian Ocean 129, 158

Indus river 120

infant hypothesis

inflation 8, 310

information processing 28, 29, 63, 234, 365,
366, 370, 384, 386, 392, 399, 432, 435

information, structural 42, 160, 367,
370-373, 377, 383-385, 389, 392, 393,
396, 410, 411, 415

information, symbolic 28,214, 365, 367, 369—
371, 373, 377, 380, 383-388, 392, 393, 397,
399, 403, 4006, 411, 412, 415-417, 425, 430,
431, 435, 449

information value 31, 33, 235

information, value of 31, 33, 235, 237, 365,
448

infrared 86, 91, 92, 106, 107, 112, 119, 120,
122, 136

inheritance 359-362

inner core 85, 124, 143, 145, 148, 451

innovation 3, 195, 196, 199, 202, 203,
205-209, 211, 221, 311, 314, 318, 448

insects 147, 160, 407

insolation 98

Institute for Remote Sensing
Applications 112

integrability 48, 251, 342

intensive variable 37, 38, 40, 42, 43, 53

interface 24, 27, 68, 69, 88, 94, 111-114, 125,
131, 137, 145, 148, 367, 374, 383, 385, 393,
395, 397

internal variable 39

International Association for the Properties of
Water and Steam (IAPWS) 38,52, 96, 112,
114, 117, 133

International Thermodynamic Equation of
Seawater - 2010 (TEOS-10) 112, 116, 133,
138

interpretation, valoric

interstellar gas 150

intertropical convergence zone (ITCZ) 125

invention 5,206,224, 314, 318, 367, 372, 407,
410, 448, 451

I0C 38, 54, 71, 96, 110-112, 115, 136-138

159

374

406

60, 63



IPCC-report 184, 185, 449

IPTS-68, 41

irradiation 92, 94, 98, 102, 103, 108, 111,
123, 131

irreducible 4,31, 189,240,268-271,273,274,
276, 278, 279, 307, 331, 344, 350, 355, 358,
362, 446

— matrix 268, 269, 273

— property 4, 31, 240, 446

irreflexive 167, 315, 359, 362, 401

irreversible process 1, 21-23, 35, 44, 47-49,
55,59, 61, 63, 65, 67, 78, 81, 115

isentropic 47, 104-106, 130, 131

isolated 16, 19, 21, 32, 36, 4547, 49, 53,
55-57,59,61,77,88,137,165, 194, 195, 221,
243, 354, 355, 370, 448

isomorphous 168

isotope ratio 41, 90, 372

isotopic fractionation 134

isotropic 66, 67, 71, 73, 93, 149

Ispra 112

Isthmus of Panama 158, 159

Isua formation 139, 437

Ttaly 112, 452

ITS-90 41

J

Jacobian 54, 174, 175, 247, 283, 350, 428
Jamaica 411

Janus, faces of 60
Japanese 145
Jasmund National Park
Jeans instability 54
jet stream 86, 125
Jordan river 123
Joule, James Prescott 18

Juan Fernandez Island 146, 148
jungle 90

Jupiter 155

Jurassic 143, 147, 385

Jurassic Park 385

jurisdiction 407

375

k

Kadet channel
Kalahari desert 127

Kant, Immanuel 1, 443

Keeling, Charles David 85, 120, 451

Kelvin, Lord 41, 42

Kepler, Johannes 25

kernel 151, 156, 182, 336, 337, 341, 395, 403
Khinchin, Aleksandr Yakovlevich 297
kilogram 39, 43

kimberlite 149

161

Index

kinetic energy 44, 53

Klimontovich, Yuri Lvovich 2, 21, 22, 57, 60,
125, 370, 416

knowledge 7, 17, 28, 52, 59, 96, 143, 154,
165, 170, 171, 180, 181, 187, 235, 297,
372, 376, 443

Kohlrausch, Friedrich 195, 221

Kolmogorov, Andrey Nikolaevich 55, 60, 176,
180, 183, 213, 369

Kolmogorov entropy 55, 176

Kolmogorov-Solomonov complexity

Kotelyanski, D.M. 350

Kramers-Moyal expansion 183, 395

K-selection 281

Kullback-Leibler entropy 235, 314

kurtosis 325

Kyoto 449

369

|

Lake Aral 123

Lake Ellsworth 125

Lake Vostok 157

Landau-Ginzburg functional 329

Landau, Lev Davidovich 49, 53, 54, 71, 104,
132, 134, 149, 167, 250, 293, 329, 332, 336,
382, 418, 446

landscape 31, 159, 160, 241, 321-323,
325-337, 339-343, 362

— stochastic 322, 333

landslide 87

Langevin approximation 298

Langevin, Paul 178, 298, 445, 454

language 3, 4, 16, 18, 29, 30, 140, 159, 165,
240, 317, 335, 365, 367, 369, 373, 384, 386,
387, 393, 403, 404, 406, 408-411, 415,
430, 449

