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Formulating a novel concept about the origin of human aging has been constrained by the

dominance of a “classic theory” that was proposed nearly 70 years ago. Despite concern over the

validity of some of its assumptions, the theory remained basic to our understanding of aging’s

relationship with natural selection (NS). However, the logic upon which it rests was tested and

subsequently challenged. The present theory describes the single cause of human aging consistent

with Darwin’s evolutionary requirement for selection of adaptive traits. It describes an emergent

property of the developmental program (DP), that is expressed upon completion of ontogenesis. It

involves redundant expression of regulatory processes from the last stage of the DP. That

mechanism subsequently preserves a non-aging, stable interval of unchanging NS during which

reproductive �tness is achieved. Thereafter, loss of DP regulatory redundancy due to reliability

limits, stochastic mutation accumulation, reproductive and a speci�c type of DNA damage, initiates

aging which causes an inexorable decline in strength of NS to begin. It starts approximately a decade

later than proposed in the classic theory. Since reproduction and aging are inextricably linked by the

same emergent property, selection of that regulatory mechanism makes both traits products of NS. 

Corresponding author: Richard Walker, drrwalker@gmail.com

1. Introduction

This section provides a background on the mystery of how aging, which seems to lack “individual

bene�t” could have evolved pursuant to Darwin’s theory that only adaptive traits are positively

selected. The question arose with Darwin’s famous publication nearly two centuries ago and persists

to the present. Although a popular theory has been developed, it assumes that NS plays a passive role

in the origin of aging due to it’s progressive weakening strength that allows mutations and
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antagonistically pleiotropic genes to accumulate. Because of its popularity, this theory has been widely

accepted as being valid, despite the fact that many of the assumptions upon which it is based are not

necessarily ful�lled. 

Clari�cation and Correction

“Recursive”, meaning that each step taken in original research will feed into other steps, such that

after completing an initial version, review and veri�cation of its conclusions will sometimes reveal

that they are inaccurate. Such is the case of my original theory [1]  the publication of which preceded

that of Giaimo and Traulsen, [2]. In my opinion, their report undermined the logic of the classic theory

of aging upon which some signi�cant assumptions of my �rst version were erroneously based. Upon

reading the convincing data that aging precedes and causes decline of NS, not vice versa, this recursive

version of my theory has been duly revised. 

The title of this essay has been copied and modi�ed from Darwin’s famous text which omits aging’s

origin. Lacking explanation of how aging could comply with laws of Natural Selection, the omission

has been referenced as “Darwin’s Dilemma”. With all due respect for Darwin’s brilliance, I modestly

o�er this work with hopes that my theory will �ll at least part of that void. 

Darwin’s dilemma – Apparent con�ict between natural selection (NS) and aging

According to Gould  [3], Darwin recognized evolution as the fact of organismal change over time, and

descent with modi�cation from common ancestors. He also designated natural selection (NS) as “my

theory” intended to explain how speci�c events of evolution occurred. Unlike evolution which is well-

substantiated and supported by sound evidence, NS is supported only by observational evidence and

the assumptions that “selection” requires individual bene�t, heritable variation, di�erential survival,

and reproduction.

Soon after its publication, the relevance and validity of Darwin’s theory  [4]  to the evolution and

pervasive presence of aging was questioned  [5]. Restriction of reproductive potential by aging was

considered prima facie evidence that his description of NS mechanics was inadequate. However,

Darwin remained con�dent, commenting that “My theory says there must be some hidden compensating

(individual, theory conforming) bene�t of aging so therefore there must be one” [6]. Goldsmith opined that

Darwin’s theory, “was perhaps 99 percent correct” since the involvement of NS in the evolution of aging

was seemingly indefensible except through unshakable con�dence rather than with supporting
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evidence. Some biogerontologists feel that to explain the origin of aging would require controversial

methods such as “group selection on a scale that goes beyond the theory of multilevel selection”[7][8].

Others agree that aging is programmed [9][10]. 

In defense of Darwin’s neglect of aging within the scope of NS theory, his intellectual focus was on

diversity, adaptation, variation, competition, overproduction, and speciation, which are relevant to

life and survival. His theory makes no mention of aging’s evolution nor of its selection status. This

omission is not surprising since it is doubtful that Darwin gave much thought to a functional

relationship between NS and intrinsic mortality, since his focus was on design, not deconstruction.

However, he extolled death as an engine of evolutionary progress proclaiming that “from the war of

nature, famine and death, the most exalted object which we are capable of conceiving, namely, the

production of higher animals directly follows”. Thus, viewing death as bene�cial to the progress of

evolution may have strengthened Darwin’s con�dence that aging, while seemingly contradictory to

his theory, probably provides a hidden bene�t that explains it’s omnipresence.

Also, molecular and cellular characteristics of traits associated with evolution were not known during

his lifetime, making relevant issues of NS either vague or incomplete in its original formulation. Thus,

senescence received relatively little attention until the middle 20th century when

Comfort  [11]  published reviews of the subject. Subsequently, additional, core mechanics were

elucidated and documented, causing the modern theory to be far more complicated and detailed, but

better understood than when it was conceived [12]. 

Finally, criticism of Darwin’s theory was unjusti�ed because evolutionary developmental biology

(evo-devo) was yet to be comprehensively described. A primary obstacle to explaining how individual

bene�t is compatible with the onset and progression of aging is the assumption that it’s evolution was

independent of development. As a result, aging is routinely studied separately because its cause is

assumed to exist within its phenotype rather than during the non-aging phase of life preceding it.

Thus, if Darwin’s “hunch” was correct, then the widespread occurrence of aging in eukaryotes may

have resulted from selection of an adaptive emergent property of the DP that initially facilitated

reproductive �tness despite later causing aging. An emergent property of ontogenesis that makes

fertility and mortality inseparable as a direct target of NS could explain the evolution of human aging

in compliance with Darwinian principles of NS [13]. 
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As a sidenote, it has been proposed that the traditionally held view of Darwin’s individual bene�t

requirement does not apply to aging because other aspects of evolution provide tenable explanations

for its existence. These could include “non-selection”, random walk or neutral evolution which in

theory hold that most molecular variation does not a�ect �tness and, therefore, its evolutionary fate

is best explained by stochastic processes [14]. However, these mechanisms cannot create adaptations,

making them inappropriate for inclusion in this theory. 

Conditions and Restrictions

The preceding reference  [13]  is to an emergent property of ontogenesis that links development and

aging. It is unique because it represents a single adaptive mechanism that was selected to facilitate

successful reproduction and to cause aging. Due to the diversity of life forms on earth, the concept of

aging’s evolution to be described herein is not intended for application in species besides human

beings and other mammals that nurture their young. Di�erent processes ensure death in other

phylogenetic groups based upon the peculiarities of their unique evolutions  [15]. Thus, aging’s

presence in one form or another throughout Eucarya has few exceptions, but it undoubtedly occurs by

di�ering terminal mechanisms depending upon each species’ unique lifespan evolutions [16]. 

Pioneers in evolutionary theories of aging

In 1930, the evolution of aging was introduced as a research topic by Ronald Fisher [17]. Subsequently,

Brian Charlesworth  [18]  acknowledged “innovative thinkers” including Peter Medwar  [19], George

Williams [20], William Hamilton [21] and Thomas Kirkwood [22][23] who made signi�cant contributions

to the �eld by developing cogent theories of aging’s origin.

The central theories of aging that are currently accepted include Mutation Accumulation (MA) [19] and

Antagonistic Pleiotropy (AP)  [20], which are attributed to Medawar and Williams, respectively. The

theories were later complemented by Disposable Soma Theory (DST) [23]. A synthesis of these theories

that provides a contemporary framework for the evolution of aging is based upon acceptance of logic

that the force of NS inexorably weakens as fecundity declines over time. This concept was

mathematically formalized and further developed by Hamilton  [21]  Charlesworth  [24]  and Rose et

al, [25] bringing greater credibility to the now “classic theory” of aging. 
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A thorough review that presents support of and challenges to these authors’ theoretical concepts of

aging’s evolution was published by Johnson et al [26]. 

The following brief commentary contains selected topics that are intended to serve as background and

introduction to a novel concept that con�icts with basic assumptions of the “classic theory”.

2. Methods

This section provides reasons why the “classic” theory cannot convincingly explain the origins of

aging nor identify the mechanism by which it evolved. To do so, it cites a recent �nding that overturns

the main assumption upon which the classic theory is founded. That �nding removed constraints on

the formulation of novel theories such as that presented herein, which shows that the process of

mammalian aging can be adaptive to individuals and populations.

Criticism of the aging’s cause as proposed in the “classic theory”

The classic theory is currently favored by prominent biogerontologists despite its containing speci�c

assumptions that are debatable. Those established assumptions impose signi�cant constraints upon

the development of alternative explanations that might expand our understanding of aging’s

evolution [27]. 

Some questionable assumptions of the classic theory are that: 

1. An inherent quality of NS is “strength” or “force” that weakens with age because less

reproductive potential remains. Eventually somatic neglect due to lack of oversight by NS allows

mutation and pleiotropic gene accumulation which causes aging.

2. Aging is multifactorial; no single cause/mechanism of its evolution exists.

3. Senescence begins at the onset of peak reproductive probability (fecundity) during adolescence.

4. An inexorable decline of NS strength begins upon completion of ontogenesis.

5. Aging is the product of a tradeo� of limited energy resources favoring reproduction over

survival. 

The following few sections discuss these assumptions upon which the classic theory is based.
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Declining fecundity weakens strength of NS allowing aging to occur by accumulated

stochastic damage 

“Evolution embraces chance and necessity, randomness and determinism, which are

enmeshed by the creative if not a conscious process of NS” [28]. 

This quote from Darwin’s work, contradicts the classic theory’s central concept that aging results

from neglect by NS. In e�ect the classic theory holds that unlike all other evolved traits, aging is

di�erent, emerging randomly without involvement of NS’s creative process in violation of Darwin’s

concept of “design”. This is not to deny that random mutations occur throughout life and are the

source of variation that can be selected and di�erentially inherited among generations. However,

nothing can evolve without the in�uence of NS. Although Darwin never included aging in his Theory,

he opined that because it exists as a universal trait of biological organisms, it must possess some

hidden compensating bene�t to have evolved. He was criticized for taking this position and for

adamantly believing in the validity of his theory [6].

The reason that a central concept in Darwin’s theory was rejected is the nearly universal opinion that

aging lacks individual bene�t and thus, could not be selected. While seemingly logical, the assumption

is based entirely upon the premise that aging per se evolved independent of other life history events,

and that it is multifactorial. Also, a tenet of the classic theory is that the strength of NS wanes due to

age-related declining fecundity. As a result, progressive weakening of NS over time contributes to

random accumulation of mutations that are thought to represent the aging phenotype. 

It is agreed that incorporation of mutations anytime in life without NS, would yield disorganization

and chaos because most mutations are disadvantageous. However, unlike the aging phenotype which

is “programmatic”, random accumulation of mutations without some sort of underlying informational

compass would produce chaos. Thus, the existence of an aging phenotype, which is programmatic not

chaotic, does not support the premise of the “classic theory” that it occurs due to random

accumulation of mutations, free of NS in�uence. 

Thus, while there is consensus among biogerontologists that NS neglect of aging plays a passive role

in its origin, they generally agree that it has no selective in�uence in the process. However, evidence

will be provided to support the possibility that one or more aspects of aging’s origins are selected due

to related “hidden and theory conforming“ characteristics as envisaged by Darwin [6]. 

qeios.com doi.org/10.32388/L38NBN 6

https://www.qeios.com/
https://doi.org/10.32388/L38NBN


To scienti�cally account for the design of organisms due to natural processes, a subsidiary objective of

Darwin’s work may have been the accumulation of evidence for common descent with

diversi�cation [28][29]. As part of the current theory, one consequence of such design in humans and

other mammals that nurture their young is that the aging process is inseparable from NS as it a�ects

�nal stages of development and acquisition of reproductive �tness. 

3. Results

This section provides the results of research and intellectual investigation of how aging is inextricably

linked with reproductive success during the course of a human lifespan. It provides evidence in

support of the concept that NS does not inexorably decline as the result of waning fecundity

throughout the reproductive lifespan, but rather changes in strength at various stages of life. These

changes correspond to the progression of aging, which can temporarily cease to allow reproductive

�tness to be achieved. Logic will be used to upend the concept that aging is multifactorial when in fact

it has a single cause. Analogy will be drawn with ontogenesis to defend that argument. Evidence will be

provided to show that development and aging are continuous functions that are linked by an emergent

property that facilitates �tness while subsequently causing aging to emerge and proceed from a non-

aging stage of life. The molecular regulatory mechanism linking development to reproductive �tness

will be described, and physico-chemical factors that degrade it as a cause of aging will also be

discussed. Finally, DNA damage, speci�cally double-stranded breaks (DSB’s) linked to apoptosis and

cellular aging will be described as contributing causes to decay of the ontogenetic emergent property,

which is the primary, single cause of aging in humans and other mammals that nurture their progeny

unto independence. 

Declining strength of natural selection is caused by aging, not vice versa 

Giaimo and Truelsen  [2]  recognized that some issues in the “classic theory” depend upon speci�c

assumptions that are not necessarily satis�ed. Perhaps the most important of these is the presumed

inexorable decline of NS beginning with the onset of sexual maturation and persisting throughout the

reproductive lifespan. 

