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A Eight Vertebrates Ordered According to Unique Shared Derived Traits

DERIVED TRAIT®

CLAWS FOUR-

OR MAMMARY CHAMBERED
TAXON JAWS LUNGS NAILS FEATHERS FUR GLANDS HEART
Hagfish - = - - - i i
Perch 4 - - = = i i
Salamander + + = — e 2 0
Lizard - + + = = i &
Crocodile - - + - - - +
Pigeon + + + + E - +
Mouse + + + - + +
Chimpanzee + + + = +

‘A plus sign indicates the trait is present, a minus sign that it is absent.

“Operational Taxonomic Unit”... OTU
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Population Variables

a) population density (Individuals in a population may have uniform, random,
or clumped distributions)

b) Births and Deaths: Births, deaths, immigration, and emigration drive changes in
population density and distribution.

Number = N0 + Births - Deaths + |mmigrants + Emmigrants

Gene Flow

c) Age distribution (into “cohorts”) within a population, which reveals the
recent history of births and deaths.

Timing of these events may influence age distributions for many years
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Seed eaters
Large ground
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VIVAL RATE® MORTALITY RATES

ANCESTOR FINCH
from South American
mainland: Blue-black
grassquit

Small ground

A 0.434 0.566

0.855 0.143

Q@
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o
y - -
<
Z

Sharp-billed
ground finch

0.955 0.045
0.678 0.322
0.545 (0.455

Large cactus
finch

0.651 0.349

Cactus finch 0.944 0.056

0.776 0.224

- B ® 2001 Sinaver 4ssociates, Inc. () 923 0.077
11 10 0.048 0.396 0.604
12 4 0.019 0.737 0.263
13 3 0.014 0.714 0.004

“Survivorship = the proportion of newborns who survive to age x.
*Survival rate = the proportion of individuals of age x who survive to age x + 1.
‘Mortality rate = the proportion of individuals of age x who die before the age of x + 1.
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5 4 Life Table of the 1978 Cohort of Darwin’s Ground Finch
: (Geospiza scandens) on Isla Daphne

AGE IN YEARS (X) NUMBERALIVE | SURVIVORSHIP?| SURVIVAL RATE® MORTALITY RATES
0 210 1.000 0.434 0.566
1 91 0.434 0.855 0.143
2 78 0.371 0.898 0.102
3 70 0.333 0.928 0.072
4 65 0.309 0.955 0.045
5 62 0.295 0.678 0.322
6 42 0.200 0.545 0.455
i 23 0.109 0.651 0.349
8 15 0.071 0.944 0.056
9 14 0.067 0.776 0.224

10 11 0.052 0.923 0.077
11 10 0.048 0.396 0.604
12 4 0.019 0.737 0.263
13 3 0.014 0.714 0.004

“Survivorship = the proportion of newbomns who survive to age x.
*Survival rate = the proportion of individuals of age x who survive to age x + 1.
‘Mortality rate = the proportion of individuals of age x who die before the age of x + 1.
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Time

Theoretical Population Growth
-with No limitations.
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W / Population / World Population

Current World Population

https://www.worldometers.info/world-population/ 8' 0 1 2, 797' 1 6 5

World Population: Past, Present, and Future

(move and expand the bar at the bottom of the chart to navigate through time)
back to top T
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The chart above illustrates how world population has changed throughout history. View the full tabulated data.
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Archaeans <

Archaea constitute a domain of single-celled organisms. These
microorganisms lack cell nuclei and are therefore prokaryotes.
Archaea were initially classified as bacteria, receiving the name
archaebacteria, but this classification is outmoded. Wikipedia

Organism classification: Euryarchaeota
Scientific name: Archaea
Rank: Domain

Higher classification: Neomura

Lower classifications View 2+ more
“ ':!:ﬁ;‘\j.:;{”’\',, 7 i _
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Euryarch... Crenarch...

