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INTRODUCTION  
 

Life is amazing in its extreme variety, which is full of seemingly contradictory 

manifestations. This is particularly true about three categories of phenomena, all of 

primary importance, in particular for humankind: 

1A) For many species, ours included, all individuals grow old with the passage of time, 

that is mortality rate increases exponentially with age [Finch, 1990; Ricklefs, 1998]; 

1B) On the contrary, individuals of many species do not show differences in vitality 

between subjects of various ages and are defined as having negligible senescence 

[Finch, 1990]; 

2A) The diseases that, with great variety of torments, afflict living beings, and our 

species in particular, are numberless; 

2B) However, in the wild, the normal condition, which is by far the most usual, is to be 

healthy [Eaton et al., 1988]; 

3A) The ways in which living beings mate, and so recombine their genes, are amazingly 

various [Bell, 1982]; 

3B) On the other hand, many species reproduce asexually with an equally stunning 

variety [Bell, 1982]. 

Yet, these phenomena, despite their radical differences and extreme diversity of 

manifestations, can be studied and analyzed by a single main tool, as all have been 

shaped and influenced by evolution, if it is true what Dobzhansky said: 

 

Nothing makes sense in biology except in the light of evolution [Dobzhansky, 1964] 

 

This book expresses some arguments about their interpretation in the light of this 

unifying and clarifying theory. 

 

***  

 

A first question arises, however, immediate and spontaneous: what of new can one say 

about phenomena so well-known, discussed, and examined certainly from all angles, in 

evolutionary terms too? 

Yet, I think that much is still to understand and deepen and, perhaps, profound changes 

of interpretation must be developed and, if correct, accepted. 

 

***  

 

The first theme, commonly called aging, is defined more precisely as the age-related 

progressive decline of every vital function, that is the progressive increase in mortality 

[Libertini, 1988]. 

A widely held belief is that this phenomenon is universal, connected to the very nature 

of living matter and therefore inevitable [Hayflick, 2000; Kirkwood and Austad, 2000]. 

However, the natural observation teaches us that many species do not show at all an 

age-related decline of functions [Finch, 1990] and this is difficult to explain for those 

who think that the phenomenon is unavoidable. 

According to prevalent theories on aging, it has been also observed that a high 

environmental (or extrinsic) mortality should favor the accumulation of harmful 

mutations in advanced ages, and this has led to the prediction that a high extrinsic 

mortality should result in premature aging [Kirkwood and Austad, 2000]. But, the 

observational data show us the opposite, namely species with lower extrinsic mortality 

age more precociously than those with higher extrinsic mortality [Ricklefs, 1998]. 

These facts, and others, have given strength to the hypothesis that the age-related 
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decline of fitness is an active process favored by natural selection and not an inevitable 

degeneration insufficiently contrasted by natural selection [Libertini, 2008]. This 

hypothesis, which for many is a sort of provocation, implies the existence of appropriate 

mechanisms that determine and regulate aging, while for the opposite hypothesis they 

could not exist and would be totally unjustified [Libertini, 2006]. 

However, in the last years, a vast accumulation of scientific evidence has shown that 

there is a sophisticated system, called telomere-telomerase system for short, which 

regulates and limits the ability of cell turnover and thus ultimately determines the 

progressive decay of functions [Libertini, 2009a]. It was also shown as early as 1998 

that the reactivation of telomerase restores all functions of a senescent cell, the ability to 

duplicate themselves included, proving that aging is a process reversible and controlled 

genetically [Bodnar et al., 1998; Counter et al., 1998; Vaziri and Benchimol, 1998; de 

Lange and Jacks, 1999]. In addition, a few months ago, a dramatic experiment on 

animals has shown that the effects of the full reactivation of telomerase stop the aging 

process and reverse spectacularly all its previous manifestations, even the atrophy of 

olfactory bulbs [Jaskelioff et al., 2011]. 

This new paradigm makes realistic the goal of a control of the aging process and opens 

up new prospects for human civilization, though not necessarily all positive [Libertini, 

2009a]. 

 

***  

 

The second topic, disease phenomenon, is also very important if we consider the vast 

numbers of cases of illness and consequential deaths that afflict humanity. 

The subject is addressed by an evolutionary point of view, namely: 

What is a disease in evolutionary terms? A phenomenon that is alien to evolution and 

absolutely not analyzable in terms of evolutionary logic or something that can and 

should be studied first and necessarily within that logic? [Libertini, 1983] 

Modern Medicine is alien to evolutionary thinking: for the most, it does not know to 

frame the diseases in their evolutionary causes, neglects appropriate preventive 

measures based on remedies against the primary evolutionary causes, and cares only for 

overt diseases with great efforts and poor overall results [Libertini, 2009b]. 

On the contrary, if Medicine is integrated within evolutionary logic, namely if it 

becomes Evolutionary Medicine [Williams and Nesse, 1991; Stearns, 1999; Trevathan 

et al., 2008], which is not an alternative medicine but the scientific completion and 

therefore improvement of the Medicine, the potential effects are of extreme importance. 

The vast majority of cases of disease stems from violations of elementary evolutionary 

rules [Libertini, 2009b]. The logic of Evolutionary Medicine approach is essential, as: 

 

One can only understand the essence of things when one knows their origin and 

development, Heracleitos [Minkoff, 1983] 

 

***  

 

The third topic, the evolutionary mechanisms that favor sex, unlike the previous two 

subjects, has no practical use and has only a theoretical importance. 

Even today there is great confusion about the evolutionary significance of sex and 

various theories are debated to attain a shared interpretation of this important 

phenomenon. This was well expressed by Ridley: ñI asked John Maynard Smith, one of 

the first people to pose the question óWhy sex?ô, whether he still thought some new 

explanation was needed. óNo. We have the answers. We cannot agree on them, that is 

all.ô ò
 
[Ridley, 1993], p. 29. 
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The plurality of contradicting theories gives us a certainty at the outset: most of them 

are totally or largely wrong. 

In particular, observational data show us that most of these theories predict correlations 

that are falsified by empirical data. Consequently, it is true that, according to the 

scientific method, theories clashing with the facts can no longer be considered valid 

hypotheses or acceptable theories, and should be mentioned only for their historical 

value. 

By starting from this assumption, it is exposed how a simulation model based on the 

traditional explanation of the evolutionary advantage of sex, without any special 

condition, can show that in finite populations, other conditions being equal, the sex is 

favored by natural selection while its advantage vanishes in infinite populations. 

Afterwards, considering the disadvantages deriving from the search of a mate, 

connected to the coupling, etc., it is possible to formulate predictions about the spread 

of sex within the numberless species, or for the alternation between sexual and asexual 

phases of reproduction within the same species, and verify their confirmation in 

empirical data. 

With this method, it is shown that the traditional theory is correct, if properly 

formulated in terms of finite populations, and also that the plethora of alternative 

theories proposed must be rejected, except for some specific and particular aspects. 

 

***  

 

Perhaps, these subjects are boring for you, my unknown Reader. Well, if you: 

- do not worry about the causes for which in a few years you will have to go to a sad 

place from which nobody returns, 

- disdain to know how in a few decades this could change, 

- have no concern about the possibility of getting sick, 

- are not curious to learn why, in spite of the powerful and efficient modern Medicine, 

diseases are rampant and sufferings grow, 

- do not want to be informed about the possibilities of modifying health strategies so 

that this terrible trend will be reversed, 

- are not interested in understanding the logic behind men and women who reproduce in 

extremely complicated ways (let's admit that it is fun too), a task that could be 

performed by oneself without the need for copulation, as many living species do, 

so, if you do not have any of these interests, then you have the wrong book, do not go 

on reading these pages, and, please, do not grumble going away for the time wasted. 

 

GIACINTO LIBERTINI 
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Chapter II (Senescence) and Interlude (between chapters II and III) in: G. Libertini, 

Evolutionary Arguments on Aging, Disease and Other Topics, 2011, Azinet LLC 

(ISBN-13 978-0-9788709-2-8), English reprint of G. Libertini, Ragionamenti 

Evoluzionistici, 1983, Società Editrice Napoletana, Napoli 
 

[For the full text both of the Italian and in the English version, and for the simulation programs, 

see my personal site = "http://www.r-site.org/ageing/index_e.htm"] 

 

 

Chapter II - Senescence 
 

1) Definitions 

- Senescence is a general title for the group of effects that, in various phyla, lead to a 

decreasing expectation of life with increasing age ... In a population not subject to 

senescence and exposed only to random overall mortality, the decline of numbers is 

logarithmic, and animals die, ex hypothesis, from causes that would have killed them at 

any age. In a population exposed only to death from reduced resistance, due to 

senescence, the curve approaches a rectangular form: after a certain age, animals die 

from causes that would not have killed them in youth. In one case the force of mortality 

is constant; in the second it rises steadily with age. Thus in rats the force of mortality 

rises after the ninth month of life in a geometrical progression ... Real survival graphs 

are commonly intermediate in form between the two ideal contours. - (Comfort, A., 

1979, pp. 7 and 23) 

In accordance with Comfort, but with a further specification (in italics), I say: 

ñSenescenceò is a whole series of phenomena, with causes and mechanisms to be 

established, which manifests itself as a progressive increase in mortality rate as the 

age of the living being increases. The beginning of senescence is in that period of 

the life when, in natural conditions, the increase in the mortality rate exceeds an 

arbitrarily established threshold value. 

In Fig. II 1-1, two diagrams are shown, the first, the one on the right, concerning the 

curve of numerical decline of a population that ages according to Comfort's definition, 

the other the typical curve of a population with constant resistance to ñnoxaeò. On the 

curve of the right-hand side diagram, some symbols dividing the curve into periods have 

been added. With respect to the human species, I show two empirical diagrams in Fig. II 

1-2, of which the first illustrates the variation of the mortality rate and the second the 

numerical decline of a population. 

I will now express three further definitions which are indispensable for an 

understanding of the following paragraphs. 

By ñmean duration of the life" (ML) I am referring to the mean duration of life of the 

totality of the individuals of a species - or of a population - in their natural ecological 

niche. 

On the other hand, by the term ñlongevityò, I am speaking about the mean duration of 

life in the natural ecological niche of those individuals of a species that are not dead in 

the first phases of life and have escaped pathological or accidental fatal events that are 

damaging at any age. 

Finally, the expression ñmaximal longevityò means the greatest observable duration of 

life, even in an artificial ecological condition. 

