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Insect preserved in amber, Oligocene, Baltic region.







Plant fossils

. Sstoma
cuticle

anticlinal
WEHE i

—stoma

Section through a leaf of a living plant Early Cretaceous conifer leaf photographed
showing the epidermis and the cuticle under UV- light. Only the cuticle is preserved.
(stained red). Note the stoma with the Note the anticlinal walls, and the stoma on the

substomatal chamber lower leaf surface.

Epidermal cells usually do not exactly fit together, but there are small
voids between the individual cells. These voids between individual
epidermal cells are filled up by cuticle plugs which are termed anticlinal
walls. The cuticle forms a perfect natural cast of the epidermis and the
anticlinal wall reflect the cell pattern of the epidermis.




Plant fossils

Pteridosperm cuticles from the Upper Carboniferous (left) and Upper Permian (right)
clearly showing the relief of the anticlinal walls.

Each plant species has it own specific epidermal pattern. Therefore
cuticles can be used for identifying plant remains. They are so to say the
plant's "fingerprint ". Only small pieces of cuticle suffice for a justified
identification. Only in some cases cuticles of closely related species within
the same genus are so similar that they cannot be differentiated. Cuticles
not only help to identify and classify fossil plant species, they are also a
valuable source for further information, such as gross morphology,
ecology and climate.




Odontopteris minor-zeilleri cuticle
showing a clear differentiation into
costal and intercostal fields (Upper
Carboniferous)




Leaf cuticle of Symplocos Axial cuticle of the Early Devonian Leaf cuticle of the Early Permian
hallensis (Eocene) with three land plant Aglaophyton major with pteridosperm Autunia conferta with
stomata each consisting of stoma consisting of two guard cells stomatal complexes

two guard cells

Very typical features are the so-called stomata which serve for gas exchange, i.e. the uptake of carbon dioxide
and release of oxygen. Stomata consist of an opening or stomatal pore, and two kidney-shaped guard cells.
The guard cells are used for opening and closing the stomatal pore, in order to regulate the transpiration and
gas exchange. Early land plants and several angiosperms have such simple stomata. In many gymnosperms
stomata and surrounded by cells that are differently shaped from the normal epidermal cells. Usually
stomata are surrounded by one ring of neighbouring cells, occasionally a second ring of encircling cells
occurs. The stoma together with the neighbouring (and encircling) cells is then called a stomatal complex or
stomatal apparatus. Stomata are often more common on the lower leaf surfaces; not rarely they are
completely restricted to lower leaf surfaces; being in the shade reduces the risk of excessive water loss. For
the same reason stomata may also be sunken and stomatal pores may be covered by overhanging papillae (see
below). Not only the shape of the stomata is typical, but also their distribution (e.g., concentrated, randomly,
in rows) and the orientation are useful diagnostic characters.




R
Short glandular trichome (foreground)
and two longer multicellular trichomes
(background) of B. praedentata (Upper
Carboniferous).

Blanzyopteris praedentata (left) with
numerous multicellular hairs, and
Ortiseia leonardii (right) with two
stomatal complexes (subsidiary and
encircling cells!) and numerous hair
bases (upper Carboniferous)

Other typical features include hairs and papillae. Papillae are small thickenings of the cuticle, which may
be hollow or solid. Papillae may occur on normal epidermal cells and on neighbouring (and encircling)
cells of stomatal complexes; other they are restricted to the latter. In such cases papillae may partly cover
the stomatal pores. Larger structures are classified as hairs or trichomes. These can be unicellular to
multicellular and have various functions, varying from extra protection against desiccation to protection
against arthropods. Many trichomes are glandular and have a secretory function.




Applications of cuticular studies in palaeobotany

Identification and classification of fossil plant remains on the
basis of biological criteria

In palaeobotany leaf remains are usually classified according to
their outline and venation in form-genera and form-species
However, this is a very artificial system because such leaf shapes
are not necessarily typical for s specific group of plants. Cuticular
analysis provides a sound basis for biological classification.

Correlation of isolated organs

Foliage and fructifications are rarely found in organic
connection. With the help of cuticular analysis dispersed organs
can easily be correlated.

