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ORGANIZATION AND AFFINITIES IN FOSSILS

• Fossils are generally of rock that had replaced the preserved
organism or its traces

• It usually occurs when the organism is covered quickly so it
is preserved

• Sediment, forming sedimentary rock, is then laid down

• Fossils are preserved remains or traces of living things.

• Fossils normally form in sedimentary rock.

• Hard parts are the only parts of an organism that leaves a
fossil.

• Petrifaction follows

• Not all fossils are petrified

• Some are preserved by dehydration (mummified), in ice, in
peat bogs, in tar beds or trapped in amber

• Examples: Bones, shells, teeth, seeds, and woody stems.



• The discovery of fossils is greatly assisted where there has been natural erosion, which exposes the
deeper, older layers containing the fossils

• Useful sites include gorges, quarries, caves and desert areas.

• Therefore, fossils are only formed under certain conditions and then have to be uncovered

• The chance that a body will be fossilized is rare and the chance that it will be discovered is even
rarer

• The fossil record is far from complete

• This may account for the ‘missing links’ and for apparently restricted distribution of many species

• But palaeontologists can improve their chances by searching systematically in places where fossils
are likely to be found

• Sedimentary rock is laid down in layers or strata the deepest usually being the oldest

• This sequence forms the stratigraphy of the rock and together with the fossils and artefacts which
are present, give a relative dating

• However, due to earth movements in the past and to the great time spans and migrations of some
organisms, this method is not very accurate.



Relative dating
• Sedimentary rock is laid down in layers or strata the

deepest usually being the oldest

• This sequence forms the stratigraphy of the rock and
together with the fossils and artefacts which are
present, give a relative dating

• However, due to earth movements in the past and to
the great time spans and migrations of some
organisms, this method is not very accurate.

Absolute dating
• Accurate dating can be obtained using radiometric

dating

• This uses the phenomenon of radioactive decay of
isotopes

• When sedimentation occurs radioactive isotopes are
incorporated

• These decay to form other atoms at a known rate

• This rate is measured as the half-life of the isotope,
defined as the time taken for half the parent atoms to
decay to the daughter atoms



Potassium-Argon Method 
• Potassium-40 (40-K) decays to form Argon-40 (40-Ar), which is

trapped in the rocks

• The amount of argon is measured, so that this is known as an
accumulation method

• The half-life of 40-K is 1.3 x106 years, so it is useful for dating very
old rock (as old as the Earth), the minimum age being 100 000
years.

• The limitation is the degree of precision of the measuring devices

• As these improve more recent events may be dated

• Volcanic rock is particularly useful for this technique

• When it melts the rock releases any 40-Ar it has in it, setting the
clock to zero

• Then when the molten rock crystallises it becomes impermeable
which traps 40-Ar gas so it cannot escape

• With time the 40-Ar builds up and the 40-K diminishes

• Volcanic rock, however, does not contain fossils

• So when fossils are dated using this method their association with
the lava flow or ash fall needs to be established.





Carbon-14 Method

• The ratio of 14-C to 12-C is
measured. 12-C is a stable isotope,
which does not decay. So as time
goes by the ratio of 14-C/12-C gets
smaller.

• The half-life of 14-C is 5 730
years, so it is used to date very
recent remains, the maximum age
being 50 000 years (there is not
much 14-C left after 9 half-lives).

• The amount of 14-C in the
atmosphere varies with the
amount of bombardment of the
atmosphere by cosmic rays.
Therefore, correction factors are
used which have been calculated
using other methods (e.g.
dendrochronology –tree ring
dating).



How Fossils Form 
• For an organism to be preserved, it must be in an environment free of oxidation and bacterial decay.

• The organism must be quickly buried by sediment and must be shielded from oxygen

• Environments that are covered by water are more likely to preserve organisms

• Ex: Swamps, deep lakes, tar pits, oceans

• When an organism dies, its soft parts often decay or are eaten by animals

• This is why only hard parts leave fossils.

