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The first chapter describes how the theory of the origin of the Universe
was begun by the ancients and refined by new information as the centuries
rolled by. Since we’re talking about a theory here, this is probably a good
time to clarify what a theory is because there seems to be considerable
misunderstanding about it.

A theory is often equated to a guess or speculation, but that’s not true
at all. Such a guess or speculation is called a hypothesis. Theories are
natural explanations of the composition and processes of the Universe. The
composition (matter and energy) and processes (natural laws) were cre-
ated by God at the instant of the Big Bang, and though some scientists
don’t believe in this divine creation and probably balk at even discussing it,
many do believe in a divine creation as implied by Einstein’s famous objec-
tion to Quantum Mechanics: “God doesn’t play at dice.” Science is the
study of this matter and energy and these natural laws, and theories are
the scientific descriptions of them. Science is the systematic study of God’s
creation although scientific study is limited to natural processes, which
prevents it from considering supernatural phenomena like the creation itself.

Theories must be based on both observation and established natural
principles (physical, chemical, or mathematical), and these two compo-
nents must support one another. Sometimes, as in the case of General
Relativity, the established natural principles are used to form the new theory
first, which is then verified by observation and testing. Other times, as in
the case of supernovas, observation comes first, and then established
natural principles are applied to explain the observations.

Although theories are accurate as far as we understand the natural
laws involved, they’ll never be perfectly accurate because we can never
understand the natural laws completely; we mortals can never completely
understand the divine Creator. We continually understand more and more,
though, so theories are continually being refined as long as new observa-
tions suggest deficiencies in them. The more we learn about God’s laws, the
more complete  theories become, and the development of the theory of the
origin of the Universe is an excellent example of how a theory is refined
again and again as we better understand the laws of nature.

The Earth is Formed
The Universe began with an enormous explosion (the Big Bang) that

started out as pure energy, which then coalesced into protons and elec-
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trons in the first tiny fraction of a second. As the Universe continued to
expand and cool, stars formed, and many of the lighter elements were
manufactured in the fusion furnace at their cores. Many of the first stars
were probably giants many times the size of the Sun, which have short lives
because they have to furiously fuse hydrogen to balance their enormous
gravity. Giant stars usually end their lives as supernovae, during which all
the rest of the naturally occurring elements were made. Small stars like the
Sun seeded the elements they manufactured into space with planetary
nebula, but giant stars blasted their manufactured elements into space with
their supernovae.

Almost everything that happens involves chemical reactions somewhere
along the line, which is why the basic chemistry of life is outlined in the
Appendix in case you’re interested in the chemistry. All life processes here
on Earth depend on chemistry. Elements chemically combine to form mol-
ecules even in space. Radio telescope analyses of giant interstellar dust
clouds have identified methylidyne, cyanogen, water, and numerous more
complex molecules. These molecules exist in giant hydrogen gas clouds that
are as much as 150 light years across. These gas clouds are often sprinkled
with atoms of all the other natural elements, and during the countless eons,
the heavy ones sometimes accumulate into tiny grains from which comets,
meteors, and planets can be formed.

The theory of planet formation has undergone considerable develop-
ment during the twentieth century because our knowledge of the physical
processes involved has expanded. Now, at the beginning of the third millen-
nium, its main features are pretty well established. Most young stars are
surrounded by a disk of gas and dust that’s a remnant of the star formation
process. Planet formation results from the growth of these tiny interstellar
dust particles within this disk.

During the first stage of planet formation, small planetesimals condense
from this primordial disk of gas and dust revolving around a coalescing star.
In the case of our own star, the Sun, this gas disk was enriched with heavy
elements such as carbon, iron, and nitrogen that had been produced during
supernovae that had occurred in our general area perhaps more than six
billion years ago. The solar wind, which is made up of charged particles
blown off the Sun’s corona, tends to push all light gasses away from the
Sun. Thus, as the solar system formed, the inner part of the disk became
rich in heavy elements while light elements were pushed to the outer reaches.
That’s why the planetesimals that accumulated in the inner part of the disk
created rocky planets like the Earth, and the outer planets, such as Jupiter,
became gaseous.

During the early stage of Earth’s formation, heat from in-falling plan-
etesimals, meteorites, and comets plus heat from nuclear fission of radioac-
tive elements trapped in the protoearth’s interior turned our young home
into a molten ball. It was during this time that heavy elements, such as iron,
nickel and radioactive metals, sank to the center; and lighter, silicate-based
material to rose to the surface. Sand is a common silicate-based material.
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The Dating Game
The theory of evolution of life on Earth begins at the time Earth was

molten and traces its development through time to the present day. Geolo-
gists and paleontologists are inevitably faced with the prospect of placing
rock or fossil samples in their proper time period. This process of dating is
critical and most difficult. It involves an interplay between absolute dating
techniques and delicate, laborious methods of relative dating.

Absolute dating of rock and fossil samples uses the known decay rates
of radioactive material. All elements are made of atoms, which have a small,
dense nucleus of protons (which have a positive electric charge) and neu-
trons (which have no electric charge) surrounded by a cloud of light elec-
trons (which have a negative charge) that whiz around the nucleus. The
nucleus and electron cloud each have their own roles to play. The number
of protons in the nucleus determine what element an atom is, and the cloud
of electrons define an atom’s chemical behavior. The neutrons help hold the
nucleus together because, without them, the positive electric charge on
the protons would cause them all to repel each other and fly apart, de-
stroying the atom although the physics is a little more complicated than
that. All elements have isotopes, which are forms of atoms that have one or
two neutrons more or less than their brothers and sisters. The number of
protons determine what an element is, so the number of neutrons can’t
change that.

For example, carbon has three isotopes, each of which has six protons.
The most abundant isotope, making up about 98.9% of the total carbon in
existence, has six neutrons to go along with the six protons, totaling twelve
nucleons (protons and neutrons). This is called carbon-12 (C-12), where
the number represents the total nucleons. There are also isotopes of car-
bon with seven neutrons (C-13) and eight neutrons (C-14).

Most isotopes such as deuterium, a form of hydrogen illustrated in the
figure on page 10 that has one proton and one neutron in the nucleus (also
called heavy hydrogen, H-2), are stable and don’t change. But the different
numbers of neutrons that isotopes have relative to their brothers and sis-
ters can upset the delicate balance of forces in their nucleus and cause
those isotopes to be unstable (radioactive). Radioactivity is a property
solely of the nucleus. Radioactive isotopes decay to form other elements
because the decay often involves the transformation of a neutron into a
proton. For example, C-14, which has six protons and eight neutrons, will
change a neutron into a proton to become nitrogen-14 (N-14), which has
seven protons and seven neutrons. Nitrogen-14 is stable.