 

* * *  

 

As regards Comfort's definition of senescence ï which I fully share, albeit with a 

specification -, there are some points that need to be stressed. 
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1) The definition is not based on morphological or physiological criteria, but only on the 

observation of the life table in wild conditions of a population that is homogeneous by 

age. The increase of the mortality rate is tautologically due to a decline in the abilities of 

adaptation and resistance to selective pressures, but the substrate of this decline is not 

specified or arbitrarily postulated in the definition. It should be mentioned that such a 

substrate must not necessarily be some macroscopic alteration: in natural conditions 

even a very slight alteration of a function x could entail a significant reduction in 

survival abilities. 

2) The aforesaid definition, which I will describe as ñgerontologicalò, does not 

necessarily coincide with the one that a morphologist or a physiologist might give. The 

definition of this second type, which I will call ñgeriatricò, could be based on evident 

morphological or physiological parameters, such as, for example, teeth or coat wear, 

which manifest themselves frequently in animals which have grown old in captivity. A 

geriatric definition of this type is more restrictive than the gerontological one. More 

formally, the senescent individuals in geriatric terms, as now defined, are a subset of 

those individuals that are senescent in gerontological terms. To stress this concept, I will 

define as ñhypersenescentò those among the senescent individuals (in gerontological 

terms) that show evident morphological and/or physiological alterations. Depending on 

the seriousness of the alterations, an easy prediction is that hypersenescent individuals 

are rarely - or even never - observable in natural conditions (see later). 

3) The definition of the term senescence, and likewise those of ML and of longevity, 

must be used only to refer to populations in wild conditions, something that is not 

stressed by Comfort. If, as is plausible, the life table depends on the conditions 

according to which the population lives, which also means that the beginning of senility 

is influenced by the conditions of life, it is clear that, if there is no reference to a unique 

ecological niche, the gerontological definition of senescence becomes meaningless. It 

must be noted that, on the contrary, the geriatric definition in itself disregards any 

reference to an ecological niche. 

I do not think that these specifications are idle semantic disquisitions. I want to show 

how Comfort himself (whose definition of senescence I have accepted), makes no 

distinction between a ñgerontologicalò and a ñgeriatricò understanding of senescence. 

- ... old age is undoubtedly a relatively rare or very rare termination to the life-cycle of 

vertebrates studied in the field - as it is for man in societies where medical and 

economic conditions are bad. 

... in wild voles ... and in Peromyscus ... senescence is never observed, judging from the 

state of the teeth and bones of recent and fossil animals ... tooth wear is a reliable index 

of age in short-tailed shrews, those over 2 years being edentulous, but age limitation by 

this mechanical form of senescence is more potential than actual since few survive to 

exhibit it. - (Comfort, A., 1979, p. 140) 

In my opinion, however, the correct conclusion is: individuals that are hypersenescent - 

and not those that are senescent in gerontological terms - are a rarity in the natural 

ecological niche. 

Moreover: it should be considered a prejudice ï which is absent in Comfort's definition 

- that senescence is identified with the alterations of individuals which have grown old 

in captivity, reaching ages that cannot be found in natural conditions. 
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Fig. II 1-1 - Life table of a non-senescent population (a) and of a senescent population (b). 

 

Source: Comfort, A., 1979, p. 22. 

Some arbitrary symbols of delimitation have been added to the curve on the right. For 

this curve: 

AB = first period of life with mortality higher than period BC both because the 

immature forms are more vulnerable to the dangers of the habitat, and because there is a 

loss of a certain number of genetically defective individuals; 

BC = youth and adulthood with relatively constant mortality which depends on the 

environmental conditions; 

CD = senility with a strong numerical decline in the surviving population. 
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Fig. II 1-2 - Mortality and life table of a modern human population. 

 

 

2) Evolutionary advantage of a lesser longevity. 

From the given definitions, it can easily be deduced that greater or lesser longevity 

coincide with the onset of senility, the speed of which depends on the species. In this 

chapter, I put forward the question of why individuals age and therefore die a so-called 

ñnaturalò death within a given time. Moreover, I wish to investigate the selective 

pressures that cause a greater or lesser longevity depending on the species.  

It might seem strange to question the "why" of senescence for those who believe the 

progressive and fatal alteration of all vital functions to be obvious, but certainly this is 

an unscientific way of looking at it: discovering that something happens is not a rational 

reason for considering it justified. And it is also incorrect to argue that there is ongoing 

extensive research on those tissue and cell changes considered typical of senescence: in 

fact, as we must distinguish, this may explain from an evolutionary point of view how 

the organism ages and not why. In other words, here, I do not put forward the question 

of which chemical, hormonal, etc., mechanisms are implicated in the senile process, but 

the problem of their possible teleonomic meaning. Likewise, from an evolutionary point 

of view, the aforementioned research may lead to the discovery of the "how" but not of 
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the "why" of the unbelievable variation in longevity among the innumerable species. 

Among living beings, there are, in fact, organisms that live for a few days (e.g.: rotifers) 

and others that even seem not to age at all (e.g.: Sequoiodendron). The answer to the 

"why" of senescence, and to greater or lesser longevity, is perhaps obtainable through 

reasoning in evolutionary terms. First, I want to demonstrate that, between two species 

with different longevity, other conditions being equal, the one with the lesser longevity 

is advantaged. 

 

A premise. 

Remembering that the term generation (G) in Chapter I (see Fig. I 2-1) has been defined 

as ñthe time needed for there to be N deaths within a population made up of a constant 

number N of individualsò, I wish to observe that, in a numerically constant population, 

ML and G coincide as values. 

In fact, in a fictitious population, in which all individuals live for a period ML exactly, 

all N individuals born at any instant t die within, and not before nor after, the instant t + 

ML. Moreover, all individuals that replace the N original dead individuals, die after the 

instant t + ML. Therefore, as in the period t ï t + ML a number N of individuals die, 

according to the given definition, we have: 

 

G = (t + ML) - t = ML                                                                                                 (II-1) 

 

Moving on, then, to a real population in which the ML is a mean of unequal values 

because the individuals that die before reaching an age equal to the ML are perfectly 

balanced, by definition, by those that die after passing the ML, by repeating, with the 

appropriate modifications the argument expressed above, we can reach the same 

conclusion of a quantitative identity between G and ML in a numerically constant 

population. Having said that, now let us consider two species, A and B, with longevity 

La and Lb , respectively, and with La < Lb. 

For now, let us also assume arbitrarily that character longevity is free from mutations 

that alter it and from selective pressures within each of the two species. 

It is hypothesized that, for mortality in the first phases of the life and as a result of 

pathological and accidental causes, the ML of each of the two species is lower and 

proportional to their respective longevities, so MLa < MLb. Let us also assume that both 

species are made up of a constant number of individuals and that, therefore, Ga = MLa 

and Gb = MLb. 

Over a period of time T, we will have T / MLa generations of A and T / MLb 

generations of B. Furthermore, let us suppose that, in this period, there is a certain 

gradual modification of the ecological niche of the two species: selection obviously will 

favour the mutants that are better adapted to the new conditions of the ecological niche. 

But, while selection with regard to A will operate over a series of T / MLa generations, 

for B it will be T / MLb generations and, being by assumption T / MLa > T / MLb, A 

will be in an advantageous condition compared to B. In fact, evolution is describable as 

an endless diffusion within a species of mutations that somehow entail selective 

advantage. But it is known that a mutation, in order to reach a given frequency within a 

species, needs a certain number of generations, which are inversely proportional to the 

size of the selective advantage caused by the mutation. And, likewise, for a given 

selective advantage, the number of generations in the period of time considered is the 

critical factor in terms of the velocity with which the favourable genes are spread (see 

Fig. II 2-1). 

As for A, over period T, there is a greater number of generations than for B, so character 

modification for A will be possible to a greater extent. Or, to say the same thing in 

another way, A will be able to acquire certain modifications of its own characters over a 
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shorter time period than can B. This means that A will have better possibilities than B to 

adapt appropriately to the subsequent, new ecological niche, which is an advantage of A 

over B (see Fig. II 2-2). 

In other words, the shorter the ML and, consequently, longevity, which concurs to affect 

the ML, the greater the possibility of rapid evolution, with selective advantage over 

species with a greater ML, or longevity. 

As a specification of the argument expressed here, I would say that the spreading 

velocity of a gene within a species (see definition in the model of Fig. II 2-1), is 

proportional to the number of generations per unit of time (NG/T). 

Moreover, defining the velocity of evolution as the velocity with which a species adapts 

itself to the conditions of the ecological niche, I maintain that it is also proportional to 

the spreading velocity of a gene, and therefore to the ratio NG/T as well. 

 

 

 
Fig. II 2-1 - Variation of the spreading velocity of a gene depending on ML variation 

(Theoretical model). 

 

The expression ñspreading velocity of a geneò means the inverse of the time necessary 

to pass from a frequency a to a frequency aô of the gene C with advantage S. The values 

a, aô and S are established arbitrarily, provided that a < aô and S > 0. The formula used 

for the curves of the figure is the same as the iterative formula in Fig. I 2-1: 

 

Cn+1  =  Cn (1 + S)                                                                                                       (II -2) 

             1 + Cn S 

 

The units of time are shown on the abscissas (10 u. from one cross to the next, with 

reference to the third curve, up to 500 u.). On the ordinates are the frequencies of C in 5 

populations with different ML values. The populations are hypothesized as being 

numerically constant, so ML = 1 generation. 

The values of C are illustrated with one cross every 10 generations. Going from top to 

bottom, the values of the MLs, in units of time, are: 

 

ML1 = .4 ;  ML2 = .8 ;  ML3 = 1 ;  ML4 = 1.2 ;  ML5 = 3. 
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Moreover, S = K = .01 and Co = .05 for all curves. 

For the third curve, ML and units of time coincide. Note that the curves are 

morphologically equal to those in Fig. I 2-1. If we bear in mind that, in this figure, ML 

= 1 unit of time for all five curves (as for the third curve of this figure), this was 

obtained by varying S to an appropriate extent. In fact, for Fig. I 2-1, going from top to 

bottom, S =: 

 

  K    ;     K    ;      K    ;      K   ;       K                                                                        (II -3) 

ML1     ML2       ML3      ML4      ML5 

 

Thus, the figure shows graphically that an increase in S or a proportional decrease in the 

ML, or vice versa, causes the same effects, as regards the spreading velocity of a gene. 

