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Unit 4- Evolution 
 

Evolution- the relative change in the characteristics of populations that occurs over successive generations 

 

Adaptation- a particular inheritable characteristic in structure, physiology or behavior that helps an organism survive and reproduce in 

a particular environment.   

 

Variation- the differences in characteristics of a species. Some differences may not be significant while others may affect an 

organism’s chance of survival.  

 

Industrial melanism is an example of evolution that has occurred over a short period of time. In England during the industrial 

revolution and involved the peppered moth.  The moth population before 1850 had a light color except for a few black moths with a 

pigment called melanin.  Trees before the 1850 had a light colored bark and the light colored moths blended in so they could escape 

certain birds that preyed on them putting them at an advantage. 

 

After 1850, the industrial revolution turned the trees black due to soot and smoke.  This meant the black moths within the population 

had become better adapted to their environment.  Over the next 50 years, the peppered moth went from a predominantly light to a dark 

organism. This is an example of how selection works on populations to change them over time.  

 

Industrial melanism is important for three reasons; 

 

(i) It shows that evolution is an interaction between the organism and the environment.  The trait that makes the moth best 

adapted to the environment dominates. 

(ii) Shows the presence of variation within a population.  Alleles for light color and dark color are in the gene pool. 

(iii) It points out that evolution can act on genetic variability within the population. 

 

The advancement of the theory of evolution 

 

 Georges Cuvier – fossil hunter.  

 

He realized that an account of the history of life in an area - natural history – is told by the fossil records located within the earth’s 

layers of rock. Even though through the fossil record he observed that new species appeared and others disappeared, he was strongly 

opposed to the idea of evolution. He proposed that catastrophes had periodically destroyed species in one area while not affecting 

species in a nearby area, which would then repopulate the affected regions. This became known as catastrophism. 

 

Jean Baptiste Lamarck – wrong theory of evolution 

 

A. The Law of Use or Disuse - This law states that if an organism uses a particular organ it remains active and strong but if it is 

not used then it becomes weak and eventually disappears.  For example, the necks of giraffes were originally short because they feed 

upon grasses and shrubs close to the ground.  As the food supply near the ground decreased, giraffes had to stretch their necks to reach 

food in trees.   

 

B. The Law of Inheritance of Acquired Characteristics - This law states that the characteristics of an organism developed 

through use and could be passed on to the offspring of the next generation.  For example, since giraffes stretched their necks during 

their lifetime then this trait was passed onto their offspring. 

 

Lamarck’s Theory was rejected for the following reasons: 

 

(i) There was a suggestion that an organism could change its structure because it felt a need to do so.  This is false. 

(ii) Acquired characteristics can not be inherited.  Only genetic traits can be inherited 

(iii) All experiments conducted to support the theory have failed.  Weismann cut off the tails of mice for 22 generations.  The 

mice of new generations were always born with tails of normal length. 

  

Charles Darwin- observation + artificial selection reading = theory of natural selection (accepted theory)  

 

A. Malthus’ Essay  - Principle of Population, stated that the ever increasing human population was exceeding the food supply 

needed to feed it.  To keep a balance between the need for food and the supply of food, millions of individuals had to die by disease, 

starvation or war. (competition in populations).  

Darwin realized that all organisms overpopulate and therefore all individuals can not survive.  Those that do survive may have more 

favorable variations.  Nature selects the survivors.  The result of natural selection would be evolution since these favorable variations 

would be passed on to their offspring. 
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B. Selective (Artificial) Breeding - Darwin studied the practice of selective breeding. Farmers improve livestock by selecting 

organisms with the desired traits and use them for breeding.  Big cow + big bull = big offspring   

 

This fact made Darwin realize that selection of those who breed could change populations over time. 

 

C. Lyell’s Book - Charles Lyell was a geologist and in his book The Principles of Geology  he proposed that the earth was very 

old, that it had been slowly changing, and was still changing. His theory, known as uniformitarianism, stated that geological processes 

operated at the same rates in the past as they do today. No irregular, unpredictable, catastrophic events shaped earths history.  

 

His ideas also lead Darwin to think that perhaps living things also changed slowly over long periods of time. 