Reconstructions of fossil plants

Some features are rarely or never found as compression fossils but
can easily be recognized in bulk-macerated samples. Good
examples are various types of climbing hooks and tendrils.

Ecological interpretations
Cuticles can show a number of features which can provide helpful
information on the palaeoecology.

Palaeoclimatic studies and estimations of past carbondioxide

concentrations

Cuticles can also given important information on the palaeoclimate.

Stomata densities and indexes are popular proxies for carbon
Lescuropteris genuina dioxide concentrations.

from the Upper Carboniferous







Taxonomy and phylogeny

Taxonomy (from Greek taxis meaning arrangement or
division and nomos meaning law) .

Practice of classifying plants and animals according to their
presumed natural relationships

Study of the general principles of scientific classification

Classification of organisms into groups based on similarities of
structure or origin etc

Phylogeny, phylogenesis:

The sequence of events involved in the evolutionary development
of a species or taxonomic group of organisms
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Carl Linnaeus (1707-1778)

Carl Linnaeus, also known as Carl von Linné or Carolus Linnaeus, is often
called the Father of Taxonomy. His system for naming, ranking, and
classifying organisms is still in wide use today (with many changes). His
ideas on classification have influenced generations of biologists during
and after his own lifetime, even those opposed to the philosophical and
theological roots of his work.




Taxonomy

Linnean rank

kingdom Animalia Animalia Animalia

phylu m Mollusca Chordata Chordata

class Gastropoda Reptilia Mammalia

Ornithischia .
order Mesogastropoda (Predentata) Primates

fam | |y Cypraeidae Ceratopsidae Hominidae

g enus Cypraea Triceratops Homo

S peci es tigris horridus sapiens




Phylogeny




"The affinities of all the beings of
the same class have sometimes
been represented by a great
tree... As buds give rise by
growth to fresh buds, and these
If vigorous, branch out and
overtop on all sides many a
feebler branch, so by
generation | believe it has been
with the great Tree of Life,
which fills with its dead and
broken branches the crust of
the earth, and covers the
surface with its ever branching

and beautiful ramifications."
» Charles Darwin, 1859




The role of extinctions




Phanerozoic

600 @2001 Brooks/Cole - Thomson Learning
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When did it begin?




Neoproterozoic

Mesoproterozoic

Paleoproterozoic
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~ Hydrothermal vents




Late Precambrian Supercontinent and Ice House

This map illustrates the break-up of the Supercontinent, Rodinia, which formed 1100
million years ago.

Late Proterozoic 650 Ma
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Cambrian: the beginning of the Paleozoic Era

Animals with hard-shells appeared in great numbers for the first time during the
Cambrian. The continents were flooded by shallow seas. The Supercontinent of
Gondwana had just formed and was located near the South Pole.

Late Cambrian 514 Ma
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Ancient Oceans Separate the Continents during the Ordovician ancient oceans

separated the barren continents of Laurentia, Baltica, Siberia and Gondwana. The end of
the Ordovician was one of the coldest times in Earth history. Ice covered much of the
southern region of Gondwana.

Middle Ordovician 458 Ma
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Continents begin to collide as Paleozoic Oceans
close

Middle Silurian 425 Ma
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The Devonian Was the Age of Fish!

Early Devonian 390 Ma
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During the Early Carboniferous Pangea Begins
to Form.

Early Carboniferous 356 Ma

Arseient Landrrass '
Modern Landvoiss If_'::)

Subduction Lone [trisnges point in the
direction of subduction] --I » /

, P

Sea Floor Spreading Ridge "L







The Late Carboniferous a Time of Great Coal
Swamps

Late Carboniferous 306 Ma

Subduction Zone {tmn-jupnnl lh'l/
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Late Permian
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What life was present?










Mantle plume formation
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Climate change

As well as getting hotter there is evidence that the climate also cooled.
Sedimentological evidence for cooling comes from glacial deposits in
polar zones, and thick dune sands and evaporites from temperate zones
that represent a cool dry environment. Some of the volcanic gasses
released from the Siberian trap flood basalts could have the opposite
affect to the CO2, cooling the climate instead of heating it. Why these had
this affect is mentioned in volcanism

Other evidence comes form the reduced presence of carbonate limestones
around the end of the Permian. This process would have had the greatest
affect in the tropics where most of the Earth's limestone production
occurs. Cooling would eliminate the tropical areas and kill tropical
species, and if there were less Carbonate producers there would be less
Carbonate which is what is seen.