The authors proposed that since the strength of selection on fecundity and survival at a given age

depends on the whole life history  [30]  i.e., on their complete age trajectories, then the age-speci�c

selection force should typically change as the life history evolves. They proposed that selection forces
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may at times be stronger later in life than earlier. Walker  [1]  suggested that the post-ontogenetic,

horizontal segment of the Gompertz-Makeham plot is a decade of human life re�ecting that dynamic

when compared with the preceding years of adolescence (Figure 1).

_____

Figure 1. 

Natural selection does not inexorably decline during the reproductive lifetime

Figure 1. Assuming that the force of NS is inversely correlated with mortality risk, a plot of The

Gompertz-Makeham law shows that there are three segments of the Makeham function that indicate

increasing, decreasing and non-changing intervals of NS strength. Mortality decreases between birth

and about 10 years of age and increases during adolescence, from 10 to about 20 years thereafter.

During the subsequent decade of 20 to 30 years of age, mortality is stable, neither decreasing nor

increasing. Since the age-speci�c selection on survival at a given age typically changes as a function of

the life history, then the strength of NS should vary throughout development. In fact, during

ontogenesis, the strength of NS increases for the �rst decade, decreases in the second, and remains

stable and unchanging for the �nal decade of morphostasis. An exponential increase in age-related

deaths, which is correlated with an inexorable decline in the strength of NS, follows the occurrence of

reproductive success about ten years after completion of the developmental program as depicted in

the Gompertz function. 
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In contrast, the classic theory, identi�es a declining pattern of NS force beginning during adolescence

that is invariant to evolutionary change.

Abbreviations: NS -, NS+, NS 0/+ represents force of natural selection as decreasing, increasing or

non-changing/slightly increasing, respectively 

This �gure was modi�ed from that in Volume 54, Number 14 United States Life Tables, 2003 by Elizabeth

Arias, Ph.D., Division of Vital Statistics is in the public domain and is allowed to be reproduced and modi�ed

with permission.

_____

Giaimo and Traulsen  [2]  proposed that any interval of unchanging NS strength will be unstable and

transient, and is eventually abandoned, which is consistent with the present theory. Thus, they

concluded that a constant declining force of NS with age is not its intrinsic property nor a major

contributor to the mechanism of aging as proposed in and implicitly assumed by the classic theory [21]

[31]. 

To the contrary, they found that aging causes NS to decline, not vice versa (Figure 2)

_____

Figure 2.

Age weakens strength of natural selection not vice versa

Figure 2. Aging and resultant declining NS strength begin simultaneously in young adults that are

about 30 years old. Thereafter, as aging proceeds, it decreases the probability of selection in parallel
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with advancing age and increasing physiological dysregulation. Thus, while age related weakening of

NS allows accumulation of maladaptive mutations, physiological dysregulation, and other disruptive

in�uences on somatic integrity, they do not cause aging, but rather are consequences of it.

_____

That �nding when incorporated into the current hypothesis, undermines the validity of the classic

theory. It provides the conditions whereby a single speci�c mechanism that was selected to complete

development could also cause aging. Those conditions are that the inexorable decline in NS that

purportedly begins in adolescence upon completion of ontogenesis, actually starts a decade later after

reproductive �tness is achieved. 

If then, the classic theory’s central premise that aging results from declining strength of NS is

incorrect, and aging weakens the strength of selection, then we are back to the original question;

“what causes aging?”

Aging is thought to be multifactorial 

There is consensus among contemporary biogerontologists that aging is multifactorial  [32][33]. This

belief originated with Medawar and Williams, much of whose work constitutes the generally accepted,

“classic theory” of aging. 

Initially, Medawar  [19]  felt that the essential task of gerontologists was to identify and isolate the

cause(s) of senescence. However, Williams [20] disagreed, opining that “if the assumptions made in the

present study, re: Pleiotropy, Natural Selection, and the Evolution of Senescence, are valid” then �nding a

small number of causal factors among the multitude of its maladaptive e�ects is a “logical

impossibility”. This opinion derived from the aging phenotype, which displays “impressive diversity”

that represents many maladaptive characteristics, some or all of which were thought to cause

senescence. No single mechanism or pathway causal of age-associated, structural and functional

decline was recognized. Thus, aging was presumed to be multifactorial based upon known negative

e�ects of intrinsic as well as extrinsic/environmental damages on many levels of somatic

organization [34] 

Williams’ opinion dominated, and many contemporary biogerontologists agree that the speci�c

mechanism of aging will never be discovered because “aging results from a myriad of causes” that
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change molecular structure and function, “such that counteracting one or several of them would make

little di�erence” [35]. 

In support of the concept, Medawar created a thought experiment using test tubes from which he

concluded that aging results from randomly occurring damage and could not have evolved. He

concluded that constant, random breakage of glass tubes in his model su�ciently simulated lethal

forces of nature to explain aging as resulting from a weakening strength of NS. However, some

objections were raised about the validity of Medawar’s “test tube experiment” and to antagonistic

pleiotropy theory that seemingly question the credibility of the submitted evidence [36]. 

Aging is not multifactorial

Current research e�orts to identify the cause of aging focus upon its phenotype. The investigative

approach may seem reasonable, but it is not. It promotes the erroneous assumption that the cause of

aging exists within its process. I propose that assuming the cause of mammalian aging to reside in its

impressively diverse phenotype is folly. The aging phenotype represents erosion of form and function

that has already begun, and the dynamic process of somatic deconstruction is proceeding. Generally,

when seeking a cause, one wouldn’t expect to �nd it within an e�ect. It is more logical that an action

will precede an outcome. Thus is the case for the cause of human aging. 

A good analogy is expecting to �nd the cause of ontogenesis within the phenotype of a developing

organism. Like the aging phenotype, that of ontogenesis displays “impressive diversity” but does not

contain its cause. Some might debate that development and aging are not similar examples of cause

and e�ect. However, there is no disagreement that fusion of gametes is the single origin/cause of the

ontogenetic phenotype’s impressive diversity. Thus, fertilization is the cause of development after

which the organism displays a changing, staged, multifactorial phenotype until the DP ends. This

comparison of phenotypes suggests that there is a single, mechanistic cause for aging that derives

from a preceding, non-aging stage of life. The only di�erence between development and aging is that

the former is the product of an evolved program. The latter is programmatic, resembling a program

but not expressed according to a predictable plan or schedule. Aging results from damage to

programmed regulatory maintenance of the soma beyond morphostasis. Regulatory oversight

continues to be expressed beyond ontogeny to sustain integrity of the �nal developmental stage until

reproductive �tness is achieved following nurture and independence of progeny. While it is generally

agreed that aging per se is devoid of individual bene�t, when it is inextricably linked with the highest
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evolutionary priority of reproductive �tness, it is possible that a mechanism involving both traits was

selected pursuant to constraints of Darwin’s theory. That adaptive evolutionary process will be

described below in the section on the role of emergent properties in continuity of development and

aging. 

Programmatic appearance of the aging phenotype 

A minor criticism of the classic theory is that while recognizing the programmatic nature of aging, it

does not explain the origin(s) of that characteristic. Instead, it suggests that declining strength of NS

is relevant to aging only through progressive neglect that allows mutation and pleiotropic gene

accumulation to cause degenerative changes in the soma. 

It is agreed that without NS, mutation would yield disorganization and decay because most mutations

are disadvantageous. If so, how is the programmatic nature of aging explained? One explanation could

be linkage to a degenerating, preexisting program, speci�cally that of development from which aging

derives [28][29]. Without some sort of informational compass, such as the last stage of the preceding

DP, the aging phenotype would not be programmatic. It would be chaotic. 

In contrast, random damage to preexisting developmental regulatory mechanisms distributed

throughout the soma would create similarities of aging phenotypes among individuals. If damage is

random, a�ecting di�erent parts of the soma but especially those of a putative, preexisting regulatory

program, then the resulting phenotypes would bear some resemblance of pattern. However, di�erent

epigenetic in�uences at damaged regulatory loci would allow the aging phenotype to be

programmatic, varying even among closely related individuals. 

Senescence does not begin upon sexual maturation

The classic evolutionary theory proposes that aging occurs because continued survival of individual

organisms contributes less and less to “reproduction” as lifetime “fertility” declines. Consequently,

natural selection is less e�ective at reducing mortality at older ages. This theory has been extended

and quali�ed and is still the dominant paradigm for the evolution of aging [18][19]. In context of classic

theory, �tness and fertility are often used interchangeably with fecundity, making their meanings

when referring to reproductive events somewhat ambiguous. 

Peak reproductive probability/potential or fecundity during adolescence was de�ned by

Williams [20] as the onset of declining NS and initiation of senescence. He overlooked �tness, which
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involves relative success of di�erent genotypes to transmit their genes to the next generation through

an optimal balance of survival, fecundity and mating. These interactions vary importantly depending

on the selective context  [37]. Thus, the distinction between �tness and fecundity as they relate to

reproduction is sometimes not recognized within interpretations of the classic theory, but fecundity

seems to be speci�cally implied [38]. 

This is not a trivial point since the precise meaning of “reproduction” is signi�cant when describing

the time of senescence’s onset, the primary cause of aging and the onset/duration of NS decline.

Classic theory proposes that inexorable decline in “strength” of NS occurs throughout the

reproductive lifespan, beginning at puberty and continuing until fecundity is lost  [39][40]. Choosing

reproductive lifetime as the interval of declining NS seems reasonable because of its signi�cance in

evolution. Such decline would link the initial stages of reproductive potential or fecundity with the

beginning of senescence and decline of natural selection. However, while seemingly reasonable, it is

incorrect. 

At issue with Williams’ assumption that NS declines and senescence begins after peak reproductive

probability during the developmental program, is that “fecundity” does not have the evolutionary

signi�cance of reproductive �tness, which occurs in humans during the post-ontogenetic decade when

nurture unto independence of progeny occurs. The result of reproductive �tness is generational

variation, which is at the heart of evolution. An organism must survive until all reproductive stages are

realized since survival without descent is evolutionarily meaningless. Thus, it is doubtful that

inexorably declining NS occurs throughout the reproductive lifespan since that assumption embraces

the evolutionary improbability of declining NS and increasing senescence before �tness and

reproductive success are achieved (Figure 3).

_____
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Figure 3.

Premature decline in force of natural selection per classic theory of aging

Figure 3. Classic theory of aging proposes that the inexorable decline on strength of NS begins during

adolescence which is about a decade before reproductive success is achieved. This is inconsistent with

the signi�cance of o�spring nurturing unto their independence which according to Williams is as

important as gamete production. Thus, to propose that the strength of natural selection declines

before the occurrence of reproductive �tness is evolutionarily illogical. This �gure is modi�ed from

Fabian D, Flatt. The Evolution of Aging. Nature Education Knowledge. 2011; 3, pursuant to Creative

Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).

_____

The Medawar/Williams graph of declining NS shows it beginning upon reproductive maturation,

thereby avoiding the horizontal phase of the Gompertz-Makham plot (Figure 3). It is possible that this

deviation was used to conform with their theory that the inexorable decline in NS and the start of

aging begin with the onset of fecundity and continue throughout the reproductive lifespan [41][42]. 

It is this author’s opinion that the basis for assuming that the onset of senescence and persistent

decline in NS begin at peak reproductive probability was to provide support of and compliance with a

major constraint of the classic theory that NS declines throughout the reproductive lifespan beginning at
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puberty. If instead, the more evolutionarily reasonable time of reproductive �tness/success were used

to de�ne aging’s onset and decline of NS, then the theory directly linking declining fecundity and

waning strength of selection over the entire course of the reproductive lifespan as a passive cause of

aging would be invalidated. The authors’ required conformity within their theory that declining

fecundity initiates and exacerbates selection’s decline. 

 In fact, that element of the classic theory is incorrect since declining reproductive potential is not the

cause of weakening strength of NS nor of aging. Based upon recent �ndings, it is aging that reduces

strength of NS [2] not declining fecundity. Thus, the events and timing critical to validity of the classic

theory con�ict with the actual dynamics of reproductive events during development and aging as they

relate to the declining strength of NS. 

Thus, two questionable assumptions of the classic theory are that senescence begins at reproductive

maturation during adolescence, and then initiates an inexorable decline in NS. This would produce an

exponential reduction in human fecundity; the biologic capacity of men and women to reproduce

irrespective of pregnancy or production of o�spring, contrary to that which occurs after progeny are

nurtured and become independent [43]. 

Inclusion of disposable soma in the classic theory 

In the 1970s, the “Disposable Soma” theory (DST) of aging  [44] was added to those of Medawar and

Williams. 

Kirkwood proposed that because resources are limited  [33], most organisms will fare best if they

restrict their energetic demands for somatic maintenance to favor reproduction. Thus, DST postulates

that a trade-o� between survival and reproduction allows mutations and other maladaptive cellular

manifestations to accumulate over time due to declining strength of NS and insu�cient energy for

adequate repair  [44][45]. However, as will be subsequently discussed, survival and aging are not the

same. While limited energy resources can change the rate of aging to a�ect lifespan and even cause

death, starvation does not initiate morpholysis nor drive its familiar Gompertzian pattern of

progression. 

History of linkage between development and aging

In 1825, Benjamin Gompertz reported that human death rates rise exponentially between 20 and 60

years of age  [41]. The data that were based upon death and population records became known as the
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“law of mortality”. 

