
In fOcus

Taking up our story where we left off in October, we now find ourselves 
at the dawn of the Phanerozoic Eon 542 million years ago (Ma), when 
the continents were flooded by shallow seas. The first 20 million years 
of this era see an ‘explosion’ of biodiversity. The world changes dramati-

cally. Animals gain eyes, favouring the emergence of true predators. The reaction of much of their prey 
is to burrow into the seabed and/or ‘cloak’ themselves in protective armour: vertebrates gain skeletons, 
invertebrates gain shells.1 Even plants develop their own protective armour. 

Animals and plants will need to ‘devise’ ingenious stratagems to survive, for the Phanerozoic Eon we still 
live in today will be punctuated by sweeping temperature swings from Icehouse to Greenhouse worlds, 
periods of great aridity, growing competition, meteor strikes and mass extinctions. Incredibly, some species 
will come through all of these ordeals to become living fossils, like the lungfishes and the little brachiopod 
Lingula. Others exist today only in the fossil record. On a 24-hour clock of geological time, our own ancestors, 
the first hominids, will not make an appearance until just before midnight.

The rise of animals (Part II)

Trilobites were among the first animals to develop hard parts. 
These joint-legged arthropods rapidly diversified and, together 
with the bivalved brachiopods, dominated the oceans for much 
of the early Palaeozoic, along with a myriad of other animals, 
some of which still lacked hard parts. A handful of soft-bodied 
Ediacarans may have survived into the Early Cambrian and an 
even smaller number may have given rise to such groups as the 
molluscs (remember Kimberella from Part I!).

The Cambrian ‘explosion’ of biodiversity

New life forms included pelycypods – today represented by 
the clam, oyster, scallop and mussel – as well as the mono-
plocophorans and the gastropods, today’s sea snail and slug, 
and the nautiloids.

There was also a variety of short-lived forms, such as the reef-
forming archaeocyathids (probable relatives of the sponges), 
helicoplacoids and other spiny-skinned echinoderms, today 
represented by the starfish and sea urchin.

The earliest record of vertebrates may be Early Cambrian and 
certainly dates from the Late Cambrian and Early Ordovician 
about 500-475 Ma. These were probably not the first vertebrates 
though. Most ancient fish were equipped with external armour 
in the form of bony plates and scales. They lived in shallow seas 
in parts of the world that include North America, Bolivia and 
Australia. Their hard parts were made of apatite, the mineral 
constituent of bone, which includes fluorine and phosphorous. 
Most of their remains are only a few millimetres square and less 
than a millimetre thick but a few have larger bony plates fused 
into head and body armour.

Australia and Bolivia, two Gondwanan fragments, provide 
the first glimpses of what these early vertebrates looked 
like as whole fish. Sacabambaspis from 470-million year 
old, brachiopod-bearing sediments in Bolivia and some-
what younger Arandaspis from central Australia in the early 
Middle Ordovician are both of simple design, having no 
fins other than a tail fin and no moveable jaws; they were 
essentially filter-feeding organisms. 

Where did jaws come from?

After the development of hard parts, primarily external 
skeletons, the next major innovation for vertebrates was the 
development of an internal bony skeleton, followed by jaws. 
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eurypterus, pictured here 
in a Silurian reef 435–
410 Ma, is an arthropod, 
a group which includes 
scorpions, spiders and 
trilobites. eurypterus is  
characterized by a pair of 
forceful pincers (chelae) 
extending from the head 
and a paddle-like pair 
of legs for swimming. 
Some species grew up to 
2 m in length, but most were no longer than 20 cm. eurypterus hunted prey 
such as trilobites and fishes, which lived in the tropical seas, brackish ponds 
and freshwater lakes. eurypterus became extinct during the late Permian. A 
living relative of this prehistoric animal is Limulus, the Horseshoe Crab

Courtesy of Natural History Museum Vienna, Austria

Fossil of a trilobite about  
8 cm in width facing 

this way. Trilobites 
were able to see; 
they had compound 
eyes like the fly. They 
had a segmented 
external skeleton, 

with the body being 
divided into head, 

thorax and tail
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The first jawed fishes don’t appear in the fossil record until 
the early Silurian however, about 435 Ma, up to 90 million 
years after the first vertebrates. Jaws allowed the first truly 
predatory vertebrates to develop and a variety of herbivorous 
forms to specialize in a more diverse diet.

Where did jaws come from? Living primitive sharks may 
provide some clues and embryology sheds further light on 
the origins of jaws. One theory contends that the core of the 
upper and lower jaws of primitive sharks and other primitive 
fishes may have been derived from the most anterior gill arch. 
However, they may have developed totally independently, 
perhaps in a process associated with the formation of the 
sclerotic bones around the eye. 

With jaws came two other major innovations: paired fins 
(both pectoral in front and pelvic behind) and a braincase 
similar to that of modern fishes. The combination of these 
characteristics endowed their owners with greater feeding op-
portunities, greater maneuverability and often greater speed, 
as well as better coordination and better protection for vital 
organs. In many cases, such new developments were impor-
tant for gaining mates and protecting the young.

