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Introduction
Demographically, aging is deﬁned as a decline in ﬁtness with increasing chronological age, manifested by an elevated risk of death
and a decrease in reproductive success. This demographic change is caused by functional deterioration at multiple levels, providing
a mechanical explanation for the manifestation of aging. As to why organisms age, we are faced with an apparent paradox. As aptly
articulated by G. C. Williams more than 60 years ago, “It is truly amazing that, after having completed the nearly miraculous feat of
embryogenesis, a complex metazoon fails at the seemingly much easier task of simply preserving what was already created”
(Williams, 1957). This paradox is best explained by evolutionary theories of aging.
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Fungi
Fungi utilize a huge variety of reproductive systems, from unicellular budding yeasts that undergo aging, despite lacking germ-soma
distinction (“Unicellular organisms” section), to some ﬁlamentous fungi that contain heterokaryotic cells and hyphae (containing
two or more unrelated nuclei). Most fungi defy the assumptions of evolutionary theories of aging and, apart from unicellular fungal
organisms such as yeast, we have very limited information on their aging processes.

Animals with pluripotent cells
Some animals also lack the formal distinction between the germ and soma lines. Their cells may dedifferentiate and be recruited for
gametic cell lineages. This has been reported from basal animal groups such as sponges (Porifera) and cnidarians (e.g., corals and
Hydra), as well as tunicates (e.g., the colonial star ascidian Botryllus schlosseri), a lineage related to the vertebrates. The Hydra is
capable of asymmetric partitioning of cell waste during somatic cell division. The cell targeted to act in tissue with a rapid cell turnover (such as battery cells in tentacles) receives a disproportional portion of malfunctioning components. This apparently facilitates
the avoidance of gradual deterioration of cells with retained pluripotency. With emerging insights into cellular and molecular mechanisms permitting pluripotent cell maintenance, the Hydra has gained the popular label of “the organism that completely avoids
aging.” While these animals represent a fascinating research avenue for understanding the developmental and cellular mechanisms
of aging (and especially its avoidance), it must be remembered that simple organisms possess the capacity to replace entire functional elements. This cannot be achieved in complex animals where such elements cannot be entirely replaced during a lifetime,
a major constraint for an uncritical reference to human aging. For further discussion on the relationship between organisms that
defy aging and aging in complex animals such as humans, see (Reichard, 2017).

Clonal reproduction
Clonal reproduction, a common strategy in asexual reproduction, is widespread in prokaryotes and fungi and relatively common in
many plants and animals. During cloning, a genetically identical copy of the parental individual is formed. Clonal progeny may be
formed from a germ line, for example, parthenogenesis represents development of an unfertilized egg. In plants, vegetative reproduction is common, with new individuals sprouting from parental somatic cells. This complicates the deﬁnition of an individual
and entire clonal colonies are sometimes considered to represent one individual. In this sense, large stands of vegetatively reproducing grasses, forests of quaking aspen (Populus tremuloides) or massive colonies of reef-building corals all represent long-lived, apparently non-aging individuals. The current lifespan of such colonies (individuals) has been estimated at tens of thousands of years,
and they continue producing gametes and contributing to sexual reproduction. Their apparent escape from aging is certainly related
to their modular body form and an ability to replace simple bodily components (ramets), thereby combining the advantages of
indeterminate growth and pluripotency. While they defy the basic assumptions of the evolutionary theories of aging, the question
of whether they have escaped aging has yet to be settled (Reichard, 2017).

Summary and Conclusions
The seeming paradox of why aging has not been eliminated by natural selection when it is apparently detrimental to individual
ﬁtness is well embraced by standard evolutionary theories of aging. The theoretical treatments of aging are underpinned by the
fact that mortality itself is common in nature, irrespective of aging. This makes survival to a particular chronological age negatively
associated with time since birth, enabling aging to evolve as a mere side effect of genetic drift (“Mutation Accumulation” section) or
a consequence of the trade-off between early and late-life ﬁtness income (“Antagonistic Pleiotropy” and “Disposable Soma”
sections).
Not all organisms and not all cell lineages age. Germ cell lines, most prokaryotic organisms and many eukaryotes show no
increase in mortality with chronological age. This is sometimes misleadingly interpreted as a failure of evolutionary theories of aging
to incorporate their occurrence into their theoretical underpinning. However, evolutionary theories of aging speciﬁcally aim to
explain situations where basic assumptions are met and are not relevant in other circumstances. Hence, while the current paradigm
for the explanation why does aging sometimes evolve is solid, our understanding of how other taxa escape aging is far from settled.
New discoveries, comparative analyses and experimental tests keep producing new insights into the evolutionary perspectives of
aging, sometimes leading to clariﬁcations and modiﬁcations of the prevailing opinions. In short, evolutionary understanding of
aging is itself evolving.
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