• Ex: bones, shells, seeds, stems

• Sediments cover over the organism remains

Fossil Formation 

• The sediment becomes rock, preserving parts of the organism.

• As the sediment hardens, minerals take place of any holes left by the skeleton as it dissolves. The
result is a mineralized copy of the original organism

• Weathering and erosion eventually expose the fossil at the surface.



Fossil Formation 



Types of Fossils 
Molds

• A hollow area in sediment in the shape of an organism is a mold

• A mold forms when the hard part of the organism is buried in sediment.

• When water comes in and dissolves away the organism the hollow area left that is in the shape of the
original organism is the mold.

Casts

• Water carrying dissolved minerals and sediments may seep into the mold.

• This sediment may harden and take the shape of the mold making a copy of the fossil.

• A cast is a solid copy of the shape of a fossil or organism.

• A cast is the opposite of its mold.

• Both the mold and casts preserve details of the organism’s structure.

Petrified Fossils

• Petrified fossils are fossils in which minerals replace all or part of an organism

• Water rich in dissolved minerals seep into spaces of the organism.

• Over time, the minerals come out of the solution and harden filling in all the spaces. This causes the
organism to be preserved.



Molds Casts

Petrified Fossils Carbon Films



Carbon Films

• Carbon films are a extremely thin coating of carbon on rock.

• When sediment buries an organism, some of the materials that make up the organism evaporate or
become gases.

• These gases escape from the sediment, leaving carbon behind.

• Eventually only a thin layer of carbon is left behind. This helps in preserving the organism.

Trace Fossils

• Trace fossils provide evidence of the activities of ancient organisms.

• A fossilized footprint is a trace fossil.

• From trace fossils, scientists can learn about a prehistoric organism’s size, diet, environment, and
behavior.

Preserved Remains

• Some processes preserve the remains of organism with little or no change.

• Processes that preserve the remains of organisms with little or not change include: Tar, Amber, and
Ice



Trace Fossils

Preserved Remains



Using the Fossil Record

• A paleontologist is a scientists who studies fossils.

• All the information that paleontologists have gathered about past life is called the fossil record.

• The fossil record provides evidence about the history of life and past environments on Earth.

• It also shows how different groups of organisms have changed over time.

Fossil Record

• The presence of coal in Antarctica shows that the climate there was once warmer.

• Scientists use the fossil record to support theories of how living things have changed over time

• The relative age of a rock is its age compared to other rocks

• The absolute age of rock is the number of years since that rock was formed.

• A fossil that is widely distributed and represents a type of organism that existed only briefly is called
an index fossil.

• They are useful because they can be used to identify the relative age of rocks.



AFFINITIES OF LIVING FOSSILS
The term “living fossil” is mainly used for describing

the similarities and differences between the living

organisms and fossils of extinct specimens which

virtually had unchanged structure and function. The

term living fossil was developed by an English

naturalist Charles Darwin. In one of his famous

books, “The Origin of Species, he has described

extensively about those living creatures that have

remained largely unchanged for billions of years. He

also included those creatures which have not changed

since their ancestors were fossilized. In his chapter on

natural selection, he explained about the species and

its group which is termed as aberrant.



Living fossils are one of the best pieces of evidence from which various living species can be proved to

have common descent. If both present living and fossil creatures are similar and identical, then the

older fossils are found to be similar to the present day creatures. Darwin believed that all living fossils

were exceptional and strange. We can easily identify many fossils as they represent an animal that no

longer exists on Earth. Each and every living species has continually modified to changing

environments, rising and dropping temperatures and other changes in atmospheric composition and

conditions. These species have settled to their environmental controls in which they have achieved a

competence peak in environments that constantly strengthen certain physicality. Some fossils show no

identical features, therefore it is evident that the creature once existed. These extinct creatures are a

reminder to the world which is losing other living species.



Examples: Unicellular Organisms- Bacteria, Algae, and Protozoa.
Multicellular Organisms- Animals and Plants.