Invasion of the land

Amphibians were the first vertebrates to take to the land, 
a territory already inhabited by plants and a variety of 
invertebrates. The ‘labyrinthodonts,’ with their crocodile-like 
appearance and somewhat similar lifestyle, were the earliest 
vertebrate land-dwellers. They appear in the fossil record 
in the Devonian and are best-known from the spectacular 
remains of Ichthyostega and Acanthostega from about 375 Ma 
found in East Greenland. Ichthyostega was an intermediate 
between fish and amphibian. It had legs but probably still 
used them as paddles. Its wrists and ankles were weak and 
thus ill-adapted to a terrestrial lifestyle. 

Life on the land encouraged independent motion of the 
head from the body, leading to the loss of some bones and 
the fusion of others. This strengthened the skull and protected 
the braincase. Lungs and structures associated with intake 
and expulsion of air developed. Heavy scales aided in water 
retention. But though moving on land and likely feeding there, 
labyrinthodonts still had to return to water in order to reproduce. 
Apparently, their eggs were not self-sufficient on land.

Labyrinthodonts arose during Greenhouse times but survived 
through the Icehouse conditions of the late Palaeozoic. It was 
during such dynamic times that true terrestriality was attained 
by reptiles. Extensive swamps laid down the biomass from 
decaying animals and plants which would form the massive 
coal deposits which fuelled the Industrial Revolution in Europe 
and North America in the late 18th century. The Carboniferous 

swamps probably formed in  
the temperate to tropical 
zones but the Permian coals 
of Australia were definitely 
laid down in cool temperate 
swamps, just as peat forms 
under similar conditions today.

Reptiles had an advantage 
over the labyrinthodonts in be-
ing able to reproduce in entirely 
terrestrial environments. They 
were the first vertebrates to lay an 
amniote egg, a new kind of incuba-
tor with a hard shell and a number of 
embryonic membranes. These eggs were  
capable of providing the developing baby with 
nutrition, waste collection and protection against 
dehydration. The oldest amniote egg fossil is Permian in age.

Labyrinthodonts and reptiles co-existed into the early 
Mesozoic when Greenhouse conditions returned, even if 
vast areas were actually quite arid during this time. Both 
reptiles and labyrinthodonts had survived the cataclysm of 
the Late Permian, where upwards of 90% of life appears to 
have expired around 250 Ma. 

Again, at the Triassic–Jurassic boundary around 200 Ma, 
another cataclysm affected large numbers of terrestrial ver-
tebrates, as well as a great variety of both marine and non- 
marine organisms. Only a few labyrinthodonts survived into 
the Jurassic and only one into the Early Cretaceous of Aus-
tralia about 110 Ma.

Just what caused the Triassic–Jurassic cataclysm is not 
clear. There was a major change at this time from the older 
seed fern-dominated Dicroidium flora to a more modern 
flora dominated by gymnosperms – whose unenclosed seeds 
are today associated with needles, cones and the like – and 
the first appearance of flowering plants, the angiosperms.  
Elements of the Dicroidium flora show adaptations to aridity, 
such as their spike-like leaves and thickened cuticle, both 
specializations for preventing water loss. Many other hints, 
such as the global abundance of evaporate (salt) deposits, 
also point to severe aridity during the time leading up to  
the Jurassic.

The reconstructed  
skeleton of a labyrintho-
dont amphibian from the 
Triassic, from remains near 
Sydney in Australia. This 
specimen of Paracyclo- 
tosaurus davidi is 2.25 m  
long. Paracyclotosaurus was 
a large carnivore for its time

The rise of animals (Part II)
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Arandaspis,  
a jawless  

fish, swims  
in the seas  

that covered 
much of 

Australia in the 
Ordovician

Reconstruction by Frank Knight

Courtesy of the Australian Museum
©Frank Coffa/
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The waltz of the continents 
Since the break-up of Pangaea 250 Ma

Late Triassic (210 Ma)
At the beginning of the Mesozoic (250 Ma), all the continents formed a single supercontinent, 
Pangaea. Some 40 Ma later, the east side of Pangaea is indented by a large gulf called tethys. 
in the tethys, the main accretionary ridge lies off the coasts of Arabia, india and Australia, which 
form the southern tethyan margin. it is a stable, passive margin with no evidence of volcanism. Conversely, the northern 
ridge of the tethys is an unstable, active margin that is in the process of swallowing the tethyan oceanic crust. this subduc-
tion in the north and accretion in the south will eventually lead to the collision of the Mega Lhassa block, later to become 
the northern tibetan plateau, with Southeast Asia.