Another cooling affect comes from Glaciation. Cooling can happen in low
latitudes without there being Glaciation and in this way just the cooling of
the climate would be the cause of extinction by the method mentioned
above. As well as getting hotter there is evidence that the climate also
cooled. Sedimentological evidence for cooling comes from glacial
deposits in polar zones, and thick dune sands and evaporites from
temperate zones that represent a cool dry environment. Some of the
volcanic gasses released from the Siberian trap flood basalts could have
the opposite affect to the CO2, cooling the climate instead of heating it.
Why these had this affect is mentioned in volcanism







M Glaciation
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Triassic

Early Triassic 237 Ma
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Early Jurassic, the Dinosaurs spread across Pangea

Early Jurassic 195 Ma
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Late Jurassic: Pangea Begins to Rift Apart

Late Jurassic 152 Ma
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Possibly the oldest bird

B UCMP

A particularly important and still contentious discovery is Archaeopteryx lithographica,
found in the Jurassic Solnhofen Limestone of southern Germany, which is marked by rare
but exceptionally well preserved fossils. Archaeopteryx is considered by many to be the
first bird, being of about 150 million years of age. It is actually intermediate between the
birds that we see flying around in our backyards and the predatory dinosaurs like
Deinonychus. In fact, one skeleton of Archaeopteryx that had poorly preserved feathers was
originally described as a skeleton of a small bipedal dinosaur, Compsognathus. A total of
seven specimens of the bird are known at this time.




Capyrightio 1998 by taa Tucciarens and k=ff Paling




Late Cretaceous: New Oceans Begin to Open

Asian-Alaskan
laridd bricipe

— =

oy A | 77 TeThvs ocean

SATLANTIC

-. k - =
Ancient Londmass il _!._Er ; Antarcuica

T oy
o 4% M
Aefocd & vy Looedvmcais L":-:' = =

Subduction Lone I:r.l'ral‘l]li':'. EeHrTE i The

direcrion of wwbducnisn)









The End of the Dinosaurs

K/T Boundary 66 Ma
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Some vertebrates of the Tertiary

Turtle: Baptemys garmanni from the Tertiary in Wyoming






During the Early Cenozoic India began to Collide
with Asia.

Middle Eocene 50.2 Ma
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The Last Ice Age

Last Glacial Maximum 18,000 years ago
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The Present-day world has well defined
climatic zones.

Modern World
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Benthic foram Elphidium crispum from Bass Strait.



Planktic foram Turborotalia inflata from Bass Strait



haploid young,
\éj; may produce — — _ __
%_ schizont in

some forms
meiosis schizont may
itself
reproduce
@ amu?
agamont, diploid microspheric
gamont, haploid
megalospheric
zygote, diploid mitosis, or
O \g gmnewgenesis
gametes

Diagram showing a generalised foraminifera life cycle note
alternation between a haploid megalospheric from and a
diploid microspheric form.

Redrawn from Goldstein 1999.
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Fusilinid foraminifera




Non-Fusiline Foraminifera
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(Elnhigerinina) ( Spirillinina )

( Silicoloculinina ]

(_carterinina ) ( Miliolina ) il j

( Textulariina ) ( Fusulinina )

( Allogromina )

Foraminiferal suborders and their envisaged phylogeny. Redrawn
from Tappan and Loeblich (1988). Among the suborders shown
only the Fusulinina are extinct.




Principle types of chamber arrangement. 1, single chambered; 2,
uniserial; 3,biserial; 4, triserial; 5, planispiral to biserial; 6, milioline; 7,
planispiral evolute; 8, planispiral involute; 9, streptospiral; 10-11-12,
trochospiral (10, dorsal view; 11, edge view; 12, ventral view).
Redrawn from Loeblich and Tappan 1964.