POLYMORPHISM AND COLONY FORMATION
Polymorphism, in biology, a discontinuous genetic variation resulting in the occurrence of several

different forms or types of individuals among the members of a single species. A discontinuous genetic

variation divides the individuals of a population into two or more sharply distinct forms. The most

obvious example of this is the separation of most higher organisms into male and female sexes.

Another example is the different blood types in humans. In continuous variation, by contrast, the

individuals do not fall into sharp classes but instead are almost imperceptibly graded between wide

extremes. Examples include the smooth graduation of height among individuals of human populations

and the graduations possible between the different geographic races. A polymorphism that persists

over many generations is usually maintained because no one form possesses an overall advantage or

disadvantage over the others in terms of natural selection. Some polymorphisms have no visible

manifestations and require biochemical techniques to identify the differences that occur between the

chromosomes, proteins, or DNA of different forms. The castes that occur in social insects are a special

form of polymorphism that is attributable to differences in nutrition rather than to genetic variations.



































PARASITIC ADAPTATIONS AND LIFE CYCLE PATTERNS IN 
PARASITES BELONGING TO DIFFERENT TAXA 

The parasitic adaptation can be defined as the profound changes and modifications occurring in per-
suit of successful living so that the parasite is fully adapted inside the body of the host. Cameron (1965)
has stated that “the parasites continue to lead their life successfully by adopting various modifications
and compromises—compromises in some respects parallel to those found among free-living sessile
animals and those which have adopted monophagy.”

Morphological Adaptations:

Transformation from external to internal:

Parasitism undoubtedly began as a chance of contact of one organism with another. Sooner or later the
guest began to partake the food procured by the host, becoming more and more dependent on such
food and in many instances was gradually changed from an ecto-to endo-parasite. The structural and
functional modifications in parasites depend on the degree of parasitism. In a successful parasitic group
of animals the modifications run in two distinct directions—one leads to loss or degeneration while the
other leads to gain or new attainment.



Degeneration

The degeneration particularly involves the locomotor, digestive and sensory organs. As the parasites
live on the digested or semi digested food of the host, their organs of locomotion and alimentation
have become simplified. They are mostly useless.

Organ of locomotion:

Total reduction of locomotor organs is observed in adult except in the free-living larval phase when
the ectoderm becomes ciliated, e.g., Miracidium and Hexacanth of flatworm.

Organ of alimentation:

(a) Total disappearance in the adult tapeworm;

(b) In the hermaphroditic adult trematode it consists of a blind gut;

(c) In Redia stage it is further simplified and completely eliminated in the Sporocyst stage.

Sensory organs:

The sensory organs are reduced or absent (e.g., Fasciola) in some endoparasitic platyhelminthes, and
in some nematodes (adenophoreans) the sensory organs are poorly developed and represented by
amphids. This condition can be correlated with the sedentary life of endoparasites in which they live,
in a more or less uniform host’s environment.



New Attainment:

Integument:

The integument covering the body of helminthes has become greatly modified to serve following three
important functions:

Absorption:

The phenomenon of absorption is striking in larval stages which develop in the lymph spaces of
mollusca or in blood stream, muscle fibre or musculature of vertebrates (Cysticercus, Trichinella) and
in the adult blood flukes in the hepatic portal system and in various species of liver flukes (e.g.,
Fasciola) in the bile tract. In these cases, the body is leaf-shaped and dorsoventrally flattened, and the
entire integument becomes thin and undoubtedly serves partly or fully as a means for food absorption.

Protection against the digestive juice of the host:

In the case of the larval flukes which have to pass through stomach in order to reach the bile passage for
further development—a cyst capsule is provided as a protection against the digestive juice. Certain
Amphistomes (in Ruminants) and Gnathostomes (in cats, dogs and horses) remain attached to the
stomach wall. They are provided with thick resistant integument impregnated with chitin-like
substances of impermeable nature.