La Nina 129

lapse rate 104, 105, 111, 131, 134, 136, 137

Large Hadron Collider (LHC) 7,9

latent heat 86, 107, 109-111, 113-116, 118,
131, 133, 136

Latin 36, 317, 408-410

learning matrix 377, 403

Legendre, Adrien-Marie 58, 59

Legendre transform 58, 59

Lem, Stanislaw 3, 5, 58, 363

leucine, Leu 389

light 8,11, 31,53,91,119, 120, 160, 211, 242,
335, 363, 366, 373, 374, 384, 385, 403, 437,
438, 440, 451, 452

limestone 372

limit cycle 171-173, 175, 176, 243, 347,
351, 381

linear irreversible thermodynamics 66, 79

509



510

Index

Liouville equation 179, 181
lithosphere 88, 140, 148
Litorina transgression 161
Little Ice Age (LIA) 90, 371
localisation length 333
localised state 333, 334
logistic growth 280, 293
long-wave radiation 108, 110
Lorentz, Hendrik Antoon 167
Lorenz, Konrad 95, 155, 176, 366, 407
Loschmidt, Josef 39
Loschmidt number. see Avogadro constant
Lost City Hydrothermal Field 419
Lotka, Alfred  25,163,233,234,291,293,295-
298, 323, 336, 339-342, 344, 381
Lotka-Volterra equation 233, 234,
291, 293, 295-298, 323, 336, 339-342,
344, 381
Lucy 159
lunar quakes 125
Lyapunov, Aleksandr Mikhailovich 25,45, 55,
57-61, 84, 96, 124, 127, 163, 173,
175-177, 213, 243, 247, 263, 286, 294,
349, 380, 381
Lyapunov coefficient
380, 381
Lyapunov function 45, 55, 57-61, 173, 243,
286, 294

96, 124, 127,

m

macaques 375

Mach cone 329

magma 141-143, 148, 153, 155, 419

magma mill 148

magnesium 88

magnetic field 66, 90, 139, 144

magnetic pole 144

malonic acid 23

mammal 151, 157, 375, 405

Manicouagan impact 147

Mann, Thomas 213

mantle 124, 142-145, 148, 149, 153, 158

Marangoni effects 24

Marangoni instability 13, 24, 68, 69

margin of subsistence 281-283

marine ecosystem 155, 292

market 16, 165, 200, 202, 206, 208, 221,
308-311, 318, 385, 413, 435, 448

Markov, Andrey Andreyevich 90, 179-181,
183, 196, 310

Markov chain 180-183, 194, 195, 445

Markov process 180, 181, 183, 196, 310

Mars 86, 134, 153, 450

Marx, Karl 1, 31, 308, 411

master equation 156, 182, 183, 189, 197, 199,
2006, 211, 222, 224, 226, 227, 230, 232, 256,
261, 262, 263, 297, 298, 302, 310, 316, 326

matrix

— adjacency 187,188,268, 269, 271, 274-277,
292, 402

— diagonal-dominant

— imprimitive 270

— irreducible 268, 269, 273

— monotonous 267

— non-negative 254, 268, 277, 279, 292, 326

—reducible 270, 273, 275, 277, 350

Maunder minimum 90

Maxwell-Boltzmann distribution 132

Maxwell, James Clerk 132, 167, 418

Mayan writing 408

Mayer, Robert 6

measurement 36, 39-41, 43, 48, 49, 52, 56,
57,62,70,82,88,89,103,112, 114, 125, 138,
164, 178, 186, 202, 206, 376