The half life and decay product of radioactive elements is predictable
and quite well known. Half-life is the time necessary for half of any given
amount of material to decay. In other words, assume you’re given 100
pounds of C-14. In 5730 years (the half life of C-14), 50 pounds will have
decayed, and you’ll have 50 pounds of C-14 and 50 pounds of nitrogen-14
(N-14) left. In another 5730 years, half of the 50 pounds of C-14 left will
have decayed, and you’ll have 25 pounds of C-14 and 75 pounds of N-14
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left. In another 5730 years, you’ll have 12.5 pounds of C-14 left, and so on.
Therefore, if you know how much C-14 you started with and how much is
left, you can use the decay rate to find out how long the sample has been
sitting there. Some radioactive elements of importance in absolute dating
are shown in the Half Life Table.

Hydrogen-3 (H-3, also called tritium) has such a short half-life that it’s
only useful for dating water such as groundwater or polar ice. C-14 is an
excellent tool for dating biologic material but is inaccurate beyond 50,000
years because so little of it is left. Dating with H-3 and C-14 is accurately
and easily done because both elements are part of cycles that have reached
equilibrium, and the amount of C-14 or H-3 you start with is well known. For
example, tritium is constantly being formed in the upper atmosphere. Over
the billions of years that Earth has existed, the rate of formation has come
into balance with the rate of decay, and the concentration of tritium is a
known constant in terms of both gas and compounds.

Tritium combines with oxygen to form water just as regular hydrogen
does because electrons, not the nucleus, are involved in chemical reac-
tions, and the electron structure is the same for both regular hydrogen and
tritium. Therefore, all water has small traces of tritium in it. The active
water cycle makes all flowing water so well mixed with fresh tritium supplies
that tritium balance is maintained and dating is impossible. Water locked up
in glaciers and groundwater is not mixed with fresh supplies, so tritium
balance is not maintained and dating these water supplies is possible but is
inaccurate beyond a hundred year or so because so little tritium is left. In a
similar manner, biological forms like plants and animals, which are all based
on carbon, reach a C-14 equilibrium between intake and output until they
die and intake ceases. Again, absent fresh input, measuring the amount of
C-14 left allows dating.

Dating rocks and minerals is a different matter because the initial amounts
of radioactive material in the sample are not always known. Subtler meth-
ods are used for them. The most common method is to measure the amounts
of radioactive isotope and decay product. The ratio of these two quantities
is a measure of the decay time and, therefore, the age of the sample. The
accuracy of this method depends heavily on what is assumed for the begin-
ning amount of decay product.

Half Life Table
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Zircon, which is a crystal made of zirconium (Zr), silicon, and oxygen
and is a popular substitute for diamonds in jewelry, is an excellent mineral
for radiometric dating using the uranium-to-lead decay process and is the
most widely used substance for determining the age of material that’s be-
tween 1 million years and 4.5 billion years old. Zircon is resistant to weath-
ering and is chemically inert. When a zircon crystal is formed in its parent
magma, it readily accepts uranium atoms as a replacement for zirconium in
its crystalline structure, but it strongly rejects lead. That’s a law of nature.
Thus, the amount of the lead decay product is accurately known to be
nearly zero when the crystal is formed. Since zircon can have both ura-
nium-235 (which decays to lead-207) and uranium-238 (which decays to
lead-208) in its structure, the age from both decay series can be deter-
mined at the same time, providing a built-in cross check. The technique of
uranium-lead radiometric dating using zircons has been refined to the point
where it’s routinely accurate to 1% or less.

Of course, you can’t pick up just any old rock and get a valid radioactive
date on it because there are three kinds of rock, each with characteristics
different from the others. These three kinds of rock are igneous, sedimen-
tary, and metamorphic. Igneous is the mother of all rock and is formed when
magma wells up from the Earth’s mantle and cools to a solid in the crust.
When the magma reaches the surface, it flows from volcanic eruptions and
is called lava, which then cools to form several kinds of igneous, sometimes
called plutonic, rock, such as pumice or basalt depending on the mineral
content. Igneous rock is the only rock that datable.

Sometimes magma doesn’t make it all the way to the surface but cools
underground instead, creating what is called an igneous intrusion into exist-
ing rock strata. Granite is the most common example. Igneous rock can be
radioactively dated using Zircon crystals that are embedded in the igneous
rock formation as a snapshot of the formation time.

Igneous rock that’s exposed to the environment is weathered down into
finer grains by wind and water, which can then carry the grains to another
place and deposit them as sediment. As time passes, the sediment thickens
and becomes covered by other layers, and the relentless pressure of these
overlying layers on the sediment layers causes physical and chemical changes
to occur that converts the sediment layers to sedimentary rock. Sandstone
(from sandy sediment), shale (from mud or clay), and limestone (from ma-
rine deposits or chemical precipitation) are examples. Shale sometimes re-
tains tracks of animals left eons ago when it was still mud. Since the
sediment forming the rock may have been built up from sources that were
laid down at different times and in different places, sedimentary rock usually
contains grains of different age, and radioactive dating is not possible. The
grains can just be too diverse for accurate dating. Thus, though sedimen-
tary rock is where fossils are found, it cannot be dated itself. Instead,
igneous rock just above and right below sedimentary rock is dated to give
upper and lower bounds on it, and the sedimentary layer is usually assigned
a geologic layer that has an age ranging between the two bounds. For
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example, the Bridgerian North American
Land Mammal Age (NALMA) encompasses
a sedimentary rock layer dated between
46.2 and 50.3 million years ago according
to dated igneous layers above and below
it, respectively.

The third type of rock is metamorphic,
which is igneous or sedimentary rock that
has undergone transformation in crystal-
line structure, mineral content, or both as
a result of heat and pressure applied in
the deep levels of the crust. Slate (meta-
morphic shale), marble (metamorphic lime-
stone) and gneiss (metamorphic granite)
are examples. Slate and marble are de-
rived from sedimentary rock and are, there-
fore, unable to be dated. Gneiss, though
derived primarily from igneous granite, is
often contaminated by other rock during
the metamorphic process and is, there-
fore, not reliable for dating. Most geologi-
cal dating is based on the radioactive de-
cay of uranium to lead in zircon that’s
contained in rock of volcanic origin, and
paleontologists always look for a layer of
volcanic ash above and below the rock
layer of interest.

Geologic Time
Paleontologists and geologists use the

of dating rocks to study the history of Earth
and the forms of life that, at one time or
another, have inhabited it and created its
ecosystem. They divide Earth’s history into
time periods, each period representing a
time when relatively uniform circumstances
prevailed. For example, Earth’s history is
divided into two major time periods:
Cryptozoic time, when fossils are relatively
rare, and the Phanerozoic Eon, when fos-
sils are numerous.