A decade later Adolphe Quetelet, published the �rst research report on human development and

aging  [46]. He proposed that the life-course is a sequential two-phase model wherein growth and

decline are continuous. 

Subsequently, William Makeham expanded the original age range of mortality in the Gompertz law

from 10 - 80 years  [42][47]. An important aspect of Makeham’s contribution is that it included data

from birth until 10 years of age; a range during which mortality decreases. This dynamic is relevant to

the current theory, because it shows that aging need not always increase, but under certain conditions

it can cease or stabilize. Since aging is associated with decreasing NS, the fact that it can intermittently

and temporarily cease as during the horizontal, terminal segment of the Makeham parameter, is

relevant to the mechanism of aging proposed in the current theory (Figure 1). 

Quetelet’s growth and decline curve stressed “developmental” aspects of individual life that were the

inverse of Gompertz’, which emphasized “aging” characteristics  [48][49]. Both mathematicians

professed that the course of human life consists of two sequential processes of change that include

development and aging. The maximum developmental age of Quetelet’s report and the minimum for

aging per Gompertz’s are the same. This commonality of apparent termination and origination of

development and aging, respectively, raised the question of how is the transition from one process to

the other explained [50]? 

This question is not answered by the classic theory of aging. First of all, it doesn’t conform with

Quetelet’s and Gompertz’ opinions that the maximum of development and minimum of aging occurs

at 30 years old. The classic theory professes that after peak reproductive potential is achieved during

puberty, fecundity continuously declines. This dynamic presumably initiates an inexorable weakening

of NS that allows aging to proceed beginning during adolescence upon completion of ontogenesis at

about 20 years of age. However, the evolutionary mandate for successful reproduction requires

descent, which is not satis�ed until reproductive �tness is reached following nurture and

independence of progeny. These events generally take place during the post-ontogenetic decade of

human life between 20 and 30 years of age, contradicting Medawar’s and Williams’s proposal that

senescence begins and NS declines during adolescence. In fact, the bene�cial changes that occur in the

human body during the �rst decade of young adulthood, suggest that the maturational process is still

underway for about ten years beyond completion of ontogenesis.Bottom of Form
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Yates et al  [51]  published thoughts on loss of integration and resilience as they a�ect biological

senescence. In summary, a newborn organism is less stable than it will be at about 30 years of age,

when many physiological processes are at peak capacity. Thereafter, a linear decline and loss of

“reserve” occurs as aging begins and progresses to a point when stability reaches a minimum required

for system autonomy [52] when death from “old age” occurs due to physiological losses that began at

physical maturity and peak vitality (Figure 3). Thus, the life trajectory in dynamic terms begins with

growth, development, and di�erentiation, all of which are negentropic processes that are orderly.

Upon their conclusion, entropic processes that destroy order become dominant causing death of the

organism [53][54] (Figure 4). 

This summary is consistent with the current theory, but it doesn’t explain how the transition from

development to aging occurs.

_____

Figure 4.

Development and aging as continuous interdependent functions

Figure 4. The left vertical line indicates when humans reach maturity and achieve maximal stability at

about 30 years old. During the decade of 20 – 30 years, many physiological processes are at peak

capacity. After age 30, there occurs a linear decline and loss of reserve even when data are corrected to

eliminate the in�uence of disease. Physiological losses progress to the point when functional stability

falls below the minimum required for system autonomy. The resultant e�ect is death from “old age”.
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Translated into dynamic terms, the life trajectory begins with growth, development, and

di�erentiation, all of which are negentropic processes that are orderly. After maturity is reached,

entropic processes become dominant, leading to a disorder of physiological processes and

deconstruction of the soma. It is important to note that completion of development and onset of aging

are continuous, not contiguous functions. Thus, the same soma that was previously non-aging

becomes aging upon failure of the same mechanism that sustained it in a non-aging condition, i.e.,

both conditions are joined together in an uninterrupted sequence. In contrast, contiguous describes

two or more things that abut each other but are not necessarily part of the same sequence. This �gure

was based upon reference  [54]  which is an open access article distributed under the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

_____

How is the transition from development to aging explained?

Hay�ick described the DP as “a cornerstone of modern biology within which a purposeful genetic

program drives all biological processes that occur from conception to reproductive maturation. But, once

reproductive maturation is reached, thought is divided as to whether the aging process is a continuation of

the genetic program or whether it is the result of random losses in molecular �delity” [55]. 

Some investigators feel that its continuation into adulthood is maladaptive, thereby, eventually

causing aging [56][57][58][59]. They proposed several di�erent ways that continuation of DP elements

into adulthood could cause aging, but speci�c and convincing mechanistic details were not provided. 

A signi�cant problem with these theories is that they fail to explain how components of the DP

continue beyond completion of the program and why NS doesn’t prevent their negative e�ects from

being expressed. As the sentinel of evolution, NS should prevent aging from beginning upon

completion of ontogenesis, which according to classic theory, occurs in humans at about 20 years of

age. In contrast, the Gompertz law of mortality shows that aging, which presumably is coupled with

declining NS, begins in humans at about 30 years of age and increases exponentially thereafter. If

selection’s decline, promotes aging, then why would emergence and continuation of purported

maladaptive events resulting from persistent expression of the DP not be selected against about ten

years before NS declines at the true onset of aging? Perhaps lack of selection against continued

expression of developmental processes that cause aging resulted from oversight by a “shortsighted
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watchmaker”, i.e., ine�cient selective surveillance of the post-ontogenetic phase of the human

lifespan [57]. 

In contrast to theories proposing that aspects of the developmental program continue to negatively

impact survival by causing aging, antagonistic pleiotropy theory assumes that senescence begins in

the DP with the advent of reproductive maturation at puberty. The graphic presentations of

Medawar’s and Williams’s theories, respectively, show an exponential weakening of NS beginning at

20 years of age in humans upon completion of the DP (Figure 2). The �gure represents Williams’s

comment  [20]  that senescence begins at peak reproductive probability and declining NS should also

begin at that time. This suggestion con�icts with demographic aging data as presented in the

Gompertz-Makeham plot, and also with the logic that aging should occur upon reproductive success,

not a decade before. 

It is somewhat illogical to assume that the strength of NS would decline before Darwinian �tness with

its contribution to the gene pool of the next generation occurs. It is during this interval of time,

between completion of ontogenesis and initiation of aging, that the mechanism which guarantees

parental physical �tness for completion of the evolutionary obligation to successfully reproduce

occurs. It also ensures that aging and death will follow thereafter. So it is reasonable that some aspect

of developmental regulation continues beyond reproductive success, since the adult soma though

becoming increasingly fragile due to decaying regulatory control, would logically require some degree

of maintenance throughout life in order to survive for as long as possible while aging. 

Actually, continuation of the DP into young adulthood is not maladaptive, but rather is essential for

completion of the evolutionary task of reproduction when descent with modi�cation upon which

evolution is based, is satis�ed [60][61]. 

Continuation of the DP as a prelude to aging 

While it is generally agreed that expression of the DP is �nite, Walker  [1]  recently proposed that

ontogenesis and aging are functionally linked through “morphostasis”. It is a transient, non-aging

stage of life de�ned by stable continuity and sameness through time as di�erentiated from

morphogenesis/ontogenesis, which is characterized by creation and change  [62]. Morphostasis is

visually apparent as the horizontal, terminal, or “plateau” phase in graphs of the Gompertz-

Makeham law (Figure 5). This post-ontogenetic, non-aging phase of development lasts in humans for

about a decade between the ages 20 to 30 years. The transition from ontogenesis to morphostasis
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provides an important clue to solving the “Unsolved problem of biology”[18] that resides in behavior

of the regulatory program for development as it continues unto morphostasis and aging as an

emergent property of ontogenesis.

_____

Figure 5.

Morphostasis

Figure 5. Plot of the Gompertz-Makeham law of mortality showing the terminal, horizontal segment

of the Makeham parameter called “morphostasis”. It represents the survival function of individuals

during the age interval of 20 to 30 years showing the probability of living during its duration. It also

represents the reliability function of redundancy within the developmental regulatory mechanism

that provides stability of the �nal non-aging stage to facilitate achievement of reproductive success.

Peak reproductive probability (fecundity) occurs before the end of ontogenesis, prior to the onset of

morphostasis and occurrence of �tness. Hence, proposal of the classic theory that an inexorable

decline in the strength of natural selection occurs during the developmental program is inconsistent

with successful reproductive evolution. This �gure was modi�ed from that in Volume 54, Number 14

United States Life Tables, 2003 by Elizabeth Arias, Ph.D., Division of Vital Statistics is in the public domain

and is allowed to be reproduced and modi�ed with permission.
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_____

Ontogeny begins with the creation of a zygote and concludes during late adolescence with the

emergence of a sexually mature young adult organism. The contemporary age threshold for the

transition to adulthood within the DP is commonly recognized as 16 to 18 years, ranging from 14 to 21

years in di�erent nations and even within regions of countries. Because sexual maturity occurs during

ontogeny, it is possible for individuals to produce children at about 14 to 16 years of age, before

completing their own DPs. However, when ontogenesis ends with creation of a reproductively

competent young adult, its physical and functional development must continue to facilitate protection

and nurturing of its progeny unto independence. As recognized by Williams [19], “The care of dependent

o�spring [nurturing] is as important to human reproduction as the production of gametes”. Thus, during

the end of the parental DP and into morphostasis, progeny are protected and nurtured for about 12 to

14 years. (Figure 6)

_____

Figure 6.

Overlapping temporal relationships of sexual development in parents and progeny

Figure 6. Comparison of parental care of o�spring from birth until their independence. Upon

completion of successful reproduction, parents reach the onset of aging, when progeny are weaned,

capable of childbirth and subsequently for providing nurture unto independence of their own

o�spring. Thus the temporally overlapping sexual roles of parents and o�spring provide for

maintenance of life cycles and successful continuation of species.
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_____

To complete growth/development and achieve reproductive �tness, the last stage of parental

ontogenesis links the DP with morphostasis. Then �nal physiological development of the parent,

including that of muscle strength, reaction time, sensory abilities, and cardiac functioning occur. The

reproductive system, motor skills, strength, and lung capacity all operate at their best as evidenced by

the performance of professional athletes who are most accomplished during this decade. Also, many

women have additional children during early-adulthood  [63]. These attributes usually peak at a

parental age of about 25 years and wane as 30 years of age is approached. 

Thus, the young adult “grows” into its full adulthood when developmental potential is realized during

the �ve or more years following completion of ontogenesis. During this decade of young adulthood the

procreative value of new parents is realized through their demonstration of reproductive �tness which

occurs at about 25 to 28 years of age. This important stage of development leading to reproductive

�tness is sustained by an emergent property of ontogenesis that is a direct target of Darwinian selection.

The signi�cant consequences of the post-ontogenetic decade involving continued parental

development and descent of genetic characteristics through independence of their progeny is essential

for evolution. Without such descent, evolution is meaningless [13][64]. 

As parents’ approach 30 years of age, senescence begins and the strength of NS relevant to them

declines due to progressive decay of the emergent process from the DP that evolved to complete

physical development and reproductive �tness. Upon completion of the post-ontogenetic decade,

aging begins with many subtle degenerative changes throughout the body. They include declining

visual and auditory acuity, integumental qualitative decline such as thinning/ graying of hair and

drying/wrinkling of the skin. Besides anatomical changes, evidence of physiological disorganization

includes reduced response and recovery time following physical exertion. The immune system also

becomes less adept at resisting disease, and reproductive capacity starts to decline [63]. These physical

and functional defects are exacerbated during the following years, as frailty and vulnerability to

chronic illness progress. Death eventually becomes inevitable.

The temporal intersection of development and aging proposed herein is inconsistent with the classic

theory of aging that is based upon an inexorable decline in NS that purportedly begins at adolescence

with attendant physical and functional defects of senescence following thereafter (Figure 3). That the

strength of NS should decline before acquiring reproductive �tness as proposed in the classic theory

seems evolutionarily inappropriate.
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The present theory states that aging begins later in development than proposed in the classic theory.

Rather than waning fecundity suppressing NS strength, aging begins upon attainment of reproductive

�tness, i.e., when an organism demonstrates its ability to survive and transmit its genes to the next

generation. Unlike fecundity, reproductive �tness/success requires nurturing of progeny before their

independence. The majority of time during which it occurs in humans is within the post-ontogenetic

interval of a decade of so, from parental ages of 20 to about 30 years. 

The temporal relationships of reproduction and aging associated with the developmental process

derive from primitive societies that evolved when human lifespan rarely exceeded 30 years. As a

result, childbirth and rearing occurred early in life. This evolved history remains relevant today, and it

is not unusual for some humans to procreate upon reaching sexual maturation during adolescence.

However today, reproductive events typically occur later than they did in the past due to improved

health conditions, increased life expectancy, pressures of society, personal choice and �nancial status.

Nonetheless, the underlying biological mechanisms including the timing of sexual maturation and the

onset of senescence remain the same as when they evolved in early humans. 

Linking development to aging: Ontogenetic emergent properties involving

developmental regulatory processes

Entities that acquire novel characteristics when becoming part of a larger system are said to be

emergent properties. They arise from collaborative functioning of some of the system’s components.