Mecklenburg-Vorpommern 158, 160

Mediterranean 137, 157-159, 384, 405, 408

melting 38, 43, 88, 118, 120, 125, 137, 143,
144, 152

melting curve 38

membrane 30, 303, 386, 421, 436

memory 30, 181,214,234, 376, 380, 385, 387,
401, 407, 445, 449, 450

Mendel matrix 301

meridional overturning circulation
(MOC) 138

messenger RNA (mRNA) 392, 400, 431, 435

Messinian Salinity Crisis 158

metabolic 30, 201, 306, 308, 373, 381, 394,
396, 399

metabolism
437

metagalaxis 6

metastable 42, 59, 150, 290, 418

metazoans 139, 147, 397, 441

meteorite 149, 152

meteorology 39,59, 111, 122, 131, 140

metrology 39

Miami 159

Michaelis-Menton law 286

microfossils 139

microsphere 29, 303, 420, 421

mid-ocean ridge 144, 419

Minoans 410

Miocene 157

mobility edge 332

moisture 111, 117, 123, 125, 134

molecular evolution 3, 154, 253, 257, 308,
323, 387, 420, 425, 430, 431, 436

267, 269

201,273, 305, 396, 399, 422, 427,



money 33, 235, 236, 310, 372, 386, 411-413

monomer 30, 214

monostability 218

monotonous matrix 267

Monsoon 120

Moon 88, 125, 134, 139, 153, 154, 158, 420,
430, 443, 444

morphing 398

morphogene 396

Moscow 3, 173, 416

mountain 6, 90, 125, 148, 321

multistability 213, 214, 234

music 300, 380

mutation 3, 145, 198, 201, 203, 205, 224, 267,
269, 300, 301, 303, 311, 314, 316-320,
326-329, 331-333, 335-337, 343, 349, 359,
360, 381, 387, 401, 427, 431, 434, 448

— catastrophe 318

—rate 145, 301, 317-319

n

Namibia 127, 128, 138

Neanderthals 159

negentropy 370

Nernst, Walther 51

network 15-17, 165, 178, 189, 190, 194, 200-
207, 209-211, 266, 268, 270, 271, 275, 296,
387, 388, 391, 392, 400-403, 417, 422425,
427, 440

neuron 30, 239, 386, 398—405, 436

neurotransmitter 399, 400

neutral evolution 316, 327

neutral mutation 327, 328

neutral selection 263

neutral stability 29, 130, 131, 224, 380, 382,
387, 392, 399, 429

neutral surface 54

neutrinos 10

Newton, Isaac 25, 26, 45, 130, 164, 167

New World 375

New Zealand 148

niche 232, 266, 281, 282, 339, 341, 356,
359-361, 393, 439, 440

nitrate 439

nitrogen 390, 439

Nodularia spumigena 438

noise

—thermal 42

— thermometry 42

non-negative matrix 254, 268, 277, 279, 292,
326

North America 147

North Atlantic 112, 126, 133, 137, 138

North Atlantic Oscillation (NAO) 126

Index

Northern Territory 122

North Pacific 138

North Pacific Deep Water (NPDW)

nuclear fission 124

nuclear fusion 11, 12, 124, 453

nucleation 150, 152, 187, 287

nucleotide 214, 233, 389-391

nucleus 3,8, 10, 11, 14, 30, 44, 150, 151, 240,
290, 405, 452

nutrients 129, 373, 394, 396, 439

138

o

ocean 6,42,86,90,97,117,119,120,123,125,
131, 134, 139, 141, 143, 145, 155, 158, 419,
437, 450, 451, 453

ocean-atmosphere
155

oceanography 39,59, 111, 113, 137, 138, 446

Ohm, Georg Simon 65

Old World 375

olfactory 155

oligonucleotide 424

Olympus 7

onomatopoetic 406, 408

Onsager coefficient 67, 79, 80, 95

Onsager forces 95, 113, 162

Onsager, Lars 26, 66, 67, 79, 80, 95, 113, 162,
165, 314

Onsager relation 66

ontogenetic 400

Onverwacht formation 139

Oparin, Alexander Ivanovich 29, 303, 367,
415417, 421-423

Orange River 157

order parameter 5, 16, 17, 37, 123, 187, 246,
314, 381, 382, 394, 444447

order relation 165, 167, 240, 282, 315, 316,
341, 344, 361, 448

organism 13, 30, 33, 70, 139, 155, 201, 213,
214, 239, 272, 291, 292, 300, 301, 304, 313,
327, 342, 366, 367, 370, 373, 374, 376, 388,
393, 394, 397-400, 418, 420, 437, 439, 440,
447, 451

origin of life 5, 29, 30, 33, 88, 153, 154, 205,
214, 366, 367, 386, 388, 415-417, 420, 426,
440, 449

