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In the sea of Cambrian period, we could meet with our

possible ancestor, or other roots of every living creatures of

the present.
The imaginary time machine will take us to our really
ground zero place.

Fossils contained in the old hard rocks of Cambrian period
will arouse our interest to our past and predict our future.
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>Top 1. The imprint of evolution:

« We live on a wonderful planet that not only teems with life but
shows a marvelous exuberance of form and variety. In comparison
with the size of the Earth its living skin (biosphere) may be thin, but]
it is by no means negligible. Condors cross tropical storms at
altitudes well above 6000m, via the oceans and the green
continents, to deep within the Earth's crust where bacteria are
known to live at depths of al least several km, life is pervasive.

There could quite easily be twenty million species alive today,
and the number of extinct species must run into the hundreds
of millions, if note in the scheme of evolution, in a new set of
contexts.

the billions.

We are utterly different from any other form of life that has

ever evolved, how do we know that our origins and history are

to be traced here on Earth rather than as extraterrestrial
immigrants? The reason is simple; our evolutionary pedigree

is stamped on every feature and permeates the entire fabric of|

our bodies.

= The basic structure of our arms and our legs, including
the characteristic five fingers and toes (pentadactyl
limb), can be traced back over hundreds of millions of
years.

= Not only do we and bacteria both use DNA for
replication, but special proteins (histones) that
surround the strand of DNA and assist with keeping its
stable and in the correct configuration are very similar
in the sequence of building blocks (the amino acids) in
all life.

= it is an exploration of how a single unit of rock, from the
west of Canada and known as the Burgess Shale, has
placed the history of life, and so by implication Man's
place in the scheme of evolution, in a new set of
contexts.

= Just as Darwin's finches from the Galapagos Island
exemplify the recognition of the central role of
adaptation, or the laboratory fly Drosophila strands as a
symbol for the profound successes of molecular biology,
so the Burgess Shale is becoming the icons for those
who study the history of life.

1. E(EDRIED :

o HATTIEDS LWVSEITEEA TV, BIZAEMICE
ATWDHIETTRELIZEZDOIBH SRS B
ThD, MEROY A XTI, T OEME T
WEEE X, BEHTEDIZETERY, 2v R
B DR b — L&Y - TEE6000m A TRA TR
RFRDKEZFY D L, Hiko B < Hkm OB S IC
bARZTFUTRNDLZ ERMBNT WD, AfMmITE
MY ERETND,

o 4 H2000 FFEDOAEMMRI Y . #ogk L7-FEITEk
TEEIXODIR VDI EREI b B 5

o WA IO THAL LI EDFEE HIREMICHE AR
STWN5, Fox ORRIRE LS, HERAD S
FELZOTIERL ZOoMEKICH D Z LiTEH L
TONDDEA D H, BRIIMHTHD, Fx
DHEALDFEE D3 % DARD —2>— D DRHHIZH
FIAFENTNDNBTE,

» FRIC5ADIREFOR E DO x Ok
SEDOEAME I IMEELBD Z LN TE
%,

» B N7 T YT HIICDNAZ > T
BLTWH72F T <. DNADH % 24
REH Mo TNDRFERIe # /3 7 (B A
M NIT RN TOEMTT I/ BESINIE
FIZLEPTND,

= N—V s RAERELTHLND T HE
HO—>DOHfE DY %18 U TAEMORE
BAZEZE L, HEOBEICBT 5 AR
LD & #7272 SUIRD T - T

= BN TRIARGOT— T 4T 4
VT WIS LR e E & L CRR
mEN-LHT, FERETYa Y
3 U RTINS FEORIN D> AL
IZho TS k9, A=Y= AEEIX
EmOEREHET HEICE > T 2
272 2ob %,

°

>Top Organic diversity:

« For those who do not accept speciation as the main motor of
organic diversity, there are broadly two approaches. There are
those who look to the molecular dynamics of the genome, as
against those who seek some wider view that transcends the
species.

