Contents

G R R xi
Section | Ecology and Evolution

1 Core Concepts in Studying Ecology and Evolution .. ....... 3

The Beginnings of Microbiology . .. . ... ...... ... ... .. .. . .. ... 3

O R A A A 5

Bacteria 6

EhotosyntheticBacterle .... ... o iviviieiaiai i iag 7

Gliding Bactena 7

Sheathed Bacteria 7

Budding and Prosthecate Bacteria . . . . 9

L = P VSR et YT (O S N I 9

Spiral and Curved Bacteria 9

Strictly Aerobic Gram-Negative Rods . ... .. ....... ... ..o 9

Facultative Anaerobic Gram-Negative Rods 9

Strictly Anaercbic Gram-Negative Rods . ........ ... ... . oot 9

Nonphotosynthetic Autotrophic Bacteria 10

e lanathie GOt ., .0 0 e b e s s s e sty eb@uiRivb 10

Gram-Positive Cocci . ... .. e o AR BN OOLHRA suiaiv i 10

Endospore-Forming Bacternia .. .. ... ... 10

Mon-Spore-Forming, Gram-Positive Rods . 10

Branching Bacteria ....... 10

Obligate Intracellular Bacteria 10

EcologyBecomesaSclente . .................. ... civanesaianna. 1

Evolution 13

Natural Selection 14

Patterns of Selection 15

Evolutionary Ecology . . . .. 17

2 Moleculesand OriginsoflLife . .. ....................... 21

OISR f SRt o v e e e e s (AR ERITRG B 22

VWater 22

Biological Elements 23



Early Atmosphere and the Beginnings of Life .. OTMI SO SeY /R U Sy 24

Miller Flask Experiment . ............. 24
Which Molecule Came First? ... ... 25
T peh = e ST T S R S R R R R 28
ProtoinsFirst Models . .....c.coonveccccaracanncaaasnncnanannns 29
Dual-Origin Models . ............... 30
3 Species Concepts and Speciation ... ........... ... ... ... 35
Universal Species Concept . . . . . 37
Biological Species Concept ... ... .. .. .. i e e e SRR DT 38
Phenetic and Related Species Concepts . . . . .. .. ... .. .. ... .......... 39
Evolutionary SpeciesConcept . . . . ............... ... .. chonninn 39
Phylogenetic Species Concept . . .. 39
Bacterial Taxonomy . . ... .. ... .. 40
Bacterial Species Concepts 41
Application of the Phenetic Species ConcepttoBacteria . . ...........- 44
Application of the Phylogenetic Species Concept . .. ...« oo 45
Speciation a5
Bacterial Speciation ... ... .. .. e 48
Mismatch Repair as a Speciation Mechanism . .......... ..o 48
Rapid Speciation? . ... .. .. ....... .. 50
Operons ...............-: 51
Genome Economization and Speciation . . . . . ..........c0cnenenees 51
Hypermutation . . . ... ... . R e - T e 52
Genome Reduction . . .. ... .. ... .. B e e e e s 53
Section Il Ecology of Individuals
A Tholndnidual .. .......... 00 FORTEEN SRR . 57
Wihat leanindivideal?: .. ... cccon oo DL TETOTEL e 43 57
Study of Individuals . .. . .. 59
Study of Individual Microorganisms . . . . ..... .. 60
Genetic Individuals . 61
Ramets . ... .. 61
Ecological Individual . e 2 Fih i 88 USRS  TA 62
Niche . 63
Abiotic Constraints 63
E CromthandFeading . . ... ... ... ennrnocans- 83
Growth and Surface-to-Volume Ratios . = .. ... ...... ... g 83
Ecology of Feeding . . . . ... .. .. 85
Metabolic Energy . . .. ... . .. 86
Role of Carbon . - .5 87
Microbial Feeding Strategies . ey R T s 88

Costs of Feeding . s g Ny e @) 1



S |

Generalists and Specialists 93
Optimal Foraging and Microbes 93
Cheating . . 96
Free-Living Microorganisms a7
Food Chains and Webs . 10
Fermentations 105
6 Ecology of Sex . . .. 107
Reproductive Ecology 107
Microbial Reproduction 108
Conjugation . .. ... 109
Transposons .. .............. 110
Transformation ............. RN R T 110
amEhetion . . .. L. i 112
Advantages and Disadvantages of Sex 112
Rate of Reproduction . . 116
Plasmids and Extrachromosomal DNA 117
When Would Plasmids Be Favorable? 119
Genes on Plasmids 120
Plasmids in Streams 122
Plasmids in Lakes . 123