Bathyarc... Thaumar... Lokiarch...
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Diversity of Archaea

Though archaeans are involved in many important
ecological processes and present across Earth's
ecosystems, they are most known for being
extremophiles, existing in conditions that prevent
most organisms from functioning:
® thermophiles live at high temperatures
® hyperthermophiles live at really high
temperatures (present record is 121°Cl!)
® psychrophiles (also called cryophiles) like it
cold (one in the Antarctic grows best at 4°C)
® halophiles live in very saline environments
(like the Dead Sea)
® acidophiles live at low pH (as low as pH 1
and who die at pH 7!)
@ alkaliphiles thrive at a high pH.
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Archaeans

Archaea constitute a domain of single-celled organisms. These
microorganisms lack cell nuclei and are therefore prokaryotes.
Archaea were initially classified as bacteria, receiving the name
archaebacteria, but this classification is outmoded. Wikipedia
Organism classification: Euryarchaeota

Scientific name: Archaea

Rank: Domain

Higher classification: Neomura

Lower classifications View 2+ more
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Bathyarc... Thaumar... Lokiarch...



Domain

Bacteria Archea Eukarya
Nucleus absent absent present
Organelles absent (?) absent (?) present
Peptidoglycan Wall present absent absent
RNA polymerase only one several several
Initiating tRNA amino acid F-methionine methionine methionine
Introns very rare some very common
Response to antibiotics strep no growth growth growth
and chloramphenicol
Circular chromosome present present absent
Histones surround DNA absent some species present
Growth at >100 C No some species No
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a. Streptococcus, strings of spheroidal
or coccoidal bacteria

b. E. coli, bacterial rods

¢. Haloquadratum walsbyi, a square
archaeon that lives in salt ponds

d. Streptomyces, helical bacteria that
produce antibiotics
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Figure 26.2: Cell shape and size in Bacteria and Archaea.
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> Nucleoid

AN DNA
5?3 I3 s (haploid chromosome; ~1 molecule
s ""‘ . J
Cell membranes : ‘

Envelope — A s

e Cytosol
Flagella BN
6 proteins (~2 x 10° molecules/cell) 1,000 proteins (~10° molecules/cell)
pili 60 tRNAs (~2 x 10° molecules/cell)

1 protein (~2 % 10° molecules/cell) Glycogen (variable)

Outer membrane

50 proteins (4 abundant, 10° molecules/cell)
5 p-lipids (~5 x 10" molecules/cell)

1 LPS (9 x 10° molecules/cell

Polysomes

~18,000 ribosomes/cell in 1,000 polysomes

Capsule . 55 proteins (~10° molecules; 1 of each per
1 complex polysaccharide 70S ribosome)
Wall 3 rRNAs (58, 168, 23S; 56,000 molecules;

1 of each per 70S ribosome)

1,000 mRNAs (~1,400 molecules, 1 per
polysome!

Peptidoglycan (1 molecule/cell)
Periplasm

50 proteins (~10" molecules/cell)

Cell membrane

200 proteins (~2 x 10" molecules/cell)
7 p-lipids (~15 x 10° molecules/cell)
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FIGURE 27.2

Degradation and cycling of organic matter in sediments in relation to bacterial suiphate
reducticn and methanogenesis. After T, H. Blackburn, “The Micrebial Nitrogen Cycle,”
in Krumbein, W. E., ed., Microbial Gecchemistry, Boston: Blackwell Publications (1983).
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Yersinia pestis
e Sita

A scanning electron micrograph
depicting a mass of Yersinia pestis
bacteria in the foregut of an
infected flea

Scientific classification &
Domain: Bacteria
Phylum: Proteobacteria
Class: Gammaproteobacteria
Order:  Enterobacterales
Family: Yersiniaceae

Genus: Yersinia

Species: Y. pestis
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Chlamydias

Gram-negative

These parasites can survive only within animal cells, depending
on their hosts for resources as basic as ATP. The gram-negative
walls of chlamydias are unusual in that they lack peptidoglycan.
One species, Chlamydla trachomatis, is the most common cause
of blindness in the world and also causes nongonococcal
urethritis, the most common sexually transmitted disease in
the United States.

Spirochetes

These helical heterotrophs spiral through their environment by
means of rotating, internal, flagellum-like filaments. Many spiro-
chetes are free-living, but others are notorious pathogenic para-
sites: Treponema pallldum causes syphilis, and Borrella burgdorferl
causes Lyme disease (see Figure 27.20).