Principle types of aperture. 1, open end of tube; 2, terminal radiate;
3, terminal slit; 4, umbilical; 5, loop shaped; 6, interiomarginal; 7,
interiomarginal multiple; 8, areal crbrate; 9, with phialine lip; 10, with
bifid tooth; 11, with umbilical teeth; 12, with umbilical bulla.
Redrawn from Loeblich and Tappan 1964.




Applications

Foraminifera have been utilised for biostratigraphy for many years, and they have also proven invaluable
in palaeoenvironmental reconstructions most recently for palaeoceanographical and palaeoclimatological
purposes.

For example palaeobathymetry, where assemblage composition is used and palaecotemperature where
isotope analysis of foraminifera tests is a standard procedure.

n terms of biostratigraphy, foraminifera have become extremely useful, different forms have shown
evolutionary bursts at different periods and generally if one form is not available to be utilised for
biostratigraphy another is.

For example preservation of calcareous walled foraminifera is dependent on the depth of the water
column and Carbonate Compensation Depth (the depth below which dissolution of calcium carbonate
exceeds the rate of its deposition), if calcareous walled foraminifera are therefore not preserved
agglutinated forms may be.

The oldest rocks for which foraminifera have been biostratigraphically useful are Upper Carboniferous
to Permian strata, which have been zoned using the larger benthic fusulinids.

Planktic foraminifera have become increasingly important biostratigraphic tools, especially as petroleum
exploration has extended to offshore environments of increasing depths.

The first and last occurrence of distinctive '"marker species' from the Cretaceous to Recent (particularly
during the Upper Cretaceous) has allowed the development of a well established fine scale biozonation.
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Diagrammatic cross-section of a coccolithophore cell and cell-wall coverings












Lotharingius haufii Grun and Zweili in Grun et.al, 1974 !:Jpper Pliensbachian-Upper Bathonian
Untersturmig, GermanySEM (collapsed coccosphere) |




Discoasters




Discoasters are distinguished by their 6-pointed star
shape.

They are best seen in plane-polarized light.

Discoasters are common in Tertiary sediments and
died out at the end of the Pliocene.

Presence or lack of discoasters (in post-Cretaceous
calcareous sediments) is a good indicator of Tertiary
or Quaternary sediments, respectively.







Ostracods

Ostracods are by far the most complex organisms studied within
the field of micropalaeontology. They are Metazoa and belong to
the Phylum Arthropoda (as trilobites), Class Crustacea (as
lobsters and crabs).

An important distinguishing feature Ostracods share with other
arthropods is the bilateral symmetry of their body form.

The paired body parts are enclosed in a dorsally hinged carapace
composed of low magnesium calcite, which is what is commonly
preserved in the fossil record.

They are found today in almost all aquatic environments including
hot springs, caves, within the water table, semi-terrestrial
environments, in both fresh and marine waters, within the water
column as well as on (and in) the substrate.




post-ocular sul-:.t.ns

. dorsomedian sulcus
eye tubercle, ' :

tubercle ventral

Diagram of two different idealised ostracods to show common
ostracod valve features. Top internal view of a left valve, bottom

external view of left valve.
After Horne et al. 1989




Range of Ostracods

Ostracod-like organisms (bivalved arthropods) are recorded
from the Cambrian, but it is uncertain whether these can be
classified as true ostracods.

Myodocopid and podocopid forms are recorded from the
Ordovician.

All these early forms are marine, the first freshwater forms
(Darwinulacea and Carbonita) occur in the Carboniferous
and by the Jurassic ostracods are common in freshwater
environments.

Between the Silurian/Devonian and the present there are big
gaps in the fossil record of planktonic marine forms, which is
thought to reflect weak calcification of the carapace.




Classification 1.

The Class Ostracoda is separated from other Crustacea by their laterally
compressed body, undifferentiated head, seven or less thoracic limbs and the
bivalved, perforate carapace lacking growth lines.

The living ostracods are further classified in many cases by variations in their
appendages and other soft parts.

Although exceptionally well preserved fossil ostracods with the soft parts intact
have been found these are very rare and therefore the morphological features (see
below) of the carapace have become vital in fossil ostracod classification.