Paleontologists don’t always agree on
the exact names and dates for each time
period (although the International Commis-
sion on Stratigraphy is beginning to stan-
dardize names and dates, and this mate-

This is a time line to scale showing
Earth’s history with major time periods
and events identified. More evolution has
been crammed into the past 542 million
years than in the previous 3.2 billion
years.

Geologic Time Line
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rial will follow their guidelines), but they do agree on approximate dates and
the nature of the uniform circumstances that mark each evolutionary pe-
riod. For example, many call the Cryptozoic time the Precambrian, and the
end of this period is variously defined as 570 or 542 million years ago.
Although this variation is 28 million years, it’s still only, at most, 5% and not
really significant. Keep in mind that the dates given here, as everywhere
else in the literature, are merely for guidance and are not intended to be
definitive.

The period of geologic time called the Precambrian began at the time
the Earth formed from its protoearth cloud and ended about the time the
first fossils become numerous, approximately 542 million years ago. This
period is divided into three eons: Hadean, Archean, and Proterozoic. The
time of Earth’s formation is called the Hadean Eon because of its resem-
blance to fanciful descriptions of Hades. This eon began with the accumula-
tion of planetesimals and ended 3.8 billion years ago, which used to be the
date of the earliest known rock, which was found in the Isua Supracrustal
formation in Greenland. However, rocks have recently been found in the
Acasta Gneiss Complex near Great Slave Lake, Canada, that have been
dated at 4.03 billion years. There’s no record from the Hadean Eon. Conse-
quently, any description of this time period is a result of our growing knowl-
edge of astrophysics and the typical processes that might go on during
planet formation and evolution to a steady equilibrium condition.

As Earth accumulated planetesimals, heat from in-falling meteorites and
comets added to heat from nuclear fission of radioactive elements trapped
in the protoearth’s interior. All this heat had increasing difficulty escaping
through the thickening crust, so Earth grew warmer, eventually becoming a
molten ball around 4.5 billion years ago. In this state, heavier material such
as iron and nickel sank to the core, while the lighter silicates floated to the
top. After several hundred million years more, Earth had cooled enough that
the crust congealed into a solid that probably resembled the Lunar surface
because the primary agent of erosion, water, had yet to form. The surface
was still hot from Earth’s formation, and lava flowed freely, collecting into
pools which slowly cooled into vast plains as our small home-to-be began a
complex volcanic age that lasted several hundred million years more.

This volcanic age released gases and water that formed the atmosphere
and oceans. Volcanic gas is made up of sulfur dioxide (Mark Twain once humorously
remarked about his visit to Hawaii’s Mauna Loa that the smell of sulfur is not
unpleasant to a sinner.), carbon dioxide, ammonia, and methane. A lot of our
water possibly came from icy comets, which were far more numerous when the
Solar System was young, before the planets swept most of them up.

Archean Eon
By the beginning of the Archean Eon, which lasted from 3.8 to 2.5 billion

years ago, Earth had large oceans, which were not yet salty but slightly
acidic because of the sulfur dioxide in the atmosphere. (Sulfur dioxide easily
combines with water to make sulfurous acid.) There were continents, moun-
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tains, rivers, plains, clouds, winds, volcanoes, and torrential rains accompa-
nied by lightening. Volcanic gases formed Earth’s first atmosphere. Nitrogen,
which is 78% of the present day atmosphere, occurred in the primordial
atmosphere only combined with hydrogen as ammonia. Oxygen, which is
21% of the present day atmosphere, is not a volcanic gas and was not part
of Earth’s first atmosphere, a conclusion supported by minerals in the oldest
rocks being only lightly oxidized. How did all this oxygen, without which we
couldn’t live, get into the atmosphere?

One way is by photodissociation. This is a reaction in which UV light
breaks water down into hydrogen and oxygen. Since there was no oxygen
in the primordial atmosphere, there also was no ozone to block the Sun’s UV
light, and photodissociation could easily happen. However, the reaction is
slow, reversible, and couldn’t make enough oxygen to have produced the
amount that’s in our atmosphere. So where did all this oxygen come from?

Most, perhaps as much as 99%, came from photosynthesis.
Cyanobacteria, sometimes called blue-green algae, are the first known form
of life on Earth and derive their green tint from chlorophyll. This chlorophyll
allows the cyanobacteria to process water and carbon dioxide into glucose,
which is used in subsequent tissue-building processes, and oxygen. Photo-
synthesis is pretty efficient at converting carbon dioxide to oxygen because
it needs 6 molecules of carbon dioxide to make just one molecule of glucose,
releasing 12 atoms (6 molecules) of oxygen as a precious (to us) by-
product. It’s a reaction that takes place in several stages; the first must
take place in daylight because it needs energy from the sun to split water
into hydrogen and oxygen. Chemically:

The hydrogen is stored in molecules in the bacteria, and the oxygen is
released. The next phase doesn’t need the sun, so it can proceed day or
night. It’s a multistage reaction in which the stored hydrogen is combined
with carbon dioxide to make glucose and water. Chemically:

Stromatolites, which are evidence of cyanobacteria, have been found in
Australian rocks 3.5 billion years old. Stromatolites are formed as photosyn-
thesis by cyanobacteria depletes the carbon dioxide in the surrounding
water, resulting in precipitation of calcium carbonate (basically, chalk; egg
shells are 95% calcium carbonate). The calcium carbonate and other sedi-
ments become trapped in the sticky mucilage surrounding the bacterial
colonies. Layer after layer of sediment creates the stromatolites. This pro-
cess occurs today, primarily in Shark Bay and Hamelin Pool, Australia. Of
course, this brings up the next question, where did these cyanobacteria
come from?

In the 1920s, a Russian, Aleksandr Ivanovich Oparin, and an Englishman,
J.B.S. Haldane, proposed that organic chemicals could combine to form
self-replicating molecules. Then, in 1953, Stanley Lloyd Miller and Harold C.
Urey performed an experiment in which they filled a flask with substances
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present in the primordial atmosphere (hydrogen, methane, ammonia, and
water) and sent sparks through it in the same way that lightening flashed
through the early atmosphere. A week later, 8 of the 20 amino acids that
are the building blocks of all living things had been synthesized in the flask.
Other researchers have shown that these amino acids will react to form
complex proteins or parts of nucleic acids (DNA and RNA) under the right
conditions. This means that perhaps as early as 4 billion years ago, oceans,
rivers, lakes, and ponds were collecting those organic chemicals, the build-
ing blocks of life, that Oparin and Haldane said could combine to form self-
replicating molecules.