Cyanobacteria

These photoautotrophs are the only prokaryotes with plantlike,
oxygen-generating photosynthesis. (In fact, as we’ll discuss in
Chapter 28, chloroplasts likely evolved from an endosymbiotic
cyanobacterium.) Both solitary and filamentous cyanobacteria are
abundant components of freshwater and marine phytoplankton,
the collection of photosynthetic organisms that drift near

the water's surface. Some filaments have cells specialized for
nitrogen fixation, the process that incorporates atmospheric
N into inorganic compounds that can be used in the synthesis
of amino acids and other organic molecules (see Figure 27.14).

Gram-Positive Bacteria

Gram-positive bacteria rival the proteobacteria in diversity.
Species in one subgroup, the actinomycetes (from the Greek
mykes, fungus, for which these bacteria were once mistaken),
form colonies containing branched chains of cells. Two species
of actinomycetes cause tuberculosis and leprosy. However, most
actinomycetes are free-living species that help decompose the
organic matter in soil; their secretions are partly responsible
for the “earthy” odor of rich soil. Soil-dwelling species in the
genus Streptomyces (top) are cultured by pharmaceutical compa-
nies as a source of many antibiotics, including streptomycin.

Gram-positive bacteria include many solitary species, such as
Badlllus anthracis (see Figure 27.9), which causes anthrax, and
Clostridiurn botulinum, which causes botulism. The various species
of Staphylococcus and Streptococcus are also gram-positive bacteria.

oplasmas (bottom) are the only bacteria known to lack

cell walls. They are also the tiniest known cells, with diameters
as small as 0.1 ym, only about five times as large as a ribosome.
Mpycoplasmas have small genomes—M)coplasima genltalium has
only 517 genes, for example. Many mycoplasmas are free-living
soil bacteria, but others are pathogens.

anagrobic rods,
Chlamydlia (arrows) inside an Gmn cvtophagts &
animal cell (colorized TEM) S'U.lph'll]’ flavobacteria
Spirochastes bacteria Flnvtom prutey & relatives
fg" ".g LA T O ' X
& \ Chlam ydise
\ Bllaces
3

Leptospira, a spirochete \

(colorized TEM) = A 5
- \ Clostenliem, By,
MRIAT \ LowtoSowtlley, Mrepdovowsy

\\ \ Actinomyeetes
\ -
F \ \ 114 Cyanobacteria
X\ (§ L .
N E Proteobacteria

Oscillatona, a fila mentou\s\ 8

cyancbacterium \

Green non-sulphur bacteria

E

— &

=

Streptomyces, the source of many

antibiotics (SEM)

Hundreds of mycoplasmas
covering a human fibroblast cell
(colorized SEM)

2um

CHAPTER 27 Bacteria and Archaea 569
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(a) Application of  (b) Application of () Alcohol wash (d) Application of
crystal violet iodine safranin
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This giant bacterium is the
largest one found yet

On average, Thiomargarita magnifica measures 1 centimeter long

With an average length of 1 centimeter, Thiomargarita magnifica bacteria (several pictured) are big enough to see with the
naked eye.

TOMAS TYML

Thiomarita magnifica
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a. DNA transfer by conjugation

b. DNA transfer by transformation

Recipient

N,

Virus-infected donor Recipient

In conjugation, DNA
(usually a plasmid)
from a donor cell is
transferred through
a pilus into the
recipient cell.

In transformation,
DNA released into
the environment by
dead cells is taken
up by a recipient
cell.

In transduction,
DNA is transferred
from adonorto a
recipient cell by a
virus.

Figure 26.4: Horizontal gene transfer in bacteria. DNA shown in red
originates from the donor cell. DNA shown in blue is that of the recipient

cell.
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The circular bacterial
DNA molecule is attached -
by proteins to the inner
membrane (red).

DNA replication begins
at a specific location and
proceeds bidirectionally
around the circle.

9 The newly synthesized b 4

Kinitial molecule.

o As replication proceeds,
the cell elongates
symmetrically around the
midpoint, separating the

\DNA attachment sites.

Cell division begins
with the synthesis of new
membrane and wall
material at the midpoint.

Continued synthesis
completes the constriction
and separates the daughter
cells.

DNA moleculeis also
attached to the inner
membrane, near the
attachment site of the

Protein
DNA

Newly
synthesized
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