XV

Contents
1 Introduction: Prospects for a Conceptual Synthesis................... 1
1.1 Organizing Life . ... .. ... i e 2
1.2 Microorganisms and Macroorganisms: Differences and Similarities ......... 7
13 The Centrality of Natural Selection ........... ... . ... o iiiiiiiiiiiiiiin. 9
1.3.1  Constraints on Natural Selection: Phylogenetic, Ontogenetic,

and AlIOMEIIC . ... 1
1.4 Analogies, Homologies, and Homoplasies ...................... ... ... ... 13
1.5 A Framework for Comparisons ..............oiiiiiininininin i, 13
1.5.1 Competing Demands, Trade-Offs, and Resource Allocation ..................... 13
1.6 WhatlsanIndividual?........ ... . 18
1.7 SUMMATY . o ettt et e e ettt e e e e e e e e 22

Suggested Additional Reading. ... 23
2 GeneticVariation ............. ... . 25
2.1 Introduction..... ... 26
2.2 Mechanisms ....... ... i e 27
221 MUtation . ..o 27
222 Recombination ...t 33
223 GenomiC PlastiCity ... .couee e e 37
2.24  Epigeneticsand Gene Regulation ........ ... 37
23 Sex and Meiotic Recombination................ ... ... o 39
2.3.1 Definitions, Origin, and Maintenance . ........ ...ttt 39
2.3.2  Sexand Adaptive Evolution in Prokaryotes. ...t 42
2.3.3  Sex and Adaptive Evolution in Some Simple Eukaryotes: The Fungi.............. 52
2.4 The Asexual Lifestyle. . ... e 58
2.5 Somatic Variation, Heritable Variation, and the Concept of the Genet ....... 62
2.6 SUMMIATY . ettt e et e e e e e e e e e e e e 65

Suggested Additional Reading. ... 67
3 Nutritional Mode ......... ... .. 69
3.1 Introduction ... ... .. 70
3.1.1  Some General Principles and Ground Rules ...t 70
3.2 Carbon and Energy as ReSources .............ouiuiiiiiininninannnanen. 72
3.2.1  Microorganisms and Trophic Structure ........ ..ottt 76
3.2.2  Resources and Biogeography . ..........ooiuiiiiiii e 79
33 Resource Acquisition. ... ... .. .. i 82
33.1  Optimal Foraging Theory . ... e 82
34 Nutritional Versatility ............ ..o 92
3.4.1  Versatility as the Ability to Do Many Things ...........coiiiiiiiiiaannn 92
3.4.2  \Versatility as the Ability to Adjust Rapidly.............ooiiii e 94
35 Generalists and Specialists........... ... .o i 97



XVi

3.5.1
3.6

4.1
4.2
4.2.1
422
4.3
4.3.1
432
433
44
4.4.1
44.2
443

4.5
4.5.1
4.6
4.6.1
4.6.2
4.7

5.1
5.2
5.2.1
522
53
54
55
5.5.1
55.2
553
55.4
55.5
55.6
5.6

6.1
6.2
6.2.1

Contents

The Phylogeny of Specialization. .......... ..o 103
SUMMAIY . o ettt ettt e e e e e e e et e e 105
Suggested Additional Reading. ... ..ot 107
Sz, 109
Introduction ... ... ... 110
Changes in Size and Development of LifeonEarth......................... 112
Origins, Geobiochemistry, and Phylogenetic Benchmarks...................... 112
From Unicell to Multicell; Microorganism to Macroorganism................... 115
On Seeing the World as an Elephant ora Mycoplasma ..................... 125
Lower Limits and Upper Limits on Cell and Organism Size ..................... 125
The Organism as Geometrician. ..... ..ottt 127
Movementina Fluid. ... .. ..o 132
Some Correlates of Size ......... ..ot 134
COMPIEXILY .ottt e 134
Chronological Versus Physiological (Metabolic) Time .................coooia 138
Density Relationships: Body Size and Numbers of Species