However, the emergent properties do not belong to any one part of it but help adapt it to speci�c

conditions and generally increase chances for survival [65][66]. Real world examples include schooling

�sh, �ocking birds, and swarming locusts where the individuals are all part of the larger system that

provides them with greater chances to avoid predation. Thus, the emergent property of each

demonstrates a collaborative function, just as the soma is an emergent property of its individual

molecular components, e.g. carbohydrates, lipids, proteins, and nucleic acids  [67]. Similarly,

homeostasis is an emergent property resulting from cooperative e�ects of integrated developmental

regulatory processes. Emergent properties of ontogenesis promote further development, reproductive

�tness, and aging. 

Functionally collaborative regulatory processes within the DP direct gradual changes in size, shape,

and function throughout the soma from conception to young adulthood. They translate genetic
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potentials into functioning mature systems, i.e., genotypes to phenotypes. Since the DP is a program,

it is �nite and cannot continue its dynamic expression beyond its last stage, when the parental soma

�rst reaches maturity. Because constructive stages of development are non-repeating, the local

regulatory mechanisms during ontogenesis are modi�ed appropriately for each developmental stage.

Since the soma undergoes programmed change during ontogenesis, little regulatory redundancy

occurs making their outcomes deterministic or predictable. However, when constructive stages of the

soma end, physiological homeostasis continues as required for completion of reproduction, and to

sustain homeodynamic organization/maintenance of the total organism for the rest of its life. 

An adaptive process that links ontogenesis with the subsequent post-ontogenetic decade of young

adulthood is redundant expression of developmental regulatory mechanisms that governed the last

stage of the DP  [60]. Thus, morphostasis is an emergent property based upon redundancy of

ontogeny’s developmental regulatory processes. 

Continued redundant expression of the developmental regulatory mechanism beyond ontogenesis

forgoes the need to evolve a novel program(s)/mechanisms for maintenance of the adult.

Furthermore, this e�ect brings stability and sustains a non-aging condition during the morphostasis

decade. It allows �nal parental development to facilitate nurture of progeny unto their independence

thereby achieving reproductive �tness before aging begins. Order resulting from redundant

expression of regulatory oversight during morphostasis opposes entropy, despite the lack of ongoing

somatic construction. Thus, a non-aging, negentropic state of organismal existence during which

reproductive success is achieved, persists after the DP ends. 

Giaimo and Traulsen [2] proposed that during the progression of life, a transient phase occurs when

NS does not decline and may even increase slightly. They proposed that such a period of non-aging

could exist as an unstable equilibrium within the dynamic evolution of lifespan. Morphostasis satis�es

those conditions since its non-aging state is transient, followed by the onset of aging and an

inexorable decline in strength of NS. 

The post-ontogenetic non-aging phase of development lasts in humans for about a decade between

the ages 20 and 30 years [68]. It is visually evident on graphs of the Gompertz law of mortality as the

horizontal, terminal, or “plateau” phase that completes the Makeham contribution (Figure 5).

Once parental physical development is completed and progeny su�ciently nurtured to make them

independent, reproductive �tness is achieved. Thereupon, any further evolutionary purpose for
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continued organismal existence wanes.

Mechanisms central to survival and the origin of aging. Tradeo� vs

“Unmaintainability”/Non-maintainability.

1. Tradeo�s 

A trade-o� occurs when one trait increases or decreases causing the reciprocal e�ect in another [69]

[70]. Although the mechanistic basis for life-history trade-o�s is unclear  [71][72], they have

traditionally been thought to result from competition between traits for limited resources available to

an organism. 

When seeking choices to meet or improve a certain goal, preferential traits need not be paired

exclusively with only one reciprocally a�ected alternative. For example, limited energy may be traded

o� from reproduction to handle acute but recurring events such as protection of territory, to �ght a

rival, to migrate, etc. to seek new territory when in isolated and barren environments. Or vice versa if

reproduction is of higher priority than survival, then limited resources could be allocated for

procreation rather than life extension, or to secure any of the previously mentioned alternatives. But

there is no restriction on allocation, which is determined by conditions at large. For instance, DST

proposes that limited energy resources can be used to favor reproduction or survival but does not

designate the speci�c quantitative allocation required to accomplish either. Thus, quantitative

allocation depends upon circumstance. 

The presumption of limited resources makes their allocation a central factor in popular explanations

for the evolution of aging. Examples of targets for adaptive resource allocation include reproduction,

maintenance, somatic growth and DNA damage repair  [73]. The most fundamental of tradeo�s is

thought to involve survival and reproduction [74]. While limited resources are allocated di�erentially

to the reproductive e�ort or to survival, they are presumably insu�cient to maximally satisfy both

needs.

Since reproduction is evolutionarily favored over survival, Kirkwood  [44] proposed that a tradeo� of

limited resources to support reproductive robustness in youth is chosen over somatic maintenance

later in life, thereby causing aging  [75][76]. However, the presumption of an e�ect occurring later in

life acknowledges the existence of aging and does not adequately explain how it came to be.

Furthermore, if the limited resources ultimately caused aging, then life-long celibacy could exclude
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their use for reproduction, and theoretically prevent aging. However, that celibacy increases survival

is questionable, but even if it did, aging would not be prevented. In fact, energetic processes are

required for somatic maintenance even during aging, whether resources are preferentially used to

support reproduction or not. Nonetheless, DST favors reproduction over “survival” or “longevity”,

since the rate of aging can indeed be altered by abundant or sparce resources. However, aging cannot

be initiated/caused by limited resources. 

Other tradeo�s involving rates of aging between early and late life or between survival and

reproduction are also popular theories [32][77][78]. 

Trade-o�s can also occur between physiological traits and also genetic factors. These include

pleiotropy, environmental factors, or combinations of these two types that result in negative

interactions between traits [73][74][79].

Thus, survival can be a�ected by any number of environmental, lifestyle, temperature, humidity,

water, excessive predatory stress, etc. that can modulate the timing, frequency of reproduction and

duration of survival, and also accelerate aging and cause death. Furthermore, survival or non-survival

i.e., death by multiple causes can occur, but none have been shown to cause aging, which has a speci�c

onset and progression. Nor do those factors that cause death independent of aging do so

programmatically. Finally, it is not clear why under optimal conditions in the absence of the

aforementioned stressors, aging occurs nonetheless [80].

Since survival is the process of continued existence despite risks of living e.g., accident, predation,

natural disasters, extrinsic disease, and senescence, it can continue during aging which is a time-

related process of somatic deconstruction. Thus, survival that can be extended or shortened is not

aging, which when once initiated proceeds unto frailty and death. 

It is di�cult to explain the evolution of aging by tradeo� because an increase in one trait requires a

decrease in another [69]. Thus, the word “survival” is cautiously employed instead of aging since it is

illogical that the existence of a tradeo� of limited resources would increase �tness while decreasing aging.

Since aging proceeds after sexual maturity, all that allocation of resources to survival can do is to

a�ect its duration. A decrease in survival is the reduced rate of dying due to an energetically based

decrease in maintenance, which can be reversed or accelerated based upon the allocation of available

resources. For example starvation to the extent of emaciation as was reported in Nazi concentration

camp prisoners certainly threatened their survival, but when they were refed, their physical health
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improved in many cases. In contrast, physiological dysregulation resulting from aging follows an

irreversible programmatic progression. Thus, reduced survival is not reduced aging! 

Despite the popularity and acceptance of the classic theories of aging, their underlying molecular

mechanisms have been evasive. Only limited examples of antagonistically pleiotropic genes have been

demonstrated  [81]. However, while examples of genes with antagonistic e�ects on life history traits

are limited, circumstantial evidence in support of the aging-�tness tradeo� is extensive [74]. 

A confounding aspect of the classic theories is that they cannot explain the origin of aging without

involving senescence. For example, for stochastic accumulation of mutations to occur as part of the

aging process,  [19]  the strength of NS must be in decline or else they would be selected against.

Similarly, Williams clearly recognized senescence as a requirement for his theory of antagonistic

pleiotropy, stating “It is necessary to postulate genes that have opposite e�ects on �tness at di�erent

ages”[20]. Finally, Kirkwood’s theory proposes allocation of resources in consideration of a tradeo� of

survival for reproduction in youth over somatic maintenance “later in life”[23]. Resources that are

allocated to favor reproduction over survival at di�erent ages clearly recognize that lifespan is

determinate, and that restricted energy can modulate the duration of life but cannot cause aging to

evolve. Starvation for example can cause death, but not by the process of aging. In fact, starvation can

occur while aging is proceeding because they are separable. Thus, while the classic theories describe

processes by which aging rate can be altered by an e�ect on survival, they do not explain the how the

evolution of aging occurred de novo, i.e., from a non-aging state. 

A signi�cant reason that the mechanism proposed in the current theory is di�erent from the others is

that they assume that an inexorable decline in NS due to waning fecundity makes aging inevitable.

Thus, they all assume the involvement of senescence in the theory that is supposed to explain its

origins. None of them meet that challenge to describe the cause of aging de novo.

These arguments suggest that aging cannot result from preferential allocation of resources to

reproduction. Survival/longevity can be a�ected by such a trade-o�, but not aging. Instead, utilization

of energy resources is limited by aging, not vice versa. In other words, animals don’t “choose” to

allocate limited resources to favor reproduction over aging; aging does the choosing, 

So, while the popular notion that traditional trade-o�s exist and can alter aging rate is valid, they are

not su�ciently powerful to provide a general explanation nor even a speci�c mechanism for the
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evolution of aging in humans as described herein. If it is even possible to have a tradeo� that causes

aging it, must be integrated with numerous other principles to do so [82]. 

Thus, the tradeo� theories discussed so far are consistent with criticism of Darwin’s opinion that

aging is not a product of NS. For example, generous allocation of resources to reproduction is not

selected to restrict somatic maintenance and thereby cause aging! There is no resolution of Darwin’s

dilemma to explain how aging could occur in compliance with mechanics of NS through trade o� since

the theories don’t describe a latent individual bene�t in the aging process, nor satisfactorily explain

why and how it could be realized. The ultimate reason that aging could not be part of a tradeo� is

because by de�nition, a tradeo� requires that when one trait increases or decreases a reciprocal e�ect

occurs in another  [69][70]. As previously described, aging and death are absolute certainties that

cannot be traded o�!

These issues will be addressed below in the novel theory that links ontogenesis and morphostasis by a

mechanism that solves the unsolved mystery of biology [19]. 

2. “Unmaintainability”

The most fundamental of tradeo�s involves allocation of limited resources for reproduction over

survival [74], which has been mistakenly associated with the evolution of aging [23]. Presumably then,

if resources were unlimited or their allocation not constrained, then aging would not occur.

Alternatively, if the traded commodity were exclusively committed to promoting reproduction while

subsequently causing aging, then no alternative intermediate would be possible to alter the joint

relationship, making aging inevitable. In that case, the intermediate would play a committed and

exclusive role in that relationship independent of either trait. Thus, I hesitate to describe the cause of

aging de�nitively as a traditional tradeo� because if the current theory is valid, then unlike tradeo�s,

there is no alternative to reproductive success since the immediate onset of aging must occur upon

completion of morphostasis, whether or not reproductive �tness is achieved.

 If a mechanism is presumed to cause aging, it should do so directly, not through modulation of the

rate of that which it is supposed to cause. That e�ect alone indicates that the processes proposed in

classic theories are not the primary cause(s) of aging. 

Sometimes trade-o�s that are anticipated do not occur. Despite being seemingly obvious, they

occasionally do not happen as assumed by simple conceptualizations that normally predict their
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occurrence  [70]. On those occasions, that which appears to be a trade-o� does not �t the model. An

example is the relationship between reproduction and aging, which unlike reproduction and survival

is not a tradeo�. 

Often a legitimate tradeo� that could explain the relationship between reproduction and survival is

used to suggest that “evolution of aging” involves such a mechanism [23]. However, aging is the time-

related deterioration of the physiological functions that are necessary for survival, thereby

di�erentiating it from survival which is continuing to live or exist, typically in spite of disease,

accidents, ordeal, di�cult circumstances and importantly, even aging. Thus, survival represents the

duration of living or lifespan, the mechanism of which is irrelevant to that which causes aging. 

In a recent paper  [83][84], the authors proposed that when variation occurs in one trait rather than

another, the di�erential distribution can be explained in several ways. Only one is relevant to the

current theory, but two are discussed to distinguish the classic theory from the current one.

In the �rst case, variation could have existed but evolved away, i.e., some organisms possessed a trait

that was better adapted than an alternative. As a result, its frequency increased at a cost to the other,

eventually resulting in only the presence of the better adapted trait. The theories begin with a non-

aging phenotype that eventually displays aging properties following invasion by a limited number of

genes. These dynamics are proposed in MA and AP theories, or by di�erential allocation of energy per

DST. However, the tradeo�s do not restrict the outcome to be aging. To the contrary, “evolutionary

tradeo�s between traits that are a consequence of the genetic background of organisms and their

environment are not immutable and can be altered if some changes in the genetic background or the

environment occur” [84]. Thus, organisms displaying such traits could evolve ageless phenotypes if the

limited number of genes were less adapted or if the available energy were allocated di�erently. In

other words, a non-aging condition could theoretically occur by chance. As a result, a tradeo� cannot

serve as the mechanistic basis for aging, although it can certainly apply to longevity, ie. rates of aging.