•

•

Late Jurassic (145 Ma)
the westward progression of the tethys has now extended right through to the Pacific, dividing Pangaea 
into two parts: Laurasia to the north and Gondwana to the south. the Mega-Lhassa block is now enter-
ing into collision.
Florida in the uSA has drifted up from the equator to 15°N. this will have important 
consequences for the future because the latitude of continents affects the sedimentary 
characteristics of their deposits. Reefs for example, with their proliferation of flora and 
fauna, are potential sources of major oil deposits but only develop in the intertropical zone 
(30°S– 30°N). thus, Florida, neighbouring texas and Arabia all currently occupy a favourable position for oil deposits, 
at a time when great quantities of tropical biomass are decomposing and being incorporated into the sediments.  
the Caspian Sea has just reached this intertropical zone.
A few million years from now, the deposition of bauxite in parts of the Mediterranean Rise (MR) will indicate a warm and 
humid tropical environment, the deposits of east Gondwana a temperate climate, evaporate deposits (salt, gypsum, …) in 
Western europe a semi-arid climate. Arabia, Florida (uSA) and Yucatan (Mexico) will be dominated by salt lakes. 

•

•

•

Middle Cretaceous (95 Ma)
the east–west trending of the oceans (tethys), in a tropico-equatorial position, is a thing of the past. 
We are witnessing the early formation of a south–north trending Atlantic Ocean. the South Atlantic 
Ocean has been opening up between South America and Africa for 15 million years. Gondwana 
has split up and east Gondwana is now divided into two plates: india and Australia–Antarctica. 
the continents have been invaded by the sea. the oceanic ridges have become more active (swell-
ing), causing sea level to rise and displacing water which floods onto the land. in Africa, the Saharan Sea (SS) links the 
Mediterranean Rise (MR) and the South Atlantic. in North America, a basin borders the west of the Rocky Mountains, link-
ing the Arctic Sea with the Gulf of Mexico. eastern europe is submerged. 

•

•

Eocene (45 Ma)
Greenland has broken away from North America then from europe. in Canada and the uSA, the Rocky 
Mountains are rising, as also the Sierra Madre in Mexico.
india is impacting with eurasia but is not yet locked into it. this movement will push aside blocks of 
Southeast Asia and enable the uplift of tibet. 
in the Caribbean, the Greater Antilles is colliding with Florida and the Bahamas Shelf. the isth-
mus of Panama is beginning to take shape but is far from being completely emerged. 
An active accretionary ridge between Antarctica and Australia is causing the latter to move 
northwards towards Asia.
there is a significant decrease in the accretion rate of certain ridges (and thus of their swelling), such as the Central 
Atlantic ridge and those displacing india. in parallel, the formation of mountains is increasing the continental relief and, 
at the same time, reducing the continental area through thrusting. these dual processes are causing the volume of the 
oceanic basins to increase and thus global sea level to drop. 
it is now possible for ocean currents to circulate around Antarctica; this causes ocean temperatures at these high  
southern latitudes to fall.

•

•

•

•

•

•
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Miocene (10 Ma)
the configuration of the continents and oceans is now similar, and the pattern of the plates almost 
identical, to that of today. the Arabian plate is still forming however: a rift, marked by major 
volcanic activity, is forming in the Red Sea and in east Africa: the future Great Rift Valley, home to 
some of the first hominids 5–6 Ma later.
An ice sheet has formed over Antarctica. Only at about 2.7 Ma, shortly before the onset of the 
Quaternary, will an ice sheet form over the circum-Arctic region. this event will coincide with the final closure of the isth-
mus of Panama: with circulation no longer possible between the Atlantic and Pacific Oceans via the Caribbean, the warm 
water of the Atlantic will have no outlet. During the Quaternary glaciations, warm waters from the tropical Atlantic Ocean 
will lap the shores of the cold continents located around 50–60°N. the difference in temperature will be sufficient to cause 
heavy snowfalls that will progressively form the Arctic ice sheets.

•

•
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When life nearly died

The Palaeozoic–Mesozoic transition was a time of immense 
crisis for terrestrial and marine organisms alike. Early in 
the Carboniferous, cyclicity gripped the world. Great global 
glaciers waxed and waned, seas grew and shrank, flooded the 
land then retreated, leaving behind the shells and skeletons 
of marine and non-marine organisms as fossil reminders of 
a very dynamic time. 

But something went terribly wrong at the end of the 
Permian, arguably the greatest mass extinction in Earth 
history. Not just one but several pulses of extinction occurred. 
The extinction of animals of large body size is most visible, 
but many smaller forms suffered a similar fate. New forms 
evolved from some of the smaller survivors. 

