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Definition of terms (Santorini, May 2001)

For an individual, the term life span refers to the duration of life,
typically defined as the period of time from birth until death.

Maximum observed life span refers, in general, to the highest
known age at death for a species or a population.

If it is the maximum age observed for a species over all time,
then it is also called the world record life span.

Maximum potential life span (maximum theoretical life span or
the species-specific maximum life span)  is the (theoretical)
highest age at death attainable by a member of a given species.

Mean life span is the average age at death within a population.



“Population biology”, as this art-form is called, is

one of the few uses of mathematics in biology to

which all biologists are reconciled, and often with

unaccustomed enthusiasm.

J. Maddox. 1998. What Remains to be Discovered? Simon and
Schuster, New York (pg 248)



Origin of a Gerontological Fact

“Fact”:  Maximum human life span is about 120 years.

Jeanne Calment, world record holder for
life span -- 122 years (born 1875)



Possible origin of the geronotogical fact:

 “When men began to increase on earth and daughters were born to
them…The Lord said ‘My breath shall not abide in man forever,
since he too is flesh; let the days allowed him be one hundred and
twenty years”

Genesis 6:1-3

“Moses was a hundred and twenty years old when he died; his eyes
were undimmed and his vigor unbated”

Deuteronomy  34:7

Is the gerontological “fact” of maximum life span 120 years a
relic of the Western Canon?



“Life History Data from the Bible, from Abraham to Joshua”
ML Rosenzweig. 1980. Judaism 29: 353-359

Individual First  Offspring Death
Abraham 86 175
Sarah 90 127
Ishmael NA 137
Isaac 60 180
Esau >40 NA
Jacob >47 147
Joseph 36 110
Moses NA 120
Joshua NA 110



Rosenzweig argues convincingly that the life history data from
Abraham to Joshua are accurate IF

….where life history data is concerned, we should read
‘year’ as ‘half-year’

• Even at the time of slavery in Egypt, Israelites celebrated two
festivals a year, tied to growing seasons

• Hebrew word for year is Shanah, coming from the Semitic root for
“two”. Other examples: second (sheynee), repeat (shoneh)

• To this day, Zuni tribe of Pueblo Indians uses a six month calendar

• Back calculations put Joseph in Egypt at the time of Pharaoh
Ikhnaton, the monotheistic revolutionary and centralizer of the
Egyptian economy



Implications:

Abraham is 37 when he relocated to Canaan, not 75

Sarah gives up on having her own children at 38, not 75;  she
conceives  her first child  at 45, not 90

 (Would it even be worth mentioning that a 90 year old
woman is beyond her child bearing years?)

Ishmael is 7 when he is upset about Isaac’s birth, not 13

Joseph is 8 when he becomes assistant shepherd, not 17; he is a
teenager, not a grown man,  when Potiphar’s wife 
approaches him

Moses leads the Israelites out of Egypt at 40, not 80 and
dies at 60 not 120.



Likely Conclusion

Maximum Record Life Span has increased from about 
60 years to  about 120 years in the last 3500 years.

Question:

What are the prospects for longevity extension in the next 10,
20, 100, 1000 years?



The beginning of the answer:

John Graunt. 1662. Bills of Mortality, London

Demography: The statistical study of (human) populations,
especially with respect to size and density, distribution, and vital
statistics

• Describe patterns

• Understand pattern and process

• Predict consequences, change



We track a “cohort” of individuals all born in the same year

Age Number Surviving Average Number
to this age of offspring produced

at this age
____________________________________________________

Survivors  generate a “survival curve”

Reproduction generates a “fecundity curve”



Survival Curves for the US, 1901 and 1946 and Predicted for
1975 in 1946

Note maximum life span ~ 100 years



From the survival curve, we are able to estimate mortality rate

If S(t) are the number of survivors at age t

S(t+1) = f(t)S(t)

f(t)= fraction of individuals of age t surviving
to age t+1

Define

m(t) = mortality rate at age t

by
f(t) = exp(-m(t))

then

m(t)= - log(S(t+1)/S(t))



Mortality rates for rural
Gambians,
1950-1975

Fecundity schedule for rural
Gambians, 1950-1975



More examples of
mortality schedules



A discovery of the 1990s: The Emergence of Supercentenareans and
Slower Aging

Mortality curves do not always rise:  they may level off or
even decline in the oldest of the old





Mortality rates female and female medfly (Carey 2002)



Wherever
we’ve
looked,
mortality
plateaus
have been
found



≥≥≥≥ 80 eggs/day
40-79 eggs/day
1-39 eggs/day
0 eggs/day

What are extremely long-lived
individuals doing?