Genome:

The genome is much more dynamic that was once thought.
For example, there are large variation in the amount of DNA
in different species, and it is still far from clear why some
organisms have such huge excesses in DNA. There is little
connection to complexity: humans for example have relatively]
modest amounts of DNA in each cell.
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o Environment:
the past 600 million years (ma) the composition of the

has changed significantly. Times of elevated oxygen levels
coincide with gigantism and the development of flight in
some animals.

to the Earth. The proximity of the Moon would then
have generated immense tides. Could this explain, in

Early in the history of the Earth surface temperature
were significantly elevated, and this too could have
exerted a powerful brake on organic diversification.
« Specific gene:
It is clear that a specific gene is associated with the expression a
complex anatomical feature. One of the best-known examples
involves a so-called master-control gene which plays a key role in

6) is employed not only in flies and other insects to build their
characteristic compound eyes, but also in vertebrates. Most
probably the Pax-6 gene is very ancient. It almost certainly
predates the animal, presumably some sort of worm, that about
600 ma ago. This is because its function is to construct a light-
sensitive unit, and such structures are well known in a number of
the more primitive single-celled organisms whose origins almost
certainly predate the animals.

The Earth has clearly changed dramatically. It appears that in

atmosphere, notably in terms of oxygen and carbon dioxide,

= Further back in time the Moon was probably much close]

part, the sluggishness of organic evolution at this time?

the formation of eyes. First, it transpires that the same gene (Pax-
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>Top 2. Setting the scene:

Ediacaran faunas and the Burgess shale. Ma: million years.
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4600 « Formation of Solar System

Earth History

>Top The structure of life:

« Exactly when and how life evolved on Earth is still uncertain, but
there is no doubt that on any human timescale it is extremely
ancient.

o Perhaps the first cells were most similar to still-living
bacteria known as eocytes. These bacteria flourish in hot
springs, inhabiting acidic water with a temperature almost
at boiling. Such environments probably characterized the
early Earth.

For much of the history of the Earth, marked by the

intervals known as the Archaean and Proterozoic (together

as Precambrian), life was dominated by bacteria. Bacteria
may be morphologically simple, but biochemically they are
exceedingly complex. They are able to attack and break
down a myriad of otherwise refractory compounds. Were it
not for the activities of bacteria in the guts of herbivorous
animals such as cows and horses, cellulose would be very
difficult for them to digest. The morphological organization
of bacteria is generally rather simple; chains or sheets of
cells.

« The early bombardment had two important consequences.

o First, an important component of the infall to the surface of]
the Earth was cometary debris. This was rich in water and
other volatiles, all essential of life.

> Second, the amount of energy released was apparently
sufficient to evaporate the entire ocean and sterilize the
Earth's surface.

o The earliest possible evidence for life is in the form of tiny
flakes of carbon, now transmuted into graphite. This

°

« Earth history with some of the principal events, mostly biological. The right column
is an expansion of the interval of geological time that encompasses the

« The Earth formed as part of the accretion of the Solar System about 4600 Ma ago.
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graphite occurs in sediments dated at about 3,800 Ma. At
the same time the meteorite bombardment began to ease
off.
» Kingdom:
All the animals, biologically known as the Metazoa, are placed in
a major group of kingdom. Biologists recognize five more
kingdoms:
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>Top Eukaryotes;

« have larger cells with a nucleus and organelles.

1) Animalia (Animals)

2) Plantae (Plants)

3) Fungi

4) Protista (Protistans), which comprise the seaweeds and
single-celled organisms, such as Amoeba.

Primitive eukaryotic algae are known from rocks in Michigan abou
2100 Ma old.
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>Top Prokayote

« smaller cells, although possess DNA on a chromosome not enclosed in a
nucleus; no mitochondria and no chloroplasts:
> 5) Monera
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« A study of the burrows and tracks (trace fossils) made on Ediacaran
seabeds may also be relevant. They are effectively restricted to two
dimensions. What is conspicuously absent is any indication for wide-scal
churning up of the seabed by animals living in the sediment.

« There seems to be a sharp demarcation between the strange world of

echinoderms. To a paleontologist the contrast is dramatic.