Just what went wrong is still under debate but most 
researchers would agree that a distinct rise in temperature 
was the culprit. This came about when massive outpourings 
of volcanic material – the Siberian Traps – and very likely a 
massive ‘methane burp’ caused by the release of gas hydrates 
from the oceans combined to add great quantities of CO2 to 
the atmosphere, thereby heating it and causing extinctions on 
a gargantuan scale. As Michael Benton notes in his book When 
Life Nearly Died, the Triassic was a time of misery. Ocean 
waters were low in oxygen and ocean circulation was very 
slow or even at a standstill. All this certainly affected life on 
land, where vegetation was sparse. Coals were not forming at 
this time in most places – one exception being Australia – for 
lack of preservation of decomposing organic matter. Soils were 
poor and temperatures high. The few surviving land animals, 
such as the mammal-like reptile Lystrosaurus, were some of the 
only successful forms. Even forms known as disaster taxa – the 
bivalves Claraia and Eumorphotis – had disappeared by the 
middle of the Triassic. It would take some time for both marine 
and terrestrial animals to recover. Many never would.

Diversity in a Greenhouse world

After the disaster of the Permo–Triassic, the world became 
a much more pleasant place. Dinosaurs, which had emerged 

during ecosystem recovery from the miserable times of the 
early Mesozoic, along with other large reptiles, expanded and 
prospered, on land and in the sea. 

Dinosaurs were the lords and ladies of the land. Plesio-
saurs, ichthyosaurs and mosasaurs were dominant reptilian 
predators of the seas. Bony fishes expanded, sharks held 
their own. Ammonites diversified, as did a myriad of other 
invertebrates. The flowering plants turned the land into a 
fragrant garden and insects co-adapted as their pollinators. 
Greenhouse conditions had returned. 

Mammals were present but not diverse. They were also 
smaller than their reptilian neighbours. They lived in the shadow 
of the mighty, successful saurians, especially the dinosaurs. 

Abundant palaeoclimatic evidence for the Mesozoic all 
points to a warm world, initially arid but increasingly humid, 
until, in the Jurassic and for much of the Cretaceous, the 
climate remained unseasonably wet and mild. This was a time 
of higher concentrations of CO2 in the atmosphere, which 
would have nurtured plant growth. Atmospheric moisture 
and cloud cover increased, resulting in a sluggish, humid 
greenhouse climate. The cause of these conditions may have 

About 110 Ma, dinosaurs thrived near the South Pole, in what is now southeastern Australia. They lived in a widening rift valley as Australia began to  
separate from Antarctica. The area was cold and lay south of the Antarctic Circle: in winter, darkness lasted at least three months and the ground froze. 
Left to right in this reconstruction are: the hypsilophodont Leaellynasaura amicagraphica, a flesh-eating Allosaurus, Muttaburrasaurus, an armoured  
dinosaur Minmi and the ornithomimosaur, timimus hermani. In the sky fly pterosaurs. The forests that grew in this area at the time were dominated by 
ginkgos (Maidenhair trees), gymnosperms and ferns 

Reconstruction by P. Trusler/Courtesy of Australia Post

�A World of SCIENCE, Vol. 6, No. 1, January – March 2008

A predaceous therapsid by the name of thrinaxodon stands atop the 
anapsid reptile, Procolophon, which it has just dispatched. The skeleton 
and skull of thrinaxodon were very mammal-like and the animal may 
have been covered in hair. On the left, three other therapsids, tusked 
mammal-like reptiles by the name of Lystrosaurus, stand at the water’s 
edge while, in the background, the gavial-like Chasmatosaurus bides its 
time in the water. During the Triassic, Antarctica pictured here  and many 
other parts of Gondwana were dominated by reptiles, particularly the 
mammal-like therapsids and crocodile-like thecodonts
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Also known from the Eocene 
of Messel, Kopidodon belongs 
to the extinct mammal family 
Paroxyclaenidae. This specimen 
of Kopidodon is exceptionally 
well-preserved, displaying many 
details of its body, fur and bushy 
tail. Similar to modern squirrels, 
Kopidodon lived in trees; it used 
its claws to cling to twigs and 

branches, and its bushy tail for balance. With a total length of up to 115 cm, 
Kopidodon is one of the largest tree-dwelling mammals known to date. This 
animal was an omnivore, possibly filling a niche similar to that of racoons 
today; it was equipped with sharp teeth that may have been effective in 
warding off predators 

eurohippus lived in the 
Middle to Late Eocene in the 
tropical forests of Europe, 
where it could easily hide 
from predators. This horse 
stood just 30–50 cm high. In 
contrast to modern horses, 
the forelegs of eurohippus 
were equipped with four 
toes and the hind legs with 
three. The fossil pictured was discovered in the oil shale mine of 
Messel (Germany), a World Heritage site. The black portions of the 
fossil are traces of skin and fur. The stomach contents of this fossil 
demonstrate that the diet of eurohippus consisted of leaves and 
fruits. Horses evolved in North America and Europe; the earliest 
forms were very similar to eurohippus. Over more than 50 Ma, 
they adapted to life in open grasslands: body size increased,  legs 
lengthened and the number of toes reduced. Horses developed 
large eyes, fine senses, alertness, speed and the ability to sleep 
without lying down, so as to be ready to flee predators. In response 
to a diet that included ever-more grasses with a high silica content, 
horses also developed high crowned teeth with complex enamel 
patterns that were longer-wearing