and of Individuals ...... ... 139
Some Ecological Consequencesof Size ...t 142
Benefits and CostS. ....o.iuin it 142
Size and Life History Theory......... ..ot 146
Size of Dispersal Units .......o.on oot 146
Microorganisms are Not Necessarily r-Strategists............ccooiiiiiiia... 148
SUMMAIY . o ettt et e e e e e e e e et 154
Suggested Additional Reading..... ..ot 156
Growthand GrowthForm............................................... 159
Introduction ... ... ... 160
Unitary and Modular Organisms: An Overview. .................cccoueuen... 160
Design of the Unitary Organism . .........ouiuiiiuiiii e eenes 160
Design of the Modular Organism. ..........uuieiuiiii e 161
Fungi as Modular Organisms ...ttt 165
Bacteria as Modular Organisms ............. ..., 167
Life Histories of Modular Versus Unitary Organisms........................ 168
Growth of the Individual and Size of Populations......................ooio.. 168
Phenotypic Plasticity and Somatic Polymorphism ......................... ... 169
Longevity, ‘Potential Immortality;, and Somatic Mutation ...................... 171
Occupation of Space and Capture of Resources ........ ..., 175
When Should a Clonal, Modular Organism Divide? ... 184
Competition or Complementation?........ ...t 186
SUMMAIY . o ettt et e e e e e e e e et 193
Suggested Additional Reading..... ..ot 194
TheLife Cycle. ... ... 197
Introduction ... ... ... 198
Origins and General Considerations ................ ..., 198

Alternation of GENErations. ... ..ottt s 200



Xvii

Contents
6.2.2  The Centrality of a Single-Cell Stage. ...ttt 203
6.2.3  Phylogenetic CONStraint . .......o.in ittt 205
6.3 Complex Life Cycles . ...t 206
6.3.1  Conceptand Definition....... ..ot 206
6.3.2  The Rust Fungi: Extreme Specialists with a Complex Life Cycle ................. 209
6.3.3  Optimization and Constraint in Molding Life Cycles ................ccoiiiin 213
6.4 SENESCONCE ...ttt ettt et e e 215
6.4.1  Some Demographic Considerations ......... ... iiiiinniiiiiniaen 215
6.4.2  Evidence for Senescence Among Macroorganisms ..........c.coeueienenenenen. 220
6.43  Evidence for Senescence Among Microorganisms. ..........c.coeueienenenenen. 226
6.4.4  Non-evolutionary and Evolutionary Interpretations ................c.cooiia 230
6.5 SUMMATY. . . ettt ettt 238
Suggested Additional Reading....... ..ot 239
7 The Environment. . ... 241
7.1 Introduction ...... ... 242
7.2 The Environment and Organism Are Tightly Coupled....................... 243
7.3 How Organisms Experience Environments.................................. 247
7.3.1  The Influence of Life Span and Growth Form............ ... 247
7.3.2  The Concept of Environmental Grain ............c.oiiiiiiiiiiiiiiiinneen. 249
7.4 Organism Size and Environmental Variation................................ 251
7.5 Genotypic and Phenotypic Variation ............. ... ...l 254
7.5.1  Genetic Differentiation .......... ... . i 255
7.5.2  PhenotypicVariation . ... ...t 256
7.6 The Environment and Life CycleChanges.....................oiiiiiea... 265
7.6.1 Pauses: DOIMANCY ..ttt ettt et et e e e e 265
7.6.2  Epigenetics, Bistability, Noise, and Development ..., 269
77 Habitable Sites and the Evolution of Dispersal......................... ... 272
7.8 SUMMIATY .« . ettt e e et ettt e e e e e 279
Suggested Additional Reading....... ..o 281
8 Conclusion: Commonalities and Differences in Life Histories ....... 283
8.1 Levels of COMPAriSON .. ...ttt e e 284
8.2 On Being a Macroorganism or a Microorganism ........................... 286
8.3 Natural Selection as the Common Denominator ........................... 286
8.3.1  The Principle of Trade-Offs as a Universal Currency .............coovieiine... 287
8.3.2  Growth Form as the Integrator of Life Histories Across Size Categories ......... 288
8.4 Recapitulation of Some Major Points .............c.coiiiiiiiiiinininnin. 289
8.5 On the Comparative Ecology of Microorganisms and Macroorganisms ... .. 292
8.6 SUMMIATY . . ettt e ettt et e e e e 296
Literature Cited . ... ..o 299



2 Springer
http://www.springer.com/978-1-4939-6895-4

Comparative Ecology of Microorganisms and
Macroorganisms

Andrews, |.H.

2017, XV, 349 p. 68 illus., Hardcover

ISBEN: 978-1-4939-6895-4



	Contents

