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How are bacterial species How are bacterial species 
defined?defined?

Species = An individual belonging to a group of Species = An individual belonging to a group of 
organisms having common characteristics and organisms having common characteristics and 
(usually) are capable of interbreeding(usually) are capable of interbreeding
Problem is that bacteria are capable of Problem is that bacteria are capable of 
horizontal exchange of genetic materialhorizontal exchange of genetic material
Organisms with 97% or                                Organisms with 97% or                                
more genetic similaritymore genetic similarity
Operational taxonomic unitsOperational taxonomic units
PhylotypesPhylotypes



What determines diversity and What determines diversity and 
community composition?community composition?



Are microbes influenced by the same factors Are microbes influenced by the same factors 
(temperature, precipitation, PET) that influence (temperature, precipitation, PET) that influence 

plants and animals?plants and animals?

Life zones of Holdridge, 1947

Fierer and Jackson. 2006. The diversity and biogeography of Fierer and Jackson. 2006. The diversity and biogeography of 
soil bacterial communities. PNAS 103:626soil bacterial communities. PNAS 103:626--631631

Soil pH

(high plant 
diversity)

(low plant diversity)



For both continental and local scalesFor both continental and local scales

Duke Forest, NCPeruvian 
Amazon

Regional scaleRegional scale
(topography, land use type, etc.)(topography, land use type, etc.)



Field scaleField scale
(plant communities, management, etc.)(plant communities, management, etc.)

Field scaleField scale
(individual plants, (individual plants, 

burrowing animals, etc.)burrowing animals, etc.)



PedonPedon scalescale

OM content, microbial OM content, microbial 
biomass and species richness biomass and species richness 
generally decline with depthgenerally decline with depth
Fierer et al. SBB 2003:167Fierer et al. SBB 2003:167--176176

Fine scale (cm or less)Fine scale (cm or less)
(roots and rhizosphere, aggregates, pores, etc.)(roots and rhizosphere, aggregates, pores, etc.)



What can genetic information tell What can genetic information tell 
us about function?us about function?

Hugenholtz et al. 1998
J Bacteriology 
180:4765-4774



Toward an Ecological Classification of Soil BacteriaToward an Ecological Classification of Soil Bacteria
Fierer et al. 2007. Ecology 88:1354Fierer et al. 2007. Ecology 88:1354--13641364



What are the longWhat are the long--term effects term effects 
of community change on of community change on 

ecosystem function?ecosystem function?



Microbial StressMicrobial Stress--Response Physiology and its Response Physiology and its 
Implications for Ecosystem FunctionImplications for Ecosystem Function
Schimel et al. 2007. Ecology 88:1386Schimel et al. 2007. Ecology 88:1386--13941394

How do stress response physiologies differ How do stress response physiologies differ 
among microbial groups?among microbial groups?

Do these differences have ecosystemDo these differences have ecosystem--level level 
consequences in response to stress?consequences in response to stress?





How will microbes respond to water stress?



Microbial Osmoregulation

Synthesize capsules and 
EPS

Alter cell wall and 
membranes

Manufacture and 
accumulate compatible 
solutes within cytoplasm

Polyhydric alcohols as 
compatible solutes; thickest cell 
walls; can span air gaps

-60 barsFungi

Capable of concentrating more 
compatible solutes; thicker cells 
can withstand greater turgor 
pressures

-27 barGram positive 
bacteria

-7 barGram negative 
bacteria

Comments
Cytoplasmic 

potentialsOrganism



How will community composition change?

>

>

Can we manage microbial diversity 
and community composition to 

promote ecosystem services?



Soil Microbial Communities and Restoration 
Ecology: Facilitators or Followers?

Harris 2009. Nature 325:573-574

Are microorganisms key players in restoring 
degraded lands?

Soil microorganisms = Facilitators of restoration

Or, do microorganisms simply reflect what is 
happening to plant communities?

Soil microorganisms = Followers of restoration

Microbial communities change during plant 
community succession (Followers)



What is the functional What is the functional 
significance of the microbial significance of the microbial 

diversity in soil?diversity in soil?

What is Microbial Community Ecology?What is Microbial Community Ecology?
KonopkaKonopka 2009. ISME J 3:12232009. ISME J 3:1223--12301230



Managing Ecosystem Services: What do we need to Managing Ecosystem Services: What do we need to 
know about their ecology?know about their ecology?

KremenKremen 2005. Ecology Letters 8:4682005. Ecology Letters 8:468--479 479 

Fk = Σfik = Σeiknik

Decelerating or saturation curve

Linear o
r ad

ditive

Acce
lera

tin
g

The Microbial EngineThe Microbial Engine’’s that Drive Earths that Drive Earth’’s s 
Biogeochemical CyclesBiogeochemical Cycles

FalkowskiFalkowski et al. 2008. Science 320:1034et al. 2008. Science 320:1034--10391039



The Contribution of Species Richness and The Contribution of Species Richness and 
Composition to Bacterial ServicesComposition to Bacterial Services

Bell et al. 2005. Nature 436:1157Bell et al. 2005. Nature 436:1157--1160 1160 

Evidence for the Functional Significance of Evidence for the Functional Significance of 
DiazotrophDiazotroph Community Structure in SoilCommunity Structure in Soil
Hsu and Buckley 2009. ISME J 3:124Hsu and Buckley 2009. ISME J 3:124--136136

Relationship Relationship 
between community between community 

nifHnifH composition composition 
and N fixationand N fixation