oscillator 60, 172, 330, 382, 445

Ostwald ripening 150

Ostwald, Wilhelm 32, 60, 150

overfishing 223

Ovid (Publius Ovidius Naso) 85

oxygen 39, 41, 129, 138, 139, 147, 153-155,
378, 390, 437, 439, 440, 451

— dissolved 439

108, 109, 111, 123, 129,

51



512

Index

—free 132, 154, 437-439, 451
oxygenic 439
ozone 131, 134

p

Pacific 129, 143-145, 158, 406

painting 375

Pakistan 120, 123

Paleocene 157

paleoclimatic 137

paleorecord 121

Panama, Isthmus of 158, 159

parasite 154, 283, 307, 398, 422, 423

Paris 39, 43

parrot 404

Pathfinder 102

pathogen 393

Pauli equation 182

Pauling, Linus Carl

Pauli principle 4

penguins 157

Penzias, Arno 7, 11

peptide 397, 400, 424

percolation 193, 206, 333

Permean 147

perpetuum mobile 371, 377

Perron-Frobenius theorems

Persian Gulf 159

Pesin entropy 176

Pfaffian differential equation 20, 48, 67,
246, 251, 342, 448

Phanerozoic 147, 160

phase boundary 53, 303, 395

phase diffusion 381, 384

phase rule 37

phase transition 3, 5, 8, 52, 58, 59, 95,
130, 145, 150, 156, 193, 216, 218, 290,
367, 381-383, 386, 388, 405, 430, 449

phenotype 200, 240-242, 248, 258, 300-303,
318, 321, 323, 325-333, 335-341, 351, 387,
393, 400, 403, 430, 431

phenotype space 302,323,326-329, 332,333,
335-337, 340

phenotypic diversity 325, 326, 328, 330, 338

phenotypic property 248, 258, 301, 323, 328,
3306, 430, 431

phenotypic trait 303, 387

phenylalanine (Phe) 389

phlogiston 447

Phoenicia 407-410

phonon gas 60

phosphate 439

phosphorus 139, 439

photography 384, 385

51, 377, 379, 389

254, 307, 350

photon gas 11, 71-76, 89, 91, 93

photon mill 12, 13, 91, 92, 94, 101, 104, 106,
107, 110, 111, 115, 123, 452

photopigment 147

photosynthesis 30, 90, 139, 147, 154, 437,
439-441, 451-453

phycocyanin 437

phyletic gradualism 335

phylogenetic 300, 393, 399, 405, 437

physical picture 3, 271

phytoplankton 110, 292, 439, 451

pictogram 408

picture

— chemical 271

— ecological 273, 276, 279

— physical 3, 271

pigment 158, 404

Pioneer Venus probe 134

Planck era 8

Planck, Max 8, 21, 39, 42, 51, 52, 55, 60, 61,
70, 71, 76, 89, 91, 120, 179, 183

Planck time 8

plankton 129, 439

plate tectonics 143

Pliocene 159

Pluto 152

Poincaré, Henri 25, 45, 55, 163, 167, 173

Poisson distribution 191, 210, 211, 299

polar 43,99, 106, 125, 134, 140, 143, 389

polarity 391

pole 85,125, 126, 131, 134, 143

polynucleotide 29, 213, 214, 233

polynya 140

polypeptide 29, 391

population biology 325

porphine 437

position system 410

positive cone 197, 209, 232, 243, 244, 248,
250, 253, 254, 256, 260, 264, 279, 294, 295,
299, 343, 346-349, 428

positive subspace 244, 253, 254, 284, 295

potassium 23, 436

potential

— chemical 38, 46, 53, 68, 111, 113-116, 291

—energy 148, 330

power-law spectrum 211

Precambrian 139, 153

precipitation 52, 117-119, 129, 137

predator 168, 291, 292, 295-297, 341, 356,
381, 398, 405, 435

prediction 7,9, 10, 120, 161, 177, 178, 184,
185, 187, 202, 203, 206, 209, 216, 217, 340,
376, 377, 445, 449, 450

prediction capability 120, 161, 374, 376, 449



pressure 5, 19, 30, 37-40, 52, 53, 58, 59,
66, 86, 88, 96, 104, 105, 110, 113, 117,
121, 125-127, 129, 130, 135-137, 144, 150,
152, 158, 203, 205, 333, 374, 376, 377, 379,
382, 388, 394, 430

pressure, atmospheric 38, 133

prey 168, 291, 295-297, 341, 356, 381, 398,
405, 435

price 16, 165, 308-310, 411

Prigogine, Ilya 2-4, 6, 16, 22, 25, 35, 45, 50,
67, 69, 80, 95, 96, 113, 163, 164, 167, 211,
246, 313, 314, 415, 448