Alternatively, “there are some complex organisms such as humans for which no variation could possibly

exist so that they do not age”, i.e., aging cannot be avoided  [83]. The authors argued that if the aging

process were linked to the complexity of life through an emergent property that was

“unmaintainable”, then numerous competing demands upon an organism’s regulatory complexity

would make senescence inevitable. 
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It is undeniable that the origin of aging per se is antithetical to NS because it is generally accepted as

lacking individual bene�t. However, in the context of the current theory, aging shares a mechanism

with reproductive �tness to which they are both inextricably linked. Under this special condition,

selection of the mechanism subserving both �tness and aging can occur. If aging is inseparable from

reproduction because they share the same mechanism which facilitates both traits, then aging cannot

be traded. Under this unique circumstance, it may be considered adaptive and thus, selectable. 

The process of physiological “unmaintainability” represents a pivotal mechanism of life history, since

it provides the answer to Anderson’s question [50]; how is the transition from the end of development

to the beginning of aging explained? 

The only logical way to connect development with aging is to link the last ontogenetic stage to the

following decade through redundancy of complex developmental regulatory processes. Regulatory

redundancy dynamics link reproductive success with individual aging. When redundancy of regulatory

processes that link ontogenesis to morphostasis progressively fail, then the non-aging phase of young

adulthood ends, causing aging and the strength of NS to inexorably weaken. Thus, loss of regulatory

redundancy represents the mechanism that initiates aging and causes it to exponentially proceed. The

mechanism simultaneously regulates two life history traits in the same direction, independent of

resource allocation. There is no loss component.

Reproduction is not complete when the DP ends. Although birth could occur during ontogenesis, the

nurture of progeny, which is as important to reproduction as exchange of gametes must occur

thereafter. This temporal perturbation of the reproductive sequence presents a signi�cant challenge

since biological systems require robustness [66] to maintain stability until reproduction is completed.

In order to survive and reproduce, dynamic equilibrium must be maintained in biological systems

despite ever-changing conditions  [83]. Thus, morphostasis emerged from ontogenesis through the

action of developmental regulatory redundancy.

The �rst occasion of reproductive success generally happens during the post-ontogenetic stage of

morphostasis within an environment resulting from emergence of regulatory redundancy of the last

stage of the DP. If an o�spring were created during the DP, then its nurturing and independence could

occur during morphostasis, but it is not necessary since the mechanism is not dependent upon

successful reproduction. For example, childless couples experience “normal” survival/longevity by

the same mechanism as those who bear and nurture children. Both examples also experience aging by

the same mechanism. Thus, should pregnancy occur, developmental regulatory redundancy was
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selected to ensure the opportunity for reproductive �tness during the transient stage of morphostasis

by preventing aging during nurture unto independence of progeny. However, it does not require

�tness for aging to proceed. 

Redundant expression of the regulatory mechanism from the last stage of the DP is an emergent

property of ontogenesis that creates and sustains morphostasis. However, the regulatory mechanism

is unmaintainable because of constraints imposed by �nite numbers of redundant units, reliability

limits, reproductive mechanism damage, apoptosis-related DNA damage, and other biophysical or

biochemical limitations. Such constraints make variation in such a mechanism impossible, thereby

preventing the existence of any alternative  [70][84]. Because it sustains a non-aging stage of life,

inevitable decay of “unmaintainable” developmental regulatory redundancy causes gradual

physiological dysregulation that erodes somatic homeostasis, allowing progression of disorder as a

primary cause of aging  [65][66][85]. Aging then continues in parallel with the degrading mechanism

whether or not reproductive success was achieved. Aging will always follow when degradation of the

mechanism that creates and sustains the non-aging stage of morphostasis degrades below a critical

mass and/or in those areas that are essential for continued life. 

The regulatory mechanism doesn’t simply disappear in one step, but instead it degrades progressively

as redundant units of its construct are progressively lost. The persistence of the degrading redundant

mechanism during aging provides somatic maintenance, albeit waning as redundancy is lost.

Nonetheless, it is su�cient to allow reproductive success to occur several times after aging begins,

such as happens in humans and other such iteroparous animals. Thus, the mechanism that facilitates

reproductive success is selected, not reproduction per se. This may seem a matter of splitting hairs, but

it is meaningful because the mechanism, which is a product of NS, provides not only for �tness, but

also for aging. Since the redundant mechanism inseparably links development and reproduction with

aging and death, both are de facto products of natural selection. So, while there may be a tradeo� of

resources between reproduction and survival (rate of aging) there is no tradeo� for reproduction and

aging since both are selected through a common mechanism. 

The unmaintainable emergent property cannot be selected against because it brings individual as well

as population bene�t of reproductive success and descent as well as aging and death. Accordingly, the

current theory proposes that the functional relationship between reproduction and aging is not the

result of a tradeo�. 
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The mechanism for the evolution of human aging proposed herein is unique because it describes one

mechanism that sustains a non-aging environment conducive to �nal parental development and

reproductive success and also explains the onset and progression of aging. Thus, aging is not

multifactorial!

The concept of “unmaintainability” is consistent with Giaimo & Trualsan’s  [2]  proposal that while

negative aging is impossible, a transient stage of non-aging involving an “unmaintainable” process

that would eventually degrade to cause aging is tenable. Aging is the inevitable outcome of physical

and biochemical constraints that prevent unending redundant developmental regulatory oversight

from sustaining a non-aging condition. Thus, an emergent property involving the developmental

regulatory process that is based upon redundancy cannot inde�nitely keep the soma in a non-aging

state because biophysical restrictions (reliability theory, entropy and loss of redundancy) and or

biochemical constraints (reproductive e�ects, DNA damage and apoptosis) demands its eventual

failure. Thus, loss of redundant regulatory elements that link the DP with aging prevents there from

being an alternative, making unending survival an impossibility. 

The seemingly paradoxical relationships between reproduction and aging that are linked by a single

unmaintainable emergent property of ontogenesis explains how senescence can be a product of

Darwinian selection. Those facts were not included in the initial report  [1]  and thus, did not explain

how aging could be selected. Oversight of the important tradeo� in the original mechanistic theory is

corrected to show that indeed mammalian aging meets the criteria for selection, providing a hidden

compensating individual bene�t as predicted by Darwin. 

Section Summary

Humans age because morphostasis, a post-ontogenetic, temporary non-aging interval of young

adulthood that results from developmental regulatory redundancy, an emergent property of

ontogenesis, is unmaintainable. This stage of life is represented by the �nal segment of the Makeham

parameter in the Gompertz-Makeham law of mortality. As redundancy of the developmental

regulatory mechanism progressively fails, a point is reached when the number of redundant units

cannot sustain the non-aging interval of morphostasis and aging begins. Its progression parallels the

loss of redundant units whose e�ect on morphostasis stability wanes exponentially as more and more

redundant units are lost. This is the single cause for the emergence of aging from a non-aging state in

humans. Unlike tradeo�s, loss of the non-aging stage must cause aging because there is no
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alternative. Thus, the key to understanding the origin of human aging is visibly evident in

morphostasis whose termination immediately initiates aging.

Mechanisms for loss of regulatory redundancy

Exponentially accelerating mortality remains one of the strongest generalizations of human aging. As

described by the Gompertz model, exponentially increasing mortality during aging prevails in all

human populations living under all circumstances [86][87][88]. 

Historically, searches for a general biological theory to explain aging have failed because they require

assumptions that would accommodate the diversity of species based upon their unique evolutions.

While there may exist common underlying and basic processes that can be generalized, it is not

possible to identify the unique, terminal mechanisms by which aging is expressed in all animals since

species evolved di�erent strategies  [15]. For that reason, the current theory to explain the ultimate

mechanism of aging is limited to humans and other iteroparous animals that nurture their young as

the �nal stage of ful�lling the evolutionary mandate for reproductive success. Accordingly, a central

assumption of this theory is that ontogenesis and aging are linked through a non-aging stage that

evolved to accommodate details of the life history of humans and related mammals. The temporary

maintenance of morphostasis, a non-aging interval between completion of the DP and onset of aging

results exclusively from developmental regulatory redundancy, an emergent property of the last

ontogenetic stage.

An important de�cit of the classic theory is that it does not explain why an exponential increase in

aging as described by the Gomperz law occurs, nor why late life mortality plateaus exist. These

characteristics are recognized as true aspects of aging dynamics and should be better understood to

answer relevant questions about aging’s evolution and its progression. However, their explanation has

been elusive due to acceptance of Medawar’s and Williams’s original proposal that the cause of aging

is multifactorial. 

Kirkwood  [89] explained that past research e�orts to pursue speci�c single-aspect theories of aging

have limited explanatory power. Because aging is presumed to be multifactorial, he suggested that

there is a need to develop network theories in which the individual mechanisms interact with each

other, using the methods of systems biology. He proposed that such an approach may make it possible

to connect Gompertzian mortality patterns with the underlying primary mechanisms. 
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In disagreement, this author suggests that failure to explain the Gompertzian pattern of aging results

from inability to apply reliability theory, a general concept of system failures that provides a means to

understand many puzzling features of mortality and lifespan. Thus, a mechanism is impossible to

identify due to unwavering acceptance of the multifactorial concept of aging that is embraced by the

classic theory. 

In contrast to that assumption, a basic concept of the current theory is that aging does not evolve de

novo through stochastic accumulation of damage, but instead derives from continuity of ontogenesis

with morphostasis involving redundant expression of the regulatory mechanisms required for

completion of reproductive success. That link involving redundancy of the regulatory mechanisms

that directed the last stage of the DP then allows explanation of the exponential progression of aging

by Reliability theory as proposed by Gavrilov and Gavrilova [90]. 

Loss of redundancy due to speci�c types of molecular damage at functional regulatory sites as well as

random damage to the soma, subserves emergence and progression of the programmatic aging

phenotype. Application of reliability concepts in the current theory explain not only the exponential

increase in mortality rate with age and the subsequent leveling o�, but also its compensation law.

During aging, each stage of somatic deconstruction corresponds to one of the organism's vitally

important structures being damaged due to loss of redundancy. In complex organisms with many vital

structures and signi�cant redundancy, every occurrence of damage does not lead to death because of

redundancy. This causes functional defects to accumulate and progressively advance the aging

condition (Figure 7). Eventually, all redundant elements are lost and aging stops, giving the

appearance of a mortality plateau. Any subsequent assault on the soma causes death. Thus, aging is a

direct consequence of systems redundancy that temporarily ensures increased reliability and lifespan

of adult organisms until critical mass is lost.

_____
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Figure 7.

Changes in developmental regulatory redundancy in relation to reproduction and aging

Figure 7. Redundancy of developmental regulatory processes change throughout life. A. Multiples

stages of somatic construction occur during ontogenesis causing their duration to be relatively brief.

Thus, only minimal redundancy of regulatory processes for each succeeding stage are required to

ensure successful progression of ontogenesis. However, the post-ontogenetic interval of

morphostasis must be sustained in humans for about 10 years, or approximately one half of the time

required for completion of the developmental program. B. To ensure the survival function of

morphostasis, signi�cant redundancy of the last developmental stage compared with those preceding

it must occur to sustain the young adult soma allowing its completion of physical development,

enhancement of vitality and ful�llment of its obligation to ensure reproductive success. C. As the

post-ontogenetic decade approaches its end, loss of redundant regulatory units in areas that are vital

to somatic maintenance, erode the reliability function required for sustaining morphostasis. Aging

begins and proceeds in parallel with loss of regulatory redundancy.

Key: A: small boxes represent stages of development. The thin arrows represent minimal redundancy.

B: A representative of multiple areas of the soma that are regulated by signi�cant redundancy. C. The

same representative area displaying loss of redundant units as a cause of aging’s initiation and

progression. Figure based upon Gavrilov and Gavrilova [90]

_____
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System failure rates may contain both non-aging and aging terms as, for example, in the case of the

Gompertz-Makeham law of mortality. The current theory proposes that during morphostasis, an

emergent property of ontogenesis, regulatory redundancy sustains the �nal, age-independent

Makeham component. During this phase of life, signi�cant loss of redundancy does not occur until

su�cient time has passed for reproductive success to have been achieved. Thereafter, during late

stage morphostasis loss of redundancy begins, initiating aging which starts and progresses to display

the characteristic Gompertzian pro�le. However, it is important to understand that �tness need not

occur for aging to begin, since it is the mechanism to sustain morphostasis, which allows that

evolutionary bene�t to proceed in a non-aging environment, that was selected. Thus, as previously

stated, aging will begin whether or not reproductive success occurs, since once the mechanism

sustaining the transient non-aging state of morphostasis decays su�ciently, then aging must begin.

Thus, the unmaintainable mechanism of regulatory redundancy, an emergent property of ontogenesis

that temporarily suspends aging during morphostasis is selected. It is the regulatory redundancy

process that is selected to allow time for completion of the reproductive act, even though its loss of

redundant units causes aging to proceed. 

Selection pressure to maintain the non-aging stage of organismal morphostasis declines once loss of

redundant regulatory units falls below critical mass and aging begins. Aging then proceeds

exponentially as increasing numbers of redundant regulatory components are lost. Resultant

physiological dysregulation progressively erodes somatic homeostasis [65][66] (Figure 6). Despite loss

of redundancy, developmental regulatory expression continues to provide maintenance of the soma to

the extent possible during the post-ontogenetic decade and beyond, for the duration of life. Thus,

iteroparous animals such as human beings, can continue to reproduce during middle age so long as

sexual organs maintain function during the relatively slow aging process. 