 

D. Darwin’s Observations -  Darwin traveled on the HMS Beagle for 5 years. He made personal observations of animal 

species, in particular finches, on the Galapagos Islands.  Darwin observed 14 species of finch that were similar to each other in many 

ways and similar to the species of finch found on the mainland.  The notable difference lay in the shape of their beaks.  It appeared to 

Darwin that the different beak shapes were adaptations for eating the certain types of food characteristic of the various geographic 

locations.  For example, some beaks were adapted to be large and crushing bills to eat seeds, some were parrot-like to eat fruit and 

some were chisel-like to probe for insects in the bark of trees. 

 

 Close to the same time Darwin was working on his theory British naturalist Alfred Wallace was working on a similar theory. His 

observations had led him to many of the same conclusions as Darwin and it is because of this that Darwin stopped delaying the 

publication of his ideas and published his observations in 1859 under the title On the Origin of the Species by Means of Natural 

Selection. 

 

The major points of Darwin’s Theory are: 

 

(i) Overproduction - Most species produce far more offspring than are needed to maintain the population.  Species populations 

remain more or less constant, despite this fact. 

 

(ii) Competition (Struggle for Existence) - Since living space and food are limited.  Offspring in each generation must compete 

against themselves and with other species for the necessities of life.  Only a small fraction can possibly survive long enough 

to reproduce. 

 

(iii) Variation - The characteristics of individuals in any species are not exactly alike.  These differences are called variations.  

Some variations may not be important.  Other variations may affect an organism’s chances of survival and therefore are of 

vital importance. 

 

(iv) Adaptations - Because of variations, some individuals will be better able to survive and reproduce than others.  Individuals 

with favorable adaptations will have a greater chance of living longer and reproducing.  An adaptation is any kind of 

inherited trait that improves an organism’s chance of survival and reproduction in a given environment. 

 

(v) Natural Selection (Survival of the Fittest)- Those individuals in a species with characteristics that give them an advantage are 

better able to compete, survive and reproduce.  Those with the poorer characteristics die without leaving offspring.  Since 

nature selects the organisms that survive, the process is called natural selection. 

 

(vi) Speciation (Origin of New Species)- Over many generations, favorable characteristics gradually accumulate in the species 

and unfavorable ones disappear.  Eventually, the accumulated changes become so great that the net result is a new species. 

 

Major Weaknesses in Darwin’s Theory 

 

The major weaknesses in the theory revolved around Darwin’s inability to account for the mechanisms of inheritance of traits.  It does 

not explain how variations originate and are passed on to the next generation.   

 

It does not distinguish between variations caused by hereditary differences and variations caused by the environment.  For example, 

fertile soil can influence height differences in plants. It was believed at the time that offspring inherited a blend of the characteristics 

of their parents.  It is possible that the desirable characteristic would be diluted over the generations’ rather than retained. 

 

The solution to the problem arose after Darwin’s death with the work of Gregor Mendel.  Mendelian genetics and the concept of 

mutations supported Darwin’s theory by proving that variations do occur within a species and that these variations are genetic in 

origin and as such be passed on form one generation to the next. 
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Comparison between Lamarck’s and Darwin’s Theories 
Major Similarity - Both believed that evolution was related to a change in the environment. 

 

Major Differences 

 

(i) Numbers - Lamarck believed that individuals evolved while Darwin believed that evolution occurred within a population.  

Darwin said that evolution occurred when an entire population changed. 

 

(ii) Timing  - Lamarck believed that variations occurred after the environment changed.  Darwin believed that variations were 

always present and when the environment changed those organisms with the most suitable variations for the new 

environment survived while those with the less suitable variations died off. 

 

Evidence for Evolution 
 

1) Fossil Record 
 

Fossils can be used to examine early life forms and examine changes in these life forms over time. The oldest fossil record 

contains fossils of very simple organisms.  Fossils of more recent origin represent more complex organisms.  If the time 

difference between two groups is great, these differences between the two groups is also great. (page 660-661). By piecing 

together fossil evidence according to age and similarity of structure, scientists have been able to study patterns of relationships 

among organisms.  These patterns are often referred to as “trees of life” or phylogenic trees. In general, more complex organism 

evolved from simpler forms and species became more numerous over time.  

 

It is important to know the age of fossils.  

(i) Relative Dating by Deposition of Sediment 

 

Most fossils are formed in sedimentary rocks.  Examining layers of sedimentary rocks gives the relative age of fossils.  The 

relative age is determines by a fossil’s position in the sedimentary layers.  The fossils in the layers on the bottom are assumed 

to be the oldest and those layers at the top are assumed to be the youngest unless the geology of the area assumes otherwise.   