Protection against abrasion:

Many trematodes living in the intestinal tracts are provided with spinous integument to guard against
the abrasive action of the food and roughage passing through the gut. These spines may be of accicular,
dentate or placoid types and are rooted into the sub-integumental layer. The oriental liver fluke
Clonorchis sinensis, which was probably an intestinal parasite before it became a bile duct inhabitant,
possesses a spinous integument during its larval phase— in fact, until it becomes safely located in the
bile passage..

Modification for attachment:

Essential prerequisite for parasitic life is the possession of suitable mechanism to attach strongly with
host body. Following modifications for attachment are often encountered:

Acetabulum or sucking organ:

In the liver flukes (e.g., Fasciola) it consists of two suckers on the ventral side of the body—one anterior
and the other posterior to it. In the case of human tapewarm, it consists of either sucking tongue or
groove, or four cups at the cephalic end of the worm. In the tapeworms, the scolex bears four large
suckers (Taenia solium) or accessory suckers (e.g., Myzophyllobothrium) or leaf-like outgrowth on the
scolex, called bothridium. Phyllobothrium -has four bothridia, each bothridium with a sucker.
Echinobothrium bears two bothria (It is a shallow groove on the scolex) and a spiny head stalk.
Tetrarhynchus bears four bothria and four eversible proboscis bearing spines.



In some monogeneans, a highly specialized attachment organ at the posterior part of body called haptor
(Opisthaptor) with suckers and hooks (e.g., Polystoma, Choricotyle, Polystomoidella) and an anterior
adhesive organ (sometimes called prohaptor) consisting of suckers and adhesive glands (e.g.,
Gyrodactylus) are present.

Hooks

In Taenia, hooks are arranged in double circlet at the base of rostellum. In the dog tapeworm
(Diphylidium caninum), it occurs in several rows around the proboscis which may be everted. Hooks
are often provided with series of teeth and are placed in the buccal capsule. In Macracanthorhyncus sp.
a buccal armature of tooth-like structure is present, which serves for tissue aberration and anchorage.

Glands

Anchorage in favourable habitat, and Aid in food supply. In trematodes these unicellular glands, known
as cystogenous gland, are more common in the Cercarial stage and serve the purpose of penetration to
host tissue by elaborating histolytic substances. In hookworms (Ancylostoma)— there are glands in
buccal region which are supposed to have anti-coagulative and histolytic properties.

Modification for reproduction

The most conspicuous elaboration in organs and tissues in the helminthes is that of the reproductive
system.



Both Platy—and Nematodes have large part of their body mass occupied by these organs and their
products. The adult flatworms, with few exceptions, are hermaphrodite. The roundworms are dioecious.
Adult flukes and tapeworms have particularly complex reproductive organs. In both the groups, cross-
fertilization, which was formerly the rule and is still a possibility, has been superseded by self-
fertilization. In tapeworm, instead of a single body unit, there are multiple segments— proglottids, each
one is sexually complete in itself. To ensure the perpetuation of the parasite species, endoparasites
produce a large number of eggs. The adult Ascaris lumbricoides produces 200,000 eggs daily. The
human hook-worm Ancylostoma duodenale produces 25,000- 30,000 eggs per day. Each gravid seg-
ment of tapeworm contains 30,000- 50,000 eggs and the gravid segments may produce up to 1000.
Hymenolepis diminutamay produce up to 250,000 eggs per day throughout the life. Such an enormous
amount of eggs which are produced by the endoparasites help to continue the race where the chances of
survival are very remote.

The unaltered systems

Two systems of organs—the nervous and excretory, have remained almost unchanged. However, the
excretory system in the case of flatworms has undergone some insignificant changes. Greatest
modifications among the helminthes have been encountered in such forms that reside in the blood or
lymph systems (blood flukes and filarial worms) or in the muscular tissue (Trichinella) or forms that
attach to the peritoneum (Hydatid cyst).



