Contents

Section I Introduction

1. The Ecosystem as an Object for Research ...
1.1  Introduction...
1.2 Holism versus Rneductmmsm
1.3 Interpreting Ecosystem Realuy
1.4  Ecosystem Structure...
1.5 Complexity and Self- Drg’l.mzatmn
1.6 Energy Flows through the BioSphere.......mmimmnee,
1.7  Brief History of the Biosphere ...

A eriss M i
O Wk W

2. Conservation PHDCIPLES .......couecummmonssssmssisssmssesssssssssarssssmsaisssissessssssmsas 17
2.2 Space COnServation. ..t ismississsssm s s 17
2.3 Mass Conservation .. T ol
24 Energy Cnn-aer\rﬂtlom Thermcdynamm Fu'st Prmr:lple .............. 19
D5 INFOIIALON covooeorerssssesesrasssasssasssssssasisssssssasssisesbisonsasistinisnssasshasionissssios 20

3. Energy Dissipation.... ST UL MO CR SN 7 <. . ..
31 Introduction... emspuse ek PSRRI SSE eSSBS AR RSSO BRSO PR D
3.2 The Second Pnnmple TONSGRE SLAUPT SRS o CNSRE TS
3.3 Dissipative SErUCKUIES (it 28
34 IrTeversible PIOCESSES . miimmmmmmsimmsierssisssssssssassssstassasssssssiasssssnss 60
35  Etropy PrOdUCHON ...co..ccvvusessisssssssssssssssssssssssssssssssssssssssasssssssess 31

4. A Perspective from Information and Systems Theury a0 o I
41  Introduction... 35
42  Information: Deﬁmtmn and Measure isi AP - |
43 Thermodynamic Entropy and Shannon s Infnrmatmn B
14 Solar Energy and Information ... 2
4.5 ]:culngmal Network Analysns SRR NPT T
4.6  Exergy... 53

5. Ecological Processes: An OVEIVIEW ..o oo 67




vi Contents

Section II Physical Processes

== 6, SPacs ARG TEIG S ... .....ocoonnini i iirnas i S e A S cmemennareannes £
= o R | 1" 1 T ] IR G | S Ry .
=== 6.2 Scale and Hlerarch}r?‘"i
== 6.3 Space Delimitation: Boundaries... 76
= 6.4  Flows through Open Systems ... 78

6.5  Equilibrium, Stability, and Steady State SR =1 e |

7. Mags Transport..........ccooiilii it Wikt re s bede e bbb s s fes b s B0

71 lntroductl{m A S . |

7.2 Advection and leﬁlﬁ]ﬂﬂ AL A R L 86

i 7.3 Dispersion ... FEFMIRDSEhrL T T A LE ) T 8 K .
g 74  Mass Balance and Reactorsgﬂ
“ 7.5  Settling and ReSUSPEnsion .............cc....oiemmesmmsiorssssessssssssreseeens 9
7.6  Transport in Porous Media........coiiic i 99

77 - Tuanspost-dt Inberfacesi.. .. duio o l5e LR SN G enaieins 103

18 - Reaeration...awnidibiiviiavinhigil s b yimed..... ... 108

7.9 Volatihzatmn R SR PN 0 s S ER—— |

710 Transport over Membranes T SRR L 5 . - W B

B Energetic Fachors oo i sismnis msmimnimminsinisssvisisisintis kbt i b o 115
8.2 Bolar Racdiation ...t dilibdiaiut L 2nnbd L EL 115
8.3 Light Extinction... AL I i R T e T
8.4 Evapﬂtmrlsplraﬂﬂn SRR (S 14T | T oo bl . 3 b
8.5  Effects of Waves in ﬁquatlc Ecosystems ........................................ 124

i b S b S S S b S S T b b bt

O A

Section III Chemical Processes

Sy

9. Chemical Reactons..... i ssssssssssins. L1
0 R 1 | TTe e PR SR e L e TR B n A L At A L 4 S e e |
8.2 Chemical Equjhbnum RS NSl PRI IO I £
9.3 Enzyrnahc Processes ... e e L L Rt a0
9.5 Aﬂd-—Base %] R PATMLE A R o L
9.6  Solutions, Prempltatu::-n,. and F]u-cculatmn ..................................... 156

10. Chemiical LYSIS .....cooueimessisssmsiimisisssinssi ssisiasasssassssssssssisssssarasesasssnsseneniors 101
R IO g arsrrsse s ses e asnsnor snnrinassons sbinininshuinmmssusmscesmsinazinnspitmsningnsinzs. JOL
103 PIOPEOIYSIS < ..o cnreseriiinssrsrimrssssssssasnssesiss st sins asntibrsssssoessnrichbsnnsiors 103
104 PhotolYSiS oo semmmmsssssss s ssss s sss s ssananssiss sapssasssassasasasanssns 1O




Contents vii

11. Phase Partition ... RTINS R Y. SO UC RN RE g 00 N £t 1 ) |,
111 Intrndm:hnn SR |
11.2  Adsorption and Parl:ltmn of Drgamc Cumpuunds dheriais 169
11.3 Ion Exchange.... 1?’5
114 Complex Fﬂrmatlﬂn ) o AR R PR e el 7
11.5  Activities and ﬁctwlt}f CDEfflClE]‘llS B b saasssnibnsriteesirrsiieres LED