 

(ii) Absolute Dating by Radioactive Dating 

 

Radioactive dating of the fossil or rock in which the fossil is found gives as absolute age.  The method is based on the rate of 

radioactive decay in isotopes of the particular elements.  Radioactive isotopes will change at known rates and can be used to 

determine the age of an organism 

 

Living organisms accumulate certain radioactive isotopes when they are living.  Once these organisms die, the radioactive 

isotopes start to breakdown.  The rate of this breakdown is called half life.  Half life is the amount of time it requires to 

breakdown half of the originally accumulated radioactive compound and have it replaced by one half decay product.   

 

Geologists have calculated the ratios of isotopes and their decay products as they exist after certain time lapses.  These ratios 

can be used to determine the age of the fossil, as well as, using the proportion of isotope remaining in the fossil-bearing rock.  

The greater the amount of decay product the older the fossil. 

 

Examples include some of the isotope pairs found in the following table: 

 

Isotope Pair Half-Life in Years Useful Range in Years 

Carbon 14/Carbon 12 5730 60 x 103 

Uranium 235/Lead 207 700 x 106 Over 500 x 103 

Potassium 40/Argon 40 1.25 x 109 Over 500 x 103 

Uranium 238/Lead 206 4.5 x 109 Over 100 x 106 

 

2) Biogeography 
 

Biogeography is the study of the geographic distribution of a species. The theory of evolution is supported by the study of 

geographically close environments (such as the Galapagos Islands and the mainland of South America). By examining the 

differences in species in isolated geographical locations compared to locations close by but which are more accessible, the 

effects of evolution can be seen (see the story of Madagascar, p. 664). 

 



 4 

3) Comparative Embryology 
 

The comparisons of the embryological development of different species provide evidence of their relationship as patterns of 

development are modified rather than being re-invented..  The closer the resemblance between the embryos, the closer the 

evolutionary relationship.  The embryos of all vertebrates are very similar during the early stages of development. Early in 

development, humans have gill slits and a tail (similar to other vertebrates – indicating a common ancestor).   See page 665. 

 

4) Comparative Anatomy 
 

The presence of anatomical similarities will indicate a common evolutionary relationship (common ancestor). Homologous 

structures have the same origin but may appear modified by natural selection (pectoral appendages on page 664 – same 

origin indicating common ancestor, change in structure indicating the power of natural selection.  

Analogous structures such as the wing of a bird and the wing of a butterfly have similar structures but are have originated 

from difference sources – indicating the power of natural selection but these structures do not evolve from a common 

ancestor. (these structures are examples of convergent evolution) 

 

Scientists also look for vestiges or vestigial organs.  These are structures that have lost their functional but were functional 

in an ancestor of the organism. Examples are the tailbone and the appendix in man and the vestigial bones in snakes and 

whales where there were once limbs – these indicate common ancestry. 

 

5) Comparative Biochemistry 
 

The presence of certain types of similar chemicals indicates a common ancestor.  Again, the closer the similarities, then the 

closer the relationship between the organisms and the closer they are to their common ancestor. For example, the hemoglobin 

of the monkey is closely related to the hemoglobin of man.  The insulin from a pig or cow can be used to treat diabetes in 

humans.  Cytochrome c is a protein found in the electron transport chain of all aerobic organisms.  Cytochrome c in 

chimpanzees is identical to the cytochrome c in humans.   However, human and fish cytochrome c differ by an average of 22 

amino acids. These molecules can be used as clocks when examining the number of mutations in each protein – the more 

mutations, the more distant the common ancestor.  (page 668 for hemoglobin) 

 

6) Heredity 

 

DNA gel electrophoresis can demonstrate if organisms have more genes in common.  For example, lobster, shrimp and 

crayfish all have very similar DNA indicating they have a common ancestor.  

 

 

 

Chapter 20- Mechanisms of Evolution 
 

Hardy-Weinburg Law 

 

The Hardy-Weinburg Law is a concept that is employed to discover whether or not evolution is occurring in a population.  The law 

states that under certain conditions, allele frequencies will remain constant (genetic equilibrium) in a gene pool and there will be no 

evolution.  In other words, the frequency of dominant and recessive alleles remains constant from generation to generation.  The five 

conditions that must be met for this law to hold true are: 

 

(i) The population must be large.  In a small population, alleles of low frequency may be lost or the frequency may change due 

to genetic drift. 

(ii) Individuals must not migrate into or out of the population.  Any individuals that do so may change the allele frequency of 

the population. 

