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Unit 7 - How have different 
forms of life Arisen:
Evolution:
Evolution is the process by which populations of organisms change over time. It 
involves genetic changes in populations that lead to the emergence of new traits, 
species, and lineages. Evolution is driven by mechanisms such as natural 
selection, genetic drift, mutation, and gene flow.

The evolution of humans, known as human evolution, is a complex and fascinating 
story spanning millions of years. Here's a simplified overview:

Human Evolution Overview:
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� Early Ancestors Homo sapiens evolved from earlier hominin species over 
millions of years.

� Australopithecus Early hominins, such as Australopithecus afarensis, 
lived in Africa about 4 million years ago.

� Homo habilis and Homo erectus These early Homo species appeared 
around 2 million years ago and were the first to use stone tools.

� Archaic Humans Species like Homo neanderthalensis and Homo 
heidelbergensis lived in Eurasia between 600,000 and 30,000 years ago.

� Modern Humans Homo sapiens) Homo sapiens emerged in Africa about 
300,000 years ago and eventually migrated across the globe.

Key Features Human evolution is marked by the development of bipedalism, 
tool use, larger brains, and cultural complexity.

Genetic and Physical Changes Over time, human ancestors adapted to 
changing environments through genetic mutations and natural selection.

Migration and Dispersal Homo sapiens migrated out of Africa and dispersed 
across the world, encountering and sometimes interbreeding with other 
hominin species.

Current Diversity Today, Homo sapiens are the only surviving species of the 
genus Homo, exhibiting a wide range of physical and cultural diversity 
worldwide.

Fossil Records:
Comparing fossil records of different species provides insights into their 
evolutionary history, adaptations, and relationships. Here's a comparison between 
the fossil records of Homo sapiens and Homo neanderthalensis:

Fossil Records of Homo sapiens:

Homo sapiens fossils date back to around 300,000 years ago in Africa.

Early Homo sapiens fossils exhibit characteristics such as a high forehead, 
prominent chin, and smaller brow ridges compared to earlier hominin species.
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Fossil evidence suggests Homo sapiens migrated out of Africa around 100,000 
to 60,000 years ago and dispersed across the globe, leading to diverse 
populations with varying physical traits.

Fossilized remains of Homo sapiens include skeletal remains, tools, and 
artifacts found in various archaeological sites worldwide.

Fossil Records of Homo neanderthalensis:

Homo neanderthalensis, or Neanderthals, lived in Eurasia from around 
400,000 to 40,000 years ago.

Neanderthal fossils exhibit robust features, including a large brow ridge, 
protruding midface, and stocky build, adapted to cold climates.

Neanderthals coexisted with Homo sapiens in some regions and interacted 
with them, as evidenced by genetic evidence of interbreeding between the 
two species.

Fossilized remains of Neanderthals have been discovered in caves and other 
sites across Europe and western Asia, along with evidence of their tool use, 
art, and burial practices.

Comparison:

Both Homo sapiens and Homo neanderthalensis belong to the genus Homo 
and share a common ancestor.

Fossil records indicate that Homo sapiens and Neanderthals lived during 
overlapping periods and geographic regions, suggesting possible interactions 
and exchanges of culture and genes.

Despite some anatomical differences, both species exhibited advanced tool-
making abilities and cultural practices, reflecting their cognitive and behavioral 
complexity.

Genetic studies of fossilized remains have provided further insights into the 
genetic relationships and admixture between Homo sapiens and Neanderthals, 
contributing to our understanding of human evolution and diversity.

Pentadactyl Limbs:



Unit 7  How have different forms of life Arisen: 4

Comparing the pentadactyl limb and embryos of different vertebrates provides 
compelling evidence for evolution by demonstrating both anatomical homologies 
and developmental similarities across species. Here's how this comparison serves 
as evidence of evolution:

� Anatomical Homologies:

The pentadactyl limb refers to the characteristic limb structure with five 
digits (fingers/toes) found in many vertebrates, including mammals, birds, 
reptiles, and amphibians.

Despite variations in size, shape, and function, the basic structure of the 
pentadactyl limb is remarkably similar across species. This similarity 
suggests a common evolutionary origin from a shared ancestor with this 
limb structure.

By comparing the skeletal anatomy of pentadactyl limbs in different 
vertebrate groups, scientists can identify commonalities in bone 
arrangement and organization, such as the presence of humerus, radius, 
ulna, carpals, metacarpals, and phalanges.