It is possible to demonstrate mathematically that this statement is roughly true for small 

values of S. In this demonstration, it should be noted that: 

 

C1  =  Co (1 + S) 

           1 + Co S 

 

                                  Co (1 + S) (1 + S) 

C2  =  C1 (1 + S)  =    1 + Co S                 =             Co (1 + S)
2                 

,
 
 

           1 + C1 S         1 + Co (1 + S) S          1 + Co S + Co S (1 + S) 

                                       1 + Co S 

 

C3  =  C2 (1 + S)  =  ...  =                          Co (1 + S)
3                                      ,

 

           1 + C2 S                 1 + Co S + Co S (1 + S) + Co S (1 + S)
2
 

 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

 

Cn  =                                           Co (1 +S)
n
                                        , 

            1 + Co S + Co S (1 + S)
1
 + Co S (1 + S)

2
 + ... + Co S (1 + S)

n-1
 

 

      =                                      Co (1 +S)
n
                                                             (II -4) 

          1 + Co S ((1 + S)
0
 + (1 + S)

1
 + (1 + S)

2
 + ... + (1 + S)

n-1
) 

 

Using the formula of the geometric series, we obtain: 

 

Cn  =         Co (1 + S)
n
          =          Co (1 + S)

n
                                                       (II -5) 

         1 - Co S 1 ï (1 + S)
n
     1 - Co (1 ï (1 + S)

n
) 

                      1 ï (1 + S) 

 

If n is an integer, then by using Newton's binomial formula and disregarding the terms 

having S with an exponent greater than 1, which is justifiable as S is assumed to be 

small, we obtain: 

 

Cn  º         Co (1 + n S)      =   Co (1 + S n)                                                                (II -6) 

          1 - Co (1 ï 1 ï n S)      1 - Co S n 

 

If  we recall that the number of generations in a period T is inversely proportional to the 

ML:  

 

n  =    T                                                                                                                      (II -7) 
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        ML 

 

By substitution, we obtain: 

 

CT  =  Co (1+ S T / ML)                                                                                              (II -8) 

          1 + Co S T / ML 

 

that is: 

 

C1  º  Co (1 + S / ML)                                                                                                 (II -9) 

          1 + Co S / ML 

 

where the coefficient of C indicates the time and not the generation and this is proof of 

what I wanted to show for integer values of n. If we consider that the equality is rough, 

by interpolation it is possible to conclude that it is valid for fractional values of n too. 

The exact non-iterative formula is, likewise: 

 

CT  =         Co (1 + S)
T/ML

                                                                                           (II -10) 

          1 - Co (1 - (1 + S)
T/ML

 

 

that is: 

 

C1  =         Co (1 + S)
1/ML

                                                                                           (II -11) 

          1 - Co (1- (1 + S)
1/ML

) 

 

For the subsequent models, I will favour, where necessary, the approximate formula 

because it is easily compatible with other iterative formulas. 

 

 
Fig. II 2-2 - Prevalence of a species over another on the basis of a different ML (Theoretical 

model). 
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Let us consider two species in competition, a and b. In species a, there are the alleles A 

and Aô with the advantage Sa of A over Aô. For species b, analogous conditions are 

assumed, thus defined as B, Bô and Sb. 

MLa and MLb indicate the ML of a and b, respectively. 

In the previous model (Fig. II 2-1), it was shown that a decrease in S and a proportional 

increase in the ML, or vice versa, cause the same effects as regards the spreading 

velocity of a gene. Thus, assuming, for the sake of simplicity, that MLa = 1 unit of time 

and multiplying Sa by 1/MLa = 1 and Sb by 1/MLb, it is possible to construct curves 

regarding the spreading velocity of a gene, as if MLa and MLb were identical and equal 

to the unit of time. Assuming that the species are isolated from each other, but with a 

constant overall number of individuals, we would have: 

 

An+1  =  An (1 + Sa) ;                       Aôn+1  =  Aôn 

                    D                                               D 

 

Bn+1  =  Bn (1 + Sb (1/ MLb))          Bôn+1  =  Bôn                                                       (II -12) 

                         D                                      D 

 

where D indicates the sum of the numerators and maintains the sum of the frequencies 

constant: 

 

Ay + Aôy + By + Bôy  =  1                                                                                          (II-13) 

 

Now, if we consider that the two species are in competition with each other, and assume 

that, at each generation, advantage Si  is proportional to the fractions: 

 

 

     An       =  Fa           for species a, 

An + Aôn 

 

     Bn       =  Fb            for species b,                                                                         (II -14) 

Bn + Bôn 

 

These express the degree of spreading of a favourable gene within a species; from these 

conditions we obtain: 

 

An+1 (corrected)  =  An+1 (1 + Si Fa) 

                                        D 

 

Aôn+1 (corrected)  =  Aôn+1 (1 + Si Fa) 

                                          D 

 

Bn+1 (corrected)  =  Bn+1 (1 + Si Fb) 

                                        D 

 

Bôn+1 (corrected)  =  Bôn+1 (1 + Si Fb)                                                                       (II -15) 

                                        D 

 

where D is, as usual, the sum of the numerators. 

Assuming also that gene A changes into Aô with rate Ua and similarly defining Ub, we 

obtain, by using the same procedures for the isolated species: 
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An+1  =  An (1 + Sa - Ua) ;                     Aôn+1  =  Aôn + Ua An 

                       D                                                        D 

 

Bn+1  =  An (1+ (Sb - Ub) / MLb) ;       Bôn+1  =  Bôn+ Ub Bn / MLb                             (II -16) 

                           D                                                  D 

 

and formulas identical to those above for the species in competition. Note that, if Ua, Ub 

= 0, this second group of formulas changes into the preceding one. 

The curves were obtained using the second group of formulas. The time is on the 

abscissas (10 units from one cross to the next up to 500 units of time, equal to as many 

generations of a). 

On the ordinates, going from bottom to top, are the frequencies: 

  

Ay ;   Ay + Aôy ;   Ay + Aôy + By. 

 

The assumed values are: 

 

MLb = 1.5 ;  Sa, Sb, S1 = .01 ;  Ua, Ub = .0001;  Ao, Bo = .03 ;  Aôo, Bôo = .47. 

 

Apart from the inequality of the ML, a and b start, therefore, with equal conditions. The 

curves show the prevalence of a over b as a consequence of the faster diffusion of the 

favourable gene within species a. 

 

 

3) Evolutionary steadiness of character senescence 

A character is defined as evolutionarily stable when it entails advantages greater than 

the possible disadvantages plus the load of disruptive mutations, so that the character is 

not lost. 

In the reasoning of the previous paragraph, two species with different longevity were 

compared, with the assumption, however arbitrary, that the genes causing senescence 

are exempt from mutations, selective pressures and other factors that modify their 

frequencies within each species. The argument has shown that, between two species 

with different longevity, and other conditions being equal, the one with the lesser 

longevity is favoured; no indication has been given, however, about the steadiness of 

evolution within a species, of character senescence (or limited longevity, which is the 

same thing). I am now going to examine this fundamental question, thereby abolishing 

the assumption formulated in the reasoning above. 

At first glance, it is difficult to justify the steadiness of the character senescence. In fact, 

the advantage of senescence would seem to apply over several generations and for the 

species in toto, although there are certainly a number of immediate advantages for the 

single organism, which is not - or is less - senescent, such as, for example: a greater 

ability to produce several offspring, a lesser incidence of the more vulnerable period of 

life, such as the period of growth, etc. (see Chapter II, par. 5 too). But it is implicit in 

the concept of selection that it cannot act on a future advantage or in defence of such a 

theoretical entity as a species. 

It is necessary to prove that senescence brings about an immediate advantage at each 

generation for the genes causing it, and that the immediate advantages of the non - or 

less - senescent organism clash with such an immediate advantage. If this were not so, 

the genes causing the senescence would decay (see Fig. II 3-1). 

I think that the answer should be looked for in the light of that which is the pivotal 

concept of modern sociobiology, namely the non-coincidence, in order to natural 

selection, of individual and genome of the same individual. I will start with the 
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observation - inexplicable if this concept is not considered - that, in the animal world, 

there are behaviours defined as ñunselfishò, which are harmful for the individual but 

advantageous for other genetically related individuals (Wilson, E. O., 1975, Chapter V). 

We have, for example, the social organization of certain mammals which sometimes 

engender disadvantages for the single individual, but which is useful for the survival of 

the herd. The stronger individuals in a troop of baboons are capable of stopping a fierce 

animal, even at the cost of their life, to keep the herd safe. In the herds of many species, 

the younger and more vulnerable individuals are at the centre, while the adult animals 

place themselves in more dangerous positions. Moreover, the adults of some bird 

species are able to distance themselves from the nest, pretending to be injured in order 

to attract the predatorôs attention to themselves, thereby saving their young at the risk of 

their own life. But, the more sensational examples are offered by eusocial insects where 

sterile - but sometimes potentially fertile ï individuals, devote their energies to caring 

for the offspring of few other individuals (queen bee, drones, etc.). Darwin, observing 

these phenomena, which are, seemingly, quite in contradiction with natural selection, 

already hypothesized the existence of supra-individual mechanisms of selection 

(Darwin, C., 1859). From the study of eusocial insects alone, a rigorous sociobiological 

explanation originated, in evolutionary terms, of the phenomenon of ñunselfishnessò as 

an alternative to the classic explanation of group selection. 

If a character defined by the gene C is harmful for individual I, in which it is present, 

but entails an advantage for other related individuals having a fraction F of the genes 

identical to those of individual I and, therefore, a probability F of having C, the 

spreading of the gene C is subjected to two contrasting selective pressures. If the sum of 

the two pressures (inclusive fitness) is positive, gene C is favoured, although it entails a 

disadvantage for the specific individual in which it is present. Note that, according to 

this logic, gene and individuals are distinct entities in order to selective process and the 

individual is subordinate to the gene, so much so that Wilson even phrased the aphorism 

thus: ñthe organism is only the means by which DNA is able to make other DNAò 

(Wilson, E. O., 1975, p. 3). 

For a more formal exposition, see the model of Fig. II 3-2. 