Prigogine theorem 67

primary production 90

primates 367, 370, 375, 407

primordial soup 201, 349

process

— irreversible 1, 21-23, 35, 44, 47-49, 55, 59,
61, 63, 65, 67, 78, 81, 115

— reversible 20, 44, 45, 47, 48, 167

prokaryote 327, 389, 403

prophecy 372

propulsion 403

protein 28, 30, 201, 205, 287, 387, 392, 436

protozoa 394

Ptolemaios 376

pulse-density modulation (PDM) 400

punctuated equilibrium theory 335

purine 390, 391, 435

pycnocline 131, 137

pyrimidine 390, 391, 435

q
quake 145, 146, 148, 407

quantum tunneling 331

quark annihilation 9
quark-gluon plasma 9
quasi-biennial oscillation (QBO)
quasi species 269, 331, 340
quasi-steady-state hypothesis
quaternary 159

126

273

r

radiation 7,8,11-13,42,70-76,79, 85, 86, 88,
91-94, 97, 98, 100, 101, 103, 106,
108-110, 112, 122, 124, 131, 132, 134, 136,
314, 450, 452

— long-wave 108, 110

— short-wave 111

— thermometry 42, 112

— transfer 70, 111

radiative cooling 105, 152

radioactive decay 88, 144, 152, 242

rainy season 103, 123, 127

Index

random graph 190, 210

random number 317

Rashevsky, Nicolas 25, 163

Rayleigh, Lord 25, 68, 69, 172, 173, 213,
314, 337

Rayleigh number 68, 69, 314

reaction rate 65, 66, 215, 223, 257, 271, 272,
282, 304, 306, 307, 395, 398, 426-428, 446

receptor 366, 373-376, 398, 399, 402-404

red algae 139, 147, 439, 440

redoxcline 439

Red-Queen hypothesis 297, 342, 363

Red Sea 137, 158, 159, 405

reducible 189, 241, 270-277, 309, 344, 350,
355, 358, 362, 447

reducible matrix 270, 273, 275, 277, 350

redundancy 369, 375, 389

reference state 36, 52, 104, 115

reflexive 166, 167, 190, 357

refrigerator 313

regeneration 397

regular fluctuations 349

relative humidity 109, 111, 114-117, 119,
123, 134, 152, 153

relativity, theory of 36, 53, 161, 167

relaxation time 76, 86, 96-98, 101-103, 109,
111, 126, 227, 273, 288, 369, 371, 373

remineralisation 138

remote sensing 111, 120

replica 372, 424, 425

replicase 29, 424-435

reproducibility 39

reptile 375

residence time 117, 197

residual entropy 51, 377, 379, 380

resource 239, 308, 339, 396, 407, 437, 452,
453

rest mass 46, 52, 379

reversible process 20, 44, 45, 47, 48, 167

revolution 99, 100

Rhea 153

ribonucleic acid (RNA) 29, 30, 214, 233, 380,
387-389, 392, 424-435

Rift Valley 419

Riss ice age 159

ritualization 28, 30, 366-368, 381, 383,
385-388, 391-393, 396, 397, 399, 403, 404,
406409, 412, 414, 431436, 440, 449

river 120, 123, 159, 161

roboter 3

robustness 200, 201, 205, 206

Rocky Mountains 143

Rodinia 139

Rolling Stones 406

513



514

Index

Romans 410

r-selection 281

Riigen island 87, 375

rugged landscape 334

ruminants 157, 452

Runge-Kutta algorithm 252, 316

Russia 55, 120, 123, 140, 170, 173, 186, 235,
339, 401, 413

r/v A. v. Humboldt 112, 128, 133

r/v Glomar Challenger 143

r/v Maria S. Merian 132

r/v Prof. Albrecht Penck 438

s

Sackur-Tetrode equation 54

saddle 130, 171, 174, 187, 234, 322

Sagan, Carl 85, 158, 401, 406

Sahara 122, 159

salinity 53, 59, 96, 97, 110, 113, 115, 117,
118, 136, 137, 145

sand pile 145

Sankt Johannisthal 413

Sanskrit 411

Santa Maria Island 146

Sassezki 401

satellite 9, 89, 103, 120, 372

- ERBE 91

saturated air 114, 132

Saturn 150, 153, 155

savannah 134, 158, 404

scale-free networks 200, 201, 206, 210, 211

scaling invariance 39

scientific evolution 196

sculptures 375

seafarers 408

sea floor 141, 143, 149, 153, 154, 371, 420,
437,439

sea ice 118, 120, 137

sea level 105, 111, 117, 120, 127, 129, 140,
157, 158, 336

seamount 140

season

—dry 122

—rainy 103, 123, 127

seasonal 89, 97, 98, 100-103, 105, 123, 137,
249, 451, 452

sea surface 93, 97, 102, 109-111, 113,
117-119, 149, 153, 154, 438, 439

sea-surface temperature 97, 101-103, 111,
152

seawater 43,52,54,92,96,110-115, 118,136,
137, 139, 142, 419

second law of thermodynamics 18, 20-22, 32,
35, 44, 47, 50-54, 56, 57, 60-62, 64, 66, 67,