Physiological Adaptations:

Intracellular digestion

Adult liver flukes, Fasciola hepatica feed on bile, blood, lymph and other nutrients of the host and
digestion probably extracellular and takes place in the intestinal caeca. Reserve food is mostly in the
form of glycogen and fat. They can take up glucose and other molecules through their body surfaces.
The species in which nutrients are absorbed through the body surfaces, is regarded as the intracellular
digestion. Cestodes lack any form of digestive canal, so they feed on tissue elements and inflammatory
exudates of the hosts. All nutrients are absorbed across the tegument. So digestion is intracellular. In A.
lumbricoides both extracellular and intracellular digestions have been reported. When the cells of the
intestinal wall engulf solid particles for digestion, it is called intracellular digestion. Digestion is started
extra- cellularly when takes place within the intestinal lumen but is completed intracellular.

Osmoregulation

By the process of osmoregulation the endoparasitic helminthes maintain a relative constancy of balance
of salts, ions and water in their tissues. Parasitic platyhelminthes such as cestodes and trematodes
maintain the same osmotic pressure as that of their hosi, so there is no difficulty in maintaing life.



Anaerobic respiration

The endoparasites live in an environment where there is more or less lack of O2. So they have become
adapted in a low metabolic rate which requires a minimum amount of oxygen. In this case the
respiration is anaerobic type consisting of extracting oxygen from food which are absorbed in the
tegument. In the absence of O2, energy releases by the fermentation of glycogen which is broken by
glycolysis and form pyruvate or pyruvic acid (C3H4O3) as a hydrogen acceptor from NAD and forms
lactic acid (C3H6O3) and CO2.

Conclusion

Viewing the groups of parasitic helminthes as a whole with respect to successive stages of adaptation
which they have undergone and are undergoing, one is able to appreciate the vastness and
profoundness of the principles of adaptations and at the same time how marvellously the parasitism has
become successful in helminthes.



Parasite Life Cycle:

• The life cycle is a never-ending chain of events that lead to the parasite constantly reproducing and re-
infesting another animal.

• There are two types of lifecycles:

• Indirect - require different types of hosts or a vector  (intermediate host) for various stages of 
their life cycle.

• Direct - a life cycle in which a parasite is transmitted directly from one host to the next without an 
intermediate host or vector of another species. 

• Required by some parasites to complete their life cycle, 

• Advantages of an intermediate hosts include:  increasing the spread of the parasite & protecting 
the parasite from spending too much time in the environment.





Plasmodium 
falciparum











PARASITES LISTED BY WHO

❖Hookworm

❖ Scabies mite

❖ Roundworm

❖ Flatworm blood fluke

❖ Tapeworm

❖ Pinworm

❖Wuchereria bancrofti

❖ Toxoplasma gondii



Hookworm (Necator americanus)

❖ This parasitic nematode worm begins life outside the body and is

transmitted through contaminated water, or fruits and

vegetables.

❖ The hookworm larvae grow inside the human intestines where

they attach to the wall of the intestine and drink the blood of the

host, sometimes causing a form of anaemia called

anchylostomiasis.

❖ Symptoms: weakness, abdominal pain, nausea, diarrhoea,

anaemia



Scabies mite (Sarcoptes scabiei var. hominis)

❖ Commonly known as the human itch mite, the parasite is

transferred by physical contact.

❖ The female mite lays her eggs on the skin of a human, causing a

reaction and inflammation.

❖ This is exacerbated when the mother begins burying the eggs

under the skin causing intense itching, a condition commonly

known as scabies.

❖ Symptoms: itching, soreness, pus-filled nodules, skin irritation



Roundworm (Ascaris lumbricoides)

❖ These are the largest of the intestinal nematodes affecting

humans, growing to 15-35 centimetres in length.

❖ They are transferred by ingestion. The eggs hatch and quickly

penetrate the intestinal wall, where they enter the bloodstream.

❖ From there, the roundworm makes its way to the lungs, from

where it is coughed up and swallowed, returning it to the gut.