Returning to the subject of senescence, it is now necessary to evaluate the inclusive 

fitness of a gene C that reduces longevity. If an individual I, when it dies prematurely as 

a consequence of the action of C, is substituted by genetically related individuals, the 

advantage of the faster spreading of any gene y must be calculated to the extent that the 

individual substituting I is related to it, namely to the extent that it has a mean portion F 

of identical genes (= kinship coefficient). As the genes y that are spreading in a species 

are many, the overall advantage of the faster spreading of the genes should not be 

negligible, even if F is small. The model of Fig. II 3-3 has been constructed on these 

concepts. This model shows how, with minor modifications of the model of the 

preceding figures, it is possible to achieve a simple demonstration of the evolutionary 

steadiness of character senescence. 

Note that, if in the model, the fraction F is assumed to be equal to 0, the formula 

becomes identical to that of Fig. II 3-1. 

 

* * *  

 

Based on what we learn from population genetics and natural observation (Wilson, E. 

O., 1975), namely that: 

1) the species is often divided into many small groups (demes); 

2) the genetic flow among the various demes is not unlimited; 

3) if the number of individuals of a deme is not great (<100-200), genetic drift is not a 

negligible phenomenon;  
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4) interdemic selection may have its importance in the evolution; 

I have worked out an alternative model, which does not exclude the other, to maintain 

the steadiness of senescence character. The species is hypothesized to be divided into N 

demes, each made up of n individuals. C is, as usual, a gene that causes reduced 

longevity. The frequency of gene C in a deme, a frequency on which the ML of the 

individuals of the deme depends, varies from one deme to another because of the 

genetic drift. The demes have been hypothesized to be completely isolated from each 

other for a certain number of generations during which gene C frequency in each deme 

decreases moderately because of disadvantage Sô which is a result of the reduced 

longevity and also because the substitutions within each deme are hypothesized to be 

non-preferential for genetically related individuals (F = 0). At the same time, during the 

isolation period, frequency G of any favourable gene y increases to a differential extent 

for each deme because of the interdemic variation of C. In the period of isolation, let us 

assume that there is interdemic competition and selection (read: differential extinction) 

depending on the advantage deriving from the greater or lesser spreading of G. At the 

end of the isolation period, there is a phase in which all demes are merged and divided 

again immediately afterwards. The cycle then repeats itself once more. 

This model too (Fig. II 3-4) shows that, with the appropriate values of the factors 

involved, the frequency of C increases. 

 

 
Fig. II 3-1 - Decay of the character senescence (Theoretical model). 

 

C is a gene that brings about a more precocious senescence. The individuals with allele 

Cô have an ML equal to 1 unit of time and those with gene C have ML = Vc with Vc< 1. 

The reduced longevity results in disadvantage Sô (see Chapter II, par. 5). Likewise, 

reduced longevity brings the advantage of a faster spreading of the favourable genes 

within a species, as a consequence of the faster turnover of individuals (see Chapter II, 

par. 2). If this advantage is in favour of any individual of the species, both individuals 

with gene C and those with allele Cô are advantaged, so the advantage of C against Cô is 

non-existent. 

With these assumptions and using the same procedures as in the preceding models and 

taking the ML of the whole population at the nth generation to be: 
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MLn  =  Cn Vc+ Côn 1  =  Cn Vc + 1 - Cn  =  1 - Cn (1 - Vc)                                      (II-17) 

                     1 

 

we have: 

 

Cn +1  =  Cn ( 1 -  Sô / MLn)                                                                                       (II -18) 

              1 - Cn Sô / MLn 

 

The assumed values are: 

 

Co = .5 ;  Sô = .001 ;  Vc = .7. 

 

In the figure, the crosses indicate the frequency of C and the squares the value of the 

ML. The abscissas indicate the generations (values from 0 to 500). The ordinates 

express both the frequency of C (values from 0 to 1), and the value of the ML (values 

from 0 to 1 time unit). The figure shows the decrease in frequency of C and the 

consequent increase of the ML. 

 

 
Fig. II 3-2 - Evolutionary steadiness of an ñunselfishò character (Theoretical model). 

 

C is a gene that brings disadvantage Sô for the individual I in which it is present. 

Moreover, C brings advantage S for an individual Iô having the fraction F (= kinship 

coefficient) of genes in common with the individual I. Gene C, which has probability F 

of being present in the individual Iô, shows, for each generation, an increase of 

frequency proportional to the product F S. 

Therefore, we have: 

 

Cn+1  =  Cn (1 + F S - Sô)                                                                                           (II -19) 

           1 + Cn (F S - Sô) 

 

If the advantage S is expressed towards n individuals, and to a differential extent, the 

product F S must be substituted with the summation: 

 n 
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S Fx Sx.  
x=1

 

If we also consider a rate U of mutation of C into the allele Cô, which is assumed to be 

inactive, it is possible, in the end, to obtain: 

 

                        n 

Cn+1 = Cn (1 + S Fx Sx - Sô ï U) 
                                     x=1

                                                                                                    (II -20) 

                                        n  

           1 + Cn (S Fx Sx - Sô ï U) 

                        
x=1 

 

formula used for the curves of the diagram. 

Going from top to bottom, the assumed values are: 

 

Co = .5 ; n = 1 ; S1 = .03 ; F1 = .5. 

Co = .3 ; n = 2 ; S1 = .05 ; F1 = .125 ; S2 = .03 ; F2 = .25. 

Co = .2 ; n = 3 ; S1 = .04 ; F1 = .25 ; S2 = .01 ; F2 = .125 ; S3 = .003 ; F3 = .5. 

 

Moreover, for all curves: Sô = .01 ,  U = 0. 

With the assumed values, the curves show an increase in frequency of gene C. 

 

* * *  

 

It should be noted that, for the sake of simplicity, an equal reproductive value for all 

individuals has been left out of this model (see definition in Wilson, E. O., 1975, p. 98) 

and all other conditions of asymmetry have been excluded. With appropriate 

modifications of the formulas, these factors can, however, be considered without 

modifying the general meaning. 

 

 
Fig. II 3-3 - Evolutionary steadiness of the character senescence (Theoretical model based on 

inclusive fitness). 
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C is a gene that brings about a more precocious senescence. The individuals with allele 

Cô are assumed to have an ML equal to 1 unit of time, and those with gene C an ML 

equal to Vc and lesser than 1. 

Reduced longevity results in a disadvantage Sô (see Chapter II, par. 5). 

It is also assumed that an individual I, when it dies, is substituted by another individual 

Iô, which has, on average, a portion F of the genes identical to those possessed by I and 

has, therefore, a probability F of having C (preferential substitution). 

For the remaining portion (1 - F) there is, between the genes of I and Iô, the same 

likeness that there is between any two individuals of the species. 

Within a species, gene y favoured by advantage S is spreading. Given that for the 

spreading velocity of a gene, a reduction of the ML is equivalent to a proportional 

increase of advantage S (see Fig. II 2-1), it is assumed, for the individuals with the 

lesser longevity, that: 

 

Sc  =   S                                                                                                                      (II -21) 

         Vc 

 

while for the individuals with normal longevity: 

 

SCô  =  S  =  S                                                                                                            (II-22) 

          1 

 

Moreover, all individuals are assumed to have a unique ML (= 1 unit of time). 

The difference between the two advantages is: 

 

SC ï SCô  =   S  - S  =  S (1/VC - 1)                                                                            (II-23) 

                  VC 

 

This differential advantage is applied over that fraction F of genes that is identical in I 

and Iô, so, if we also consider that (see Fig. II 3-1): 

 

MLn  =  Cn Vc + Côn 1  =  1 - Cn (1 - Vc)                                                                   (II-24) 

                     1 

 

we have: 

 

Cn+1  =  Cn (1 + F S (1/VC ï 1) - Sô/MLn)                                                                (II -25) 

            1 + Cn (F S (1/VC- 1) - Sô/MLn) 

 

The curves of the figure were obtained assuming the following values: 

 

Co = .1 ;  S = .1 ;  Sô = .001 ;  VC = .7 for all curves, F = .25 ;  .125 ;  .05 ;  0 for the 

various curves, going from top to bottom. 

Note that it has been assumed that S >> Sô since S summarizes the advantage of the K 

genes y that are spreading within a species and so: 

 

         K 

S  =  Ɇ Sx                                                                                                                  (II -26) 

        
x=1 

 

with K that is a not small number. 
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Note also: if we assume that F = 0 (non-preferential replacement), the formula changes 

into that of Fig. II 3-1 and the frequency of C decreases (see lower curve). 

 

 
Fig. II 3-4 - Evolutionary steadiness of the character senescence (Theoretical model based on 

the division in demes). 

 

Gene C, which gives rise to more precocious senescence, is present within the species. 

As for the preceding models, the ML of the individuals with gene Cô is equal to 1 unit 

of time, while for those with gene C, it is equal to Vc (< 1), and: 

 

MLn  =  1 - Cn (1 - VC)                                                                                           (II -27) 

 

The species is divided into N demes, each made up of a number n of individuals. 

Because of the genetic drift, the frequency of C in each deme is variously different from 

the mean value of C for the whole species. Using mathematical method and a 

RANDOM function, the frequency of C in each deme is calculated at each ñcycleò (see 

definition below). For further details on this point, see the source code of the program 

used (s. Appendix 4). 

The demes are hypothesized to be completely isolated from each other genetically for a 

certain number (ST) of generations (ST generations = 1 cycle). In this period, the gene 

C undergoes a slight decrease in frequency for the disadvantage Sô, deriving from a 

reduced longevity and because it is assumed that the replacement of predeceased 

individuals is not preferential (s. Fig. II 3-1 and Fig. II 3-3). The formula used is: 

 

Cn+1  =  Cn (1 - Sô/MLn)                                                                                            (II -28) 

            1 - Cn Sô/MLn 

 

In the same period, the gene G, favoured by the advantage S, is spreading within each 

deme with different velocities depending on the ML of the individuals of the deme. This 

is calculated using the formula: 

 

Gn+1  =  Gn (1 + S/MLn)                                                                                           (II -29) 

             1 + Gn S/MLn 
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In the model, it is also assumed that there is interdemic competition (read: differential 

extinction) with advantage, depending on the greater or lesser spreading of G, 

proportional to: 

 

Dx,nf  =    Dx,n Gx,nf                                                                                                    (II -30) 

             n 

            Ɇ Dk,n Gk,nf 

            
k=1 

 

where the terms Dx,n and Dx,nf indicate the fraction - with regard to the whole species - 

of individuals belonging to deme x at the beginning and the end, respectively, of the nth 

cycle and the term Gx,nf indicates the frequency of G in deme x at the end of the nth 

cycle. 