The Ostracoda have been divided into five Orders:
— the extant Podocopida and Myodocopida

— and the extinct Phosphatocopida, Leperditicopida and Palaeocopida (however,
the latter groups may well not be ostracods in the strict biological sense).




Classification 2.

Several morphological features of ostracods are at times preserved in the fossil
forms and have been utilised in their classification. The ostracod carapace is
usually ovate, kidney-shaped or bean-shaped, it is divided into a right and left
valve, one being, commonly slightly larger than the other partially overlapping it,
and hinged at the dorsal margin. The hinge is an important feature in terms of
taxonomy and classification. Four basic types of hinge are recognised:

The adont hinge is the simplest, without teeth or sockets, often forms part of a
contact groove on the larger valve and a corresponding ridge on the smaller valve.

The merodont hinge is composed of a tooth and socket at each end of a groove or
ridge structure (complementary negative and positive structures in left and right
valves).

The entomodont hinge differs from the merodont hinge style by having a coarsely
crenulated anterior portion of the median groove/ ridge element.

The amphidont hinge has a more complex median structure with an anterior tooth
and socket.
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Siliceous microfossils

1. Diatoma
siliceous algae

2. Radiolaria
Siliceous
zooplankton




Diatoma

Diatoms are photosynthesising algae, they have a siliceous skeleton (frustule) and
are found 1n almost every aquatic environment including fresh and marine waters,
soils, in fact almost anywhere moist.

They are non-motile, or capable of only limited movement along a substrate by
secretion of mucilaginous material along a slit-like groove or channel called a raphe.

Being autotrophic they are restricted to the photic zone (water depths down to about
200m depending on clarity).

Both benthic and planktic forms exist. Diatoms are formally classified as belonging
to the Division Chrysophyta, Class Bacillariophyceae. The Chrysophyta are algae
which form endoplasmic cysts, store oils rather than starch, possess a bipartite cell
wall and secrete silica at some stage of their life cycle.

Diatoms are commonly between 20-200 microns in diameter or length, although
sometimes they can be up to 2 millimeters long. The cell may be solitary or colonial
(attached by mucous filaments or by bands into long chains).

Diatoms may occur in such large numbers and be well preserved enough to form
sediments composed almost entirely of diatom frustules (diatomites), these deposits
are of economic benefit being used 1n filters, paints, toothpaste, and many other
applications.




Biology

Diatoms have been well studied both in their natural habitat and in cultures by
biologists and there is therefore a wealth of knowledge on their biology and ecology.

The protoplast of diatoms consists of a cytoplasmic layer that lines the interior of the
frustule and surrounds a large central vacuole, within the cytoplasmic layer there is a
diploid nucleus and two to several pigment-bearing plastids (the site of
photosyntheseis).

The diatom frustule is often likened to a pill-box or agar dish with an epitheca (larger
upper valve), and a hypotheca (smaller lower valve). The vertical lip or rim of the
epitheca is called the epicingulum, and the epicingulum fits over (slightly overlaps)
the hypocingulum of the hypotheca.

The epicingulum and hypocingulum with one or several connective bands make up
the girdle. Many diatoms are heterovalvate, i.e., the two valves of the frustule are
dissimilar.

This is most obvious within the family Achnanthaceae where one valve has a raphe
and the other does not, and the Cymatosiraceae where one valve has a tubular process
and the other does not.

Chain-forming species with cells linked together by siliceous structures may, in
addition, have separation valves. These valves are morphologically different from the
valves within the chain. Therefore, one species may have four morphologically
distinct types of valves.
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Diagram showing simplified life cycle of a typical diatom. The decrease
in the average cell size of a diatom population requires at a certain
point the restoration of cell size by the production of an auxospore in
which the cell sheds its siliceous frustule. The resulting organic walled
cell then produces a new maximal sized frustule within itself. The new
first cell may differ from the normal vegetative cell in girdle straucture,
valve outline and process pattern.




Range of diatoms

First recorded occurrences of diatoms are from the Jurassic, however, these
are uncertain and the earliest recorded well preserved diatoms are centric
forms from the Aptian-Albian stages of the Cretaceous.