Ediacaran life and the relatively familiar Cambrian fossils. The latter are
typified by invertebrates such as trilobites, molluscs, brachiopods, and

= Archaebacteria R A X
= Eubacteria « XEM
>Top Ediacaran: I« 7HhSENEE:

o T 4 T H T OUREOEIRRE VIR

B)EETHZ LITEETHD, AHREED
TENTF R L RTICBESN TV, Zh
IHER H CIE W E D B O TN T 42 < Ae e
ST=DTH 5,

TF T H T OFW A OHTR & EEI
ReHD D H 7V T RO ORI
RERNAOND, 7V 7RO
EAIZ=3Eh WkEhy, iy, BHE)
Wis LOEBEHBY TH S, HEWFHICL
> CHiF DR ITEITH 5,

le

>Top Cambrian period (550-485 Ma):

Greenland formed an isolated continent in the tropics, straddling the
equator. On the other hand, England were situated in cool southerly
latitudes. Curiously, the higher latitudes of the northern hemisphere,
appears to have been the site of an enormous ocean, with only scattered
islands.

o The fossil record confirms that the seas teemed with life, but in

veneer of primitive vegetation and probably no animals.
o The climate in cambrian times have been rather warm. Certainly
around the tropical continents the shallow seas were often floored

general rarity of volcanic deposits.
o The seas were just as salty and the atmosphere had a similar

o The Earth rotated somewhat faster so that there were about 400
days in the year.

« The arrangement of the continents was very different. North America and

contrast the continents were effectively vast deserts, with at most a

by limestones and other carbonates, although sands, silts, and muds
also accumulated in many places. A rather remarkable feature is the

composition, although with slightly lower concentration of oxygen.
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>Top 3. The discovery of the Burgess Shale:

« Before the advent of cars and aircraft the connecting link had to be a
railway; Building this railway across the Canadian rockies represents

riches of the area around Field came with the building of this railway.
Field lies in the shadow of Mount Stephen. Fossils had been found on
this mountain at least as early as 1884. Scattered over part of the
mountain were millions of yellowish slabs on which occurred a
profusion of trilobites. These beds are known as the Ogygopsis shale.
This was to prove a harbinger for the even more extraordinary fossils
from the Burgess Shale.

In 1892, by J.F. Whiteaves
named this odd fossil
Anomalocaris, literally
the 'strange crab'.

The route to
understanding the
Anomalocaris animal was
a catalogue of errors.

o What Derek Briggs
had thought were the
limbs of a giant
centipede-like
animal transpired to

one of the great feats of engineering. The first hint of the paleontological|
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be a prominent pair of limbs at the front of the animal.

o What Charles Walcott had believed to be a jellyfish was now seen
to be an integral part of the animal, forming an extraordinary
mouth and jaw, which was apparently capable of holding and
probably puncturing struggling prey.

o What I had interpreted as a composite fossil, formed by the
chance association of a Peytoia and a sponge, was actually a
poorly preserved specimen of the original animal.

o Harry Whittington's new study showed that this was one of the
most remarkable animals in the Cambrian seas. It probably grew
up to a meter long.

o In addition to the anterior part of limbs, the body carried a series
of flexible lobes. It was argued that their undulatory motion
propelled the animal through the water, in search of food.

o There was spectacular tail fan, perhaps used to balance the animal
while swimming.

o It were equipped with a series of legs, situated beneath the lobes.
These legs would have enabled the animal to stroll across the sea
floor.
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>Top Nomenclature:

<Plate-1> Anomalocaris:

ELEZS:

> When scientists name animals they almost always follow
a system that was codified in the late 18C by swedish
botanist, Carl Linne. This system is known as binominal
nomenclature, because two name are employed. Thus the
name for our species is Homo sapiens. Homo is the
generic name and sapiens the specific name. So the full
names of the three Burgess Shale arthropods are Marrela
splendens, Sidneyia inexpectans, and Burgessia bella.
How clearly each of the species names reveals Walcott's
intense excitement; Marrella the splendid, Sidneyia the
unexpected, Burgessia the beautiful.

-  ——————————— |
>Top 4. Journey to the Burgess Shale:

Time travel: .
Imagine that time travel was really possible. If a machine capable
of traveling into the past was ever invented, then human curiosity
would know no bounds.