The possibility that bare molecules could be capable of reproducing
themselves sounds unlikely. However, researchers at MIT, the Scripps Re-
search Institute in La Jolla, California, and Purdue University have found
several self-replicating molecules. Of course, self-replicating molecules are
certainly not life, but they are the first baby steps of a march lasting
hundreds of millions of years to single cell life like bacteria. Bare molecules
are too small to be found as fossils, but we know from fossil evidence such
as stromatolites that single-cell life   cyanobacteria   existed on Earth by 3.5
billion years ago. Moreover, it had developed that most important form of
protection: the cell wall.

Even though development of a cell wall was a very important evolution-
ary step, those early forms of life were still primitive prokaryotic cells.
Prokaryotes are single-cell life forms in which cellular functions, such as
reproduction and producing energy or proteins, are carried on all throughout
the cell rather in special places. Prokaryotes don’t have a nucleus sepa-
rated from the rest of the cell by a membrane. Nevertheless, these are
cells, and they live in and around us. Prokaryotes that we’re familiar with
include Escherichia coli (that live in the lower intestines of warm-blooded

The fossil on the left was precipitated out of  a Precambrian sea billions of years ago by
ancient cyanobacteria. Occasionally, fossilized bacteria are found in the layers. On the right
are stromatolites in Hamelin Pool, Australia.

Fossil Credit: University of Wisconsin Botanical Images Collection

Stromatolites, Past and Present
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animals and are necessary for the proper digestion of food), Bacillus anthracis
(a pathogen causing anthrax in sheep and humans), and Streptococcus
pyogenes (causes strep throat and rheumatic fever). Life began with ago-
nizing slowness. During the 1.3 billion years of the Archean Eon   a period
twenty times longer than the rise, glory, and fall of the dinosaurs  life
managed only to develop a cell, a prokaryote cell (one without a nucleus) at
that. The evolution of more advanced eukaryotes occurred in the Protero-
zoic Eon.

Proterozoic Eon
The Proterozoic Eon began 2.5 billion years ago, ended 545 million years

ago, and is sometimes divided into the Paleoproterozoic, Mesoproterozoic
(Ryphean), and Neoproterozoic (Vendian) Eras.

Paleoproterozoic Era
The Paleoproterozoic Era began 2.5 billion years ago and ended 1.6

billion years ago. During the early part of that 800 million years, the nucleus
of some cells became centralized and developed a membrane to separate it
from the rest of the cell. Life forms with their nucleus enclosed in a mem-
brane are called eukaryotes, which encompass all multicell forms of life.
Adrift somewhere in the ancient oceans was the eukaryotic cell that’s the
ancestor to all multicellular organisms that ever were, are, and ever will be.
The oldest eukaryotic fossils discovered so far were found in the 2.1 billion
year old Negaunee Iron Formation near Marquette, Michigan. This forrmation
corresponds to midway through the Paleoproterozoic.

Some eukaryotes mutated to a form that lost the ability to photosyn-
thesize, paving the way for some cells to split away from the plant lineage
to form the animal lineage. The modern euglena may be similar to that sort
of transition life form. In sunlight, it photosynthesizes its sugars, but in the
absence of sunlight, it can prey on other living things for food. This ability to
feed day or night is a significant evolutionary advantage.

Plants are producers, and animals are consumers. Plants use a primary
energy source to turn carbon, nitrogen, and other chemical elements into
biomass; they produce all the biomass on Earth. Plants that live on or near
the Earth’s surface use Solar energy for photosynthesis to create biomass,
and plants that live at hydrothermal vents in the ocean use chemical en-
ergy for chemosynthesis. Animals consume the oxygen and biomass that
plants produce. By 2 billion years ago, cyanobacteria were more diverse
than ever, and other forms of bacteria had evolved by small, incremental
alterations in their characteristics.

Small, yet significant, alterations of a living thing’s characteristics can
be the result of only minor changes in DNA. Rice is a good example. The
seed grains of the wild varieties of all cereals separate from the plant as
soon as they’re ripe, which is good for the plant’s proliferation but makes
harvesting the grain by people a time-critical and chancy operation. Cereals
that have been domesticated, on the other hand, hold the ripe seeds longer,
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which gives the farmer a greater opportunity to harvest the grain. In rice,
the difference between the two types is that the domesticated variety
substitutes the amino acid asparagine for lysine in the protein that controls
how the seed grain binds to the plant. This substitution is the result of a
single base pair alteration in the multibillions of base pairs that make up the
rice genome. One tiny genetic change can make all the difference in the
world. In genomics, this situation in which a single base pair (nucleotide)
can change (morph) characteristics of a protein is called a single-nucleotide
polymorphism (SNP), and it’s estimated that the human genome has around
15 million of them.

Another significant development that occurred sometime during the Pa-
leoproterozoic began with one or more animal-like eukaryote cells ingesting,
but not digesting, aerobic (oxygen using) bacteria (probably an ancient
member of the order Rickettsiales). The ingested aerobic bacteria contin-
ued to metabolize oxygen inside their hosts just as they had when free.
The resulting increased metabolic capacity of the combination at a time
when oxygen was not yet plentiful gave the composite cell a significant
evolutionary advantage. Both the host and ingested bacteria soon lost
their ability to function without the other. These ingested bacteria evolved
into the mitochondria (the cell’s energy sources) that all animals on Earth
have. Some cyanobacteria also ingested photosynthesizing eukaryotes,
increasing their photosynthetic capacity, and these ingested eukary-
otes evolved into the chloroplasts that are the center for photosynthesis
for all plants on Earth.

When this hypothesis, called endosymbiosis, was first proposed by bi-
ologist Lynn Margulis, scientists were skeptical, as they usually are of new
hypotheses. The prevailing theory at the time was that mitochondria and
chloroplasts are built by the cell’s own nuclear DNA. Margulis predicted that,
if endosymbiosis was a valid hypothesis, mitochondria and chloroplasts should
have their own DNA similar to bacteria and different from the cell’s nuclear
DNA. Subsequent experiments proved that mitochondria and chloroplast
DNA are single circular loops like bacterial DNA rather than linear strands like
nuclear DNA and include protein codes not found in the cell’s nuclear DNA,
and the hypothesis began to be accepted. Good science usually makes
predictions that can be tested and either prove true, affirming the new
hypothesis, or false, reinforcing its rejection.