The failure rate of an organism initially grows exponentially with age following the Gompertz law. If

the background, age-independent component of mortality also exists in addition to Gompertz

function, we obtain the well-known Gompertz-Makeham law described earlier with the relevant non-

aging component preceding and predicating the onset of aging and the Gompertz function. At

advanced ages, the rate of mortality decelerates and asymptotically approaches an upper limit. The

model explains not only the exponential increase in mortality rate with age and the subsequent

leveling o�, but also the compensation law of mortality [90].
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Classic theory cannot provide these explanations of aging’s initiation and progression because

application of reliability theory requires redundancy of multiple life sustaining traits that are

distributed throughout the body as elements of the developmental regulatory process. If aging were

multifactorial, this rationale would be invalid. 

E�ect of reproduction on longevity 

Evolutionary theories of aging predict a trade-o� of lifespan for fertility [20][23]. Studies using model

organisms and data from contemporary human populations provide supporting evidence for this

prediction  [91]. Having more than four or �ve children increases the risk of certain diseases and

shortens a woman's overall lifespan  [92]. Numerous studies also describe an inverse correlation of

lifespan with total amount of progeny as well as the age at primiparity  [93]. Early maternal death is

associated with early childbirth, and later death with later childbirth. From their �ndings the authors

concluded that human life histories involve a trade-o� between longevity and reproduction [76][94] . 

Such studies are often cited in direct support of the DST, which emphasizes that energetic and

metabolic costs associated with reproduction, lead to maternal deterioration, increased risk of

disease, and higher mortality. While reproduction is a costly mechanism that alters metabolism of fat,

investment of lipids in reproduction cannot be allocated to support somatic maintenance

mechanisms  [95]. Thus, this is an ancillary e�ect on somatic maintenance that is secondary to the

primary relationship between aging and reproduction.

In contrast to DST, AP theory emphasizes a genetic trade-o�, where genes that increase reproductive

potential early in life increase risk of disease and mortality later in life. Such a trade-o� would be

expected even for women who have not given birth but who carry these gene variants. Several

researchers have sought evidence for the trade-o� between fertility and lifespan, with elusive results.

A genetic correlation that is consistent with AP may underlie this relationship between reproductive

age and lifespan, but the identity of a speci�c gene(s) has remained unknown.

In response to weakly supportive research �ndings, Blagosklonny  [96]  opined that the relationship

between reproduction and aging lacks scienti�c consensus, and the relevant mechanisms are

undiscovered. 

Nonetheless, while a precise mechanism responsible for the recognized damping e�ect of

reproduction on lifespan remains unclear, the theory remains popular from an evolutionary
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perspective.

The theory presented herein proposes a di�erent approach to explaining not only the relationship of

reproduction and longevity, but also of reproduction and aging. It is based upon the premise that

developmental regulatory redundancy of the last stage of ontogenesis was selected to facilitate

nurture of o�spring and reproductive success. Damage through use of the redundant regulatory

components that are directly associated with reproductive processes may cause their progressive loss

relative to the number of reproductive events that occur. This explains why early reproduction and

increased fertility, which is associated with loss of redundant regulatory elements, is associated with

reduced lifespan and vice versa. 

If loss of regulatory redundancy results from damage to the mechanism driving reproduction, then

each pregnancy would initiate and/or exacerbate that loss. Since reproduction and survival are

negatively correlated, then damage caused by the reproductive e�ort to the developmental regulatory

mechanism that evolved to facilitate reproductive success would logically reduce relative lifespan.

More pregnancies would generate more molecular damage thereby causing less redundancy. Every

time the reproductive process proceeds, there is greater chance for damage to the reproductive

component of the redundant regulatory mechanism, i.e., to the emergent property that evolved to

ensure reproductive success. Thus, since it evolved in great part to facilitate reproductive success,

then the more the mechanism is employed, the greater the chance of damage and loss of redundancy.

This is one explanation for why reproduction decreases life span.

While the e�ect of reproduction to reduce survival is not universal, it is one of the better-established

patterns in the biology of aging. 

E�ect of redundancy loss on di�erential programmatic characteristics and lifespan

Loss of redundancy in speci�c regulatory units among people in a population contributes to

di�erential lifespan. The longest living individuals probably have either excessive redundancy in

regulatory areas that resist intrinsic disease and thereby lessen the likelihood of their occurrence

during aging, or else molecular damage to those sites is minimal or missing simply by luck. In

addition, stochastic damage to non-regulatory physiological sites which are much more common,

allow the aging phenotype to progress in its non-programmatic, diverse characteristics. Thus,

speci�city of aging phenotypes, e.g., represent damage to and loss or regulatory components that

initiate it. This in turn decreases strength of NS allowing stochastic damage of regulatory sites and to
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those not related to regulation, to cause the seemingly multifactorial aging phenotype. Time of birth

and frequency of reproduction which causes loss of regulatory redundancy also a�ects lifespan as

previously described. 

Programmatic nature of the aging phenotype

Classic theory recognizes the programmatic aging phenotype, but doesn’t attempt to explain how or

why it occurs.

As redundancy wanes, DNA damage, speci�cally by double stranded breaks (DSBs), a�ect the

regulatory mechanism causing it’s ability to sustain proper somatic maintenance to decline over the

remaining course of life. 

Random decay of speci�c redundant regulatory units derived from terminal developmental stages

produce programmatic aging phenotypes. Since the developmental regulatory mechanism is an

integral part of somatic construction and maintenance, then its decay during adulthood could

represent not only the cause of aging, but also explain aging’s programmatic appearance. Stochastic

random of damage of the regulatory units would produce an underlying albeit subtle, pattern of

somatic deconstruction. 

While random mutations occurring throughout the body can erode its maintenance in a general sense,

those speci�cally a�ecting the regulatory processes of the last DP stage of one person would create an

aging phenotype that may loosely resemble that of another, but not precisely. This occurs because the

damaging mutations emerge randomly, a�ecting various parts of the soma, including the regulatory

areas. Thus, stochastic damage to the regulatory process at di�erent places that are distributed

throughout the body cause variation in the aging phenotype even among identical twins and other

closely related individuals. This e�ect accounts for the programmatic nature of the aging phenotype

DNA damage in relation to aging. 

If a lifelong functioning regulatory mechanism evolved to ensure development, successful

reproduction, and somatic maintenance during adulthood, it could like all other processes be

vulnerable with advancing age to stochastic damage that degrades its e�ciency. This is especially true

because aging weakens strength of NS, increasing the chances for mutations and other forms of

molecular damage to accumulate. This positive feedback of damage on aging while not being the

primary cause of it, accelerates its expression and expands its phenotype. Furthermore, if the
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developmental regulatory mechanism is an integral part of somatic construction and maintenance,

then its decay during adulthood represents not only the cause of aging, but also explains aging’s

programmatic appearance. All reliability models consider aging as a progressive accumulation of

random damage  [97]  and loss of regulatory redundancy that in turn, increases mortality which

eventually “levels-o�” as a function of increasing age. 

A consensus of biogerontologists accepts the theory that accumulating macromolecular damage

participates in creating aging phenotypes. DNA damage is expressed at physiological, cellular and

molecular levels. These e�ects at di�erent levels of somatic organization represent tertiary, secondary

and primary contributors, respectively, to degenerative changes in form and function that collectively

and increasingly degrade the ability of adult organisms to tolerate metabolic stress and to eventually

die. DNA damage is assumed to have far-reaching e�ects that undoubtedly contribute to the so-called

“pillars of aging” [98]. Thus, it is fairly certain that DNA damage contributes to senescence, epigenetic

alterations, proteostatic stress, and mitochondrial dysfunction  [99]. Genome rearrangements and

structural variations that occur in somatic tissues and increase with age further support the concept

that DNA damage is associated with aging [100][101]. 

Although erosion of genome integrity by DNA damage is favored as a basic cause of aging, there is

little consensus regarding the type of damage that is primarily responsible. Thus, an important

question in gerontology is whether any speci�c type predominates, and if so, which one? It has been

suggested that the DNA double-stranded break (DSB) is a logical candidate [102]. 

DSB’s as well as base modi�cations, single-strand breaks (SSBs), double strand breaks (DSBs), and

interstrand cross-links (ICLs) result from DNA damages that abnormally alter genetic structure and

prevent the proper functioning of replication  [103][104]. Most relevant to the mechanism of aging

presented in the current theory are 

DSBs that trigger apoptosis  [105]  that results in a faster depletion of stem cells and reduction of

regulatory cell redundancy [106]. Other DNA lesions that trigger apoptosis include O6-methylguanine,

base N-alkylations, bulky DNA adducts, DNA cross-links and DNA double-strand breaks (DSBs). DNA

double-strand breaks (DSBs) are common, ultimate apoptosis-triggering lesions arising from

primary DNA lesions during DNA replication. Thus, DNA replication is a necessary component of DNA

damage-triggered apoptosis [107]. Repair of these lesions are important in preventing it [105]. 
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The e�ect of cell autonomous events such as apoptosis would require less widespread DNA damage

and might also explain aging’s programmatic phenotype by depletion of functional regulatory cells

involved in maintenance of homeostasis during the reproductively important, �rst decade of young

adulthood. It is of note that mutations of a general sort do not lead to apoptosis, so it is DSBs that are

instrumental because natural mutations may not be eliminated leading to continued life but may give

rise to abberant phenotypes including disease instead of normal aging  [108]. Also, DSB damage to

redundant regulatory mechanism will elicit epigenomic changes that contribute to the programmatic

characteristics of aging phenotypes. 

Aging could also result in part by cell non-autonomous mechanisms such as through the triggering of

senescence, which can negatively impact the function of neighboring, undamaged cells through their

Senescence-Associated Secretory Phenotype (SASP)  [109][110]. Presumably, these e�ects would be

independent of the programmatic e�ect resulting from loss of redundant regulatory elements. Thus,

DNA damage is considered a potentially signi�cant contributor to and universal participant in the

aging process that can signi�cantly contribute to loss of regulatory redundancy. 

It is generally assumed that su�cient numbers and various types of molecular defects must accrue to

negatively a�ect multiple aspects of cell biology. However, it is uncertain as to how many damaging

events are needed to create the aging phenotype. Also, if DNA damage is randomly occurring, without

some sort of informational compass, it would be di�cult to explain why the aging phenotype is

programmatic except as previously mentioned, i.e., damage to regulatory elements would cause

programmatic aging pro�les. However, redundancy of the regulatory system that evolved as an

emergent property of the DP is the Achillies heel of maintenance since damage to components of the

redundant system that are removed by apoptosis then contribute directly to initiation and progression

of human aging. Thus, DNA damage that speci�cally reduces regulatory redundancy will erode �delity

of the whole body. 

The occurrence of any type of DNA damage independent of other types may be insu�cient to

independently cause aging, except perhaps a speci�c type damage a�ecting regulatory cells that have

broad reaching in�uence throughout the soma. Thus, for the most part, general DNA damage is a

consequence of aging, and thus as presumed by this author to not be part of its causal mechanism. 
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Aging e�ects of double-stranded breaks (DSBs) in relation to loss of regulatory

redundancy

The current theory proposes that aging is not caused by random accumulation of DNA damage in

contrast to Medawar’s hypothesis  [19]. It is caused by loss of redundancy of �nite numbers of

irreplaceable elements due to stochastic damage by DSBs that reduce the population by apoptosis,

cellular senescence or pseudogenization. Other causes such as reliability limits to maintenance of

redundant units have been previously discussed. 

Nonetheless, the aging phenotype is complemented by random DNA damage, becoming progressively

more complex and diverse as damage accumulates commensurate with age-related decline in

strength of NS. The relevance of DSB-induced mutagenesis to the current Theory is its potential to

reduce redundancy in the regulatory mechanism needed to achieve reproductive success and

thereafter to sustain ordered somatic maintenance. 

Apoptosis is removes damaged regulatory cells from the body, thus giving it a more speci�c,

maladaptive role that is causally relevant to the mechanism of aging. Its damaging e�ect reduces the

number of regulatory cells derived from the Developmental program that promote parental vitality

and physical �tness during the post-ontogenetic period of life when nurturing of progeny unto

independence occurs. In this way DSBs which can cause apoptosis may represent a primary

contributor to loss of regulatory redundancy that directly initiates aging. There is increasing evidence

that the various endpoints of DSB processing by di�erent cells and tissues are part of the aging

phenotype. For example, DSBs trigger the DNA damage response (DDR) that directs a cell to repair the

break, undergo apoptosis, or become senescent. DNA damages can contribute to progressive decay and

loss through apoptosis of irreplaceable cells within gene regulatory networks and may be a direct cause of

aging [111][112]. 

Apoptotic cells form apoptotic bodies that are phagocytized by neighboring cells, without the release

of cellular contents. To maintain organismal homeostasis, phagocytes engulf dead cells, which are

then transferred to lysosomes, where their cellular components are degraded for reuse. As a result,

damaged regulatory cells that undergo apoptosis would not accumulate with age, since once lost they

are removed from the population of regulatory cells. This is one way that redundant regulatory

elements can be reduced in number, ie., apoptosis reduces their number after morphostasis is

completed and reproductive �tness is achieved.
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Experimental evidence of DSBs relevance to aging is demonstrated by the fact that their production in

young knock out mice initiated the aging phenotype before it spontaneously emerged. However,

because DSB’s also occur during aging, they may accelerate the process if they occur in the regulatory

process, but their occurrence after the fact at sights other than the those containing the

developmental regulatory process is coincidental of aging not causal of it [113]. 