Since these are quite diverse assemblages it is assumed diatoms have an
earlier evolutionary history, perhaps lacking a relatively robust silica frustule.

As with coccoliths, the earliest forms in the fossil record may reflect a
biomineralization event rather than an evolutionary appearance.

The earliest araphid (lacking a raphe) pennate diatoms appear in the Late
Cretaceous, and raphid pennates in the Middle Eocene.

The earliest freshwater diatoms appear in the Palaeocene in Russia and the
Late Eocene in North America.

In a similar manner to Radiolaria, it has been noticed that there has been a
gradual progression towards less heavily silicified frustules, probably as a
result of increasing competition for a limited resource (silica).




Classification

Diatoms are divided into two Orders:

The Centrales (now called the Biddulphiales) which have valve striae arranged basically in relation to
a point, an annulus or a central areola and tend to appear radially symmetrical, and the

Pennales (now called Bacillariales) which have valve striae arranged in relation to a line and tend to
appear bilaterally symmetrical.

The valve face of the diatom frustule is ornamented with pores (areolae), processes, spines, hyaline
areas and other distinguishing features. It is these skeletal features which are used to classify and
describe diatoms, which is an advantage in terms of palaeontology since the same features are used to
define extant species as extinct ones.

The classification system developed by Simonsen (1979) and further developed by Round et al. (1990) is
currently the most commonly accepted.

Diatoms commonly found in the marine plankton may be divided into the centric diatoms including
three sub-orders based primarily on the shape of the cells, the polarity and the arrangement of the
processes.

These are the Coscinodiscineae, with a marginal ring of processes and no polarity to the symmetry, the
Rhizosoleniineae with no marginal ring of processes and unipolar symmetry, and the Biddulphiineae
with no marginal ring of processes and bipolar symmetry.

The pennate diatoms are divided into two sub-orders, the Fragilariineae which do not posses a raphe
(araphid) and the Bacillariineae which posses a raphe.
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Schematic diagram of centric diatom suborders redrawn from Hasle and
Syvertsen 1997.
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Schematic diagram of pennate diatom suborders. Redrawn from
Hasle and Syvertsen 1997.



Applications

The evolutionary history of diatoms has been punctuated by several floristic
turnovers, these have been utilised to allow basin wide biostratigraphic
correlations.

Diatoms are also used extensively in palacoenvironmental studies particularly
in palacoceanography.

Dissolution of diatom frustules during descent through the water column, on
the sediment surface and during diagenesis may seriously alter the preserved
assemblage by preferentially dissolving more lightly silicified forms.

High alkalinity of pore waters and burial temperatures in excess of 50 degrees
centigrade are also known to increase dissolution of silica. Incorporation into
faecal pellets or muciligenous aggregations, rapid burial and the formation of
heavily silicified resting spores tend to counteract these problems, however,
in marine samples it 1s thought that only 1% to 5% of the living assemblage in
surface plankton 1s represented in the death assemblage found on the
sediment surface.

Despite these problems diatoms are still a useful and to a certain extent under-
utilised group in terms of biostratigraphy.
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Radiolaria




Radiolaria are holoplanktonic protozoa and form part of the zooplankton, they are non-
motile (except when flagella-bearing reproductive swarmers are produced) but contain
buoyancy enhancing structures; they may be solitary or colonial.

Formally they belong to the Phyllum Protista, Subphylum Sarcodina, Class Actinopoda,
Subclass Radiolaria.

The sister Subclass Acantharia have skeletons composed of strontium sulphate which is
easily dissolved in seawater and are not preserved in the fossil record.

Within the Subclass Radiolaria there are two important super-orders.

The Tripylea which includes the Phaedaria which have skeletons composed of hollow silica
bars joined by organic material, which are not commonly preserved, and the

Polycystina which form skeletons of pure opal and are therefore more resistant to dissolution
in seawater and hence more commonly preserved in the fossil record.

The Polycystina may be divided into two suborders the Spumellaria and the Nassellaria.
They are wholly marine, the most relatively commonly preserved and therefore studied
members of the formal Subclass Radiolaria.

t must be remembered, however, that seawater is under saturated with respect to silica and
the degree of preservation of Radiolaria depends on the robustness of the skeleton,
depositional and burial conditions and diagenesis.