❖ Symptoms: fever, tiredness, allergic rash, vomiting, diarrhoea,

nerve problems, wheezing / coughing



Flatworm blood fluke (Schistosoma mansoni, 

S. haematobium, S. japonicum)

❖ These small flukes live in the bloodstream of infected
hosts and cause schistosomiasis, also called
bilharzia.

❖ They live in water, and penetrate the skin of victims
who come into contact with contaminated water.

❖ The parasite causes inflammation (swelling) and
damage to organs, particularly the liver.

❖ The adult worms can persist in their human host for
decades, and may not cause any symptoms for years.

❖ They leave the host in faeces and spend part of their
lifecycle in a snail host.

❖ Symptoms: fever, aching, cough, diarrhoea, swollen
glands, lethargy



Tapeworm (Taenia solium)

❖ Transmitted through infected food, a tapeworm attaches itself to

its victim's intestine with hooks on its "head", or scolex.

❖ They mature over three to four months, during which time the

reproductive organs develop.

❖ Tapeworms can survive for up to 25 years in humans.

❖ Their eggs are excreted in faeces and can survive on vegetation,

where they are then consumed by cattle or pigs, or passed on to

humans.

❖ Symptoms: nausea, vomiting, inflammation of the intestine,

diarrhoea, weight loss, dizziness, fits, malnutrition



Pinworm (Enterobius vermicularis)

❖ Pinworms are a common human parasite, causing enterobiasis.

❖ Adult females range from 8 to 13 millimetres in length and have

a long, pin-shaped posterior, for which the worm is named.

❖ Pinworms mate by traumatic insemination - the male stabs the

female with his penis - after which the male dies.

❖ They make their home in the host's intestines, but unlike many

parasites they do not pass into the blood and cannot survive in

other parts of the body for any length of time.

❖ They lay their eggs outside the body, usually around the anus,

causing itching: this assists the larvae's spread via hand contact.

❖ Symptoms: Irritation and scratching



Wuchereria bancrofti

❖Mosquitoes carry this parasite, which they release

into the bloodstream of a human host as they feed.

❖ The larvae move to the lymph nodes, which are

predominantly in the legs and genital area, and

develop into an adult worm over the course of a

year.

❖ They are commonly responsible for the tropical

disease filariasis, but in extreme cases can cause

elephantiasis.

❖ Symptoms: fever, chills, skin infections, painful

lymph nodes, thickened skin, swelling



Toxoplasma gondii

❖ A common, crescent-shaped parasite that invades the central

nervous system.

❖Humans become infected with this organism by eating

undercooked meat or by handling infected cat litter.

❖Most people have been exposed to this parasite and show

antibodies for it, but few individuals show symptoms.

❖ Those with a compromised immune system are more

susceptible, and fetuses can suffer serious or fatal effects from

infection.

❖ Symptoms: flu symptoms, fever, chills, fatigue, headache



Giardia lamblia

❖ Giardia lamblia is a flagellated protozoan parasite.

❖ It lives and reproduces in the intestine, causing an

infection of the small intestine known as giardiasis.

❖When it takes up residence in a human's gut, it

results in inflammation and and other damage,

reducing the gut's ability to absorb nutrition and

causing diarrhoea.

❖ The parasite is highly resistant to water treatment

and is known to exist in drinking water.

❖ Symptoms: diarrhoea, nausea, abdominal pain,

weight loss, characteristic "rotten-egg"-tasting burps



Entamoeba histolytica

❖ This single-celled organism causes a disease called

amoebiasis.

❖ It predominantly infects humans and other primates.

❖ It can be found in water, damp environments and in

soil, and can contaminate fruits and vegetables.

❖ It spreads through faecal contamination.

❖ Other than the malarial parasite, it causes more

deaths than any other protozoan.

❖ Symptoms: abdominal pain, weight loss, weakness,

diarrhoea, liver abscess



INVERTEBRATE MODEL ORGANISM AND THEIR IMPORTANCE




