From this, it is possible to calculate the mean frequency of C in the whole species at the 

end of each cycle, and at the beginning of the next cycle (Co): 

 

           n 

Co  =  Ɇ Ck,nf Dk,nf                                                                                                    (II -31) 

          
k=1 

 

where the term Ck,nf indicates the frequency of C in deme k at the end of the nth cycle. 

After the isolation period, the demes are reunified, redistributing gene C within the 

species. Immediately afterwards, the species is again divided into numerically equal 

demes and the cycle resumes again. 

Note that the frequency of G is assumed to be equal to a constant (Go = .5) at the 

beginning of each cycle. In fact, as the spreading of G means the endless spreading 

within a species of all genes that entail an advantage, and G therefore represents the 

mean of a collection of constantly renewed genes, in spreading, it is preferable to 

assume G to be equal, at the beginning of each cycle, to a frequency halfway between 

that of the lowest spreading (= 0) and that of the greatest spreading (= 1). Moreover, 

because G is the average of the spreading of many genes, it must be assumed that 

S>>Sô. 

The figure was obtained assuming the following values: 

 

N = 10 ;  n = 10 ;  ST = 10 ;  Vc = .7 ;  Sô = .0001 ;  S = .1 ;  Co = .2. 

 

In the figure, the crosses indicate the frequency of C and the squares the ML. With the 

assumed values, the figure shows an increase of the frequency of C within a species. 

The quite limited inclination of the spreading curve of C, gives the impression that 

interdemic selection is secondary for the steadiness of the character senescence, with 

regard to the mechanisms illustrated in the model of the previous figure. 

 

 

4) Other selective pressures affecting longevity 

The experimental verification or the confirmation in natural observations of that which 

is theoretically maintained in the preceding paragraphs, comes up against the significant 

problem that the phenomena discussed concern a period of many generations, and thus 

contrasts with the limited life duration of the Experimenter or of the Naturalist. An 

experimental confirmation could, perhaps, be obtained using the theoretical models 

described so far, as well as those that will follow. Moreover, useful data could be 

offered by accurate comparative observations on the longevity and velocity of evolution 
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of species that are related and/or have a similar ecological niche, not forgetting to take 

into consideration the other selective pressures that contribute evolutionarily in affecting 

longevity. 

It would, in fact, be simplistic to think that longevity is dependent only on the necessity 

of a greater or lesser velocity of evolution. It has to be observed that, other conditions 

being equal, the more long-lived species for a time likewise greater on the total of life 

duration are in the adult state. And the adult is usually less vulnerable to the dangers of 

the habitat then forms that are growing. A greater longevity has, therefore, this first 

advantage. This is, perhaps, particularly so in the case of trees. In fact, the development 

from seed to fully-grown tree, given the ruthless competition of the other plants, is a by 

no means short and highly problematic phase of the life cycle of trees. It is no surprise if 

examples of the greatest longevity are known among the trees. Sequoiodendron and 

Pinus aristata are species of which there are known to be millennia-old specimens 

which seem to not age at all. These are extreme cases and the evolutionary vulnerability 

caused by their non-ageing is, perhaps, indicated by the restricted nature of the zones in 

which they vegetate. Even among the trees, the species with limited longevity 

predominate. 

A greater body mass should be, out of necessity, another factor influencing longevity: in 

such a case, the period of formation and growth of the individual will, evidently, tend to 

be longer and the longevity will have to increase proportionally, so that the percentage 

incidence of the vulnerable period of formation over the total duration of life decreases. 

It is probably for this reason that the whaleôs longevity is not low (30-50 years 

according to Comfort, A., 1979, and 80 years as its greatest longevity, according to the 

data reported by Caleb, E. F., 1977). 

The extent of learning abilities is probably another important factor: the greater the 

learning abilities, the greater longevity must be in order for an individual to learn and 

benefit from the advantage consequent to the learning. If one considers that man has 

high learning abilities, the fact that he has the greatest longevity among the mammals 

would seem to be justified.  

The elephant, which combines a great body mass, albeit much lower than that of the 

whale, with a considerable learning ability, albeit much lower than that of man, also 

ranks among the longer-lived mammals (40 years as longevity and 70 years as its 

greatest longevity, according to the data reported by Caleb, E. F., 1977). 

And yet, the fact that a species is more subject to r selection or, on the contrary, to K 

selection (see Wilson, E. O., 1975, Chapter 4) certainly influences, evolutionarily-

speaking, the longevity, in the sense that the r-selection favours those populations that 

are less long-lived and the opposite happens with the K-selection. (However, the 

conditions in which there is r- or K-selection are perhaps describable as a subset of the 

conditions in which a greater or lesser velocity of evolution, respectively, is necessary). 

Finally, periodical climatic variations are also decisive in terms of longevity, when the 

ecological niche of a species is strictly dependent on the afore-mentioned variations. For 

a great many insects and plants, the duration of the life-cycle is, in fact, strictly 

dependent on seasonal or annual variations. 

It remains to be explained why many species that live in conditions of high mortality by 

causes damaging at any age, have a great or unlimited longevity. 

 

 

5) The Methuselah effect 

A name that smacks of legend might be of considerable help in remembering a 

particular phenomenon. The somewhat longer, more technical name, might read: ñthe 

evolutionary effect of longevity increase caused by mortality increase deriving from 

causes damaging at any ageò. It is demonstrable, from a theoretical point of view, that 
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mortality due to the afore-mentioned causes concurs in the determination of the 

longevity of a species. 

 

* * *  

 

A certain degree of variability of the ecological niche of a species requires an adequate 

velocity of evolution of the species. The velocity of evolution has been said to be 

inversely proportional to the ML of a species. I wish to stress that the ML is, in turn, 

dependent on: 

1) how fast the senile age arrives; 

2) the mortality rates by causes damaging at any age. 

In other words, both 1) and 2) contribute to limiting the ML with the advantage 

discussed in the preceding paragraphs of a proportionally greater spreading velocity of 

the genes. 

Now, let us consider a species where 2) is acquiring a greater importance in ML 

limitation: in such a case 1), namely senescence, should come later and later if ML is to 

remain constant. That is, the velocity of evolution is, to an ever greater extent, an effect 

of the increased mortality by causes damaging at any age rather than a consequence of a 

limited longevity. This would be an effective explanation of the rather high longevity 

that is observed for many small animals, which live in conditions of high environmental 

mortality. Many birds of small size in captivity survive for even 15-20 years, while in 

the original ecological niche, the ML is much lower because very few reach the age of 

ñnaturalò death. 

The study of a great number of amphibians, fishes, invertebrates, etc. give analogous 

data (Comfort, A., 1966a and 1979). 

It seems almost excessive to stress that the Methuselah effect, if it really exists, will be 

observable only over a sufficient number of generations; it is by no means to be 

understood that a variation of the mortality by causes independent of senescence 

significantly modifies the longevity in the space of one or few generations. 

For a better expression of the Methuselah effect, see figures II 5-1 and II 5-2. 

 

* * *  

 

In short, if the arguments so far expounded in this chapter are correct, longevity is 

increased by: 

1) a greater stability of the ecological niche; 

2) an increase in the incidence of the more vulnerable period of life, such as that of 

initial formation and of growth; 

3) a greater body mass; 

4) a greater learning ability; 

5) a prevalence of ñK-selectionò; 

6) an increase in mortality by causes damaging at any age; 

and decreased by: 

1) a lower stability of the ecological niche; 

2) a decrease in the incidence of the more vulnerable period of life, such as that of initial 

formation and of growth; 

3) a lower body mass; 

4) a lesser learning ability; 

5) a prevalence of ñr-selectionò; 

6) a decrease in mortality by causes damaging at any age. 
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Fig. II 5-1 - Graphic illustration of the Methuselah effect. 

 

A) Life table of an aging species. The time is on the abscissas and the percentage of the 

surviving individuals on the ordinates. There is an initial period AB with high mortality 

(see Fig. II 1-1), followed by a segment BC with almost constant mortality and which 

depends on the environmental conditions, and finally a segment CD with mortality that 

is high and increasing because of senescence. For the curve there is a calculable value z 
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of ML species depending on the selective pressures discussed in the preceding 

paragraph. 

B) In this second curve, other conditions being equal, there is an increase in the 

inclination of the segment BC, an expression of the mortality increase by causes that are 

damaging at any age. This would cause a decrease of z if not compensated by the 

displacement of point C toward the right. 

C) Limit curve: a strong increase in the inclination of BC corresponds to a displacement 

to infinity of point C, meaning the species becomes of unlimited longevity. Such a 

displacement of C could also be caused by a sufficient increase in z, as a consequence 

of a decreased necessity for rapid evolution of the species. 

The equation that defines the curves is: 

 

Yt  =  Yo (1 - K)
t
                                                                                                        (II -32) 

 

where: K = mortality rate; Yt = surviving at time t. 

In the first two curves K is different in the segments AB - BC - CD and, moreover, is 

decreasing in segment AB and increasing in segment CD. 

In the third curve, K is greater in AB than in BD, and decreasing, but is constant in BD. 

A program was used (see Appendix 4) to draw the curves, which are illustrative and not 

demonstrative. The values assumed are: 

 

Curve A): B = 5;  C = 20;  K = .01;  I1 = 1.1; 12= 1.1; 

Curve B): B = 5;  C = 35;  K = .02;  I1 = 1.1; 12 = 1.1; 

Curve C): B = 5;  C = 50;  K = .1;  I1 = .01; 12 = 0. 

 

 
Fig. II 5-2 - Methuselah effect (Theoretical model). 

 

In the model, the mortality rate (K) for each curve is constant from birth until an instant 

L, when all surviving individuals die at the same time. L is the ideal equivalent of 

longevity and the definition is such that will be easy to deal with mathematically. The 

curves are given by the formula: 

 

Yt  =  Yo (1 - K)
t
                                                                                                        (II -33) 
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with: 0 ¢ t ¢ L. 

