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The Core Puzzle of Biology

How did a few simple ancestral
life forms branch into millions
of specialized species?

Yet, the Earth is home to over
10 million distinct, highly
specialized species.

At the microscopic level, all
living organisms share the same
foundational architecture: cells,
cytoplasm, and DNA.



Step 1: Inevitable Variation

No two individuals in a population are exactly alike. These subtle
differences are not acquired through effort; they are hard-coded.

KEY POINT

Genetic mutation—random, unguided changes to DNA during cell division and
reproduction—is the ultimate source of all new biological traits.
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Step 2: Population Growth “\
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Organisms produce far more
offspring than the environment
can support. Because food,
space, and mates are strictly
limited, a fierce

competition for survival is
mathematically inevitable.

Carrying Capacity
/ (Limited Resources)
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Time



Steps 3 & 4: The Filter of Survival & Reproduction

The environment acts as a blind filter. Individuals whose random variations best suit the current
environment survive long enough to breed. They pass their specific, advantageous alleles to the
next generation. The rest do not.
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The V.C.S.R. Algorithm

Evolution is not a single historical event. It is a continuous, mechanical loop
powered by environmental pressure acting upon random genetic mutations.

Variation
(Mutation creates
different traits)

Reproduction
(Advantageous
alleles passed on)

Competition
(Resources are
limited)

The Engine of
Evolution

Survival
(Best adapted survive
the pressure)



I Micro-Evolution in Real Time

Natural selection isn't just ancient history. We observe it over days in hospitals. When
exposed to antibiotics, susceptible bacteria die, leaving only resistant mutants to multiply
and dominate the population.

Random
Mutation

Reproduction of the Fittest



Natural vs. Artificial Selection

The V.C.S.R. engine remains exactly the same. The
only difference is who controls the sieve.

_ Natural Selection (Ch 19) Artificial Selection (Ch 20)

Driving Force Environmental pressure Human preference
Speed of Change Typically slow (millennia) Rapid (decades/centuries)
Benefit of Trait Increases organism's Increases economic/aesthetic
survival value to humans
Examples Camouflage, antibiotic High-yield wheat, pedigree
resistance dogs




What Exactly is a Species?

To understand speciation, we must define the biological boundary. A species is a
group of organisms capable of interbreeding to produce fertile offspring.
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Sterile

DID YOU KNOW? Horses and donkeys are closely related enough to breed, but their offspring
(mules) are sterile. Therefore, horses and donkeys remain biologically distinct species.



The Road to Speciation: Separation

Speciation usually begins with a physical barrier—a new river, a mountain range, or
continental drift. This geographic isolation cuts off the flow of genes between the
two halves of the population.

Gene flow is completely cut off.




The Road to Speciation: Divergence

Once separated, the two populations face entirely different environmental sieves.
Natural selection acts independently on each side, favoring completely different
mutations.

Pressure: Hard food.
Selection: Large mandibles.

Pressure:

Predators.
Selection:
Camouflage.

Pressure: /

Predators.
Selection:
Camouflage.



Reproductive Isolation

Given enough time, the DNA and behaviors of the two groups diverge so
dramatically that even if the physical barrier is removed, they can no longer
successfully interbreed. A new species has been born.

Species A Species B
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The Archives of Life:
Fossil Evidence

The fossil record provides a
sequential snapshot of
anatomical changes over
millions of years. Because
sedimentary rock forms in
chronological layers, it allows
us to track the exact physical
progression of the evolutionary
engine in past ecosystems.




Modern Evidence: Homologous Structures

Look beneath the surface.

A human grasps, a bat flies, and a
whale swims. Despite entirely
different functions suited to
different environments, the
underlying bone

architecture is identical. This
proves descent from a
shared, common ancestor
whose anatomy was

adapted via different
environmental sieves.




The Unifying Theory of Biology
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Unit 1/2:
Anatomy &
Physiology

(The Organism’s Tools)

Unit 5;
DNA &

Genetics
(The Source of Variation)

Darwin's algorithmic
engine is the bridge
between molecules
and ecosystems.

NATURAL
Nothing in biology SELECTION
makes sense except
in the light of
evolution.

Unit 4: Ecology

& Ecosystems
(The Environmental Pressure)
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