Gyronchus macropterus measured 10 cm. It is a typical bony 
fish, a member of a group that was widespread in the warm, 
shallow seas of the Mesozoic and remains so today. This fos-
sil was preserved in limestones of southern Germany about 
150 Ma. The same limestones 
also yielded Archaeopteryx, 
the famous bird-like form 
considered a link between 
reptiles and birds. Gyronchus 
had a round, laterally com-
pressed body. The tail fin 
and long dorsal and anal 
fins were effective for pre-
cise coordination. These 
fishes were well-adapted 
to living on coral reefs: the 
downward-pointed mouth 
formed an excellent tool for 
picking food from the reef 
surface; cobblestone-like 
teeth were ideal for crushing hard prey: corals, echinoderms 
and bivalves. Gyronchus and its relatives disappeared about  
50 Ma, probably due to an increase in competition. The fos-
sil here is similar in basic morphology to modern coral reef 
fishes, such as the butterfly fishes (Chaetodontidae) and doc-
tor fishes (Acanthuridae). These modern fishes, however, are 
only remotely related to Gyronchus

Many fossil mammals are known exclu-
sively from isolated teeth, articulated 
skeletons being generally rare in the fos-
sil record. The excellently preserved fossils 
of heterohyus from Eocene deposits (40– 
34 Ma) in Messel thus came as a real surprise. 
The fossils demonstrate that two fingers on 
the hand of heterohyus are distinctly elon-
gated. Only two extant mammals show 
this morphological modification: the Aye 
Aye (Daubentonia) from Madagascar and 
the Striped Possum (Dactylopsila) from New 
Guinea. Both species display similar feeding 
habits: they remove the bark of trees with 
their powerful teeth to gain access to the 
borings of insect larvae, which they then 

adeptly pull out using the elongated fingers as tools. Relatives of 
heterohyus occurred in North America several million years prior 
to this genus. This suggests that this group of mammals likely 
evolved in North America and eventually migrated to Europe. The 
Atlantic was already present at the time and the only remaining 
land bridge between North America and Europe was in the Arctic, 
north of Greenland. Fossil evidence tells us that this land bridge 
was frequently used by North American animals to migrate to 
Europe and vice versa

Bavarian State Collection for Palaeontology and Geology, 
Munich, Germany

Natural History Museum Senckenberg, Frankfurt/Main, Germany

Natural History Museum Senckenberg, Frankfurt/Main, Germany
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nithid bird, Genyornis newtoni, in Pleistocene central Australia more than 
60 000 years ago. Both species are now extinct. As Megalania is known 
only from fragmentary material, it has been reconstructed using scaled-
up bones of the living Komodo Dragon from Indonesia. Like the Komodo 
Dragon, it was probably an ambush hunter and scavenger. Genyornis was 
the last survivor of the family Dromornithidae and became extinct when 
Australia’s climate changed from humid to arid. The final blow was prob-

ably dealt by the 
arrival of humans 
on the Australian 
continent more 
than 40 000 years 
ago, who brought 
with them the 
Dingo, a type of 
wild dog, and rats

Dromornis stir-
toni was a large, 
flightless bird 
which lived in 
central Australia 
about 10 Ma. 
These birds were 
first thought to 
be related to 
emus and cassowaries but new fossil material found in the past decade, 
particularly of skulls, shows that its nearest relatives are the Screamers 
(Anhimidae) of Latin America and the primitive Magpie Geese of northern 
Australia, in the Anseriformes, a group which also includes ducks and swans. 
The dromornithids formed a large part of the herbivore stock in a land 
whose large mammalian herbivores were marsupials like the kangaroo in 
the background here. The vegetation in this reconstruction shows how lush 
central Australia was at the time. Nowadays, this area is more characterized 
by sand dunes and profound deserts
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been heightened by volcanism – which produces CO2 – forced 
by plate tectonic activity ripping Pangaea apart.

The consequences of this climate on the biomass of the time 
is of economic importance, for there was a build-up of coal 
in the extensive swamp forests and an accumulation of hy-
drocarbons in the thick, organic-rich muds characteristic of 
the oxygen-starved marine basins. This was accompanied by 
massive upwelling of water masses along continental margins, 
which in turn nurtured large biomass production. Today, this is 
the source of a significant part of the world’s oil, including that 
of Libya, the Gulf and the Gulf of Mexico.

The fall of most of the dinosaurs

Conditions changed dramatically and rapidly about 65 Ma, 
around the Cretaceous–Palaeogene boundary. This brought 
about the demise of most of the dinosaurs and gave mammals 
the opportunity they needed to thrive. One group of dinosaurs 
which had emerged in the Jurassic actually survived: the 
birds! Dinosaurs took to the air.

For the past century, the cause of the Late Cretaceous catas-
trophe has been the subject of fierce debate among geologists 
and palaeontologists. Some geologists have suggested that 
heightened volcanic activity during the Cretaceous led to a 
nuclear winter, with the masses of particles in the atmosphere 
blocking incoming radiation from the Sun. 