> The time dial has been set for 520 Ma in the past; the
destination is central Canada to visit the Burgess Shale. Let
us suppose that this journey back to the Cambrian will take
an hour. At such a rate of travel, one minute represents
almost 9 Ma, every second is equivalent to almost 150,000
years.
Human history takes a mere 50 msec. Homo sapiens has
existed for less than 4 seconds. The earliest hominids,
australopithecines, make their debut in Africa after 40
seconds of time travel.
7 minutes have gone by. If we stopped now we would be in
time to see the remains of a giant comet bombard the Earth.
We would be witnessing the end-Cretaceous extinctions,
which took place some 65 Ma ago.
o After 25 minutes, the first mammals appear, a little before
the earliest dinosaurs. Passing the mass extinction at the
end of the Permian period, we now hurtle back through the
Paleozoic.
After 35 minutes hovering over what is now England, we
would see a landscape covered by dense forests, luxurious
plant growth flouring in a hot and humid atmosphere.
Although England at this time is close to the equator,
Australia is near to the South Pole.
Trees disappear, and after 50 minutes have elapsed the only
plants visible are those that form a thin cover, restricted to
wet bogs and the edges of streams.
The end of the journey is in sight; in an hour we have
traveled back to the Middle Cambrian.

°
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o
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Anomalocaris has captured a hapless
trilobite, seized in its anterior giant
appendages which are maneuvering
the prey towards the armored mouth.
On the sea-floor from left to center
respectively are a solitary specimen of|
Wiwaxia and three specimen of
Hallucigenia. Note in both animals
the defensive arrays of spines.
Further to the right is the lobopodian
Aysheaia with its anterior prongs

around the mouth, as well as the primitive arthropod Opabinia (five eyes)

which is a close relative of the largerAnomalocaris.

Descending to the sea-floor are two individuals of the arthropod Marrella. Also
visible in this scene are sessil epifauna in the form of Dinomischus (yellow)

and the sponge Vauxia (blue).
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>Top <Plate-2> Floaters:

« The emphasis in this picture is on the
swimmers and floaters.

« In the foreground and ascending upwards
is the arthropod Odaraia, while higher in
the water column are two individuals of the
chordate Pikaia (left) and the ctenophore
Ctenorhabdotus (right).

The gelatinous discoidal object on the left is
Eldonia, possibly a primitive echinoderm.
> On the opposite side is the enigmatic

Nectocaris (reddish violet).

Crawling across the sea-floor is a

specimen of the polychaete annelid

Canadia (blue), whilst the attached

forms include the sponge Pirania

with its elongate spicules upon which
are attached some symbiotic
brachiopods, and also example of

Dinomischus.

°

>Top <Plate-3> Mud-dwellers:

« Both mud-dwellers (infauna), and mud-stickers (sessile epifauna) are shown.

« The most abundant infauna was Ottoia (brown), here three individuals are
visible: one on the floor of the large excavation, another in the process of
consuming hyoliths (mid-right), whilst the third is emerging from its burrow
and displaying its spinose proboscis (lower right).

» Two other priapulids are visible in the excavation; the elongate, more-or-less
horizontal worm is Louisella, occupying an elongate burrow with openings to
the overlying sea water at either end.

The animal inclined downwards, with|

its posterior end just emerging from

the sea-floor, is an example of

elkirkia. It inhabited a

' parchment-like tube, and had a spiny

« proboscis that was employed for

. burrowing.

& The other type of worm, visible in the

- excavation are two examples of the

polychaete annelid
Burgessochaeta, with one

ndividual wriggling on the floor and

the other in its burrow with anterior

tentacles extending sideways (far left).

« The sessile epifauna is represented by the enigmatic Dinomischus (lower left,
like a orange daisy), the sponge Vauxia (blue), the cnidarian Mackenzia
(green), and the sponge Chancelloria (upper left, purple).

« Also present is a trilobite (center) strolling across the sea-floor, and swimming
through the water a solitary Pikaia (a primitive chordate).
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>Top <Plate-4> Burgess Shale
ICommunity:

« This picture emphasized the
epifaunal elements of the Burgess
Shale community. Attached to the
sea-floor are various type of sponge
including the large Vauxia (blue),
and Choia (center, resembling a
pin-cushion).

Further in the background are
example of Dinomischus (yellow),
Mackenzia (green), and
Chancelloria (purple).

The prominent group of three frond-like organisms on the mid-upper left are
example of the sea-pen Thaumaptilon.

Moving across the sea-floor are also two trilobites.

Trilobite:

A Middle Cambrian trilobite with a prominent bite mark on
its right-hand side, perhaps caused by an Anomalocaris

Jll attack. specimen is about 4cm long. (Ohio State Univ.)
Laterality:

Rather remarkably there is a marked preponderance of
dextral attacks. It suggests that either the attacker had a
dextral preference or there was a bias in the direction by
which the trilobite tried to escape.