Section IV  Biological Processes

12. Biogeochemical E}rcles BRI 1o 51 ot S |. V)
121 Introduction... e R e crnecass 17
12.2 Oxygen Gyt_le B R R & T
12.3  Aercbic and ArlaErﬂblc C:::-nd:.l;mns s o A |10
12.4 Carbon Cycle and Bmsphere Stablhty Conditions... 197
12.5 Nitrogen Cycle.... e R s 2O L
12.6 Phosphorus C}fcle s e E R et L G

RN Tty T e M e o et ke s |,

14.1 Intruductmn S o SR e e BT ey
14.2  Metabolic (_-rmrufth Mnde! P SR e i e B e e
143 Allometric Prmmples?‘_lﬂ

15. Primary Production..........n e ssssssssssssns 223
15.1 I rOUCEION curerriusrsrererererssmen emmssasnas soss sesms sansmssdsasasdsass s samnorsmsneeanssesases 203
132 Limitation.., Nims by foassdpaiity 200

15.2.1 Rahnnale behmd Mlchaehs—Mcntcn o stana e eyt 224
15.2.2 Nutrient LImitation ... sssrse 225
15.2.3 Temperature Dependence............coouemmsssssisssassisesnsiins 220
15.24 Light Dependence.........ueeeeiensnsssssnssssemssssssssssassasssssissiv 220
1523 Colimibation .........ccqresrsseneysssyiysissssmess Eadtpaad 5. .. e 200
15.3 Respiration... an smsim A A e i 220
154 MNutrient and Metal Uptake e T e R S SR
15.5 l:xl::mtmn 234
15.7 Mcrtahtyz?'{ﬁ

16. Production of Upper Tmphlc Levels.... R anizigihegeidi 239
16.1 Intreduction.. 239
16.2 (_:razmg 241




NI NN TR R R R TR R TR R TR R TR TR R R PR IR R e R R R -

i

|

T

17. Mucrobial PROCEBSEB]. & tio o dmniamth i somssee b i il
£t 1 7 Te a1 g SRRSO IR SO, L. - [ 1T TR ST I

17.1
17.2
17.3
174

18. Ecotoxicological Processes ... msmmississmsmisssnssssmsssssssssss
srerares 200
- 258

18.1
18.2
18.3
18.4

19. Biological Interactions...

19.1
19.2
19.3
19.4
19.5

Microbial Loop ...
Role of Detritus.........
Biological Decomposltmn

Introduction ...

Bmdegradatmn

Bioaccumulation, Bmcrancentratmn, ancl moﬁmgnj.ﬁcatmn
Equilibrium between Spheres: Partition of Toxic Substances
among Air, Water, Soil, and Biota...
18.4.1 Atmosphere-Hydrosphere {Henr}r 5 Law]

18.4.2 Hydrosphere-Lithosphere (Adsorption)....

184.3 Hydrosphere-Biosphere, Atmnsphere—mephe-re,

and Lithosphere-Biosphere....

Introduction...

Competition ... -
Other Bmlc-glcal Interactmns
Trophic Networks ...

Section V Landscape Processes

20, Aquatic EcOsYSIema...... ... siiiticisismiissimmmsaivsmisl vt WM io s
IPOAUCHON iustitcassnniscisitssiaisicuiasictiiassiinsiostissivivrimirtbhbl R stink

20.1
20.2
20.3
204
20.5
20.6
20.7

Eutrophication ...
Lakes...

Wetlands Tremsﬂmnal Water EED‘E_',-’Sl'Emb-......,.
e 293

Rivers ... PR PFMPTRAPRRSIGC % . AL SRS B
Open Sea i

BN ke TP i arcistiaiticsissipistiinimmsmmsminninisb i vt o T s B

21. Terrestrial Ecosystems....
Introduction... 2
Decumpnsntmn uf Drgamc Matter in 5011
Toxic Substances in Soil .. AR e sl G
Erosion and LEachmg
Ecosysterm TIANSIHONS ... ssssssmssssssressessinssbssis i isbhnmss dovssin

21.1
21.2
21.3
214
215

247
247

veense 248

sesands 201

255

— )

-
Adaptation and Sl'nft in Spemes CDﬂ'lPOSlthﬂ
s AN

«i» 27D

283
283

296

. 209



Contents ix

22. Landscapes and Urban Eens}'siems i ansanari s e Govina veuis i Suid S AT
221 Introduction ... 34)5
22.2 Landscape Pmcesses e S —. (. .
22.3 TPopulation Growth .... S—". |
224 Environmental Pmcesses and Urban Emsystems sivissersmsenssruaisnss OLL
225 Urban Solid Waste Management .... - TRy | |

23. The Atmosphere.... SRS .. |
23.1 lnrmductmn o PO |
23.2 Atmospheric Pﬂl]l.ltmn b}r Gases and Parhﬂles A | |
23.3 Modifying the Distribution Patterns ... O - | .
234 QOeone Deplehun 321

Appendix: The Double Logarithmic Representation........cc.oecoervvivnenrnn. 327
EIIIRILC P v.ovuinsiearfissesssinsnsssssussinsinsms sersberbsoniseniissinsirnsnstmirsspnt AR IR
BREE: ... o o B R s o T S e s s e s B e R I D