Another school of thought marshals an impressive array 
of evidence to suggest that an extraterrestrial visitor was the 
culprit. According to this theory, the impact of a comet or 
an asteroid would have first heated the Earth to unthinkable 
temperatures (from a biological point of view) in some places, 
with much of the planet being swept by firestorm before a 
time of intense acid rain. 

Evidence supporting this theory includes a concentration of 
iridium, an element rare on Earth but common in meteorites 
which is present in clays of around 65 million years of age found 
in many parts of the world, including Italy, New Zealand and 
western North America. Iridium would have been part of the 
particles thrown into the air by the asteroid impact then deposited 
globally. Even the ground-zero site for the extraterrestrial bolide 
seems to have been found, a 300-km diameter circular depression 
in the northern part of the Yucatan Peninsula in Mexico and in 
the adjacent Caribbean Sea. All around this area, the iridium-
rich boundary clay is excessively thick and there are massive 
tidal wave deposits on adjacent shores of North America, as 
well as indications of massive firestorms in the sediments. 
Moreover, sediments in nearby Haiti, Cuba and Texas (USA) 
contain abundant quantities of telltale shocked quartz, another 
product of high-pressure impact.

In fact, the cataclysm may have been a combination of 
vulcanism and bolide impact. Whatever happened, it brought 
about the extinction of upwards of 50% of life on Earth.

The reign of mammals and birds 

At the end of the Cretaceous, mammals and birds became the 
new, dominant vertebrate groups on land. Those reptiles which 

did survive were diminutive in size in comparison to many of 
their Mesozoic precursors. Some lizards, crocodiles and snakes 
did however reach gargantuan sizes in places like Australia 
where mammalian predators were small and rare. Two examples 
are the varanid Megalania, thought to have reached over 7 m 
in length, and the equally gigantic saltwater crocodile of north 
Queensland, the world’s largest surviving reptile.

The angiosperms diversified immensely and turned the lands 
into colourful, fragrant realms. These flowered plants ‘challenged’ 
the birds and insects to a co-evolutionary contest culminating in 
such complex brilliance as the elaborate orchids. 

In the seas, the bony fishes in general and the actinopterygians 
in particular ruled, together with the molluscs and crustaceans. 
The tiny foraminifera and diatoms provided a major food 
source for the largest of mammals on Earth, the baleen 
whales. Antarctica and Australia finally separated some 55 Ma  
and the Circum-Antarctic Current was set in motion. Whales 
took advantage of this opportunity to become masters of the 
marine realm.

The Australian continent began a long period of isolation; 
this led to the development of a strange, endemic fauna of 
monotremes, such as the platypus and echidna, survivors from 
an old Gondwana connection. Other forms, such as kangaroos 
and the dromornithid birds, developed entirely on the drifting 
Australian continent. As Australia approached Asia, biotic 
exchange saw the entry of such forms as the acacias (a plant) 
and the cuckoo (a bird).

The survivors of the Cretaceous crisis had before them vast 
opportunities but their lot was not an easy one. Gradual cooling 
overall, albeit in fits and starts, was followed by a test of their 
metal: the development of permanent ice caps both north and 
south, most severely during the last two million years, with 
massive glaciations which swept equatorward on the northern 
continents several times, lowering temperatures and sea levels. 

Most continents became more arid from about 20 Ma onwards. 
Widespread grasslands opened up, to which the terrestrial fauna 
adapted in tooth and limb (see primitive horse fossil on facing 
page). Plants developed spines, small leaves and thick cuticles to 
retain water and fend off possible ruminants. However, in other 
places, massive reefs developed. As Australia drifted north into 
the tropics, the Great Barrier Reef came into its own and plants 
of the old, cool temperate forests evolved into the rainforests of 
North Queensland.

By the end of the Mesozoic, the major groups of mammals 
still alive today had appeared: the monotremes; the marsupials, 
which suckle their young in a pouch, such as kangaroos and 
opossums; and the placentals, which incubate their young via a 
placenta, allowing the mother to nourish her unborn young in 
the womb for a considerable time. 

Many placentals became very large during the Cenozoic. 
These include Smilodon, the ‘sabre-toothed tiger’ from the 
Americas; the mammoth, a relative of the elephant which 
inhabited North America, Europe, Asia and Africa until only a 
few thousand years ago; primitive elks and rhinoceroses; giant 
armadillos and ground sloths. 

Marsupial carnivores were able to develop in Latin Amer-
ica and Australia during the early Cenozoic because of the 

A World of SCIENCE, Vol. 6, No. 1, January – March 2008 �A World of SCIENCE, Vol. 6, No. 1, January – March 2008�



absence of advanced placental carnivores. When the placen-
tals invaded these two continents late in the Cenozoic, the 
marsupial carnivores there were doomed.