71, 73-75, 78, 79, 81, 88, 91, 313, 314, 370,
372, 373, 385, 447

sediment 138, 147, 149, 371

seesaw pattern 121, 137

segregation principle 245, 294

selection-mutation equation 328, 330, 335

selection principle 19, 294

selective advantage 228, 232, 240, 258, 262,
263, 295, 297, 315, 316, 320, 329, 335, 370,
373, 381, 388, 391, 396, 403-405, 439

selective value 240, 242, 248, 259, 262, 274,
275, 277, 284, 290, 300, 303, 306-308,
315-320, 322, 323, 325-330, 332-335, 362,
393, 422, 426, 427, 429430, 448

self-organised criticality (SOC) 87, 88, 124,
145, 155, 318

self-reproduction 30, 198, 203, 205, 213-215,
222, 304, 326, 391, 416, 417

semiconductor 323

semi-groups 45

semi-order 167, 189, 315, 344, 359, 361, 362

sensation 366, 374, 375

sensible heat 110, 114, 119

sensitive networks 200, 202, 205, 206, 224

sensitivity 85, 126, 155, 158, 205, 211, 373,
396, 451

separatrix 171, 187, 220, 230, 231, 255, 264,
347, 351, 394

serine, Ser 389-391

settlement 159, 161

sexual recombination 327

sexual reproduction 139, 367, 388, 439

sexual selection 300, 302, 312, 393

Shannon, Claude Elwood 21,55, 60, 126, 235,
365, 367-369, 380

shoreline 146, 336, 337, 341

short-wave radiation 111

shot noise 177, 255

Siberia 159

silent mutation 327

silicate 138

silicium 88

Silurian 147

silver 412

singular fluctuations 349, 350

ST unit 19, 20, 39-41, 46, 47

skewness 325

skin effect 111, 114, 118

skin pigmentation 159, 405

slaved variable 3, 108, 181, 288, 444

smell 366, 376, 407

Smith, Adam 31, 117, 157, 393

Smoluchowski-Fokker-Planck equation
179, 183



smoothness 322, 323, 333, 391

— postulate 322, 323, 333

snowball Earth 123, 134, 139, 155, 440

society 1,3,14,52,53,168,184,209,241,413,
449

socio-economic
202, 208, 212

solar 53, 71, 85, 88-92, 94, 97, 99-102,
106-108, 110, 119, 123, 124, 131, 132, 134,
136, 137, 139, 140, 149, 151-154, 416, 418,
420, 437, 443, 447, 452

— constant 89, 92, 100, 108

—cycle 89

— intensity 89

— irradiation 85, 89-91, 93, 97, 99-102, 106,
108, 110, 119, 123, 134, 136, 140, 152, 153,
418, 437

— radiation 88, 89, 91

Solaris 5

Solnhofen 372

solstice 100, 111

Sophocles 411

sound speed 49, 124, 130

South Africa 127

South America 129, 147, 149

South Atlantic 97, 102, 103, 105, 110, 126,
127, 129, 157, 158

South Atlantic Anticyclone (SAA)
126, 127

Southern Ocean 121

South Pole 147

South Sandwich Trench 149

Spain 411, 452

specific heat 35, 97, 113

specific humidity 111, 113, 116, 117, 119,
123, 130, 131, 134

speech 300, 401, 404—406

14-17, 31, 165, 195, 196, 200,

110,

speed of light 39, 52, 76

spin glass 380

spokenlanguage 159, 366, 367, 381, 404, 406,
408

spontaneous abiogenesis 418

sprat 297

spring hole 138, 140

stability 25, 27, 39, 85, 86, 124, 126, 130, 131,
136, 137, 150, 154, 173-175, 190, 247, 260,
263, 282-284, 294, 295, 337, 348-350, 427,
428, 451

standard 7, 32,33, 39,56, 66,72,78,112,138,
170, 174, 179, 214, 246, 258, 291, 311, 385,
392, 393, 410, 434, 435, 445, 447