Hot Spots for Plasmid Transfer 124
Transformation in Nature 126

Section lll Living Together in Populations

7 Fundamentals of Microbial Population Ecology . . ... .. ... .. 131
Populations in Ecology . 131
Properties of Populations 131
Density . 132
Natality and Fecundity 132
Maortality, Longevity, and Senescence 132
Immigration and Emigration 132
Microbial Population Ecology . . . . .. . .. ... .. . 133
Population Growth . ... ... 133
Density Dependence and Independence 139

rand K Selection ...... 141

8 Metapopulations, Multicellularity, and Modular Growth 149
Metapopulations 149
Dispersal 151
Modularity ................ e ADRIEN , BOLI S DORE 152
Souwrceand Sinks .................. 155
Population Ecology of Genes . . .. . .. 159
Sources of Phenotypic and Genotypic Variation 160



sources of Genic and Chromosomal Genetic Variation . .- 161
Gene Ecology - -~ 168
9 Effects of Habitats, Genome gize, Diversity, and Bacterial
Communicatinn on Population Processes 171
Habitats . - el 171
Genome Size and Genetic Diversity . ..o 175
Feeding Ecology and Modular Growth . . 182
Intercellular Communication 185
Clones or Sex? . . 187
Bacterial Sex 191
10 Population Spatial Gtability .- - - RS 195
Uniformity of Populations 195
Adaptation 197
Pnpulatinnsinﬂme..............._.._....... 199
Bacterial Cnmmunicatinn: Do Microbes Talk to Each othet? ... 200
Quorum Sensing and Infections . - 203
Evolutionary |mplication of Quorum Sansing 204
Cell-Cell Cormmunication in Bacteria . 204
Quorum gensing and Evolution 207
Disruption Of nManipulation of Quorum Sensing Responsé . 209
Eavesdropping py Bacterna 210
Quorum Sensing. Einal Thoughts . e SRR, 210
Cannibalism, Miniaturization, and Other Ways to Beat Tough Times . 211
Oligotrophic Gtate of Naturé ... -~ 214
Smwanon-ﬁuwwm 216
Aging, Senescence. and Death . 216
Dormancy of Resting State and miniaturization 217
Taxis: Light, Chemicals, Water, and Temperature ... 220
gection \V Living Together in Communities

1 Characteristics of Communities and Dlvereity - - b0 niEls 221
Community Structure and Energetics - - 221
Species Diversity - 229
Maintenance of Species Diversity 234
Origin and Maintenance of Communities . 23
gffect of Diversity on Ecosystem Services - .- 23
Molecular Techniques and Microbial Community Ecology - 23
Methods Based On DNA or RNA . ooeeemt : 24

methods Based on Fatty Acids or Lipids . .eeccrrtt i 2

Methods Based on Function Of Physiology « - - - 2

.

SuncassionalThauw................_.

Abiotic Mechanisms of pispersal . -



Community Development . . . .. ... ... .. ....... P R | - . 249
R . - - . . ... s:ciacmssiasasnsdEansssassanan 252

12 Concepts in Community Ecology . . .. ... .. .. ... ... ...... 253
Open-Water Communities ... ... .. .. 253
Biofilm Communities e e i S e 257
Phylogenetics and Community Ecology A i R o e 268
Soil Communities . . . . . e R e e A 269
Oral Communities . . .. P i R e R 270
Functional Diversity .= G e BT R A e . i T 271
Niche Constructionists . R P TR 274

13 Microbes and the Processing of Nutrients . . ... ... .. ... ... 277
Nutrient Cyeling . = = . I et ke et Sh-hag g nah 277
Nitrogen Cyele .. ... ... .. .. .. .. ... 278

FixationinSoils .............. 283
DERTHRIEERION . o oo o v - - - -2 asusssrpamnnesasanannssssnahessnsss 286
T g A R e PR T 287
Nitrogen Transformation Summary . . . .. ... ... ... iiinaon. 288
Sulfur Biogeochemcial Transformations . . . . . . . . .. iR 288
Carbon Cycling . . . .. RSy P S R e S 289
Information Spiraling . . . . wd pa R el AR A P < P g 291
Geostatistics and the Spatial Patterns of Microbes . T 295

14 Species Interactions and Processes . . . . ... ... b Bt i 1 297
Species Interactions . . . .. . _ e s 297
Proliferation Hypothesis . . . . . . T e g 298
Negative Relationships . . . .= . . . . . e s ; AT 303

Parasitism .................. o it mntoly i o . 304
Predation . ...... e g S L o gl 306
Bacteiaand Viral Interactions . ...... ... ... iseecacnennsnnannan 324
Microbial Loop ... ......... .. .... 324
Bacteria as Predators . . . .. 325
Neutral Relationships . . . .. .. .. w-clF A e - gl al e it b A% el 328
Positive Relationships g T o A el el v e 2 il e 329
Metabiosis . e _ et 3 - i} - RN bt S 329
Symbiosis . ....... Y P e : e A R 329

15 Additional Topics in Species Interactions . . . . . .. RPE e 345
Cheating and Cheaters . . . = - s eild VY, DTS R 345
Cooperation . . ... .. .. . _ kAR : : Sl L1 348
Evolutionary Arms Races . . . Eortr ik 5T 53 S 351
Microbe Eukaryote Interactions . . .. .. . . .. .. RS A PSR O 357
Biogeography . . . .. 360