The making of modern man

Among the early placentals were the primates, a group to 
which we modern humans, Homo sapiens, belong. The first 
definite primates show up in the early Cenozoic, though some 
suggest that they were present as far back as the Cretaceous. 
The oldest primate may be Altiatlasius from the Late 
Palaeocene of Morocco, a very small beastie weighing in at 
only about 100 g. Certainly, by the early Eocene, mammals 
– including primates – had greatly diversified.

The oldest member of the family to which humans belong, 
the Hominidae, may belong to the subfamily Kenyapithecinae, 
known from fossils found in many parts of Africa, as well as 
in Turkey and Europe. These fossils range in age from 20 Ma 
to 14 Ma. Within this family, humans, chimpanzees, bonobos 
and gorillas have their own subfamily, the Homininae – a group 
distinct from the Ponginae: the orang-utans and their ancient 
cousins. Humans are distinguished from the rest of the subfamily 
by their very large brains (1400 cm3 on average) relative to 
body size and their habit of walking upright (bipedalism),  
a function that dates back 6–4 Ma. 

Evidence drawn from bones, teeth and molecular biol-
ogy points to a split between humans and their nearest rela-
tives, the chimpanzees and bonobos, in the late Miocene or 
early Pliocene. There are many names given to these oldest 
‘humans’: Australopithecus and more recently Orrorin, Sa-
helanthropus and Praeanthropus afarensis.

Fossils of the oldest member of the genus to which we 
belong, Homo, were first exposed in 1960 at Olduvai Gorge 
in Tanzania. The skull had a brain cavity of 630–700 cm3 and 
the hands of these fossils reflected an ability to manipulate 
objects and make tools. This inspired the name of Homo 
habilis, or ‘handy man.’ Dates on these fossils and another 
form, Homo rudolfensis, range from 2.4 to 1.5 Ma; both were 
contemporaries of Australopithecus.

H. habilis and its cousins 
were African forms. By 1.9 Ma, 
‘humans’ may well have been 
moving out of Africa. Finds in 
China and Georgia have revealed 
Homo erectus-like forms dated 
at 1.9 and 1.7 Ma respectively.  
H. erectus survived for a long time. 
One of the richest sites for this 
species is Zhoukoudian Cave near 
Beijing in China: the site of Peking 
Man dated 600 000–200 000 years 

ago. There is a possible even younger date for H. erectus of 50 000 
years in Java. The brains of these later H. erectus may have reached  
1100 cm3, according to Benton, and these forms were beginning 
to make fairly refined hand axes.

Our own species Homo sapiens makes its appearance in 
Africa and the Middle East at least by 160 000–100 000 years 
ago. Alongside us lived Homo neanderthalensis2, which was 
separate from H. sapiens at least 500 000 years ago and a 
more heavily-built hominine with a brain size of 1500 cm3. 
H. neanderthalensis had a sophisticated toolbox, with refined 
spearheads, scrapers and hand axes. Neanderthals used fire, 
made clothes and practiced burial rituals. They seem to have 
completely disappeared by about 30 000 years ago. Just why 
is a point of anthropological controversy.

After that, H. sapiens ruled. Australia and southern Latin 
America were most likely the last destinations of modern man, 
with arrival dates in Australia now pushed back to more than 
40 000 years ago and those in southern Chile to 19 000 years 
ago. The ‘settlers’ were aided and abetted by the lowered sea 
levels, which made it possible to walk from Siberia to Alaska 
across the Bering Land Bridge at the height of development of 
an enormous ice sheet over much of North America and Europe 
during the ice ages of the Pleistocene. Even in the warmer 
Southern Hemisphere, which had no real continental glaciers, 
the lowered sea level made it possible to walk from Papua New 
Guinea to Australia, or to sail from Asia to Australia across only 
short stretches of ocean.

The end of the last Ice Age and the beginnings of agriculture 
about 10 000 years ago heralded the start of a population ex-
plosion among H. sapiens. Today, the influence of this highly 
‘successful’ species in evolutionary terms is unprecedented.  
Human activities are polluting the air, sea and land, decimat-
ing biodiversity and changing the Earth’s climate. How this 
story will end, no-one knows. Humans certainly have the brain 
capacity to plan for a sustainable future – but can they act in 
unison to make this happen?