state variable 20, 37, 47-49, 81, 111, 273,
317, 404

statistical ensemble 53, 63, 206

Index

statistical mechanics 36, 59-61, 83, 181,
206, 271, 297, 379

statistical physics 36, 59-61, 83, 181, 206,
271, 297, 379

steam engine 85, 91, 119, 451

steam vent 138, 140

Stefan-Boltzmann constant 73, 92, 108

Stefan-Boltzmann law 71, 85, 110

St. Helena Climate Index (HIX) 129

St. Helena Island 97, 103, 105, 126, 127, 129

Stirling formula 299

stochastic event 255, 317

stochastic landscape 322, 333

stoichiometric coefficient 65

stoichiometry 64, 65

stone axe 206

strange attractor 176, 243, 381

stratification 53, 130, 131, 136, 145

Stratonovich, Ruslan Leontevich 81, 177,
234-237, 365

stratosphere 124, 131, 133

stroboscopic 26, 164

structural information 42, 160, 367,
370-373, 377, 383-385, 389, 392, 393,
396, 410, 411, 415

structural stability 347, 348, 396

subduction 144, 148, 149

subglacial lake 125

sublimation 38, 43, 150

sublimation curve 38

subsaturation 54, 115

subtropical 92, 96-99, 101-103, 105, 110,
112, 118, 119, 121, 125, 127, 133, 135

sulfate 139, 439, 441

sulfide 139, 147, 155, 437, 439

sulfur 390

sulphuric acid 23

Sumerian 408

Sun 6, 70, 88, 89, 92-95, 99, 101, 103, 111,
124, 150, 419, 443, 444

sunrise 99

sunset 99

sun-spot cycle 89

sun spots 89

supernova 149

surface salinity 117

surface temperature 12, 85, 89, 95-98, 103,
104, 106, 108, 125, 153, 155, 156

surface tension 68, 303, 329

survival 33,202,206, 228,232, 240-242, 258—
266, 281-284, 313, 314, 342, 343, 351, 374,
375, 377, 387, 393, 416, 447, 449

survival probability 228, 232, 259,
262-264, 343

515



516

Index

symbolic information 28, 214, 365, 367,
369-371, 373, 377, 380, 383-388, 392, 393,
397, 399, 403, 406, 411, 412, 415-417,

425, 430, 431, 435, 449

symmetry 3-5, 8,9, 11, 29, 66, 68, 69, 73, 82,
83, 100, 101, 135, 145, 151, 166, 167, 174,
250, 262, 292, 301, 314, 315, 327, 328, 336,
361, 369, 379, 381-384, 388, 391, 392-394,
432, 434-436, 445, 446

synapse 401, 402

synergetics 3, 25, 163, 212

system

— adiabatic 36

—closed 36, 250, 315, 370

—isolated 19,21, 32, 36,45-47,49,55-57, 61,
77, 88

—open 4,36, 51, 313, 394, 415, 416, 419

Szilard, Leo 63, 313

t

Tasmanian Seaway 149, 157, 158

taste 366, 376

tautology 45, 55, 240

taxonomy 208, 209

technology 4, 17, 39, 70, 81, 122, 159, 165,
195, 196, 200, 202, 205, 206, 208, 221, 223,
224, 234, 308-311, 318, 322, 365, 384-386,
411, 453

teleconnection 129, 156

temperature

— definition 41, 42, 53
—scale 41-43

— thermodynamic 41, 76
tentacles 398

terabyte 380
terminator 99
tertiary 147, 157, 158
tetrachromacy 375
tetrapods 147
tetrapyrrole 437
Teviornis gobiensis
Thaler 412
Theia 153
thermal inertia 98
thermal noise 42
thermal radiation 63, 72, 73, 85, 91, 94, 98,
109, 110, 119, 120, 122, 148
thermodynamic flux 67, 79, 251, 314
thermodynamic force 66, 79, 115, 251, 314
thermodynamiclimit 190, 257, 260, 263, 401,
403
thermodynamic potential
58,59, 78, 96, 104
thermodynamic probability 61, 76

147

35, 48, 49, 52,

thermodynamic temperature 41, 76
thermohaline convection 138
thermometer 42, 43
thermometry