(iii) Mutations must not occur because mutations obviously change the allele frequency of the population. 

(iv) Reproduction must be completely at random.  This means that every individual, whatever its genetic make-up, should have 

an equal chance of producing offspring. 

(v) No genotype is more likely to survive and have offspring than any other genotype.  This means equal viability, fertility and 

mating ability of all genotypes.  There is no selection advantage. 

 

If the allele frequency in a population changes, then the Hardy-Weinburg Law fails and it is therefore a sign that evolution is 

occurring.  Since no natural population could ever meet these conditions then evolution of gene pools must occur.   
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The extent of variation from the Hardy-Weinburg prediction is a measure of how rapid the evolutionary change is occurring.The 

Hardy-Weinburg principle consists of a mathematical formula based upon the allele frequency within a given population and then 

shows how the allele frequency will remain in equilibrium provided certain conditions are met. 

 

Allele frequency  p + q = 1   

 

p is the dominant allele frequency (T in a gene pool) 

q is the recessive allele frequency  (t in a gene pool) 

Genotype frequency  p2 + 2pq + q2 = 1   

 

p2 homozygous dominant frequency (TT) 

2pq heterozygous dominant frequency (Tt) 

q2 homozygous dominant frequency (tt) 

    

The significance of the Hardy-Weinburg Law can be seen in the following areas: 

 

(i) It explains the distribution of some genetic traits 

(ii) It explains why some recessive traits do not disappear altogether and why some dominant traits do not increase in 

distribution. 

(iii) It shows that in a natural setting the necessary conditions for genetic equilibrium may not be met and that the allele 

frequencies can change. 

(iv) It shows that if allele frequencies are changing, then the rate of change may be related to the pace of evolutionary change.  It 

also illustrates the effects that natural changes can have on allele frequencies and thus, the means by which evolution can take 

place. 
Mechanisms for Variation 

 

There are FIVE mechanisms that can affect the biodiversity of a population. 

 

1. Mutations – If a mutation occurs in a germ cell (sex cell) it alters the DNA of the gamete and can be passed on to future 

generations.  A mutation can be favourable, unfavourable, or neutral and by itself is unlikely to cause evolution in the population 

unless it provides a selective advantage (makes it easier for the organism to live in their environment).  Also, mutations that are 

unfavourable or neutral may provide a selective advantage when the environment changes so much that others in the population 

die off (ex. Antibiotic resistant bacteria) 

2. Genetic Drift – In large populations, genes expressed will be very much like the parent generation because the large numbers will 

even out any chance effects.  BUT, in very small populations, the frequencies of particular alleles can be affected very drastically 

by chance alone – this is called genetic drift.  Most natural populations are large enough that effects of genetic drift are negligible.  

However, it does happen in these two circumstances. 

a. The Bottleneck Effect- When a population is greatly reduced because of things like natural disasters (earthquake, fire, 

flood), overhunting, and habitat destruction, this leaves certain alleles either overrepresented, underrepresented or even 

absent in the reduced population.  The gene pool is therefore much smaller leaving fewer variations in the population but 

setting up new unique allele frequencies. 

b. The Founder Effect- When a small number of individuals colonize a new area, they will probably not possess all the 

genes represented in the parent population.  Also, since this new population has moved to a new environment, there 

would have different environmental selective pressures affecting them than the parent population would have and this 

population would have new unique allele frequencies. 

 

3. Gene Flow – The movement of new alleles into a gene pool and the movement of genes out of a gene pool.  Ex.  A windstorm or 

tornado can bring new seeds or pollen or even birds into a population.  This can reduce the genetic differences between separate 

populations possibly to the extent that they eventually become a single population with a common genetic structure – this will 

slow evolution of gene pools. 

4. Non-Random Mating – Any situation where individuals do not choose mates randomly from the whole population. This is a 

powerful limiting factor that can quickly eliminate alleles or make certain alleles dominate a gene pool. 

5. Natural Selection – The process whereby the characteristics in a population change because certain members of the population 

have certain traits that allow them to survive better in the local environmental conditions.  These members survive to pass on their 

genes to the next generation. 

