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THE 
GREATEST 
BIOLOGIST 
WHO 
EVER
LIVED! CHARLES

DARWIN

1809 - 1882



The Three Laws of Biology:
1,  All of Biology must follow the laws of 

Chemistry and Physics.

2,  All life is cellular.

3,  All living organisms on Earth arose in an 
evolutionary process, accounting for their 
similarities, differences and relatedness. 

Corollary:  Darwin is often considered to be the greatest of all Biologists for 
enunciating the third law. 

SO LET’S TAKE A LOOK AT THIS SCINTIFIC HERO.



Darwin’s Illnesses
§ Stammering
§ Palpitations
§ Headaches
§ Dyspepsia
§ Abdominal pain
§ Extreme flatulence
§ Night waking

§ Hysterical crying
§ Sensation of cold stomach
§ Seeing black dots
§ Sensation of walking on air
§ Sensation of dying
§ Ringing of ears
§ Exhaustion
§ Self-loathing

Darwin’s Illness, Ralph Colp Jr., University of Florida Press, 2008



Darwin’s Illnesses

§ All symptoms were exacerbated by stress.
§ All symptoms worsened in 1838 in association  with 

his marriage.
§ Hypochondria?
§ Chronic anxiety?
§ Chaga’s Disease? (from Beagle voyage)

§ Darwin’s Illness, Ralph Colp Jr., University of Florida Press, 2008



Scientific Creativity
Summary of Darwin’s creative ‘strategy’

§ Very long periods of hard work:  
Literature readings; 
Observational research; 
Keeping detailed records.
§ Periods of ‘down time’ for reflection and creative 

thought
§ Long walks in Nature for connectivity
§ Periods in bed due to illness (accidental strategy?)



Scientific Creativity

§ Brilliance or Madness?
§ Willing to go against orthodox opinion
§ Willing to risk Hell (Emma’s letter of 1838)
§ Willing to follow data that compel conclusions 

regardless of the consequences
§ Effect of Chaga’s Disease?



Emma Wedgewood Darwin

Emma & Charles were 1st

cousins, married in 1839 
and had 10 children, 3 of 
whom died in childhood.  
Her 1838 letter to Charles 
was a result of his 
expression to her of his 
doubts about the 
existence of God.



Emma’s letter of 1838 (441)

§ “Will you do me a favor…It is to read our 
Savior’s farewell discourse to his disciples 
which begins at the end of the 13th Chapter.

§ It is the part of the New Testament that I love 
best.”

§ This passage contains: John 15: 6, “If a man 
does not abide in me, he is cast forth as a 
branch and withers; and the branches are 
gathered, thrown into the fire and burned.”



§ Summary of Scientific Thought:
§ The concept of being “right” (contrast art)

§ Conclusions must stand up to careful and continuous 
scrutiny (contrast religion)

§ Synthesize a field and explain why things are the way 
they are (contrast art)

§ Quantitate a level of certainty with statistics 
(contrast faith)

§ Always be willing to give up long and dearly held 
concepts when faced with falsifying data (contrast 
religious faith and political views)

The Scientific Concept



What Did Darwin’s Studies Reveal?

To What Extent Did He Prove To Be Right?

What New Evolutionary Concepts 
Have Since Become Established?  

How Might Darwin Have Reacted

to Current Advances in Evolution?



Are all living organisms descended from
a common ancestor?

Darwin guessed that this was true, and that the differences
among individuals have arisen through natural selection:

"Probably all of the organic beings which have ever lived 
on this earth have descended from some one primordial form,

into which life was first breathed."

But many of his contemporaries thought it unlikely. How could
creatures as different as animals and plants have a

common ancestor?



The universal genetic code — which itself shows signs of having
evolved!



Universal tree of
life — we now know
that the last common
ancestor in this tree also
had its own evolutionary
history, much of which
has been lost to us.



Darwin was right about natural selection.

Although there are several 
factors that bring about

genetic change, we now have 
much evidence that mutation 
and natural selection are the 
most important. It is natural 

selection that has largely 
driven the divergence of the 

great tree of life.



Darwin guessed right about human evolution.

He reasoned that, because our closest relatives
live in Africa, we must have originated there.

Since Darwin’s time we have a growing fossil record 
of our species in Africa and elsewhere, showing that 

Darwin was correct. Further, we are now able to 
compare all the genes of humans, chimpanzees 

rhesus monkeys, etc. to see which genes
have evolved most rapidly.

Some genes, including those involved in brain size,
are continuing to evolve at very high rates.



Darwin’s scorecard
All forms of life on Earth had a common ancestor.                                                       

Natural selection is the most important factor in promoting

evolutionary change.                                                          

Sexual selection explains some of evolution.                                

Humans evolved by the same mechanisms as other organisms.    

The discovery of genetics, which  Darwin did not anticipate, has 
allowed us to understand the genetic mechanisms underlying 
evolution.  

The much more recent discovery of DIRECTED MUTATION        
does not refute Darwin, but does provide a mechanism for the  
acceleration of evolution, and SYMBIOTIC selection was not 
anticipated by him.             



The Human Animal
Population Dynamics and 

Sustainability
Milt Saier
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The Three Laws of Biology
n 1.   All of Biology must follow the laws of physics 

and chemistry.

n 2.   All life is cellular.

n 3.   All living organisms on Earth appeared in an 
evolutionary process, accounting for their similarities 
and differences.

n Corollary:  The notion that the Earth and the 
biosphere were created in its present form is a myth 
with no substantiation whatsoever.  