� Developmental Similarities in Embryos:

During embryonic development, vertebrate embryos exhibit striking 
similarities in limb development, regardless of their adult limb morphology.

The early embryonic stages of vertebrates often show a common limb bud 
formation, followed by the development of digits and patterning of bones.

Comparative embryology reveals shared developmental pathways and 
genetic mechanisms underlying limb formation, such as the expression of 
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Hox genes that regulate limb development across species.

� Evolutionary Relationships:

The presence of homologous structures (pentadactyl limbs) and 
developmental similarities in embryos among different vertebrate groups 
suggests a common evolutionary ancestry.

Through comparative anatomy and embryology, scientists can reconstruct 
evolutionary relationships and phylogenetic trees, illustrating the 
evolutionary divergence and divergence of species over time.

For example, the presence of pentadactyl limbs in mammals, reptiles, 
birds, and amphibians suggests that these groups share a common 
ancestor with limbs possessing this characteristic structure.

� Transitional Forms and Fossil Evidence:

Fossil evidence of transitional forms, such as Tiktaalik, provides additional 
support for the evolution of limbs and the transition from aquatic to 
terrestrial environments.

By comparing fossilized limb structures of transitional forms with modern 
vertebrates, scientists can trace the evolutionary changes in limb 
morphology and function over time.

In summary, the comparison of the pentadactyl limb and embryos of different 
vertebrates serves as compelling evidence of evolution by highlighting anatomical 
homologies, developmental similarities, and evolutionary relationships among 
species.

Natural Selection:
Natural selection is the process by which organisms with traits that are better 
suited to their environment tend to survive, reproduce, and pass on their traits to 
the next generation. In contrast, those with less advantageous traits are less likely 
to survive and reproduce. 

Over time, this process accumulates beneficial traits in a population, increasing its 
overall fitness and adaptation to its environment.
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Artificial Selection:
Artificial selection, also known as selective breeding, is a process whereby 
humans intentionally breed plants or animals for specific traits or characteristics. 
In artificial selection, individuals with desired traits are chosen to be parents of the 
next generation, while those without the desired traits are excluded from breeding.

 Over successive generations, this process leads to the enhancement or fixation 
of desired traits within a population, resulting in domesticated plants and animals 
that exhibit traits beneficial to humans.

Comparison of Artificial and Natural Selection:
Natural selection Artificial selection
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1. It is the process where organisms adapt to
their environment for their survival.

1. It is a process in which a plant breeder
selects plants with characteristics to
produce offspring with desirable traits.

2. It is a natural selection process. 2. It is a man-made selection process.

3. It helps in producing organisms with
biological diversity.

3. It helps in producing organisms with
selected desirable traits.

4. It occurs in natural populations.
4. It occurs in the reared or domestic
population.

5. It is a slow process. 5. It is a rapid process.

6. It helps in the inheritance of only
favorable characters to successive
generations.

6. It helps in the inheritance of a variety of
desired selected traits to successive
generations.

7. Example: Selection of long-necked
giraffes.

7. Example: Breeding of different varieties of
dogs or cattle to produce the desired
varieties.

Genetic Variation:
Meiosis leads to variation through several processes:

� Crossing Over Genetic Recombination):
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During prophase I of meiosis, homologous chromosomes pair up and 
exchange segments of genetic material.

This exchange, called crossing over, results in the shuffling of alleles 
between homologous chromosomes, creating new combinations of genes.

� Independent Assortment of Chromosomes:

During metaphase I of meiosis, homologous pairs of chromosomes line up 
randomly along the cell's equator.

The orientation of each pair is independent of the others, leading to a 
random assortment of maternal and paternal chromosomes into daughter 
cells.

This process results in a variety of combinations of maternal and paternal 
chromosomes in gametes.

� Random Fertilization:

During sexual reproduction, gametes (sperm and egg cells) combine 
randomly during fertilization.

Each gamete contains a unique combination of chromosomes due to 
crossing over and independent assortment.

The random fusion of gametes during fertilization results in offspring with 
diverse genetic combinations.

� Mutation:

Although not specific to meiosis, mutations can occur spontaneously 
during DNA replication or due to environmental factors.

Mutations introduce new genetic variants into populations, contributing to 
genetic diversity over time.

These processes collectively contribute to the genetic variation observed among 
offspring, providing the raw material for natural selection and evolutionary 
change.