This happens four ways: 

a. Stabilizing Selection – favors the intermediate phenotype and against extreme variants.  Ex. Favors intermediate-sized 

babies – against very small or very large which don’t survive as well. 

b. Directional selection – favors phenotypes at one extreme resulting in the distribution of the population shifting in the 

direction of that extreme.  Usually occurs during times of great environmental change ex. Horses originally were much 

smaller and lived in the forest. As grasslands replaced forests, the population was selected for larger size, grinding teeth 

and longer legs – better for living in open grassland. 

c. Disruptive (diversifying selection) – The extremes of the phenotype range are favored over the intermediate.  Therefore, 

intermediate ranges are eliminated from the population.  Ex. Male Coho salmon are either about 500g or 4.5kg and 

larger. 
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d. Sexual selection – Males compete for females through either fighting or visual displays and females choose which to 

mate with.  This has lead to is the evolution of characteristics that make the males more attractive to females – like 

plumage, scents and certain behaviors.  The differences between males and females in a population are called sexual 

dimorphism.  These characteristics may not help the individual survive in the environment, but if it helps them get 

chosen by a female, their genes can be passed on to the next generation.  This is called sexual selection. Very powerful 

form of selection! 

 

Speciation 
 

Speciation – the formation of a species. 

 

Adaptation – any trait that enhances an organism’s fitness or increases its chance of survival and probability of successful 

reproduction (Natural Selection).    

 

The most common way to define a species uses a biological species concept.  The question is asked - Can members of a population 

interbreed and produce viable and fertile offspring? 

 Do the populations breed at the same time of year?  If one population breeds in the spring and the other in the fall, they cannot 

interbreed and are therefore separate species. 

 Hybrids - two separate biological species can breed but the hybrid offspring are usually infertile or not viable – ex horses and 

donkeys can mate and produce offspring called a mule which is infertile. 

 

Transformation – one species evolves into another 

 

Divergence – one or more species arises from a parent species that continues to exist.  

 

In order for a species to remain distinct, they must not interbreed with other species.  Geographical and biological barriers keep 

species isolated. 

 

Allopatric Speciation - Geographical barriers such as rivers and mountains prevent species from interbreeding because they keep 

related populations physically separated. Gene pools change over time and produce species that can no longer interbreed  

 

Sympatric Speciation - Biological barriers – Keep related populations separated  (reproductively isolated).  

 

Prezygotic barriers – either stop mating between species or prevent fertilization if they do mate. 

a. Behavioural isolation – adaptations that are species-specific like courtship rituals, pheremones, songs – all allow members to 

recognize individuals of their own species. 

b. Habitat isolation – two species may live in the same general region but may live in different habitats and therefore encounter 

each other rarely. Ex. the northwest garter snake prefers open areas and is rarely found in water, and the common garter 

snake is found near water; the same geographical area but different habitats. 

c. Temporal isolation – Timing – certain species may mate at different times in the year, different times of the day or even in 

different years.  

d. Mechanical isolation – anatomically incompatible (their parts don’t fit!) 

e. Gametic isolation – gametes are unable to fuse to produce offspring. 

 

Post –zygotic barriers – once members of two separate species mate, the hybrid zygotes cannot develop into normal fertile 

individuals. 

a. Hybrid in viability – genetic incompatibility of the two species stop the development of the zygote at some stage of its 

development as an embryo.  Mitosis is prevented from happening normally because of incompatible genes. 

b. Hybrid sterility – two species mate and produce sterile offspring like the mule.  Meiosis fails to make normal gametes 

because of chromosome differences. 

c. Hybrid breakdown – first generation hybrids may be viable and fertile but the next generation are often sterile or weak. 

 

 

Adaptive radiation 

 This is when a single ancestral species evolves into a number of different species. For example, Darwin’s finches on the Galapagos 

islands. 

 

The conditions necessary for adaptive radiation are: 

 

 New environment for the evolving species.  When the new species reach these new environments, they will enter various 

ecological niches. 
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 A way by which the evolving species can reach these new environments.  Migration plays a key role in this process 

 The new environment must be free from competition with similar forms 

 There can not be too many new predators 

 

Convergent Evolution 

Convergent evolution is a process by which unrelated species produce descendants that display similarities due to the fact that they 

encountered similar problems in adapting to and occupying a similar niche within a common environment.  The environment selects 

similar adaptations in unrelated species.  For example, the wings of birds, bats and butterflies are all used for flight but have evolved 

differently.  Wings are examples of analogous structures. 

 

Divergent Evolution 

Divergent evolution is a process by which species that were once similar become increasingly distant. Divergence occurs when 

populations change as they adapt to different environmental conditions. The population becomes less and less alike as they adapt, 

eventually resulting in 2 species. 