Range

First recorded occurrences of Radiolaria are from the latest Pre-
Cambrian, they are generally thought to have been restricted to shallow
water habitats.

By the Silurian deep water forms are believed to have evolved. All early
Radiolaria are spumellarians, the first possible nassellarians appear in the
Carboniferous and definite true nassellarians do not appear until the
Triassic.

During the late Palaeozoic Radiolaria show a gradual decline until the end
of the Jurassic when there is a rapid diversification, this coincides with the
diversification of the dinoflagellates which may have represented an
increased source of food for the Radiolaria.

It is thought that the evolution of diatoms in the Cretaceous may have had
a significant effect on radiolarian evolution due to competition for silica
(diatoms also use silica to build their skeleton); it is commonly accepted
that radiolarian skeletons have become finer and less robust from this
time.




Classification

Extant radiolaria are classified using features of both the
preservable skeleton and the soft parts, which makes the
classificaiton of fossil forms extremely difficult.

Most workers in this field today use classification schemes
based on Nigrini and Moore's and Nigrini and Lombari's works
on modern and Miocene radiolarians.

A major problem with radiolarian classification is that separate
classifications have been established for the Palaeozoic,
Mesozoic and Cenozoic, and little has been done to integrate
them.

The two suborders, the spumellarians and the nassellarians are
subdivided into informal groups which equate to family level.
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Applications

Radiolarian assemblages often contain 200-400 species so they can
potentially be very useful biostratigraphic and palaeoenvironmental
tools.

They have an unusually long geological range, from latest Pre-
Cambrian to Recent. Because Radiolaria have a skeleton composed of
silica and have an extremely long geological range they have become
useful in the study of sediments which lack calcareous fossils, either
because of deposition below the CCD (Carbonate Compensation Depth)
or because the strata being examined are too old.

Cherts and particularly nodules within chert bands are often good
sources for Radiolaria.

Ophiolites and accretionary terrains often include chert bands and
Radiolaria may be the only palaeontological aid available in these
situations and as such have proved invaluable in the study of these
geological settings.
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Conodonts

Conodont elements are phosphatic tooth-like structures whose affinity
and function is now believed to be part of the feeding apparatus of an
extinct early vertebrate.

Early ideas concluded that the conodontophorid was a soft bodied,
bilaterally symmetrical nektonic organism, although there is still much
debate concerning possible benthic, nektonic or combined mode of life.

Conodont elements are composed of calcium carbonate fluorapatite with
additional organic matter.

They are found in marine deposits, commonly in black shales associated
with graptolites, radiolarians, fish remains, brachiopods, cephalopods,
trilobites and palaeocopid ostracods.







Range

« The very earliest conodonts are known from rocks of
probable Precambrian age in Siberia, they are found more
commonly 1in Cambrian deposits, diversity increased in the
Ordovician and again during the Devonian.

The conodont-bearing organism clearly survived the Permo-
Triassic boundary extinctions but became extinct during the
late Triassic.

It has been noted that the extinction of the conodonts
coincides with the diversification of dinoflagellates and first
appearance of calcareous nannofosils.
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Corals

* Two extinct types of corals which are frequently preserved
in limestones are the rugose and the tabulate corals, both
of which arose 1n the Ordovician Period (434 to 490
million years ago) and became extinct at the end of the
Permian Period (251 million years ago).

Scleractinian ("hard-rayed") corals first appeared in the
Middle Triassic and refilled the ecological niche once
held by tabulate and rugose corals. They are probably not
closely related to the extinct tabulate or rugose corals, and
probably arose independently from a sea anemone-like
ancestor. Their pattern of septa differs markedly from that
of the Rugosa, being basically six-rayed. For this reason,
scleractinians are sometimes referred to as hexacorals.
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Coral reefs

Colonial scleractinians from modern tropical seas are now the world's
primary reef formers. Colonial corals consist of large numbers of polyps,
cemented together by the calcium carbonate that they secrete. In the
brain coral shown above, the individual polyps are no longer visible,
having fused into long, meandering rows that resemble the wrinkles of a
human brain.