The hypothesis was further reinforced by the experience of Professor
Kwang Jeon of the University of Tennessee. Professor Jeon noticed that his
collection of amoebas were developing a large number of small dots. These
dots turned out to be bacteria, which were killing most of his collection.
Some amoebas seemed to be less sick than others and eventually returned
to normal in spite of having some 40,000 invading bacteria still present in
each cell. Through transplant experiments, Jeong found that the nucleus of
the invaded amoebas could no longer survive without their invading bacte-
ria. He had observed an endosymbiotic development in his laboratory. More-
over, the surviving amoebas had become dependent on the invading bacte-
ria much faster than thought possible.
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The evidence that mitochondria and chloroplasts evolved from endo-
symbiotic invading bacteria is beginning to be significant:(1) mitochondria
and chloroplasts don’t come from nuclear DNA because nuclear DNA doesn’t
code for all the proteins they code for; (2) mitochondria and chloroplasts
are about the size of bacteria: (3) mitochondria and chloroplasts have
circular DNA like bacteria do instead of chain DNA like their hosts have; (4)
mitochondria and chloroplasts reproduce by binary fission like bacteria in-
stead of by mitosis; (5) Like bacteria, mitochondria and chloroplasts have
no histones associated with their DNA. (Histones are proteins around which
DNA coils so the entire DNA molecule, which is about two meters long in
humans, can fit into a cell nucleus that’s only 6 micrometers in diameter.);
(6) the structure and size of the ribosomes (places where proteins are
synthesized) of mitochondria and chloroplasts are like those in bacteria; (7)
the mitochondria and chloroplast messenger RNA (mRNA; see Appendix)
that bring protein building instructions from the DNA to the ribosomes are
like those of bacteria; (8) the mitochondria and chloroplast transfer RNA
(tRNA; see Appendix) that take the mRNA instructions and build proteins at
the ribosomes are like those of bacteria; (9) antibiotics such as streptomy-
cin that block protein synthesis in bacteria also block protein synthesis in
mitochondria and chloroplasts but not in the host cell; and (10) antibiotics
such as rifampicin that block RNA polymerase in bacteria also block RNA
polymerase in mitochondria and chloroplasts but not in the host cell nucleus.
All these ten similarities between bacteria and mitochondria/chloroplasts
make a compelling argument that mitochondria and chloroplasts come from
endosymbiotic bacteria because, generally, if it looks like a duck, walks like a
duck, and quacks like a duck, then it’s probably a duck. Of course, scien-
tists are a little more difficult to convince, so the theory of endosymbiosis is
simply considered very strong at the beginning of the third millennium.

Somewhere in the two-billion-year-old seas floated the cells that are
the ancestors of all plants and animals on Earth.

These fossil bacteria were found in 850 million year old chert of Australia’s Bitter Springs
formation. The bacteria in the left photo is a colonial form that has been tentatively identified as
Myxococcoides minor, and the one in the right photo is Palaeolyngbya.

Credit: J. William Schopf, Professor of Paleobiology, UCLA

Mesoproterozoic Fossils
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Mesoproterozoic Era
Numerous late Mesoproterozoic microfossils have been found in the Bit-

ter Springs formation in central Australia. This formation was created by
chemical deposits instead of silt, resulting in an extremely fine-grained rock
structure that preserves the ancient bacteria in great detail. They’ve been
extensively studied using the newest electron microscopes at The Univer-
sity of California (Berkeley) and other institutions. As new formations are
found and better instruments built, our knowledge of Mesoproterozoic life
will grow.

During the Archean Eon and Paleoproterozoic Era, cyanobacteria con-
tinued to photosynthesize their sugars and turn out free oxygen as a by-
product. They had been doing this for almost two billion years by the time
the Mesoproterozoic began, but there was not yet enough oxygen to sup-
port animal life much more extensive than single cell animals.

However, toward the end of the period, about 1 billion years ago, cells
were collecting in symbiotic colonies, stabilizing their relationship into multi-
cellular composite colonies that looked and functioned like single organisms.
By the end of the Mesoproterozoic and the beginning of the Neoproterozoic
(Vendian), symbiotic composite colonies were becoming plentiful, and that
type of life still exists today, though not the same species, of course.

One contemporary colony organism is Porpita, which looks like a jellyfish
but is a colony and not a single organism. The “tentacles” of Porpita are in
fact individual animals, each of which is specialized for a particular function,
such as digestion, prey capture, or reproduction. Porpita is a member of a
small but very widespread group called Chondrophorina which were once
classified with another unusual group called siphonophores, whose most
famous member is the Portuguese Man-of-War.

For the two billion years of the Archean Eon and the Paleoproterozoic
Era, life was exclusively a few single-cell forms living in a single, very spe-
cific ecological niche floating in the ocean. The land was rock and was
frequently tortured by numerous volcanoes. The atmosphere, which had
begun with methane, ammonia, carbon dioxide, and sulfur dioxide, but no
oxygen, was slowly being supplied with oxygen produced by cyanobacteria.

Porpita, shown here, isn’t a single organism,
but a colony! The central disc is chambered
and filled with gas to keep Porpita afloat on the
surface of the ocean like its cousin, the Portu-
guese Man-of-War. What looks like tentacles
are, in fact, individual animals, each of which is
specialized for a particular function, such as
digestion, prey capture, or reproduction.

Credit: U.S. National Oceanic and
Atmospheric Administration

Porpita
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The buildup of atmospheric oxygen was important for all life because it
enabled an ozone layer to form in the Stratosphere and block the Sun’s
deadly UV-B and UV-C radiation.

The UV (ultraviolet) portion of the electromagnetic spectrum covers
wavelengths from 10 to 400 nanometers (abbreviated as nm, one billionth
of a meter) and is right next to visible light, which goes from 400 nm for
violet light up to 700 nm for red. The part closest to visible light is UV-A
(320 to 400 nm), which are the tanning (and sunburn) rays and which play
an important part in the body’s production of Vitamin D. Beyond UV-A lies
UV-B (280 to 320 nm), which can damage DNA in several ways. One way is
to break the weak, hydrogen bonds that hold the rungs of the DNA helix
together (see Appendix), sometimes allowing adjacent bases on the same side
to bind to each other (called a dimer) instead of to the complementary base on
the opposite side. The damaged DNA segments result in the manufacture of
distorted proteins that can’t do their job. UV-C (100 to 280 nm) and extreme UV
(10 to 100 nm) are so deadly that UV-C is sometimes used as a disinfectant to
kill fungi and bacteria.

Life is protected from deadly UV radiation by the stratospheric ozone
layer. Ozone in the earth's stratosphere is created when molecular oxygen
(two oxygen atoms bound together; most gasses exist in this arrangement)
absorbs UV light and splits into two oxygen atoms (atomic oxygen); the
atomic oxygen then combines with unbroken oxygen molecules to create
ozone, which is three oxygen atoms bound loosely together as a molecule.
Although unstable, the ozone molecule has a long life in the stratosphere.
This ozone molecule also absorbs ultraviolet light and splits into a molecule
of two oxygen atoms and a free atom of atomic oxygen. This is a continuing
process that absorbs some, but not all, UV radiation. UV-A is not absorbed
by the ozone layer. Most UV-B is absorbed, but some does reach the Earth's
surface. UV-C and extreme UV are completely absorbed.