Pikaia: the earliest stages in the evolution of the phylum.

At the first sight the distance from Pikaia to a human seems to be almost
immeasurable. From an evolutionary viewpoint, what matters is that our basic
construction as chordates is clearly visible in Pikaia. Many of the changes,
notably the closure of the gill slits and the development of the four limbs from
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preexisting fins, are a direct consequence of the invasion of land in Devonian.
But the possession of the stiffening notochord and muscular myotomes is a

necessary first step.

o The brain of Pikaia was very small, but its basic structure would have been
similar to that of a primitive fish. We can recognize that in its brain there
were the first dim stirrings of neural activity that half a billion years later

would emerge as fully fledged consciousness.

>Top 5. The search for new Burgess Shales:

Laurentia.

Burgess Shale type, with

The outline of Laurentia

The first trip to Sirius Passet in 1989:
Paleontologies are fortunate among scientists to travel to remote

There is no doubt that the chief delight of the subject is to explore the

novelty of vanished worlds. But in addition to see wilderness and

experience a remoteness that, however intangible, transports one far

beyond the humdrum affairs of ordinary life. The high Arcticis a

strange paradox of expected harshness and unexpected fertility. In the
evanescent summer, flowers dot the landscape. Bright purple and
yellow stonecaps are complemented by Arctic buttercups and poppies.

o The sun may be low in the sky, but it seems to bleach the

The ancient continent of
Each dot represents a fauna of

Burgess Shale itself and Silius
Passet specifically identified.
Note that the position of the
paleo-equator and the broadly
concentric distribution of
these faunas round the craton.

based on modern geography.
All other Burgess Shale-type
faunas are marine, and so the coastline lay inward of these sites.
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landscape. Here it looks like a remote and distant star. It is an
alien world, and one gets a glimpse of what might be the fate of a
planet circling a cooling sun, where life lingers on the edge of a

frozen world, before slipping to annihilation and extinction as the

star turns to embers.

Chéngjiang:

There is one locality that certainly rivals the Burgess Shale and Sirius
Passet assemblage. This is the famous Chengjiang fauna, about 50km
south-east of Kumming, Yunan province, China.

°

o

°

How is it that the faunas of Chengjiang and Burgess Shale are
relatively similar despite their separation from each other in
time, by 15 Ma, and space of a major ocean of many thousands of
km wide?

Very early in the Cambrian period the predecessors of these
faunas flourished in shallow water, where food supplies were
most abundant. As the Cambrian progressed, however, levels of
competition continued to rise, so that the less successful species
were displaced into deeper water where competition was less
ferocious. Such displacement opened the possibility of migration
across the ocean floor to other areas.

The rate of evolutionary change may be slower in deeper-water
environments. This might explain some of the similarities
between the Chengjiang and Burgess Shale faunas, despite the
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fact that the latter is considerably younger.

>Top 6. The significance of the Burgess Shale:

"Wonderful Life" by S.J. Gould:

He proposed that the sheer range of animal types (this range of
anatomy and morphology is referred to as disparity) was at its
maximum during the Cambrian. The disparity thereafter
declined towards the present day. Paradoxically, what appears
to us today to be an amazing variety of animals is an
impoverished remnant of the former glories of the past.

o It is always fun to imagine the 'What if?' of history.

o In Wonderful life S. Gould asked to imagine what might
be the outcome of rerunning the Cambrian explosion.
Would the world today look much the same? Would there
be the same end products? You and me, mice and horses,
whales and eagles?

Faunas of Ediacaran and Cambrian:

The roots of the Cambrian 'explosion’ can almost certainly be
traced back to the Ediacaran assemblages. The overall
differences between the faunas of Ediacaran and Cambrian age
are much more striking than any similarities. Rather, the
change that occurred between the two faunas looks much more
like a case of replacement.

> Did the Ediacaran faunas plunge into extinction, for
whatever reason, so that the Cambrian faunas took the
opportunity to occupy a world stripped of its former
masters? Alternatively, did the replacement of the
Ediacaran faunas take place as a result of the rise of
Cambrian animals, the Ediacaran species being extirpated
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because of bitter competition with the newly evolving
animals?