A. Reef composition.

1. Hard corals build by secreting calcium carbonate
skeletons.

Boring organisms such as sponges, worms, and bivalves;
along with grazers such as parrotfish and sea urchins
break down the coral skeletons. Borers and grazers
usually attack dead coral. The resulting sediment settles
into spaces 1in the reef.

Coralline algae, encrusting bryozoans, and minerals
cement the dead organic matter, stabilizing the reef
structure.




B. Reef formation and types of reefs.

At one time it was mistakenly thought that coral grew at the bottom of deep
tropical seas and succeeding generations grew on top of the dead calcium
carbonate skeletons. This idea was dispelled by dredging operations that indicated
that reef corals were able to grow only in shallow water.

Naturalist Charles Darwin's theory of coral formation is widely accepted. This
theory recognizes three types of reefs: the fringing reef, the barrier reef, and the
atoll.

a.

The first type is a fringing reef. Fringing reefs border shorelines of continents and islands in tropical
seas. Fringing reefs are commonly found in the South Pacific Hawaiian Islands, and parts of the
Caribbean.

The next type is the barrier reef, which occurs farther offshore. Barrier reefs form when land
masses sink, and fringing reefs become separated from shorelines by wide channels. Land masses
sink as a result of erosion and shifting crustal plates of the earth. (Crustal plates lift or sink the
seafloor and adjacent land masses.) Barrier reefs are common in the Caribbean and Indo-Pacific.
The Great Barrier Reef off northern Australia in the Indo-Pacific is the largest barrier reef in the
world. This reef stretches more than 1,240 miles (2,000 km).

C. If the land mass is a small island, it may eventually disappear below the ocean surface, and the reef

becomes an atoll. Atolls are reefs that surround a central lagoon. The result is several low coral
islands around a lagoon. Atolls commonly occur in the Indo- Pacific. The largest atoll, named
Kwajalein, surrounds a lagoon over 60 miles 97 km) long.




There are 3 types of coral reefs

Existing coral reefs have been formed since the last of three glacial periods in the
Pleistocene epoch, 10,000 years ago. Seawater trapped as ice in enormous glaciers caused
sea level to fall. Consequently, all previously formed coral reefs probably died from
exposure. When the glaciers melted, sea level rose to its current position and present-day
reefs began to develop.
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Echinodermata

* Echinoidea

 Blastoidea

 Crinoidea
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Bivalves are very common shallow-water molluscs, and include
scallops, oysters, and clams.

Bivalves are mostly benthic (bottom dwelling) and marine, although
some live in fresh water.

Some bivalves are burrowers, some attach themselves to rocks or to
the sea floor, while others live in cavities.

All bivalves have a shell consisting of two hinged components ('valves')

which enclose the animal's soft body parts.

The valves are partly open when relaxed, but are held shut by muscles
when danger from predators (birds, starfish, gastropods) threatens.

Some bivalves can swim short distances by clapping their two valves
together.




Bivalves first became
common 1n the
Ordovician Period
(434 to 490 million
years ago), and became
widespread 1n the
Mesozoic Era (65 to
251 million years ago)

as burrowing species
evolved. Since then
they have become the
dominant group of
hard-shelled marine
animals.




The Scissurellids are an antiquated group of limpets

- the split 1s typical of Paleozoic fossils.
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Ammonoids are among the most commonly found and well-known
of all fossils. They first appeared during the Devonian Period
(approximately 410 million years ago).

They almost died out at the end of the Permian Period (251 million
years ago), and again at the end of the Triassic Period (205 million
years ago). They finally became extinct at the end of the
Cretaceous Period (65 million years ago), perhaps as a result of a
lowering of ocean levels.

These fossils are especially well known from the Mesozoic Era (251
to 65 million years ago)-that is the Triassic, Jurassic and
Cretaceous Periods.

Ammonoids are very useful as a means of dating rocks from these
three periods, as the various species quickly evolved and replaced
each other (around every million years or so) during this time. A
few rare early species have been found in Victoria at Buchan.
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