The Ultraviolet Spectrum
The ultraviolet (UV) spectrum is electromagnetic radiation that is beyond (shorter wavelength,
or higher frequency; frequency multiplied by wavelength is the speed of light) visible light. It is
between 10 and 400 nanometers (nm; 1 nm is 1 billionth of a meter) wavelength. The UV
spectrum is divided into UV-A, UV-B, UV-C, and extreme ultraviolet (10 to 100 nm wavelength)
bands. UV-A and UV-B have both beneficial (produces vitamin D) and harmful (destroys
vitamin A in the skin) effects on the human body. UV-C is harmful to microorganisms by
destroying nucleic acids and breaking apart DNA.
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Until cyanobacteria had produced enough atmospheric oxygen to sup-
port an ozone layer, life could occupy only the ecological niche that existed
in water deep enough to block UV-B, UV-C, and extreme UV but shallow
enough that there was enough light for photosynthesis. Some bacteria
evolved the capacity to repair their DNA, which enabled them to occupy an
additional ecological niche in shallower water.

As long as there were limited ecological niches for life, simple asexual
reproduction was the most efficient way for life to continue. However,
natural processes were creating new niches, and as cyanobacteria increased
atmospheric oxygen and the ozone layer became established to help shield
life, exploiting these new niches became possible. As weathering of the rock
landscape created sand and soil that began to cover the land and ocean
floor, forming additional ecological niches for life to occupy, asexual repro-
duction was too flawless and limited in its creation of diversity to efficiently
take advantage of the new ecological niches. This opened the door for
sexual reproduction.

The defining characteristic of sexual reproduction is the transfer of
genetic material from one organism to another, so the beginning of sex can
probably be traced to DNA transfer in bacteria. A bacterium can acquire
new DNA either by picking up naked DNA from its surroundings, called trans-
formation, or by direct contact with another bacterium, called conjugation.
DNA acquired by transformation can come from any source, plant or animal,
because naked DNA is simply a chemical and has nothing that ties it to a
specific life form. This is how human DNA for producing insulin has been
inserted into bacteria, converting them into insulin factories. DNA transfer
by conjugation can take place between different bacteria species or be-
tween bacteria and some eukaryotic cells. The evolution of increasingly
widespread resistance to antibiotics throughout the bacterial kingdom is
largely a result of DNA transfer by conjugation.

Conjugation can only be initiated by a bacterium capable of forming a
filament (called a pili) that can extend from the cell and attach to the outer
membrane of another bacterium. The bacterium extending the filament (called
an F1 bacterium) is the donor, and the other one is the receptor. The donor
pulls the receptor close and forms a microtubule connecting the two bacte-
ria. DNA can then be transferred through the microtubule. The transferred
DNA can either be plasmids (small circular DNA that’s separate from the
nuclear DNA and that carries a limited amount of information, such as resis-
tance to an antibiotic) or parts of chromosomal DNA, which carry the com-
plete information on how to put the bacterium together. If the transferred
DNA includes the ability to form the pili, the receptor bacterium becomes an
F1 type.

Although bacterial conjugation involves the transfer of DNA, it’s not
sexual reproduction because no new organism results from the transfer;
one organism is simply altered. Sex as we know it involves not only the
transfer of DNA, but also involves DNA reduction, called meiosis. In meiosis,
a diploid genome (one that has two versions of each gene--one from each
parent) is divided in half such that each half (haploid genome) has only one
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version of each gene. Two haploid genomes from different sources can then
join to form a new diploid being. That’s how we inherit characteristics from
our mothers and fathers (and grandmothers and grandfathers and so on).

Genome sequences of protists (life forms that are among the first eu-
karyotes that evolved), such as Giardia intestinalis (the bug that gives you
diarrhea when you drink contaminated water), have revealed that some
protists carry a few genes that are active only for meiosis, although not
enough to fully enable meiosis. This means that life developed the capability
of sexual reproduction involving meiosis a very long time ago; the first
evidence of sexual reproduction is from eukaryote fossils that date between
1 and 1.2 billion years ago, during the Mesoproterozoic Era.

This is a significant development, because during meiosis genes become
scrambled between the two haploid genomes such that each haploid is no
longer traceable to a single parent but can contain genes from both parents,
hair color from one parent and eye color from the other, for example. This
scrambling creates the opportunity for gene copying errors to occur that aren’t
caught by the gene correction processes. Many errors are harmful, creating
offspring with terminal defects such as Down Syndrome in humans, which is
caused by three copies of chromosome 21 instead of the normal two. Other
copy errors can be harmless and others still might be outright advantageous.

Moreover, some harmless errors may accumulate and ultimately allow
the offspring to make (their DNA codes for) a useful new protein such as
happened in domestic rice. Errors that occur in the segment of DNA that
controls how the embryo develops (called the HOX genes) could result in a
small difference in the offspring’s features. The accumulation of small differ-
ences in features can easily result in an entirely new species over the
course of ten thousand generations or so, especially if the parent species is
relatively simple like they all were during the Meso-proterozoic. New fea-
tures and new proteins allow offspring species to take advantage of new
ecological niches, and the error capacity inherent in sexual reproduction
enables sexual animals to fill the new niches faster than the asexuals.
Sexual reproduction was becoming established by the beginning of the
Neoproterozoic period.

The Neoproterozoic Era
The Neoproterozoic Era lasted from 1 billion to 545 million years ago,

which is the beginning of the Cambrian Period. The Neoproterozoic was the
time of the oldest known invertebrates such as soft corals, worms, jellyfish,
and sponges. It was also a time of great change and great stresses on life
that have been uncovered through both research by the International Geo-
logical Correlation Programme (IGCP) and discoveries at the Doushantuo
formation in China.

The Doushantuo formation is a series of rock layers discovered in a
phosphate bed that’s been mined for fertilizer for quite a number of years.
The fossils there are microscopic and date from the neighborhood of 570 to
600 million years ago. Their soft tissues were preserved in exquisite detail
by a process that was previously unknown to paleontologists. Apparently, a
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locally catastrophic event had quickly buried the life there, which was sub-
sequently exposed to phosphate-rich waters before decay began. The phos-
phate mineralized them similar to the way the trees in Arizona’s petrified
forest were mineralized. Phosphatization is a process that paleontologists
had not seen before, and it suggests that phosphate beds might be an
entirely new place to search for ancient microfossils.