When it comes to understanding the Cambrian explosion,
it still seems to be desirable to talk about a fundamental
trigger that may have initiated the entire process. This is
because when animals appeared the world changed for
ever. (The same may, incidentally, also be true for the
appearance of humans.)

In part it almost certainly would have involved further
genetic reorganization. Of particular importance is the
process known as gene duplication. As the name suggest,
an existing gene is doubled up. The old gen continues to
act in the usual way, but the new one is potentially free to
be employed for new and perhaps unexpected functions.
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>Top Animal architecture:

Animals display an exuberance of design, but appear to have
fundamental similarity at a deeper genetic level. When one is
trying to define something, it may help to say what that thing is
not, at least to heighten the contrast.
What then might define an animal? There must be one unique
feature in the genomic architecture.
1. Body orientation, notably in the specification of the
anterior-posterior axis.
2. Neural tissue and the conduction of nervous impulses
3. Brains and intelligence, then consciousness
> sponges:
The first important step might have been a type of adhesion
of cell not only to stick together, but also to form an
organized body. (cell adhesion)
cnidarian:
The most notable steps would have been the formation of
tissues that included a primitive nervous systems and the
clear definition of body axes.
flatworm:
The body organization is now structured around a basic
bilateral symmetry. The tissues become increasingly
complex and include a well-defined nervous system with
aggregations of neurons that provide both nerve cords and a
brain of sorts.
A dangerous world:
Paramount was the onset and subsequent diversification of those
animals that hunt and consume other animals. These are
predators.
o In contrast to Cambrian communities those of the Ediacaran
were largely free of predators.
> The main functions of external skeletons in the many
animals that possess them is to provide protection from
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The presence of predators is a vital component in the
maintenance of ecological richness and biological diversity.
This observation appears to be paradoxical, but simple
experiments in the natural environment suggest otherwise.

o If the dominant predator is removed, not surprisingly
there is a population explosion among the various prey
animals as the ecological pressure is released. In many
circumstances, however, one species quickly rises to
dominance, overwhelming and smothering the others.
The net result is a crash in diversity, leaving a
depauperate and dull community. If the predator is then
reintroduced, then its apparently disruptive action will
allow diversity to climb back towards its original levels.
The rise of Cambrian predators may have helped to drive
forward the 'explosion' in diversity.

Grazing:

Of particular importance is the style of feeding known as
grazing. It is often exemplified by animals such as slugs and
snails. Their feeding apparatus consists of a specialized rasping
structure (radula). This is protruded through the mouth to
scratch away thin films composed of algae and bacteria. In
marine environments, however, grazing encompasses a number
of other groups, notably the sea urchins (echinoids) and various
molluscs, notably some snails and the less well-known chitons.

o The influence of grazing on the Cambrian ecologies may
well have been analogous to that of predation. Just as the
primary role of animal skeletons was to provide a
protective shield, the extensive development of calcareous
deposits in different sorts of algae was an attempt to
cushion the effects of grazing.

Phosphate:

The world's most important mines that extract this phosphate,
largely to provide agricultural fertilizer, are situated in rocks of
Cambrian age. Some geologist believe that there could be a

attack.
> The most notable examples are from the cataphract covering
animals.
>Top The unfolding ecological theater: SERERBS
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direct correlation between the Cambrian explosion and this
episode of phosphogenesis.

>Top 7. Other worlds:

Could we say that the emergence of modern humans was
inevitable? Probably not as recently as 4 million years ago, when
our australopithecine ancestors could be regarded as just another
type of ape. Rather surprisingly, perhaps not even a mere
150,000 years ago, when anatomically modern Homo sapiens
evolved. This is because in the first half of our history the
behavior of our species seems to be strangely conservative and
unimaginative. The real breakthrough in terms of Paleolithic art
and haunting technology occurred only about 50,000 years ago.
"After Man" by Dougal Dixon (1981):

A zoology of the future. He asks the reader to envisage a world
that is emerging from an earlier ecological catastrophe. In this
book he supposes that of all the mammals only a handful or
types, mostly rats and rabbits, survived to repopulate the globe.
Convergence:

Although there may be a billion potential pathways for evolution
to follow from the Cambrian explosion, in fact the real range of
possibilities and hence the expected end results appear to be
much more restricted. The outcome of evolutionary processes
might be rather predictable.

o This is the phenomenon that animals (as well as plants and
other organisms) often come to resemble each other despite
having evolved from very different ancestors.

