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Changes and other Important 
Stuff

• Rm change – Maury 112 – Geology Lab
• web page is not really on Collab –

http://www.evsc.virginia.edu/~alm7d/523
• amills@virginia.edu 
• reading assignment: above/handouts/papers 

Krumbein and Dyer – This Planet is Alive

CO2

Organic
Matter
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Microbial Ecology
Living with the unseen majority

The Microbe is so very small 
You cannot make him out at all, 
But many sanguine people hope 

To see him through a microscope. 
His jointed tongue that lies beneath 
A hundred curious rows of teeth; 

His seven tufted tails with lots 
Of lovely pink and purple spots, 

On each of which a pattern stands, 
Composed of forty separate bands; 

His eyebrows of a tender green; 
All these have never yet been seen--
But Scientists, who ought to know, 
Assure us that they must be so.... 

Oh! let us never, never doubt 
What nobody is sure about! 

(Hillaire Beloc)

Wodzinski’s Basic Laws of Bacteriology
From about 1967

1. Bacteria are very small

2. Bacteria are our friends

3. Bacteria always have the last word

Mills’ corollaries to Wodzinski’s laws

1a. But there are a LOT of them
1b. And they grow VERY fast

2a. As long as you hang out with the right crowd
2b. And even your friends can play jokes on you

3a. RIGHT!
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10 – 100 μm

≈ 1 μm

BACTERIA ARE SMALL : a typical (large) rod-
shaped bacterium 0.5μm x 2μm bacterium has a 

volume of ca. 0.393μm3.
(same as a cube 0.732μm on a side)   

If we tried to pack those cubes into another 
cube that is 1 cm3, the cube will hold about 

2.5 x 1012 cells.
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BACTERIA ARE SMALL: a typical (large) rod-
shaped bacterium 0.5μm x 2μm bacterium has a 

volume of ca. 0.393μm3.
(same as a cube 0.732μm on a side)   

Place the cell into a cubic swimming pool 1 cm on each 
side, then expand the entire system so that the cell 
is now 2 m long (equivalent to a tall [6’6”] human):

Swimming pool is just over 6 miles on a side!!

In uncontaminated surface waters, there are typically 
around 106 bacterial cells per mL 

(total human population is 7 x 109)

A gallon of that water contains 
3.77 x 109 cells

A 20-gallon bath in that water would 
be shared with 7.5 x 1010 other 
small beings

A small (2 ha) lake might then 
contain 4 x 1016 bacteria in the 
water
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Rhopalosiphum prunifolia (aphid) 4.7 days
Homo sapiens 25-35 years

Escherichia coli 20 min

And they grow very fast

The generation time is the time necessary for a 
population to double (or to replace itself in 

steady state)

Aquatic bacteria have turnover or replacement times 
on order of 1 day

What are the genetic/evolutionary implications??

Number and biomass of prokaryotes in the world
(from Whitman et al., 1998)

Environment
No. of 

prokaryotic cells 
(x 1028)

Pg of C in 
prokaryotes

Aquatic habitats 12 2.2

Oceanic subsurface 355 303

Soil 26 26

Terrestrial subsurface 25-250 22-215

Total 415-460 353-546
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Habitat
Population 

size
Turnover time 

(days) 1029 Cells/year

Marine heterotrophs

<200m 3.6 x 1028 16 8.2

>200m 8.2 x 1028 300 1.1  

Marine Autotrophs 2.9 x 1027 1.5 7.1   

Soil 2.6 x 1029 900 1.0

Subsurface 4.9 x 1030 5.5 x 105 0.03

Domestic mammals 4.3 x 1024 1 0.02

Annual cellular production of prokaryotes 
in various habitats

Whitman et al. 1998

Ecosystem

Net primary 
productivity

(Pg C/yr) Plant

Soil and 
aquatic 

prokaryotes
Subsurface 
prokaryotes

Terrestrial 48 560 26 22-215

Marine 51 1.8 2.2 303

Total carbon content (Pg)

How important are prokaryotes 
compared with plants?

Whitman et al, 1998 (PNAS)
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Assume that a cell is totally permeable to all dissolved substances, i.e., the outside 
is continuous with the inside.

Assume further that pH = 7.0 and that all molecules are perfectly homogenously 
distributed in space.

How many protons (H+) are contained within the boundaries of a single cell?

At pH 7, there are 1 x 10-7 moles H+ L-1

6.02 x 1023 molecules /mole X 1x10-7 moles/L X 1L/1000 cm3 X

1cm3/1012 μm3 X 0.393 μm3 / cell =

23.7

ORIGINAL
CELL

CYANOBACTERIA

GREEN BACTERIA

GOLDEN BACTERIA

OTHER BACTERIA

PURPLE NON-
SULFUR BACTERIA

PRIMiTIVE
EUKARYOTE

                                 RHODOPHYTA
                                  
                                 CHLOROPHYTA

EUGLENOPHYTA

                                  PHAEOPHYTA

PYRROPHYTA

BACILLARIOPHYTA

CARYOBLASTEA

RHIZOPODA

SPOROZOA

ZOOMASTIGINA

FORAMINIFERA

DINOFLAGELLATA

CILIOPHORA

OOMYCOTA

MYXOMYCOTA

ACRASIOMYCOTA

PLANTAE

ANIMALIA

FUNGI

FUNGI

ANIMALS

PLANTS

?

UNICELLULAR MULTICELLULAR

MONERA PROTISTA

Evolutionary development of the 5 kingdoms as proposed by Whittaker, Margulis, et al. 
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Green bacteria
Flavobacteria

Spirochetes
Purple bacteria

Gram-positive bacteria
Cyanobacteria

Deinococci
Thermotogales

Extreme halophiles

Methanogens

Extreme thermophiles

Plants
Fungi

Animals
Cilates

Cellular slime molds

Flagellates
Microsporidia

Eucarya

Archaea

Eubacteria
Universal Phylogenetic Tree

based on ribosomal DNA
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What is the role of microbes 
in the environment?

• Recyclers of mineral nutrients (N,P,S etc)

• Decomposers of plant and animal waste and remains
• Producers of organic matter
• Producers of food materials (wine, cheese, yogurt, tofu)

• Serve as food for many life forms
• Assistants in the digestion of food
• Gatherers of nutrients for many plants
• Producers of industrial chemicals
• Removers of toxic materials

positive
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Main goal in life for microbes (as well as all 
other forms) is reproduction – the making of 
new cells

gaining e- makes ΔE0 negative, so ΔG0 is positive
losing e- makes ΔE0 positive, so ΔG0 is negative

reduction

oxidation

ESSENTIAL 
ITEM Source Brock's Terms Lynch and Poole

Carbon from:
Organics Heterotroph Heterotroph

CO2 Autotroph Autotroph

Energy from:
Light Phototroph Phototroph

Chemicals Chemotroph Chemotroph

Electrons from:
Organics Brock doesn't 

mention
Organotroph

Inorganics Lithotroph

TROPHIC CATEGORIES OF NUTRITIONAL AQUISITION

The termheterotroph most often refers to an 
organism that obtains carbon, energy, and 

electrons all from organic compounds. 