Yt indicates the fraction of the survivors at time t. From instant L, each curve goes 

down, parallel to the ordinates, until it meets the abscissas. Let us calculate the ML: 

 

ML  =  0
L
ñYo (1 - K)

t
 dt  =  0

L
ñ(1 - K)

t
 dt 

                       Y0 

 

        =  [(1 /Loge (1 - K)) (1 - K)
t 
]0

L
  =  (1 - K)

L 
ï 1                                                 (II -34) 

                                                            Loge(1-K) 

 

Note that if L ­ ¤, as K < 1, then it follows that (1 - K)
L 
­ 0 and we have the 

equation: 

 

ML  =  -         1                                                                                                          (II -35) 

              Loge(1 - K) 

 

from which we have: 

 

K1  =  1 ï e
-1/VL

                                                                                                          (II -36) 

 

where Kl indicates the limit value of K beyond which the equation has no meaning. 

If we want ML to remain constant, in spite of a variation in K, then L must also vary. 

So, if,  

 

ML  =   (1 - K)
L
 - 1    =  (1 - Kô)

Lô
 - 1                                                                       (II -37) 

           Loge(1 - K)        Loge(1 - Kô) 

 

by solving with regard to L (or, is the same, with regard to Lô), we obtain: 

 

ML Loge(1 - K) + 1  =  (1 ï K)
L
 

 

L  =  Loga(ML Loge(1 ï K) + 1)                                                                              (II -38) 

                 Loga(1 ï K) 

 

where a is any base. 

This equation, to the extent that it is possible to verify, is, moreover, meaningless for 

values of K > Kl. The equations show that, when the condition of ML is constant, an 

increase in L corresponds to an increase in K. This is so until the value of K = Kl, at 

which point L reaches its maximal value (= ¤) and cannot increase further. 

In the figure, four timeïsurviving individualsô curves are shown. The value of the ML is 

equal to 20 units of time. Going from bottom to top, the assumed values for K are: 

 

.06 ;  .035 ;  .03 ;  .02. 

 

K l is obtained from the formula expounded above and is equal to: .0487705755. 

 

 

6) Theories about the ñhowò of senescence 

So far, I have investigated the ñwhyò of senescence; that is, I have speculated on the 

possible teleonomic meaning that should be attributed to senescence phenomenon or to 

its appearance either sooner or later, depending on the species. In the light of what 

seems to be the conclusions of the arguments developed in the preceding paragraphs, 
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and within the very general limits allowed by theoretical reasonings, I now wish to 

consider the theories about the "how" of senescence. Several theories (see Comfort, A., 

1979 and Caleb, E. F., 1977 for a review) have been put forward to explain the slow 

decay of the aging organisms, but disregard, in my opinion, the teleonomic question, 

often in a de facto manner, without any distinction between ñhowò and ñwhyò. I do not 

intend, here, to do an exposition or a history of the theories put forward so far. 

Likewise, I have tried to focus attention on four different ways of explaining the 

senescence phenomenon, reworking and interpreting freely and without mentioning, 

therefore, the authors that first put each concept forward, and without distinguishing 

between what has been already expressed by others and what is, perhaps, expressed for 

the first time. After this premise, I will classify the theories about the "how" of 

senescence in this way: 

a) Theories of senescence caused by wear; 

b) Theory of senescence caused by insufficient selection; 

c) Theory of hampered senescence; 

d) Theory of programmed senescence. 

I will dedicate this paragraph to a) and b), while c) and d) will be discussed in the next 

paragraph. 

 

* * *  

 

a) Theories of senescence caused by wear. 

These theories are based on the concept of a ñsomethingò that continuously ñwears outò 

the organs of the living being over time, progressively altering their functionality. This 

ñsomethingò was, at first, thought to be the simple use of the organs, but soon the 

untenability of this hypothesis was apparent. In fact, many organs, if not used become 

atrophied and, on the contrary, if used, strengthen and remain efficient for longer (e.g.: 

muscles). Many then tried to conceive of the "something" as being more closely related 

to time and independent of the use or non-use of the organs. There are, then, theories of 

aging caused by genetic alterations, mutations, chemical-physical alterations, stress, 

etc., in which the factors that cause the senescence are occasional mutations, stresses, 

duplication errors in division cells, progressive chemical alterations, etc. Even if the 

importance of one or more of these factors is a genuine factor in the genesis of the 

senescence, it should be noted that these theories do not put forward the question of the 

evolutionary usefulness or uselessness of the senescence, or of the precocity of the 

senescence. In the non-evolutionary terms in which they are worded, I reject them, 

deferring the evaluation of the importance of the empirical data, on which they are 

based, to the discussion about the theory of hampered senescence that, as we will see in 

the next paragraph, must be understood as a reformulation in evolutionary terms of the 

theories of senescence by wear. 

 

* * *  

 

b) Theory of senescence by insufficient selection. 

This theory in itself is of little importance, but it is, perhaps, useful to express it because 

it allows us to make an important observation. I quote a passage that expounds it: 

- Today biologists tend to regard aging not a phenomenon that has evolved according to 

a particular function, such as A. Weismann thought, but as a phenomenon due to the 

accumulation of processes that selective pressure has been unable to remove at old age, 

when the accidental causes have reduced the individual reproductive contribution; this 

way, as even in species not subject to senescence there are always more young than old 

individuals, a point is reached where homeostasis no longer meets a sufficient selective 
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pressure to remain stable; on the contrary, it is possible a positive selection in favour, 

e.g., of a gene causing high fertility or great vigour in the first phases of the life, but 

disease or dysfunction in more advanced phases. - (Comfort, A., 1966b) 

This theory can be criticized for various reasons: 

1) It implies that a negligible percentage of the population reaches the senile age, 

meaning that life tables such as those allowing the definition of senescence formulated 

by Comfort (e.g.: see Fig. II 1-1, on the right) should not be observed. The theory in 

question is, perhaps, due to the observation that individuals which are clearly senescent 

in a geriatric sense - the same as those defined as ñhypersenescentò in a gerontological 

sense - are rare in natural conditions. I have already stressed that such an interpretation 

is in intrinsic contrast with Comfort's definition: if rare individuals reach a certain age, it 

is probable that the increase in mortality, that is, senescence, began before, thereby 

implying that a considerable portion of the population has reached the senile age. 

2) If we accept the existence of a gene that is favourable in young age and harmful later, 

it is also possible to hypothesize the existence of genes which are favourable at any age 

and which would be selectively advantaged over the former type of gene, in that 

percentage of the population reaching the age at which the former genes are harmful. 

Likewise, we hypothesize the existence of many harmful genes acting at various ages, 

with no period of life favoured or unfavoured, it is possible to prove (see Fig. II 6-2) 

that, in a population with non-ageing individuals, even a large number of such harmful 

genes would not cause a life table comparable to that of a population that ages. 

3) Species with a high mortality by causes damaging at any age, as fewer individuals 

reach advanced ages, should have a more precocious senescence than those with low 

environmental mortality, which is exactly the opposite of that which is theoretically 

predicted by the ñMethuselah effect". But: 

- the greater part of small-sized Birds in the wild have constantly a high mortality, 

which is independent from the age: the probability of accidental death is so high to 

allow only to few individuals to age ... the potential life duration of the Birds is usually 

much greater than that of Mammals of analogous size, although the metabolism of Birds 

is higher and their growth period short ... Many small-sized Birds reach 15-20 years in 

captivity ... the slow growth of many Reptiles and Fish, not all of large size, suggests 

that some of these heterothermic animals age very slowly, so much that, for their 

mortality, diseases and accidental events have greater importance than age and decline 

of physical vigour in itself. Some experimental researches indicate that also in these 

species an aging process is noticeable. - (Comfort, A., 1966a) 

I therefore consider the unreliability of this theory, according to which the senile 

process would be a consequence of the increasingly insufficient selective pressure 

caused by degenerative processes of unknown type as age advances and the number of 

surviving individuals decreases, to be obvious. In fact, this theory prompts us to ask the 

question whether, perhaps, the opposite is true, that is, that ï speaking only in terms of 

the human species for now ï the moderate incidence among senescent individuals - or 

rather ñhypersenescentò individuals - of certain diseases caused by genetic defects is, 

perhaps, a consequence of the reduced selective pressure that they exert at such an age. 

Indeed, a disease that jeopardizes the survival of individuals that are already past their 

best in terms of reproductive potential and defence of their offspring, exerts a much 

lower selective pressure than those diseases that strike at younger ages (see Fig. II 6-1). 

This concept will also be discussed in Chapter III, par. 5 and in Chapter V, par. 3, 5 and 

7. 

 

* * *  
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Note that it would be wrong to maintain that the decline in reproductive function, as it 

does not allow the frequency reduction of harmful genes beyond a certain age, therefore 

causes an increase in mortality and, therefore, by definition, senescence. In such a case, 

in fact, the teleonomic question concerning senescence could be reformulated in terms 

of a teleonomic question about the decline in the reproductive function, all other 

concerns regarding greater or lesser longevity remaining unchanged. 

Moreover, in Comfort's definition of senescence there is no hint at a decline in the 

reproductive function proportional to the increase of the mortality. It is necessary to 

avoid confusion between the reproductive decline in hypersenescent individuals, which 

is well demonstrable, and a possible reduction, which needs to be proved, in the 

reproductive abilities of individuals that are senescent in gerontological terms (see 

definition). On the other hand, the empirical confirmation of such a correlation having 

been accepted, it is more correct to consider the decline in reproductive abilities as a 

feature of senescence, rather than as an independent parameter. 

 
Fig. II 6-1 - Equilibrium frequencies of a gene that is harmful depending on the age of the 

individual when the gene expresses itself (Theoretical model). 

 

C is a harmful gene with a Cô unique allele, which does not entail damage and which 

changes into C at the rate of V each generation. On the contrary, the mutation frequency 

of C into Cô is negligible. 

C manifests its harmful action when the individual reaches age t. As the individual, 

which progresses in its vital cycle, expresses more and more of its reproductive 

potential and of its ability to defend its offspring, the damage S caused by C is in 

inverse relation to age t, in which the gene manifests its harmful action. 

Therefore, we have: 

 

S  =  Smax - f(t)                                                                                                          (II-39) 

 

where Smax is the damage caused by C if expressed from birth and f(t) is a function that 

must be empirically determined (but, in the present figure, it is defined arbitrarily for 

practical reasons). 