Patricia Vickers–Rich,  
with Peter Trusler and Draga Gelt

With thanks to Bettina Reichenbacher (Ludwig Maximilians Univer-
sity), Michael Krings (Bavarian State Collection for Palaeontology 
and Geology) and Wighart von Koenigswald (University of Bonn) for 
supplying the fossil images and text on page 6 and the reconstruction 
of Eurypterus.
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Praeanthropus afarensis is the name given to ‘Lucy’ (reconstructed here), found in the Rift Valley in Ethiopia 
in 1974. Lucy is the skeleton of a young girl which is about 40% complete. She has been dated at 3.2–2.9 Ma.  
Lucy and her relatives were only around 1.0–1.2 m tall with a brain size of around 400 cm3 and an apparently 
ape-like face. Their limbs had curved fingers and toes, suggesting they were still quite capable of climbing; 
their wrist structure suggests they may have walked on their knuckles

1. Skeletons and shells have other advantages for their bearers. Muscles can be  
attached to them, resulting in a more efficient use of energy in locomotion 
and opening new avenues of feeding

2. One school of thought considers the Neanderthals to have been so simi-
lar to modern man that the two should be described as Homo sapiens 
sapiens and Homo sapiens neanderthalensis. Others prefer to label the 
two as separate species
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monitor these changes. This system will be a contribution to 
the Global Ocean Observing System (GOOS) sponsored by 
the UNESCO-IOC. 

A sustained Arctic Observing System is critical to under-
standing the underlying climatic variability of the Arctic, 
adapting to the consequences of change and mitigating these. 
The system is also critical to protecting the Arctic Ocean 
and Arctic natural and cultural heritage as part of the global 
commons we hold in stewardship for future generations. 
GOOS may have been designed originally purely to address 
the impact of scientific processes on the environment but that 
hasn’t prevented it from being used increasingly to assess also 
the socio-economic impact of a warming Arctic Ocean.

At the GOOS Intergovernmental Committee3 meeting at 
UNESCO headquarters last June, Member States agreed ‘to 
promote actions towards establishing’ an Arctic Observing 
System in the near future, as a sustained observational legacy 
of the International Polar Year, which got under way in March 
last year. 

European nations are moving ahead quickly on this. 
Several European institutes have already signed a Memo-
randum of Understanding as a prospective contribu-
tion to an Arctic Observing System. These same Euro-
pean partners will be holding a first official meeting on  
18–19 December within the Arctic Circle in the city of Lulea 
(Sweden). 

At the same time, the oceanographic community is working 
towards a fully international system as its contribution 
to the sustained Arctic Observing System, via a series of 
international workshops being hosted by Canada, Finland 
and Sweden. The first of these workshops took place in 
Stockholm on 12–14 November.

For details (IOC): k.alverson@unesco.org;  
www.arcticobserving.org

Arctic sea ice a record low
Summer sea ice in the Arctic has shrunk to a record low. 
For the month of September, it extended 4.28 km2 million 
on average, shattering the previous absolute minimum 
of 5.32 million km2 measured on 20–21 September 2005.  
In a race against time, UNESCO and several of its sister 
agencies are working with countries to put in place an 
Arctic Observing System to ensure that neither the 
Arctic environment, nor Arctic societies are the losers 
in a ‘wild west-like’ scramble for resources that would 
compromise universal access to the Arctic Ocean and 
universal benefit from it. 

As the ice cover of the Arctic erodes, formerly inaccessible 
areas are becoming valuable economic and strategic resources. 
The fabled Northwest Passage, a potentially lucrative shipping 
route, is the subject of an ongoing territorial dispute between 
Canada and nations including the USA which argue that the 
passage lies in international waters. 

In 2007, the most direct Northwest Passage was open 
for the first time since records began. It will certainly soon 
be used for commercial shipping. This would shorten the 
journey considerably for vessels traveling to northern 
Europe from the west coast of Canada, for example.  
A Northwest Passage route would also cut thousands of 
kilometres off the journey for many of the vessels which 
normally transit via the Panama Canal, for which Panama 
charges a right of passage. 

Even the North Pole itself and its potentially rich sub-sea 
oil, gas and mineral resources are a growing target of various 
national interests. Last August, the Russian Federation 
planted a rust-proof titanium national flag on the seafloor at 
the North Pole, arguing that an underwater mountain range 
known as the Lomonosov Ridge, which stretches across 
most of the Arctic basin, was an extension of its continental 
margin and thus potentially within its territorial waters. 
In October, Russia announced it would be filing a claim 
with the United Nations by the end of the year. Under the  
UN Convention on the Law of the Sea, any state with 
an Arctic coastline wishing to stake a territorial claim 
must lodge its submission with the UN Commission on 
the Limits of the Continental Shelf. Nations with Arctic 
interests are presently all busy mapping the topography of 
the seafloor to bolster their own positions and claims under 
the Convention.

As sea ice melts, the dark waters of the Arctic will become 
exposed to light and air for the first time in millennia. This 
will have an immense environmental impact, as the darker 
surface of the sea will reflect less light back into space and 
exchanges of heat, moisture and greenhouse gases between 
the air and sea will increase considerably. 

UNESCO and its Intergovernmental Oceanographic 
Commission (IOC) are working with national and international 
partners to build and sustain an Arctic Observing System to 

3.  Made up of the UNESCO-IOC, WMO and UNEP.  
On GOOS, see A World of Science, January 2006
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The extent of Artic summer sea ice in September 2007 (left) 
and the previous record low in September 2005, from satellite 
microwave measurements. Last year, the Northwest Passage 
was open for the first time