The Human Animal 
is subject to all of the 

laws of Nature, 
including those of 

Population Dynamics





One and only one humane 
solution is available to save us 

from the pending disaster:  

POPULATION REDUCTION 
FOR

EARTH PRESERVATION



Factors that Limit Population 
Growth

n Density-dependent Factors
n Predation
n Disease/ Parasites
n Food Supply
n Water Supply
n Social Mechanisms

n Density-independent Factors
n Temperature
n Weather
n Natural Disasters
n Man-created Global Environmental Disasters 



Exponential Growth
n Occurs when organisms are 

density-independent.
n Birth rate exceeds death rate.
n Both rates are constant. 
n Both rates are proportional to the 

numbers of individuals present.
CAN THIS CONTINUE 
INDEFINITELY?    Only as long   
as r is constant!

Mathematical requirements:
n r=0, N does not change
n r>0, N increases without limit
n r<0, N decreases to 0



Exponential Growth in Nature

Documented for:
Bacteria, yeast, insects, mice, humans, etc.
However…
n Exponential growth can NEVER be sustained 

indefinitely.
n Populations are eventually limited by density-

independent factors if not by density-dependent 
factors. 



Population Dynamics

n The life span, number of offspring per adult, 
and mortality rate at each stage of life affect 
the growth rate of a population.

n Mortality Curves:  Three Types:
n Type I: Organisms have few young and usually die 

of old age.
n Type II: All organisms have an equal chance of 

dying throughout their lives.
n Type III: High mortality when young; the few 

adults that survive have relatively long life spans.



Survivorship Curves



r-Strategists
n Many offspring
n Early maturity
n Often short lifespan
n Reproduce seldom�
n Small organisms
n Precocial young
n Little to no parental 

investment
n Type III survivorship 

pattern



K-Strategists
n Few offspring
n Later maturity
n Longer lifespan
n Reproduce several 

times in a lifetime
n Larger organisms
n Altricial young
n Much energy is 

invested in raising 
young

n Type I (or II) 
survivorship pattern



What factors determine the survival 
pattern of K-strategists ?

n Because of long life span, K-strategists have the 
opportunity to overexploit resources if limits are 
removed. 

n Population growth is determined by: 
n Reproductive rate, 
n Density of the previous generation, and
n Availability of resources, e.g., the food supply.

n If resources in the habitat are consumed faster than 
the rate of replenishment, the population ALWAYS 
experiences an eventual crash.



Reindeer of St. Matthew Island

n Reindeer were introduced on an island with no predators.
n The population grew exponentially.
n When the herd outstripped available resources, the population 

crashed.



n Sustainable, K-strategist population oscillations were observed until the 
agricultural revolution (about 8000 BCE; pop’n < one million).

n Then, with agriculture, the first increase of numbers occurred (pop’n at 
1 CE ~ 100 million; doubling time > 1000 yrs).

n The second increase resulted from the industrial/scientific revolution.
n We are still in near exponential growth (pop’n now at 7.35 billion; 

doubling time ~ 30 yrs; we add a billion every 12 yrs).



Overpopulation, Carrying Capacity, and 
Time Lags

n Humans (K-strategists) are designed to produce few 
young on which they must lavish exceptional care for 
survival.

n Now, worldwide, we produce lots of young 
(250,000/day - births over deaths).

n While we have increased our carrying capacity with 
technology, we have also increased our impact on the 
environment.

n All K-strategist populations experience time lags: 
exponentially growing populations overshoot their 
carrying capacity before experiencing population 
losses.



Promises of the Green Revolution of 
the 60s

n Eliminate hunger and need.
n Increase the Earth’s carrying capacity.
n Increase productivity and yields.
n Increase technological knowledge.
n Distribute food and other necessities throughout the 

globe.
n Indefinite prosperity for all!!!

THESE PROMISES WERE REASONABLE
EXCEPT THAT THEY DIDN’T TAKE INTO 
ACCOUNT HUMAN POPULATION GROWTH,  
RESOUCE DEPLETION or HUMAN GREED.



n The Green Revolution failed to:
n Curb world hunger
n Fairly distribute resources

n Problems of the Green Revolution:
n Increased food supplies led to an increase in 

population growth.
n More mouths to be fed meant more would go 

hungry.
n Increased living standards increased resource use.
n Negative impacts on the environment resulted.



Impact of a Population on its 
Environment

n Impact = P x A x T 
n P = population size
n A = per capita affluence (resource consumption)
n T = environmental disruptiveness of the 

technologies used

n Formula published by Ehrlich and Ehrlich, 1990



Differences in Resource 
Consumption

n 1 Child born in the US =
n 2.5 in Sweden or Switzerland
n 4 in Italy
n 13 in Brazil
n 35 in India
n 140 in Bangladesh
n 280 in Chad

Information from Dr. Martha Groom, NCSU Zoology Department, 1998



Corrected Impact of a Population 
on its Environment

n Impact = P x A x T x W
n P = population size
n A = per capita affluence
n T = environmental disruptiveness of the 

technologies used
n W = per capita wastage

n Formula by Saier, 2014 (unpublished) 



Human ecologists predicted a human 
population crash in the late 1900s.

Were they right or wrong?
They were both right and wrong. 

They were right to predict a population 
crash, but they got the time constant 

wrong due to technological advances.
Skeptics took their error to mean that 
the entire concept was wrong!  They 
concluded we have nothing to worry 
about.  We can live high on the hog!! 



BUT:
The Human Animal 
is subject to all of the 

laws of Nature, 
including those of 

Population Dynamics



One and only one humane 
solution is available to save us 

from the pending disaster:  

POPULATION REDUCTION 
FOR

EARTH PRESERVATION





Can you answer these questions?
1,   On what major issues did 
Darwin prove to be correct?

2,  Plz describe the causes of an 
organismal population crash.

3,  Why is it appropriate to refer 
to humans collectively as “the 

Human Animal”?
4,  Contrast a K-strategist with 

an r-stategist.