Natural Selection and Justification:
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The theory of natural selection, proposed by Charles Darwin, suggests that 
individuals with advantageous traits are more likely to survive and reproduce in a 
given environment, leading to the gradual change of populations over time. 
Evidence from studies of Darwin's finches and the peppered moth provides strong 
support for this theory:

� Darwin's Finches:

Darwin observed finches on the Galápagos Islands with varying beak 
shapes and sizes, each adapted to different food sources.

He hypothesized that variations in beak morphology were the result of 
natural selection favoring individuals with beaks best suited to obtain 
available food sources.

Subsequent studies have shown that during periods of drought, when 
certain food sources become scarce, finch populations with beaks better 
suited for accessing alternative food sources have higher survival rates.
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Over time, this selective pressure leads to changes in the frequency of 
beak shapes within populations, demonstrating how natural selection acts 
on heritable traits to drive evolutionary change.

� Peppered Moth:

Prior to the industrial revolution in Britain, the peppered moth population 
consisted predominantly of light-colored individuals, which were well-
camouflaged against light-colored tree bark.

With the onset of industrial pollution, lichens died off, and tree bark 
darkened due to soot deposits, making dark-colored moths less 
conspicuous to predators.

As a result, the frequency of dark-colored peppered moths increased 
significantly over time, as they had a survival advantage in the polluted 
environment.

Following environmental legislation in the mid-20th century that reduced 
industrial pollution, the frequency of light-colored moths increased once 
again, demonstrating a reversal of the selection pressure.

This example illustrates how natural selection can act on heritable traits, 
such as moth coloration, in response to changes in the environment, 
leading to changes in the frequency of traits within populations.

In both cases, the observations of Darwin's finches and the peppered moth 
provide clear evidence that natural selection can lead to changes in populations 
over time.

Speciation:

https://www.youtube.com/watch?v=udZUaNKXbJA

Speciation is the process by which new species arise from existing populations. It 
occurs when populations become reproductively isolated from one another, 
leading to genetic divergence and the formation of distinct species. Here are 
some real-life examples of speciation:

https://www.youtube.com/watch?v=udZUaNKXbJA
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� Cichlid Fish in African Lakes:

Cichlid fish in the African Great Lakes, such as Lake Victoria and Lake 
Malawi, have undergone rapid speciation. These fish exhibit a remarkable 
diversity of color patterns, body shapes, and feeding behaviors, often 
corresponding to different ecological niches within the lakes. Geographic 
isolation, ecological specialization, and sexual selection have contributed 
to the rapid evolution of numerous cichlid species in these lakes.

� Hawaiian Honeycreepers:

The Hawaiian honeycreepers are a group of birds that evolved from a 
common ancestor that colonized the Hawaiian Islands. Over time, they 
diversified into numerous species, each adapted to different habitats and 
food sources on the islands. Adaptive radiation, where species rapidly 
diversify to exploit various ecological opportunities, has played a 
significant role in the speciation of Hawaiian honeycreepers.

� Ring Species:

Ring species are groups of populations that are connected by a ring-like 
distribution, with each population able to interbreed with neighboring 
populations but not with populations at the opposite end of the ring. This 
gradual reproductive isolation can eventually lead to the formation of 
distinct species. The Ensatina salamanders in California are an example of 
a ring species, where populations around the Central Valley have diverged 
into distinct species due to geographic barriers and ecological differences.

Factors Affecting Speciation:

https://www.youtube.com/watch?v=wXJiHr8jWBs

Environmental deterioration can impact speciation in several ways:

� Isolation and Divergence:

Deterioration can fragment habitats, isolating populations and promoting 
genetic divergence over time, leading to speciation.

https://www.youtube.com/watch?v=wXJiHr8jWBs
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� Selective Pressure:

Changing environments exert selective pressures, favoring individuals with 
advantageous traits and driving adaptive evolution, potentially leading to 
new species.

� Loss of Biodiversity:

Severe deterioration can lead to biodiversity loss, reducing genetic 
diversity and disrupting ecosystems, making adaptation and speciation 
more challenging.

� Niche Differentiation:

Deterioration may create new ecological niches, providing opportunities 
for species to diversify and occupy novel habitats, leading to speciation.

� Human-Mediated Effects:

Human activities can exacerbate environmental deterioration, accelerating 
speciation through novel selective pressures and ecological changes.