Thus, genome structural changes resulting from DSB repair participate directly in the mechanism that

slowly disrupts morphostasis to initiate senescence and subsequently contribute to accelerated aging

(morpholysis). These facts are directly relevant to changes in regulatory signaling of the redundantly

expressed, last morphogenetic module and thus, to the mechanism and onset of senescence. However,

during youth and under normal physiological conditions, adverse outcomes of DSB processing are

rare. In fact, they are bene�cial when they e�ciently remove irreversibly damaged cells or

constructively participate in the developmental process, respectively [114][115].

The maladaptive e�ects of DSBs emerge later in life when associated with aging phenotypes such as

atrophy, in�ammation and immune senescence. However, these adverse conditions are consequences

of senescence since they occur while aging is proceeding. More relevant to the present theory is that

DSBs are intrinsic to various biological processes such as transcription and are key substrates for

translocations, deletions and ampli�cations associated with aging and various cancers [116]. Induction

of mutation, apoptosis, and/or cell growth varies in multi-cellular organisms, such that their balance

and coordination may counter DNA damage to increase organismal survival [117].

It is unclear whether DSBs and their accumulating adverse e�ects ever rise to high enough levels to

explain the observed functional loss and increased disease risk that are hallmarks of aging. This is

important because DSB e�ects decrease redundancy exclusive of ancillary e�ects of general DNA

damage to the soma and thus, would explain how relatively small numbers DSB damage is e�ective in

causing aging throughout the body  [102]. I presume that DNA damage doesn’t have to accumulate in

great amounts since aging can be initiated by relatively fewer and more speci�c DSB damages to

redundant regulatory components of the soma. 

DSB damage induces epigenetic changes associated with aging 

Since DSBs occur randomly, their e�ects on aging pro�les will not be uniform since some damage may

be more detrimental than others. This randomness in di�erent loci whose genetic expression is
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determined by local epigenetic landscapes, accounts for the di�erences in aging phenotypes, even

among identical twins. 

DSBs compromise integrity of the epigenome. Epigenetic dysregulation is a hallmark of the aging

process that jointly contributes to longevity through genetic impairment  [118][119]. Changes in the

activity of epigenetic enzymes during aging in�uence the expression of critical longevity genes

whereas their alteration can drive large scale epigenetic changes in the genome. Single point

mutations in epigenetic enzymes dramatically alter lifespan of lower organisms, suggesting that

epigenetic modi�cations drive age changes. In light of the fact that many redundant enzyme systems

exist in more complex higher organisms, it is possible that a this idea is too simplistic  [120].

Alternatively, large-scale changes resulting from speci�c environmental factors or nutrient

availability are more likely to be primary factors. Thus, it is generally accepted that cellular phenotypic

diversity is explained by epigenetic in�uences that modify genetic expression. 

Expression of regulatory genes is a�ected by their environments. Hence, expression of regulatory

processes distributed throughout the body is modi�ed by the epigenetic landscape within which they

reside so that quantitative di�erences in stochastic damage to them will produce a di�erential aging

phenotype even among closely related organisms. 

Optimal gene expression is maintained through rounds of cell division due to key, stable epigenetic

patterns of DNA methylation and chromatin-based regulation. However, when involving the

developmental regulatory mechanisms, epigenetic pro�les are more dynamic, sometimes following

changes in gene expression rather than causing them, thereby not re�ecting the stability of a true

epigenetic state. This variation is of primary importance in the mechanism subserving the emergence

of senescence from morphostasis, since structural alteration of the initiating genetic component

a�ects subsequent outcome. Central to the current theory, is the importance of mechanistically

distinguishing between stable epigenetic expression needed to maintain somatic homeostasis from its

dynamic expression in the developmental regulatory mechanism during the various stages of

morphogenesis, morphostasis and morpholysis. As an organism ages beyond adulthood, continuous

and progressive loss of morphostasis regulatory redundancy exacerbates aging. As a result, e�cacy of

the mechanisms responsible for minimizing cellular damage declines during aging eventually

resulting in an organism’s inability to maintain homeostasis. Indicative of this process are the many

epigenetic marks such as DNA methylation, post-translationally modi�ed histones, and chromatin

that are changed during reprogramming and thereby dysregulated during aging. By not considering
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that a primary mechanism of aging also involves genetic and epigenetic elements that regulate

morpholysis, epigenetic dysregulation during aging not preceding it, has emerged as a hallmark of the

process  [121]. The important di�erence between these two processes is that aging is driven by

deterioration of the primary mechanism and thus, global epigenetic dysregulation is a consequence of

the aging process, not a cause. Many of these age-related somatic changes can be ameliorated by

increasing the levels of histones, strongly implicating direct transcriptional consequences of histone

loss  [122]. Genomic stability and chromatin structure are closely intertwined, the latter not only

regulating accessibility of DNA damaging agents to the genome, but also participating in critical

signaling roles for DNA lesions and their repair [123]. Since chromatin plays a critical role in regulating

genomic stability and gene expression, it is possible that during aging such changes may be caused by

the global alteration of chromatin structure as evidenced by loss of heterochromatin in human

cells [122] to wide-spread reduction of histone levels during mitosis. 

During the DP, regulatory gene expression changes as the epigenetic landscape is modi�ed with each

non-repeating stage of construction. These changes allow di�erential expression of the regulatory

mechanism making it di�cult for damage and errors to accrue at any speci�c stage. However, the lack

of non-repeating stages during morphostasis and subsequent phases of life requiring that the

regulatory mechanism become redundantly expressed, makes it vulnerable to damage and to an

increased risk for the emergence of aging. When stages of somatic construction are complete,

regulatory oversight of the adult soma must become redundant and appropriately expressed pursuant

to the varying epigenetic conditions of the di�erent body parts. Progressive stochastic damage erodes

robust expression of these master regulatory mechanisms causing loss of redundancy that erodes

functional and structural stability characteristic of senescence (Figure 8).

_____
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Figure 8.

E�ect of DSB damage on developmental regulatory redundancy as a contributing cause

of aging

Figure 8. DSB’s initiate a cascade of e�ects leading to apoptosis and/or cellular senescence. These

damages in combination with other forms occur randomly throughout the soma contributing to the

aging phenotype and pillars of aging. However, when they impact components of the organismal

regulatory mechanism they reduce its redundancy and thus make a signi�cant contribution to the

onset and progression of aging. Reproduced and modi�ed with permission from [102].

_____

DSB-induced loss of regulatory redundancy a�ects epigenetic changes and accelerates

aging

The premise that a redundant regulatory mechanism oversees morphogenesis and morphostasis but

degrades to allow aging to proceed, is supported by published reports linking genome damage and
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epigenetic drift with aging. A study was designed to determine how experimentally induced DSBs in

conjunction with correlative changes in the epigenome a�ect organismal aging. Mature adult mice

ranging in age from 3 to 6 months were used in the model. The ages of mice selected for the study were

considered mature, at “a life phase equivalent for humans ranging from 20 - 30 years”  [124]. Thus, the

study was begun in mice whose physiological ages were comparable to those of humans during the

decade of morphostasis when non-repeating stages of the DP have ended, being replaced by redundant

regulatory cycles prior to the onset of senescence . 

The e�ect of reduced regulatory cells on aging was demonstrated in a transgenic mouse model that

was created using the I-PpoI restriction enzyme to induce DSBs [125][126]. Non-mutagenic DSBs were

created in non-coding regions of DNA at frequencies only a few-fold above normal background levels.

It is presumed that the authors chose to cut ncDNAs because they are often transcribed to non-coding

RNAs (ncRNAs)  [127]  which have been identi�ed as regulators of chromatin structure and gene

expression. Since ncDNA is regulatory, they are good candidates for simulating changes that occur

during aging. Their experimental reduction mimics spontaneous loss of redundant regulatory units as

predicted in the current theory. 

Treatment caused premature organismal aging. After one month, treated mice displayed slight

alopecia and loss of pigment on their feet, tails, ears and noses, compared to controls. These are

common features of middle-aged, wild type mice. However, 4 to 6 months later, the mice displayed

signi�cantly accelerated physiological aging of skin, eye, muscle and brain. Transcriptional changes

associated with acceleration of the epigenetic clock estimated the rate of aging to be about 50% faster

than controls. By 10 months of age, gene expression patterns and DNA methylation in treated and

control mice showed that dysregulation of skeletal muscle genes from signi�cantly younger

experimentally altered subjects was positively correlated with that of twenty-four-month-old wild

types. Resulting molecular changes in the epigenome included histone modi�cations, DNA

compartmentalization, smoothing of the epigenetic landscape, and loss of cellular identity. 

These observations suggest that unlike other DNA damage, DSBs are independently capable of driving

multiple age-related phenotypes as part of the aging mechanism. Also, the quality of DSB repair

responses tends to degrade with age, causing increased genome structural variation in older

mammals. Also, the diminishing quality of normally occurring DSB repair as well as that following

long term exposure to agents causing their induction, is associated with premature aging. Thus, the

experimental creation of DSBs in regulatory DNA from young adult mice, rapidly changed their
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epigenome; a change that was associated with initiation and acceleration of aging. Thus, the authors

proposed that their �ndings did not support the generally held damage-based theories that aging is a

random, multifactorial process, but instead that it is non-random and “potentially driven by a

reproducible and predictable” mechanism.

Further evidence of DSB involvement in aging

 Mice that were mutated in Ku70 or Ku80 proteins which are involved in repair of DSBs, displayed an

early aging phenotype  [113][127][128]. In this model, as well as in the one previously referenced,

treatment by one factor alone initiated aging, caused it to accelerate, and can therefore be considered

a single cause of aging.

The causal role of DNA damage in aging was further veri�ed in two mouse models with “clean” DSBs

that resulted from expression of a tetracycline-controlled SacI restriction enzyme or a I-PpoI

restriction enzyme. Both models separately displayed symptoms of premature aging [102][129][130]. 

Finally, altering proper DSB processing and repair through use of non-speci�c, radiation-induced

lesions in rodents and humans, as well as treatments with high doses of anti-cancer agents or by DSB

enzymatic induction [50][131] can independently cause aging. These observations suggest that unlike other

DNA damage, DSBs may be capable of driving multiple age-related phenotypes, as part of the aging

mechanism. DSBs also promote epigenetic drift by triggering signals that recruit epigenetic regulators

away from gene promoters to the DNA break site  [132]  and are consistently linked with accelerated

aging if defectively repaired  [133][134]. In contrast, e�cient repair of DSBs or slowing of the rate of

their damage was highly correlated with longer lifespan [131]. 

To summarize this brief review, DSBs and associated epigenetic changes that are directly related to

expression of the regulatory mechanism for oversight of various life stages, e.g., ontogenesis,

morphostasis and morpholysis, are di�erent from those associated with somatic maintenance and

function, especially during aging.

The proposed cause of aging is progressive degradation of the redundant developmental regulatory

mechanism due to mis-repaired molecular damage  [1]  which causes loss of regulatory redundancy

that mandates initiation of aging unto death.
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4. Discussion

Based upon evidence previously provided, this section will present a theory that supports Darwin’s

opinion that aging has a hidden bene�t that conforms with the laws for NS. Thus, it is an adaptive trait

that has a single cause that evolved in humans as a continuum of the DP to ensure reproductive

success, despite or perhaps because of it’s being inseparable from aging thereafter. Evolutionary

theory will be used to defend the novel theory. Finally, an unintended and unexpected �nding of this

research is that aging, at least in humans, can be considered programmed, but not as a process that

evolved to exclusively cause death. This topic will be discussed in greater detail below. 

The Theory

Aging results from a mechanism that evolved by means of NS to provide the opportunity for achieving

reproductive success in humans and other mammals that nurture their young. In these animals,

fecundity emerges during the developmental program, which ends when human beings are about 20

years old. However, reproductive �tness doesn’t occur until almost a decade later when progeny

become independent of parental care. Since survival without descent is evolutionarily meaningless,

parents must survive long enough to complete the required reproductive stage of nurture that makes

their o�spring capable of independence. To keep aging at bay until reproductive success is achieved,

the somatic regulatory mechanism of the last DP stage is redundantly expressed to direct further

parental development unto peak physical and functional vitality. The last reproductive stage of

o�spring nurturing is completed in humans as parents’ approach 30 years of age. At that point,

regulatory redundancy is lost su�ciently to end the non-aging phase of morphostasis and initiate

aging. This dynamic represents the single cause of aging, which stands in contrast to the popular

notion that it is multifactorial. 

Developmental regulatory redundancy and morphostasis are emergent properties of ontogenesis that

cannot persist inde�nitely because of reliability limits, stochastic mutations and reproduction-related

damages. Thus, progressive loss of regulatory redundancy is an emergent property of morphostasis

that causes aging. Physiological dysregulation resulting from loss of redundancy erodes homeostasis,

causing aging to proceed exponentially. 

Since reproductive �tness and aging are inseparably bonded by a single mechanism that is a product

of natural selection, aging is adaptive in compliance with Darwin’s theory and consistent with his
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opinion that it provides a hidden, compensating bene�t. The mechanism proposed in this theory

explains the origin of individual as well as population aging thereby foregoing the need to explore

questionable methods of group selection to explain the latter. Furthermore, because aging is

inseparably linked with reproductive �tness, emergence of a hypothetical “Darwinian demon” [135] is

impossible. Paradoxically, because its origins are directly linked with the DP, aging could be

considered programmed. 