0            24           48
                   Age (days)

Cohort
survival 
rank 
ordered

Chen, J., Carey, J.R., and H. Ferris. 2001.
Comparative demography of isogenic populations
of Caenorhabditis elegans. Experimental
Gerontology 36:431-440



We know how to manipulate survival curves

• Exercise

• Caloric restriction

• Reproduction



Exercise can reduce
premature mortality
but does not extend
maximum longevity

Survival curves of Sedentary and Exercising Rats



Live Fast, Die Young: Specific Metabolic Rate and Maximum
Life Span



Lifetime Energy Potential (LEP) =

Maximum Life span  x  Specific Metabolic Rate

Group LEP

Nonprimate mammals ~ 220 kcal/g

Most Primates ~ 458 kcal/g

Humans, capuchins
and lemurs ~  781 kcal/g



Caloric Restriction Extends Life Span 
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However, “Reproduction is the beginning of death”

     J. Joyce. Portrait of the Artist as a Young Man



Delayed reproduction extends life in Drosophila



Reiter, J. and B.J. Le Bouef. Behav. Ecol. Sociobiol. 28:153-160 (1991)

The Barren Aristocrat Extends to Seals



And we know some things about maximum life span:
Bigger animals live longer



This is true even just within the primates



Separating HOW we age and WHY we age



How We Are:  Age Related changes in Blood Pressure in a
Welsh Population



Age Related Changes in Ventricular Volume of the
Brain, Consistent with a Loss of Brain Mass



Age Related Changes in Aspartic Acid in Lenses of Normal
Individuals and Those with Brown Cataracts



Average Age Trends in Forced Vital Capacity



Medical science will
surely improve these
performance
characteristics over
time

Why we age is an
important issue for
evolutionary biology:

Aging is non-adaptive.

What is the Darwinian
perspective?



Understanding How and Why through the survival curve
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The Wherefore of Why We Age and Life Span Extension



0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120

S
u

rv
iv

al

Age

Reproductive 
life span

Peter Medawar (1952): The news is bad  (Mutation Accumulation)

“Mutation-
Selection Balance”

-- but there is no
selection at older
ages



Science 295:1077 (8 February 2002)

What if there is an
advantage to keen
eyesight at young
age, even it it means
glaucoma at older
age?



George C. Williams (1957) : The news is even 
worse (Antagonistic Pleiotropy)

Natural selection will
favor genes that increase
survival or reproduction
at young ages, even if
they have adverse affects
at post-reproductive ages



W.D. Hamilton (1966):  Live now, pay later  (The moulding of 
senescence by natural selection)

In a stable or growing
population,  Medawar and
Williams have to be correct

R 0     =   3 
x = 0 

l x m x   >  Ra =     3 
x = 0 

l x m x 

3 
x = 0 

l x m x e − rx   =   1 



The Waning Power of Natural Selection:  Fitness Consequence of a
One Year Increase in Survival at Different Ages



Statistical Projections of 
Life Expectancy

“Prediction is always difficult, especially about the
future” -- Yogi Berra



Epidemiological Transitions in Human History

TYPE OF SOCIETY MAJOR CAUSE OF DEATH

Hunter-gather External injury

Agricultural/early industrial Infectious disease

Late industrial Cardiovascular disease

High-technology Cancers

Information-based Senescence (old-age frailty)

We will experience the rectangularization of the survival curve





And
additional
mortality
decline



The future holds

The rise of Darwinian Medicine and
Biodemography : The merging of
demography and evolutionary
thinking.

• Use the comparative method to
explore similarities and differences
of patterns across species

• Isolate and study mechanisms of
aging

• Understand patterns and
mechanisms as the product of
evolution (the mechanism)



The Shape of Things
To Come
  -- longer lives

  -- healthier lives

   --involved lives



But in the end….

La vieillesse nuit gravement a la sant e.

pg 170 in Mayle, P. 1999. Encore Provence. Knopf, NY
(Roughly: Old age is hazardous to your health)