In summary, environmental deterioration can both drive and hinder speciation, 
with implications for biodiversity and ecosystem resilience. Understanding these 
dynamics is essential for conservation and managing the impacts of 
environmental change.

Ancestry:

https://www.youtube.com/watch?v=7mmpM5quTD4

Ancestry refers to the lineage or genealogical background of an individual or a 
group of organisms, tracing their descent from past generations. It encompasses 
the biological, cultural, and familial heritage passed down through generations. 
Ancestry can be explored through various means, including genealogical records, 
DNA analysis, historical documentation, and oral traditions.

The Five Kingdoms:

https://www.youtube.com/watch?v=7mmpM5quTD4
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� Genetic Similarities:

DNA sequencing reveals shared genetic material among organisms from 
different kingdoms.

Comparative genomics identifies similarities and differences in DNA 
sequences, aiding in reconstructing evolutionary relationships.

� Genealogical Relationships:

Inheritance patterns and genetic markers construct phylogenetic trees, 
depicting evolutionary connections among organisms.

These analyses often support the theory of a common ancestor for all 
living organisms.

� Conserved Genes and Molecular Signatures:

Essential genes and molecular signatures are conserved across diverse 
organisms, indicating shared ancestry.

The genetic code's universality suggests a common origin for all life 
forms.

� Horizontal Gene Transfer:

While vertical gene transfer is primary, horizontal gene transfer can occur 
among prokaryotic organisms.

Despite this, overall genetic patterns support the concept of a common 
ancestor for all life forms.

In summary, DNA and inheritance support the theory of a common ancestor for all 
five kingdoms, revealing genetic similarities and evolutionary connections among 
diverse organisms.

Impact of Evolution:
� Positive Impact of Evolution on Human Lives:

Advances in medicine and agriculture have been facilitated by 
evolutionary principles.

Humans have evolved physiological adaptations to diverse environments.
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Cultural evolution has enabled societal progress and adaptation.

� Negative Impact  Superbugs:

Antimicrobial resistance poses significant challenges in healthcare.

Limited treatment options and increased healthcare costs result from 
multidrug-resistant bacteria.

Global efforts are required to combat antimicrobial resistance through 
antibiotic stewardship and research.

In summary, while evolution has brought benefits to human lives, challenges such 
as antimicrobial resistance highlight the need for proactive measures to address 
negative impacts.

Cladogram:
A cladogram is a branching diagram or tree-like structure that represents the 
evolutionary relationships among groups of organisms. It illustrates the 
hypotheses of evolutionary history based on shared characteristics or traits. In a 
cladogram:

https://www.youtube.com/watch?v=ouZ9zEkxGWg

How to use a Cladogram:
1. Choose Organisms Decide which group of organisms you want to study, such 
as birds, mammals, or a specific genus.
2. 
Pick Traits Select specific characteristics or traits to compare among the chosen 
organisms. These traits could include physical features, behaviors, or molecular 
sequences.
3. 
Collect Data Gather information on the presence or absence of the selected traits 
for each organism in your study group. This data can come from observations, 
literature reviews, or genetic analysis.
4. 

https://www.youtube.com/watch?v=ouZ9zEkxGWg
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Make a Chart Create a table or matrix to organize the data, with organisms listed 
vertically and traits listed horizontally. Use binary codes 0 for absence, 1 for 
presence) to indicate the presence of each trait in each organism.
5. 
Look for Patterns Examine the data to identify patterns or similarities in trait 
distribution among the organisms. Look for groups of organisms that share similar 
traits.
6. 
Draw the Diagram Use the data to construct a branching diagram, called a 
cladogram. Organisms are positioned at the tips of the branches, with lines 
connecting them based on shared traits.
7. 
Show Relationships Organisms that share more traits are grouped together on 
the same branch of the cladogram, indicating a closer evolutionary relationship.
8. 
Label Connections Mark points on the cladogram where organisms diverge, 
indicating common ancestors. These points are called nodes.
9. 
Review and Revise Double-check the accuracy of the cladogram by comparing it 
with known evolutionary relationships and additional evidence. Revise the 
cladogram as needed based on new data or insights.
10. 
Present Findings Use the cladogram to explain how the organisms are related 
evolutionarily. Cladograms are commonly used in scientific research, education, 
and phylogenetic studies to depict the ancestry and evolutionary history of 
organisms.