Doushantuo fossils include microscopic sponges and embryos of some
unidentified animals. The fossils are recognized as animal embryos because
they are the same size whether they are a single cell or several cells. This is
a characteristic of animal embryos, which stay the same size for the first
several cell divisions because they don’t have an external source of nour-
ishment at that stage, and the amount of internal nourishment is limited.

The Doushantuo fossils suggest that sexual reproduction became firmly
established during the Neoproterozoic Period. This was an important devel-
opment because it allowed complex life forms to evolve. Reproduction by
fission is left to single cell life like amoebas, and the ability of life forms more
complicated than the Hydra to reproduce by budding is an idea that’s more
fiction than science. It takes sex to make complicated animals.

The stresses that Neoproterozoic life had endured began to surface in
1964 when W.B. Harland proposed the hypothesis that the Earth was sub-
jected to intense worldwide glaciation during the Neoproterozoic Era. (A
hypothesis, not theory, is the scientific term for an educated guess.) He
based his hypothesis on the observation that glacial tillites dating to Neopro-
terozoic times can be found on every continent. Tillite is the debris of rocks
and stones (called till) that was left behind by melting glaciers and com-
pacted by geologic pressure (the process of lithification) into rock. There’s
been quite a lot of geological evidence accumulated since 1964 that sup-
ports the hypothesis, so it’s now a generally accepted theory. (A theory is
a considerably more advanced stage of scientific knowledge than the edu-
cated guess of a hypothesis because a theory has evidence supporting it
but no evidence to the contrary. That’s why a scientific theory shouldn’t be
denigrated as “just a theory.”)

Other evidence of Neoproterozoic conditions came from the Interna-
tional Geoscience Programme (IGCP,  originally called the International Geo-
logical Correlation Programme), which is run by the U.N. and funds numer-
ous research projects that have a world-wide scope. Project Number 38
was a correlation of glacial evidence from every continent on Earth. This
project discovered that all continents exibit evidence of bedrock scouring
and glacial tillite. The arrangement of marks left by scouring could only be

These are microphotographs of
animal embryos found in the
Doushantuo formation in China
by Shuhai Xiao, Yun Zhang, and
Andrew Kroll.

Fossilized Embryos
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explained if all the continents were collected together in one landmass that
had existed before Pangea, the supercontinent of 300 million years ago.
Radioactive dating of volcanic ash that lay above and below the tillite in
some areas indicates that the glaciation on the supercontinent happened
around 600 to 750 million years ago. This Neo-proterozoic supercontinent
has been named Rodinia.

The movement of continents across the surface of the Earth, which is
called plate tectonics, is a phenomenon that’s been accepted only since
1960, and the history of continental drift is still not completely understood,
although our understanding is growing year by year. We know how to piece
that history together; we just don’t have all the data yet. Scientists are
matching the geology of rock structures of different ages (which equates to
different depths in the Earth’s upper crust) from all the continents to find what
parts of all the continents were connected to one another at various times in
history, which involves collecting and correlating an incredible amount of data.

Plate tectonics is only one example of many that remind us how far we
mortals are from understanding creation and the divine Creator. The more
we understand, the more we realize just how ignorant we really are be-
cause we don’t even know that there are things we don’t know. There have
been times in the past when people with more ego than brains thought we
knew all there was to know, but the amount of new knowledge that we’ve
accumulated since those times is astounding.

Detailed analysis of geologic evidence indicates that there were three
Neoproterozoic glaciation events: the Sturtian, which lasted from about
725 to 700  million years ago; the Marinoan, which lasted from around 650
to 635 million years ago; and the Varangian, which lasted from around 610
to 570 million years ago. These glaciation episodes made the glacial periods
of the past 400,000 years look like cool autumn day in the Allegheny Moun-
tains because the Neoproterozoic glaciation episodes lasted millions of years
and covered the entire Earth including the oceans, probably leaving a band
of open water only within ten degrees of latitude of the equator.

These severe Neoproterozoic glaciation events were caused by two
environmental conditions. Scientists have determined from the physics of
the Sun’s formation that it was cooler and less bright when it was young
than it is today (Recall from Chapter 1 that stars produce energy faster
than they can get rid of it; hence, they slowly get hotter.), but the Earth
had stayed warm because the atmosphere had high levels of greenhouse
gases like methane and carbon dioxide. The atmosphere was around 20%
carbon dioxide 3.5 billion years ago compared with much, much less than
1% today. Although methane is a more potent greenhouse gas than carbon
dioxide, it readily undergoes chemical reactions that make its life in the
atmosphere much shorter. Carbon dioxide is the more important greenhouse
gas in the long term. By 700 million years ago, cyanobacteria photosynthe-
sis had reduced atmospheric carbon dioxide to less than 1%, significantly
reducing global warming from greenhouse gases. During the middle of the
Neoproterozoic, the Sun’s brightness had not increased enough to offset
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the lower greenhouse gas concentration, so the Earth temporarily froze
over. Snowball Earth, as it’s called, put a lot of stress on life and had a
significant effect on its evolution.

The Neoproterozoic glaciation and the Doushantuo fossilized embryos
come together in the question of the evolution of sexual reproduction.
During the Meso- and early Neoproterozoic, reproduction without sex was
the primary way single cell species propagated, and there was no reason to
change that strategy as long as the environment stayed pretty benign. But
research at the California Institute of Technology and the Jet Propulsion
Laboratory indicates that an asexual population can be induced into sexual
reproduction by environmental stress, and the Neoproterozoic Sturtian gla-
ciation episode provided the environmental stress necessary to make sexual
reproduction an integral part of life’s reproductive repertoire. Once sex was
established, its ability to mutate life into new forms that could fill new
ecological niches like sea floor sediments made it a permanent part of life
processes. Although the evolution of sex didn’t turn the oceans into a
seething froth of passion and lust, it did make possible what has been called
the Ediacaran biota.

The Ediacaran biota was a community of soft-bodied creatures that
first made their appearance a little over 600 million years ago, between the
Marinoan and Varangian glaciations. They are the first complex animals to
appear in Earth’s history and take their name from the Ediacara Hills, which
are part of the Flinders Ranges of South Australia north of Adelaide where
they were first found. Ediacara is an Aboriginal expression that means “vein-
like spring of water.” Since their discovery in Australia, Ediacaran fossils

Late Neoproterozoic Land Masses
This is the approximate locations of some of Earth’s land masses relative to one another
about 550 million years ago, after Rodinia broke apart. This figure is a combination of analy-
ses of global geology by several researchers, each of whom place the ancient continents in
slightly different locations. Some land masses, such as China, are not shown.
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have been found in Boley Bay, Ireland; Charnwood Forest, England; Namibia;
the White Sea coast, Russia; and Mistaken Point, Newfoundland. At its
peak around 550 million years ago, the Ediacaran community had several
hundred species, all soft-bodied and sea dwelling.