By applying the procedures already used for other models, it is possible to obtain: 
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Cn+1   =  Cn (1 - S) + V Côn  =  Cn (1 - S - V) + V                                                    (II -40) 

                   1 - Cn S                     1 - Cn S 

 

At equilibrium, we have: 

 

Ce  =  Ce (1 - S - V) + V                                                                                           (II -41) 

               1 - Ce S 

 

Dividing by Ce, we obtain: 

 

1 - Ce S = 1 - S - V + V/Ce 

 

Ce
2
 S - Ce (S + V) + V  =  0 

                          _____________ 

Ce  =  S + V Ñ ã(S + V)
2
 - 4 S V 

                        2 S 

                         ______ 

     =  S + V Ñ ã(S - V)
2
 =  S + V ± (S - V)                                                               (II -42) 

                   2 S                          2 S 

 

Therefore, the two solutions are: 

 

Ce  =  S + V + S - V  =  2 S  =  1 

                  2 S               2 S 

 

Ce =  S + V ï S + V  =  2 V  =  V                                                                              (II -43) 

                2 S                 2 S       S 

 

The figure has been obtained by using the second solution, but assuming Ce = 1 when 

V/S > 1. 

Function f(t) has been arbitrarily defined in this way: 

 

f(t)  =  ML 2 ï E                                                                                                        (II -44) 

             ML 2 

 

where ML is the mean duration of life and E indicates the age at which the gene 

manifests its harmful action. Thus, the formula of resolution becomes: 

 

Ce  =             V                                                                                                           (II -45) 

         Smax ML 2 - E 

                   ML 2 

 

In the figure, the equilibrium frequencies of C are shown, with crosses, on the ordinates. 

On the ordinates, the fractions of reproductive potential, not yet expressed are also 

illustrated, with squares. The abscissas indicate the ages (E) at which the gene expresses 

the damage and the age to which the fraction, not yet expressed, of reproductive 

potential is referred. The abscissas indicate values that go from 0 to ML 2. 

The values assumed are: 

 

Smax = .01 ;  V = .0001. 
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The figure shows that, if C manifests itself when the greater part of reproductive 

potential is passed, the equilibrium frequency is high. 

 

 
Fig. II 6-2 - Effects on a life table of a large number of genes that are harmful at various ages 

(Theoretical model). 

 

There is a population made up of individuals with mortality K that is constant at any age 

of life and therefore not subject to senescence, according to Comfort's definition. Let us 

also assume that reproductive abilities do not decrease with age and, for simplicity, that 

the individuals are haploid. Now, I am going to consider the modifications of the life 

table caused by the action of numerous harmful genes that each manifest themselves 

exclusively at a certain age. One of these genes is C: it manifests itself at age t, causing 

damage S, and has no other manifestation. The only allele, Cô, is inactive and changes 

into C with a rate of V at each generation, while C changes into Cô with negligible 

frequency. 

Using Ft to refer to the fraction of the population surviving at time t, we have: 

 

Cn+1  =  Cn (1 - S Ft) + V Côn  =  Cn (1 - S Ft - V) + V                                              (II -46) 

                    1 - Cn S Ft                    1 - Cn S Ft 

 

At equilibrium, using the mathematical procedure of the preceding figure, we have: 

 

Ce  =    V                                                                                                                   (II -47) 

         S Ft 

 

Thus, a fraction equal to Ce of the individuals surviving at time t, will suffer damage S, 

meaning that: 

 

Ft (corrected)  =  Ft - Ft - Ce S = Ft (1 - Ce S)                                                            (II-48) 

 

Considering n genes with the same characteristics as C, it is necessary to multiply 

damage S by n, and so: 
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Ft (corrected)  =  Ft (1 - Ce S n)                                                                                 (II -49) 

 

This correction having been made, the curve from time t+1 onwards must be properly 

accommodated by taking into account the individuals missing at time t. 

Then, considering n genes with the same characteristics as C, but with action at time 

t+1, the same series of calculations must be carried out. Again, the same operations 

must be repeated for analogous genes which express themselves at times t +2, t +3, until 

the end of the life table. 

In the figure, the base curve is expressed using crosses. With the procedure described 

above, and assuming t=0, a modified curve has been obtained, expressed using squares 

in the figure. The abscissas cover 50 units of time and each interval indicates 1 unit. The 

assumed values are: 

 

K = .07 ;   n = 100 ;   S = .5 ;  V = .00001. 

 

For simplicity of calculation, constant values have been assumed for n, S and V. 

The modified curve shows that a large number of harmful genes (50 · 100 = 5000) also 

moves down the base curve, but does not cause any modification indicating senescence 

according to Comfort's definition. 

 

 

7) Theories of hindered senescence and of programmed senescence 

The theory of hindered senescence, which must be considered a reworking in 

evolutionary terms of the theories by wear, considers the living being as subjected to 

wear processes that it is useful to counter only in part, unless the advantage of a greater 

velocity of evolution is lost. According to the viewpoint of this theory, senescence is an 

unavoidable and universal process that the organism hinders with various and unknown 

mechanisms, and with varying intensity according to the species. 

The theory of programmed senescence, on the other hand, considers the senile process 

as something that is predetermined, namely a phenomenon that needs specific genes in 

order to exist. According to this theory, senescence instead of being hindered, is thought 

to be provoked. Indeed, if the common reasoning says that the decay of any living being 

or thing is natural, this theory, on the contrary, rejects the truth of such a concept. The 

living being is an entity that auto-renews itself and is not an inanimate object: the 

phenomenon, having a strangeness that needs an explanation, is the fact that such an 

entity ages, that is it ceases to renew itself, and not the contrary. 

I think that there are weighty arguments in support of the theory of programmed 

senescence: 

1) Hayflick's experiments (Hayflick, L., 1961, 1965, 1966), according to which cells 

(embryonic fibroblasts) of man and other species are able to divide themselves a limited 

number of times (50 for man), are perhaps more easily interpretable if senescence is 

considered a pre-arranged phenomenon and, among other things, dependent on precise 

genetically determined limits of cell duplication capacity. Hayflick's experiments 

become even more interesting if one remembers that the maximum number of cell 

divisions varies from species to species and has a certain correlation with the longevity 

of the species. 

2) For species with high environmental mortality, it would, perhaps, be admissible to 

expect that, from a certain age, reached by a very limited number of individuals, natural 

selection is insufficient to favour those mutations that would hinder senescence. Thus, a 

non-excessive longevity for the aforesaid species should, perhaps, be expected, meaning 

that the ñMethuselah effectò would have limited possibilities for performing its action if 
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the theory of hindered senescence is true. This is in contrast with what we see from 

natural observation, as has already been stated in the previous paragraph. 

3) Each species, in its embryonic and growth phases, develops in a very precise and 

constant manner and this certainly depends on genetic factors. Analogous precision and 

constancy is recognizable in senescence. This is by no means proof, but it would seem 

to provide evidence in favour of the hypothesis of genetic regulation of the 

"senescence" phenomenon. 

 

 

8) Researcher and senescence 

Ageing and death, in which it inevitably ends, are, perhaps, one of the aspects of reality 

that have influenced human thought and civilisation most. 

- To a great extent human history and psychology must always have been determined  

and moulded by the awareness that the life-span of any individual is determinate, and 

that the expectation of life tends to decrease with increasing age. The Oriental could say 

ñO King, live for ever!ò in the knowledge that every personal tyranny has its term. - 

(Comfort, A., 1979) 

The great importance of this subject urges us to evaluate that which has been written in 

the preceding paragraphs with the utmost attention. 

There are two opposite ways of understanding the reality of the senile process. 

The first is that senescence is something unavoidable due to the transitoriness of 

everything. As a tool or a car gradually wears out over time and is finally completely 

unusable, the living being, likewise, simply by living, in ways unknown, wears, ages 

and finally dies. 

The second way of conceiving senescence, on the other hand, rejects the parallel 

between the unavoidability of an inanimate object wearing out and the senescence of a 

living being, as arbitrary and unproven. Senescence is, rather, thought of as something 

determined and caused by genes and has a usefulness, or teleonomic meaning, for the 

living being. 

The conflict between these two different theses is evident and I think that the dilemma 

is not without possible consequences in the search for substances that hinder 

senescence. The Researcher, if the first hypothesis is true, is struggling against 

something inevitable, and his efforts are practically without hope. On the other hand, if 

the second thesis is true, the fight is against a very strange and little known ñfunctionò, 

but the difficulties - which are enormous ï do not leave us without the hope that we 

will, some day, be able to master it. To trust the latter thesis is, perhaps, only a 

psychological, and contestable, advantage which, in itself, adds nothing to the possible 

results of the research into senescence and the means to dominate it. The great 

importance of the psychological attitude is, on the other hand, not to be undervalued in 

determining the outcome of an action. In fact, among other things, to conceive of ageing 

as a genetically determined process certainly overcomes a deep-rooted conception 

according to which: 

- The ageing of the organism is a condition that is so well-known and innate to our way 

of considering reality and our personal destiny that it is, perhaps, difficult, at first, to put 

it forward as object of investigation, or even of experimentation. (Prodi, G., in Favilli, 

1968) 

Perhaps the Researcher who decides to break with tradition will be advantaged because, 

once free from certain prejudices, he will be more confident in possibilities of future 

success. But, I think that he will also certainly run into strong opposition, be it ethical, 

religious, or of another type, from those who are opposed to this new conception of 

senescence. It is, perhaps, useful at this point, to mention two statements made by a 

famous scientist, warning the Researcher who chooses such a path: 
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- Any confusion between ideas suggested by science and science itself is to be avoided. 

- Modesty befits a scientist, but not the ideas that are inside of him and that he has a 

duty to defend (Monod, J., 1970). 

 

 

9) Reformulation of the four observations 

In the Chapter I, par. 2, I maintained that, for the persistence of a species, it is 

necessary, first of all, for all the individuals to be able to survive and propagate. In the 

light of that which has been brought to us by sociobiology and discussed in this 

paragraph, I will add that the individuals may also have characters that, although 

disadvantageous for themselves, are, on the contrary, advantageous to a greater extent 

for genetically close individuals. And likewise, as the object of the selection is more 

precisely the gene and not the individual, although the two entities often coincide as 

regards selection, it is necessary to reformulate the four observations thus: 

1) Those genes with greater overall aptitude to persistence (inclusive fitness) have the 

greater probabilities of persistence. 

2) A gene that, because of changes in the ecological niche, loses its overall aptitude to 

persistence, tends to a zero frequency. 

3) The genome changes from generation to generation, according to probable and not to 

highly improbable modifications. 

4) The frequency of each gene, and the genome in its totality, tends to be, in any 

evolutionary stage, the result of the actions of all selective pressures in the ecological 

niche. 
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INTERLUDE: Built -in obsolescence 
 

Built-in obsolescence is that characteristic of an industrial product, specifically planned 

and pursued, for which the product deteriorates and becomes more and more difficult to 

repair after a definite time, although reliable and fully usable before that time. 