—noise 42

- radiation 42

thermoscope 40

third law of thermodynamics
thymine 214

tidal friction 145

tides 6, 146

Tierra del Fuego 149

time arrow 35

51, 377

time reversal 82, 83
tissue  394-397, 399
Titan 155

tomography 141
topology 200, 205, 268, 346-348, 394, 398
tornado 86, 126, 134, 135, 149
trade wind 110, 125, 127, 129, 135
transcription 30, 400
transfer RNA (tRNA)
432, 435
transition probability 180-183,197-199, 203,
222, 225, 226, 229, 232, 255, 264,
265, 299, 310
transitivity 43, 166-168, 315, 357, 359,
362, 448
translation 367, 384, 406, 425, 432, 434-436
transmission 120, 236, 370, 373, 381,
385, 400
transmitter
399-403
travelling dune 87, 145
tree 6, 157, 160, 161, 188, 192, 193, 296, 320,
360-362, 375, 399, 437, 438, 452, 453
Triassic 147
triple point 41, 52, 116, 155
troll 375
trophic level 292
tropics 106, 119, 120, 134, 140, 157, 452
tropopause 131-134, 153, 155
troposphere 53, 86, 125, 126, 130-134, 155
tsunami 145, 148
turbulence 53, 60, 104, 114, 117, 118, 314,
404, 419, 430, 443, 445, 446
Turing, Alan 2, 3, 394
typhoon 134

387, 391, 392, 431,

368, 370, 383, 387, 397,

u

uncertainty 21, 38, 39, 41, 42, 49, 56, 61, 89,
90, 118, 120, 177, 179, 184, 185, 209, 234,
235, 445, 450

universal common ancestor (UCA) 139



universe 6, 7,9, 10, 14, 53, 150, 177, 343,
374, 401

upwelling 23, 127, 128, 137, 138, 140, 144,
145, 439

uracil 214

uranium 124, 150

urn model 195, 200, 221, 232

4

vacuum 8, 149, 150

valoric interpretation 60, 63

valuation 5, 31, 32, 240, 241, 316, 321-323,
393

valuation landscape 316, 321, 322

value

- of exchange 31, 33, 63, 308, 310, 318,
412, 448

— of information 31, 33, 235, 237, 365, 448

— law, in economy 308

— selective 240, 242, 248, 259, 262, 274,
275, 277, 284, 290, 300, 303, 306-308,
315-320, 322, 323, 325-330, 332-335, 362,
393, 422, 426, 427, 429, 430, 448

Vancouver 159

van der Pol, Balthasar 25, 163

van der Waals, Johannes Diderik 11

vapor instability 86, 123, 134

vapor pressure 37, 38, 114, 115, 117, 150

variable

— dependent 48

— extensive 38, 40, 45, 46, 48, 50, 51, 56,
57, 60

— external 37, 39

—independent 20, 37, 58, 59, 81, 346

— intensive 37, 38, 40, 42, 43, 53

—internal 39

— state 20, 37, 47-49, 81, 111, 273, 317, 404

ventilation 138, 439

Venus 86, 123, 134, 141, 142, 145, 152, 153,
420, 450

Verhulst-Pearl equation 214, 216, 221, 238

Vienna 41, 51, 378, 379

Vienna Standard Mean Ocean Water
(VSMOW) 41

violin 87, 148

virial theorem 53, 446

virus 213

vis vitalis 447

volcano 5, 146, 149

Volkenstein, Mikhail Vladimirovich 28, 33,
60, 61, 234, 235, 335, 365, 380, 416, 417

Index

Volterra, Vito 25, 163, 253, 291, 295, 339
Volvox carteri 394

Volvox globator 394

Vostok 121, 186

vulnerability 392

w
waiting time 197, 317
Warnemiinde 112, 184

water cycle 111

water flea 399

waterspout 134

water world 92, 152

weathering 139, 140, 149

web sites 201, 202, 205, 206

Wegener, Alfred 143

Weinberg-Salam theory 9

welfare 235, 236

West Antarctic 157

west-wind belt 102, 125

whitecap 110, 374

Wisconsin ice age 159

Witt, Alexander Adolfovich 25, 163, 173, 339

WMAP 9

wobble hypothesis

wood 410, 452, 453

work 2,5,16,19,21, 30, 32, 36, 46, 49, 50, 54,
58,59, 61, 62, 65, 66, 68, 76, 81, 82, 92, 119,
148, 163, 190, 191, 202-204, 211, 240, 312,
313, 399, 403, 424, 450, 453

World Meteorological Organisation
(WMO) 114

World Wide Web (WWW) 201, 206

Wright, Sewall Green 31, 71, 91, 116, 133,
163, 240, 241, 321

written language 159, 367, 384, 386, 408, 449

Wiirm ice age 159

389

y
yeast 201

Yellowstone 419
Yucatan 151

z

Zanclean Flood 158

Zermelo, Ernst 167

zero-point entropy 51, 377, 379, 380
zeroth law of thermodynamics 43, 53
Zloty 413

zooplankton 292, 398

Zwanzig projection 179

517