Evolutionary perspective: Origin of human aging by means of natural selection 

All populations, including those that breed slowly will increase in size if no limitations are imposed on

their growth by nature. Those constraints take various forms in di�erent populations, often including

limited food supply, nesting sites, predators, disease, adverse climactic conditions and many more.

Additionally, for sexual populations, mating opportunities are not available to all since candidates for

copulation require “bene�cial traits” to increase their chances of being “accepted”. Those di�ering,

heritable traits bring variation to populations providing them the means to adapt to changing

environmental conditions. Thus, through the process of NS, variations conducive to the survival and

reproduction of individuals ensure continuation of their species consistent with the struggle for

existence. Such “selection” by nature prevents geometric population increases that would occur in the

absence of those checks.

Aging is not one of the limitations on population growth since most animals living in nature often die

before reaching maturity due to one or more of the restrictive environmental factors. This may be the

reason that a chapter on the evolution of aging is not included in Darwin’s classic book, “On the origin

of species by means of Natural Selection”, which is focused upon survival and preservation of life in

viable, reproductively competent organisms. A search of the literature reveals that the author had

greater interest in the controversy over creation of life than in the process of its termination  [56]. It

seems that his only interest in death was that it generated variability thereby facilitating adaptation. It

is obvious that the mechanism of aging would have held little interest to him at the time of his

research.

Nonetheless, at the time when “Origin” was published, Darwin was asked how his theory of natural

selection could explain the evolution of aging, to which he responded that it must provide some

hidden, compensating bene�t that makes it adaptive. This inability to provide an explanatory theory
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for the functional relationship between natural selection and aging was described by Goldsmith [6] as

another of Darwin’s Dilemmas [136]. 

Following his life, Darwin's theory of evolution has been bolstered by many scienti�c advances

including expanded fossil records, discovery of DNA, genetic replication processes, genome analysis,

application of radioactive decay methods to geologic time dating, and observations of natural

selection in the wild and in laboratories. But of course, there is no fossil record for aging nor current

methods to speci�cally explain the process by which it evolved, leaving biogerontologists the only

option of applying theory to provide tentative answers. 

Senescence is the decrease in an organism’s ability to reproduce and the increase in the chances it will

die as it ages. Explaining why senescence evolved at all has long been an issue for evolutionary theory,

because any decrease in an organism’s ability to reproduce should be selected against, and senescence

which occurs in all organisms and always results in death, completely ends reproductive potential. 

Any theory intended to convincingly argue that aging evolved, must be of an explanatory type that has

the potential to be tested since aging is explicable if not de�nitively explainable. As stressed by

Lennox, explicable means unambiguous, familiar or knowable, and di�ers from explainable wherein

the question of cause or reason for being is deemed to be soluble. This theoretical approach was used

by Darwin who performed thought experiments to determine the explanatory potential of NS, as

opposed to providing direct supporting evidence of it [137]. 

There is scienti�c consensus that aging is non-adaptive for individual organisms and adaptive for

populations. This dichotomy requires separate explanations of aging’s origin, which seems patently

untenable and is a conundrum since populations are the sum of individuals. So, assuming that the

aging mechanism is the same for individuals and populations, then how is it explained? 

Presumably, nothing can evolve without the e�ect of NS, so if a trait such as aging wasn’t selected, we

are left with the currently popular explanation of its evolution pursuant to the classic theory. It

proposes that loss of NS strength allows accumulation of somatic damages characteristic of aging.

Accordingly, aging originates and progresses as random damage resulting from neglect by NS

accumulates. This popular concept is inconsistent with Darwin’s theory of evolution by NS.

Alternatively, the current theory explains the evolution of aging as an inextricable part of an emergent

property that evolved from the DP to ensure reproductive success and variability that is essential for

evolution. 
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In an expansive discussion, Razeto-Barry & Frick  [138]  distinguished between the creative and non-

creative views of NS. Per the non-creative view, NS merely eliminates traits while doing nothing to

create new ones; the latter phenomenon is the result of mutation typical of MA and AP theories of

aging. 

In contrast, the creative view as presented in the current theory, sees NS as a force that makes

probable combinations of mutations that are necessary for the development of at least some traits.

While Razeto-Barry and Frick grant that NS cannot explain the origin of traits that arise by a single

mutation, they argue that it can explain the occurrence of sequences of phenotypic changes that would

otherwise be wildly unlikely to occur without selection causing the spread of changes prior to reaching

the �nal one in the sequence [138]. This argument is relevant to the current theory wherein a sequence

of events involving developmental regulatory redundancy that occurs upon completion of ontogenesis

and is lost during morphostasis, promotes reproductive success and subsequently, aging.

Some NS philosophers have turned their attention to “mechanisms…to explain how a phenomenon

comes about or how some signi�cant process works”  [139]. Individual parts/entities or

activities/interactions that allow selection are speci�ed by their unique roles in the selective process,

whereas a mechanistic explanation works by associating those roles with speci�c phenomena [140]. In

the case of human aging, the roles (redundancy of developmental regulatory processes and loss of

redundancy) are associated with the speci�c phenomena of reproductive �tness and aging,

respectively. Homeostasis is temporarily maintained through maintenance of a non-aging state by

redundancy of the developmental regulatory mechanism during the post-ontogenetic stage of

morphostasis. This stage is adaptive and thus selectable because it sustains a non-aging environment

where �nal development of the parental generation can occur su�ciently to nurture o�spring and

achieve reproductive �tness. It also provides for somatic maintenance. But the number of functional

regulatory units is �nite so that redundancy once achieved is progressively lost due to physical and

biochemical factors. Since regulatory redundancy temporarily sustains a non-aging state, the stability

of morphostasis is progressively lost. This perturbation initiates aging from a previously non-aging

state, weakens strength of NS, and erodes general somatic maintenance. 

The current theory explains that aging is an essential part of such a mechanism involving regulatory

redundancy, an emergent property of ontogenesis. It describes regulatory redundancy as an

“unmaintainable” property that directs reproductive success during morphostasis, the non-aging

phase of development. However, since regulatory redundancy is “unmaintainable”, it degrades
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thereafter initiating and driving aging. Thus, one way to secure explanatory status for selection of

aging is to propose that it functions as part of a mechanism that is inextricably linked with

reproduction. 

To further the preceding explanation, aging may evolve by speci�c selection of reproduction that is

inseparably bound to aging by a single damage component that is common to both. Abrams and

Ludwig  [141]  assume a direct trade-o� between mortality and fertility is mediated via a common

‘damage’ parameter. This concept is consistent with the current theory that aging is a product of NS,

but not as a tradeo�. For example, if an unsustainable parameter that inseparably links reproductive

success with aging is selected because it promotes �tness then the shared “damage” parameter

explains the hidden, compensating bene�t of aging as opined by Darwin.

Barros  [142]  argued that natural selection may be characterized as a two-level mechanism, with a

population-level and an individual-level working together. That requirement is ful�lled in the current

theory wherein individual and population aging emerge from a common mechanism that cannot be

separated. The current theory proposes a mechanism that consists of two levels with each level

working together. Since aging is the same whether occurring in one or more organisms its cause

a�ecting individuals will similarly a�ect a population of those same individuals. Thus, the single

mechanism of aging that involves linkage of development with aging through a common process

explains individual and population aging thereby eliminating the need for another explanatory theory

involving group selection for populations. 

Multiple bouts of Darwin’s process involving di�erent traits, acting sequentially or in concert, may

then explain how the evolution of complex adaptations occur through the gradual evolution (change

over time) of natural populations. This concept is relevant to aging which presumably is not a

purposeful target of evolution but evolves by natural selection of the mechanism to which it is an

inseparable part. 

Aging is not selected per se. However, the mechanism to ensure reproductive success/peak �tness

which mandates aging is selected. Thus, the mechanism is an essential component of �tness, but it

also mandates aging, which comes as a hidden bene�t (for evolution) in compliance with Darwinian

law of NS

The mechanism of natural selection in this case overrides the need for selection of aging per se since it

can’t occur de novo by evolution without its developmental component. The unifying mechanism
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makes �tness and aging inseparable. Thus, selection of reproductive success is also selection of aging.

This is the root cause of aging in the current theory. 

Is aging programmed? 

Programmed death theory that originated nearly two centuries ago, [143] still has advocates, but their

opinions are not widely shared. The concept that there is a limit to human survival based upon

programmed control of death by aging is largely rejected by the scienti�c community.  [144][145][146].

The reason for rejecting programmed death theory is that when aging is viewed as a separate trait, it

has no individual bene�t, thus being incapable of NS based upon Darwinian mechanics of evolution. As

a result, some authors justify aging programs based upon the value of death to evolvability and

demographics rather than to individual bene�t [7][9][147][148][149][150]. 

These and other observations have suggested to some biologists that our understanding of aging is

being constrained by restrictive evolutionary paradigms [147]. 

Mitteldorf proposed that several computational models have been created, but “evolution of an aging

program requires group selection on a scale that goes beyond the theory of multilevel selection, a perspective

that is already controversial”. So, he stated that the question of whether plausible models exist that can

account for aging as a group-selected adaptation is central to our understanding of what aging is,

where it comes from and, importantly, how “anti-aging medicine might most propitiously be pursued”.

Kowald and Kirkwood reviewed computational models that evolve aging as an adaptation  [144]  and

found fault with each of them. So based on theory alone, they endorsed the standing convention that

aging must be understood in terms of trade-o� models This author disagrees as has been previously

argued in his discussion of tradeo�s, “unmaintainablity” and aging. 

Paradoxically, the current theory was not created to defend an evolutionary basis for programmed

aging, but upon greater scrutiny and interpretation of its rami�cations, it could possibly provide more

substantive support for the concept than it has ever received. Although this novel theory proposes that

reproductive success is its primary objective, it makes the unique claim that a mechanism which

evolved to facilitate reproduction is inseparable from that which causes aging thereafter. It is ironic

that a program that evolved to enhance life through organismal development and reproduction will

also cause aging and death. Because the developmental program is universally recognized as “a

cornerstone of modern biology within which a purposeful genetic program drives all biological processes that

occur from conception to reproductive maturation” [55] it can also rightly be considered an aging program
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because it always causes death, albeit presumably not purposefully. Thus, the developmental program

can also be considered an aging program since development and aging are continuous functions that

cause construction of new organisms while making their deconstruction inevitable, respectively. The

reason theoreticians have had di�culty in providing a valid explanation for aging programs is because

they do not begin their thinking with development, and thus can’t argue a speci�c cause for the

evolution of aging from a non-aging state.

5. Conclusion

Aging occurs due to natural degenerative processes acting upon an emergent property of ontogenesis

that ensures reproductive �tness. Since that redundant regulatory mechanism of the last ontogenetic

stage preserves a non-aging somatic condition during acquisition of reproductive �tness, its

progressive loss of supportive redundant regulatory units due to reproductive, physical (reliability

theory) and biochemical (stochastic DSB DNA damage and apoptosis) damage requires loss of the

transient, non-aging stage of morphostasis. Predictably loss of regulatory redundancy causes aging,

an emergent property of morphostasis. Physiological dysregulation caused by decay of emergent

properties such as redundant regulatory integrity has previously been suggested as a cause of

aging [65]. 

Thus, if the assumption of the current theory is valid in its description of a mechanism for

reproductive success that is inseparable from aging, then it is reasonable to assume that the

mechanism alone was a product of NS. It is also possible that because loss of redundancy occurs

during the latter half of the post-ontogenetic decade, when the strength of NS is still su�ciently

strong to cause negative selection of the aging mechanism, it does not. If true, then the mechanism for

aging was selected. Then it becomes questionable whether or not the emergent property of

ontogenesis represents part of an evolved program to ensure not only reproductive success but aging

and death as well. If so, then the theory not only resolves Darwin’s dilemma, but it also brings

credibility to the programmed/adaptive theories of aging, while questioning the validity of non-

programmed/non-adaptive theoryes. 

This process that is essential for resolving Darwin’s dilemma was inadvertently absent from my

original version of “A mechanistic theory of development-aging continuity in humans and other

mammals”  [1], because the highly relevant �ndings of Gaimo and Trualeson  [2]  had not yet been
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published. That signi�cant report showing that aging causes NS to decline, not vice versa, opened the

horizons to the alternative theory presented herein. 

The historical signi�cance of this current theory is that is resolves Darwin’s dilemma by showing that

while aging may not be adaptive per se it provides hidden, compensating bene�ts, that justi�es

selection of the mechanism by which it is inextricably bonded to reproduction. 

In conclusion, Darwin’s con�dence in the validity of his Theory of NS was well founded!

6. Future directions 

Gradual physiological dysregulation results in decay of homeostasis, a characteristic of aging. The

cause as proposed in the current theory is loss of developmental regulatory redundancy, an emergent

property of late morphostasis that continues during aging. While emergent processes may not be easily

understood through clear metabolic pathways, it is possible that they can be precisely quanti�ed and

studied with small numbers of biomarkers [65][66]. 

Although regional epigenetic landscapes di�erentially a�ect expression of the regulatory mechanism,

its genetic construct is the same throughout the soma. Thus, despite inevitable epigenetic

modi�cation, it may be possible to identify regulatory DNA that a�ects aging using redundancy of

sequence to test the validity of the current theory. If so, future �ndings may provide a novel approach

for application of aging research in medicine [145][147].
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