For much of the Tertiary (began about 65 Ma), South
America was isolated surrounded by oceans, a sort of super-
island. Once isolated, South America turned into a sort of
natural laboratory as the mammals underwent a rapid
evolutionary radiation. An enormous variety of forms
appeared at one time or another such as giant sloths
(weighing 4 tons), and armadillos as big as a military tank.
The most famous example is a sabre-tooth marsupial 'cat’,
very similar to the sabre-tooth tigers of the Northern
Hemisphere.

Another super-island, Australia, the indigenous mammal
fauna still flourishes. Here, too, there are some striking
instances of evolutionary convergence. In the Northern
Hemisphere a common mammal is the mole. In Australia
there is a marsupial equivalent. Marsupials and placentals
are both mammals and so share a common ancestor, lived

o

°

If indeed we are alone and unique, then we have special .
responsibilities. First as alluded to above, our present
behavior is little short of reckless. Second, it follows that we
have special duties to our descendants, as least to leave the
world a little better than we found it.

But there is also a unique privilege. That is to understand a
little or our history. For some it will be the investigation of the
past few centuries; for others the search for the origin of
mankind. Yet others will wish to reach further back in
geological time to discover in the Cambrian period the seeds
of our own destiny.

7. BT :

o BROANMOHBUIMIRINIZ 572 D125 5 vy Fox D
WETHHAT A NI ET 7 ARBNZ 4 T HEL
VRETCHMIRENTZ Ao T, B A_E 2 LB
A LR IXF Uik % L= T4 B v 2 AT
5HERTHERLE I EIEEARWEASD, b
NEILZ OIEE ORI IBNTIL, FP 71T SRS
THEBIIRITFTTWELIICARZ 6 THS, IBA
B O ETRIFRELANT 72 & OB OTRBITIZA DK 5
TR Z 5 7= 072,

TNEDHBIZ) DT 4 7 v 1981EER KO
. WITLARNCHE 2 » 72 AR OB O % O L &
7B ONEFEIABT D LIV NT TS,
ZOROHTIE, HIFONRX X IR X b §
INTRFERRRIS T B AEE - T, HER EICH 9 — LR -
TN EVNIHDTH S,
o 8K

17 T L OIS LR DAL D FTREME O i 1A+
@Y bd o bin RN, FEEEO ATHEM O,
TROHEZ S TEERIINRVBES LTS L)
Rz2%, o7 ot 20k RITTe LATHRRES &
Sx5,

o MM ELEY ITHL D BT, By T D

MOEHB)YETE T D EVWIHIBRTH D,
F=A2(6500 HAERN DM, FERITMFICFH E T
MSZLTEY, ERREOLS Tholz, —HI
N5 LB KITERED L 507 0 L A
IZHEE L L Cvo Tz, 29 L T4 bbb oE
KigF~rE/ Lin, BEOLIITKERT L~
Tn R EOBMNENT, BRbLELROITER
HORIM %2 THY . ZAUFAEERTR S =41
o7& LTS,
9 —OOEKRZRE., FMNCTIEESG ORI E
FPEFEEETHD T HIEAE L OB A L &
N, RO B Y SHIZHALEICE 7 7 0830
5o ZMNC b ZHUCKIIET DA EHO B A
%, ARELABREEIVTNLHILETSHY
U EERTOIEO MR B O,

o

°

0 = =

about 100 Ma ago.
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« There are several epoch making events in the Earth
history. The extinction of dinosaurs was one of them.

« The explosive evolution of living creatures happened in
the Cambrian period was also surely another epoch
making event, where there were many dramatic scenes
occurred, having effected the present nature, including us.

o HIERDIESIZITV < S DB B 22 HR R 5 5,
R OHIRITFD—D>ThH o7,

o T U THRITHE Z o T2 A OB S £
e 5 —OOBEWI L HRFL 72, £ Tk
Z< ORGSR Z Y, ThUTE-Hka 2 ET
BUED BRI A 5 2 T D,

| | Top | Home | Article | Bookshelf | Keyword | Author | Oxymoron |