Analysis of the type and age of rocks in the places where their fossils
are found suggests that the primary community of Ediacaran animals came
in three waves, each at a different time and place, although there might be
undiscovered fossils and locations that could modify this picture. The first
wave lived primarily between 575 and 560 million years ago along the coast
of a small landmass called Avalonia, which had been part of Rodinia before it
broke up. Modern Newfoundland and parts of England and Wales made up
ancient Avalonia. One of the most common fossils of Avalonia is Charnia,
which lived among the microbial mats that were widely spread on the sea
floor in one of the new ecological niches attached to sediment on the sea
floor like the sea pen does today. It lived in the darkness of relatively deep
water in the sea basin and on the sea basin’s slope next to Avalonia.
Charnia was first discovered in Charnwood, England, from which the fossil
gets its name. It looked like a plant because it had fronds. It got food and
oxygen from the water that drifted by (called suspension feeding) in the
same way that barnacles do today, so they depended on ocean currents to
bring food and oxygen to them.

Spriggina, a mobile animal a little over
an inch long, could have been a preda-
tor. It could have also been an ances-
tor to the trilobites that were so wide-
spread during the Cambrian Period.

Spriggina floundersiCharnia is one of the largest and most
widespread Neoproterozoic fossils;
some specimens were as big as
three feet long. Its flat, leaf-like body
was attached to the sea floor by a disk-
shaped holdfast. Charnia was prob-

Charnia Fossil



God and Science 47

Charnia is also found in the second Ediacaran wave, which occurred
primarily along the coasts of Baltica and southern Siberia between 560 and
550 million years ago, although this second wave (and the Avalonia wave)
survived at a declining population level until the Cambrian Period began 543
million years ago. Some of the second wave also lived off the coast of what
is now Australia. The modern countries around the Baltic Sea, the Urals,
Ukraine, and the summer and winter coasts of Russia’s White Sea made up
the ancient continent of Baltica. Dickinsonia is another fossil belonging to
this second wave. Most scientists think it was a kind of worm but others
say it was a cnidarian (the jellyfish family) polyp. Another common second
wave life form was Spriggina, which has been described as an segmented
worm because it had a well developed head and a mouth, and some speci-
mens show definite segmentation. But some scientists now believe them to
be related to the arthropods, which is a group of animals that have a
segmented body with legs on each segment. All arthropods are covered by
a hard exoskeleton, and Spriggina had a relatively firm body compared to
other Ediacaran life since it is always preserved as a concave mold, im-
pressed into the bottom of the covering sandstone. In any case, Spriggina
was a mobile animal, which makes it a possible predator that might have
contributed to the decline of Charina.

The third wave began 550 million years ago in the waters around parts
of Gondwana and upper Laurentia (present day North America) and lasted
to the beginning of the Cambrian Period. The Gondwana locations corre-
spond to modern Namibia, and the upper Laurentia locations correspond to
the Mojave Desert and British Columbia. As far as we know, the third wave
was smaller than the first two, but future discoveries may change that
picture. The most numerous fossil of the third wave is Cloudina, which is a
slightly flaring tubular shell with one end open and the other closed. The
Cloudina of central and southern Namibia grew in clusters, or thickets. Some
Cloudina fossils have a borehole in them approximately 30 micrometers in
diameter, which some scientists speculate might have been made by a
predator that attacked the soft tissue inside the shell. Maybe the animal
had a way to cover the open end, leaving a would-be predator no option
but to drill through the thin (8 to 50 micrometers) shell.

The type of animal that made and
inhabited these small shelly fos-
sils is not known. They seemed
to reproduce by budding like the
modern Hydra. Some shells have
small boreholes in them as if they
were attacked by a predator.

Cloudina Fossil
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The population and diversity of Ediacaran life declined as the Neopro-
terozoic Era drew to a close, and there were probably several causes. Some
scientists speculate that predation was a factor, and it probably was. Early
Ediacaran life like Charina was predominantly anchored to the seabed and
had no defenses. When a mobile worm like Spriggina comes along, the
defenseless and sedentary forms of life like Charina are easy prey if Spriggina
turns out to be a predator, although it’s not certain that it was. Cyclomedusa,
one of the most widespread Ediacaran fossils, is considered by many scien-
tists to be a hold-fast that attached a larger animal, like a soft coral, to the
seabed, but the larger animal is never found together with the hold-fast.
It’s possible that the larger animal was a victim of predation leaving its hold-
fast behind buried in the seabed sediment, but we may never know for sure.
The boreholes in Cloudina probably attest to the rise of predation as well.
Predation is a natural extension of single-celled animals feeding on single-
celled plants and probably has been a part of life from the beginning. It was
probably just slow to build momentum.

Of course, predation can’t account for the extinction of the entire
Ediacaran community, but it could account for some of the decline from its
peak of around 60 species 550 million years ago to around 10 species 543
million years ago, just before the start of the Cambrian Period. There is
circumstantial evidence that the Ediacaran community suffered a mass ex-
tinction at the close of the Neoproterozoic that would account for most of
the decline, and although some species lived on for a few million years more,
the community as a whole ceased to be an important part of life’s pan-
orama. The very last of them succumbed well into the Cambrian. There’s
been enough data collected to support a few hypotheses on the cause of
this mass extinction (fall in sea level reducing habitat, wide-spread deple-
tion of dissolved oxygen in the oceans, the Kotlin nutrient crisis) but not
enough data yet to weed them down to just one theory. As improbable as it
may sound, the best explanation could end up being a couple of relatively
minor environmental conditions combined with the stress of increased pre-
dation. It’s no accident that predation increased after the Neoproterozoic,
and life therefore developed a more extensive array of defenses.

The Neoproterozoic set the stage for what is called the Cambrian Explo-
sion. Spriggina’s solid basis for the evolution of Cambrian trilobites and
Cloudina’s ability to make a shell were among the excellent foundations for
the durable forms life that came on the scene during the Cambrian.

Cyclomedusa
During the hundreds of millions of years of the Meso- and
Neoproterozoic Eras, members of multicellular colonies de-
veloped symbiotic relationships with one another and even-
tually evolved into single, complex organisms. These organ-
isms were first found in the Ediacara Hills north of Adelaide,
Australia. This particular fossil, called Cyclomedusa, was origi-
nally thought to be an individual animal, but it’s now believed
to be the part of a larger animal that held it to the sea floor.