Built-in obsolescence causes a waste of materials and a considerable economic overload 

for the consumer, but has at least three important advantages. 

The first is to prevent the annual share of renewal of a product in a stable market from 

being minimal. For example, a nation in which there are 10 million motor-vehicles, with 

a mean duration of ten years, requires an annual production of 1 million of motor-

vehicles for replacement. If the mean duration of a car increased to 20 years, annual 

production would fall to 0.5 million, with catastrophic consequences for profits and 

employment. The second advantage is the introduction of new technologies with a 

speed that is inversely proportional to the mean duration of the product. A product with 

unlimited duration would delay, or even render economically disadvantageous, the use 

of new and more effective technologies. The third advantage is that a productive 

system, organised for quick and continuous renewal, is easily adaptable to: a) 

unexpected market growth; b) the opening of new markets; c) conversion to the 

production of other items; d) transformation into a military industry, etc. On the other 

hand, the production of goods with very long duration, as there is a minimal annual 

production, is not very adaptable to the aforementioned events. 

In this regard, I believe the following to be true: 

Built-in obsolescence is a hidden pillar of the modern ñconsumer cultureò. Neither 

manufacturers nor trade unions, nor politicians are interested in publicizing this pillar. 

The consumer believes that it is not possible to make products with greater duration, or 

that the necessary modifications would render the product too expensive. These 

opinions are wrong and considerable efforts in the design of an industrial consumer 

product are, in fact, dedicated to making the product both precise and reliable up to a 

certain time, and then unreliable and increasingly expensive to repair thereafter. 

 

* * *  

 

Built-in obsolescence of an industrial product and the programmed senescence of a 

living being are two very different phenomena, yet the analogies are considerable and 

not superficial. With appropriate modifications of the terms, the main common aim is to 

allow the industrial product or the living being the greatest evolution, the greatest 

adaptability to new conditions, the greatest competitiveness in the struggle. 

It is tragic to observe that man and his machines essentially share their ultimate fate. 

It is ironic to consider that modern technology, even in this, has been preceded and 

exceeded by Mother Nature. 

It is incredible that, in a civilisation in which built-in obsolescence is fundamental, it is 

not known that the living world obeys a parallel logic. 
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Abstract:  An "increasing mortality with increasing chronological age in populations in 

the wild" (IMICAW) is a phenomenon shown by many species, and the greater or 

smaller (or non-existent) IMICAW has an adaptive value, since it reduces the "mean 

duration of life" (ML). As Leopold (1961) pointed out, a smaller ML brings about a 

greater spreading velocity, within the species, of any advantageous mutation. However, 

this is an argument of group selection and is, therefore, inadequate to demonstrate that 

within a species a C gene causing IMICAW is stable compared with  a C' allele not 

having this effect. The problem may be solved if we consider the inclusive fitness of C 

with the hypothesis that the dead individuals are replaced by kin individuals. In such a 

case, even with low values of the coefficient of relationship (Hamilton, 1971) of the 

substituting individuals, C tends to be stable and favoured by the selective mechanism 

as compared with C'. When the preferential replacement by kin individuals does not 

happen and/or when the turnover of generations is swift enough, C is not favoured and 

hence IMICAW loses its hypothesized adaptive value. In such cases, survival curves 

must be of type II or III of Pianka's classification (1970). It is discussed if IMICAW 

might be a consequence of the action of many harmful genes that express themselves 

tardily in the course of life. 
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Abstract:  A large set of data suggests that progressive reduction of fitness and senile 

decay in vertebrates are in correlation with the decline of cell replication capacities. 

However, the limits in such capacities are hardly explained in evolutionarily terms by 

current gerontological theories that rule out fitness decline as something genetically 

determined and regulated and therefore somehow favored by natural selection. 

Four theories are tested as possible explanations of the ñincreasing mortality with 

increasing chronological age in populations in the wildò (ñIMICAWò[1]), alias 

ñactuarial senescence in the wildò[2], and of the observed negative correlation between 

extrinsic mortality and the ratio between deaths due to intrinsic mortality and deaths due 

to extrinsic mortality. Only the theory attributing an adaptive value to IMICAW allows 

an evolutionary explanation for it and for the aforesaid inverse correlation while the 

other three theories (ñmutation accumulationò, ñantagonistic pleiotropyò, and 

ñdisposable somaò th.) even predict a positive correlation. 

Afterwards, the same theories are tested as possible explanations for the ñstate of 

senilityò[3], namely the deteriorated state of individuals in artificially protected 

conditions (captivity, civilization, etc.) at ages rarely or never observable in the wild. 

With the distinction between ñdamage resulting from intrinsic living processesò[4], alias 

ñage changesò[5], and ñage-associated diseasesò[4,5], the same theory explaining 

IMICAW allows a rational interpretation of the first category of phenomena while 

another theory, the ñmutation accumulationò hypothesis, gives an immediate 

interpretation for the second category. 

The current gerontological paradigm explaining the increasing mortality with increasing 

chronological age as consequence of insufficient selection should be restricted to the 

ñage-associated diseasesò. For IMICAW, it should be substituted with the concept of a 

physiologic phenomenon genetically determined by a balance of opposite selective 

pressures  ï strictly in terms of kin selection ï  and, for ñage changesò, with the action 

of the same IMICAW-causing mechanisms at ages when selection becomes ineffective. 
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Abstract: Many species show a significant increase in mortality with increasing 

chronological age in the wild. For this phenomenon, three possible general hypotheses 

are proposed, namely that: (1) it has no adaptive meaning; (2) it has an adaptive 

meaning; (3) the ancestry is the pivotal determinant. These hypotheses are evaluated 

according to their consistency with the empirical evidence. In particular, (1) the 

existence of many species with a constant, or almost constant, mortality rate, especially 

the so-called ñanimals with negligible senescenceò; (2) the inverse correlation, observed 

in mammals and birds in the wild, between extrinsic mortality and the proportion of 

deaths due to intrinsic mortality; (3) the existence of highly sophisticated, genetically 

determined, and regulated mechanisms that limit and modulate cell duplication 

capacities and overall cell functionality. On the whole, the hypothesis of an adaptive 

meaning appears to be consistent with the empirical evidence, while the other two 

hypotheses hardly appear compatible. 
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ABSTRACT 

An age-related fitness decline in the wild is documented for many species and there is 

empirical evidence for an adaptive meaning of this phenomenon, which in its more 

advanced expression, frequent in protected conditions, is usually called óageingô. A 

theory explains this fitness decline as evolutionarily advantageous by a mechanism of 

kin selection that in consequence of a quicker generation turnover allows a faster 

spreading of advantageous mutations. According to this theory, the advantage exists in 

conditions of K-selection (species divided in demes, populated by kin individuals, and 

in saturated habitats where only the death of an individual gives space to a new 

individual).  

A plausible mechanism of the fitness decline is the progressive slowdown of cell 

turnover, namely a progressive prevalence of programmed cell death (by apoptosis or 

other means) on cell substitution by duplication of stem cells. Limits in cell duplication 

and the related cell senescence (progressive decline of cell functions in relation to the 

number of previous cell duplications) are determined by telomere-telomerase system 

and its species-specific regulation. In some species, as Rockfish, telomere-telomerase 

regulation and mortality rate result unvaried with the age. 

Telomere-telomerase system and apoptosis are ubiquitarian in eukaryote species. In 

yeast, Saccharomyces cerevisiae, after 25±35 duplications telomere-telomerase system 

does not allow further replications and the cell dies by apoptosis, which is also triggered 

by: a) unsuccessful mating; b) particular stresses, as dwindling nutrients (in older cells); 

c) cell senescence. 

Apoptosis in S. cerevisiae, as in all eukaryote species, is a sophisticated function that 

kills the cell in a well defined pattern, optimal for an useful phagocytosis of cell 

fragments by other cells. Apoptotic patterns in S. cerevisiae have been interpreted as 

adaptive, because useful to the survival of kin individuals. Moreover, ecological life 

conditions of yeast, being of K-selection type, suggest that limits in cell duplications 

and the related phenomenon of cell senescence are adaptive too. 

These considerations induce to a phylogenetic correlation between phenomena observed 

in colonies of kin yeast cells and analogous phenomena in multicellular organisms, that 

is the formulation of a phylogenetic hypothesis of ñageingò. 

In particular: 

a) apoptosis in stressed cells is common to yeast and multicellular species; 

b) apoptosis as part of morphogenetic mechanisms in multicellular organisms appears to 

be a derived function (impossible in monocellular organisms); 

c) the same is for apoptosis as part of cell turnover; 

d) cell senescence, caused by telomere-telomerase system, is common to yeast and 

multicellular species; 

e) the limits in the number of cell duplications, caused by telomere-telomerase system, 

in yeast directly determine life span of each unicellular organism, while in multicellular 



45 

 

species indirectly determine life span of the whole organism with a progressive slowing 

down in cell turnover and the consequent fitness decline. 

In shorts, ñageingò mechanisms in yeast and multicellular eukaryote species, divided by 

more than 600 millions of distinct evolution, are incredibly similar in their basic 

physiological components and selective explanations. 
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Main concept: 

Aging in yeast is considered adaptive while for multicellular eukaryotes this idea 

is excluded by current gerontological paradigm, in clear contrast with 

theoretical arguments and empirical evidence 

 

 

An age-related fitness decline in the wild is documented for many species [1,2] (Fig. 

1) and there is empirical evidence for an adaptive meaning of this phenomenon [3], 

which in its more advanced expressions, common in protected conditions, is usually 

called óageingô. A theory explains this fitness decline as evolutionarily advantageous 

by a mechanism of kin selection that, in consequence of a quicker generation 

turnover, allows a faster spreading of advantageous mutations. According to this 

theory, the advantage exists in conditions of K-selection (species divided in demes, 

populated by kin individuals, and in saturated habitats where only the death of an 

individual gives space to a new individual) [4-6]. 

 

 
Fig. 1 ï Life table of Panthera leo: survivors, extrinsic mortality (me, mortality 

caused by external causes, i.e., predation, accidents, infections, etc.) and intrinsic 

mortality (mi, mortality caused by internal causes, i.e., aging). Data are from Ricklefs 

[2]. 

http://www.r-site.org/ageing/index_e.htm