 

Co- Evolution 

Co- Evolution is a process by which species that are tightly linked with one another (a flower and a pollinator) evolve gradually 

together, each one responding to the changes in the other.  

 

 

Pace of Evolution 

At present, scientists do not agree on the rate at which evolution occurred.  Two opposing viewpoints are: 

 

Gradualism is based on Darwin’s theory.  It states that the new species arise through the gradual accumulation of small variations.  In 

other words, evolution occurs slowly and continuously over long periods of time. 

 

Punctuated equilibrium was proposed by Steven Gould and Niles Eldridge.  A species remains in equilibrium (unchanged) for 

extended periods of time and then in a relatively short period of time, rapid change occurs.  In other words, the long period of 

equilibrium is interrupted, or punctuated, by a short period of evolution. See Fig. 20.21, p. 724 

 

The Origin of Life 

 
1) Panspermia Theory 
 

This theory suggests that life came from some other source outside of the earth and then migrated to earth either through intelligent 

beings or by chance. 

 

2) Intelligent Design 

 

This is the concept that all biological origins on earth have followed a pattern which set out as a product of some intelligent cause or 

agent. It maintains that life and its mechanisms are too complex to have evolved by chance. 

 

3) Gaia Hypothesis 

 

This comes from the Greek word, meaning “mother earth”.  It was developed by James Lovelock.  It suggests that the earth, including 

all of its abiotic and biotic components may constitute a huge, living, self-regulating system. It states that the biota (the sum of all 

organisms) controls various properties of the atmosphere, ocean and lands. 

 

4) Lynn Margulis Hypothesis or Symbiogenesis 

 

This was developed as a result of observations of organelles, such as chloroplasts and mitochondria, and it revealed that they were 

similar to prokaryotic cells.  It is the belief that through symbiotic relationships, these organelles become incorporated into eukaryotic 

cells through partnerships that formed between cells. Through the relationship these organelles became functional structures within the 

partner cells in return for nutrition, protection and so on. 

 

 

5) Haldane- Oparin Hypothesis or Heterotrophic Hypothesis (1920-30) 

 

This is the most widely accepted theory and suggests that the first organic compounds were formed by natural chemical processes on 

the primitive earth and that the first life-like structures developed from coacervates (aggregates of large protein-like molecules) and 

were heterotrophs.  The major concepts that make up this hypothesis are: 
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 Primitive atmosphere was very hot and consisted of hydrogen (H2), water vapor (H2O), ammonia (NH3) and methane (CH4). 

 Oceans when first formed were not much below the boiling point of water.  They have been described as “hot, thin soup” in 

which chemical reactions occurred rapidly. 

 Energy in various forms such as UV light, lightening and volcanic heat was available to bring about the synthesis of organic 

compounds from the inorganic compounds listed above. 

 These newly created organic compounds formed aggregates, or clusters, of larger molecules called coacervates that may have 

resembled cells. 

 Numerous chemical reactions occurred within the coacervates making them more complex.  They developed biochemical systems 

to process organic nutrients from their environment as a means of generating energy within themselves.  These structures were 

referred to as heterotrophs (heterotroph hypothesis). 

 Energy produced through the first heterotrophs was anaerobic since no oxygen was present in the earth’s primitive atmosphere.   

This would release carbon dioxide into the oceans and atmosphere 

 Eventually organisms developed that could use light energy and formed the first photosynthetic organisms.  This added oxygen to 

the oceans and the atmosphere. 

 The presence of oxygen allowed for the development of organisms with the capacity for aerobic respiration.  Aerobic respiration 

is much more efficient than anaerobic respiration, so aerobic organisms became dominant. 

 These early life forms were prokaryotic and as evolution continued organelles began to form and collect through symbiotic 

relationships, forming eukaryotic cells. 

 
7) Miller and Urey (1953).  Page 727 

8)  

 

 Miller and Urey produced an experiment to try and prove the origin of life.  They took the materials present on the earth at that time: 

methane, ammonia, water and hydrogen and placed them in a flask.  They exposed the flask to sparks to represent the sunlight and 

lightening on the earth at that time.  They discovered that from such an experiment it was possible to create organic compounds 

(amino acids) that could have been the beginning of life on earth. 

 

These molecules would have provided food for any heterotrophs that evolved. It also demonstrates a mechanisms for the production of 

molecules such as amino acids and RNA needed for controlling any cells that could be produced by the conditions on the primitive 

Earth.  


