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The teleology of aging has been one of the more vexing and controversial question in biology. 
While the prevailing view of aging as a non-programmed, degenerative process has been 
challenged by recent discovery of genes that appear to influence the rate of aging and of 
interventions such as parabiosis and microbiome transfers that appear to reverse some 
features of aging, a convincing explanation for why programmed senescence might be 
evolutionarily favored has been lacking.1,2,3, 4,5 Here we describe stochastic simulations of host 
and parasite populations with senescence as an independent variable. The results show that 
populations with more rapid senescence bear lower parasite loads and oscillate more quickly 
through alternate phenotypes with differential resistance against parasites. We conclude that 
programmed aging and death may promote host evasion of parasites in a co-evolutionary 
competition against parasites. 
 

If aging is a programmed process rather than a non-programmed degenerative process., 
then there are significant implications for the direction of anti-aging research and aging may be a 
more tractable disease than previously believed.  

According to the Red Queen hypothesis, sex evolved as a mechanism for periodically 
changing the host defense mechanisms against parasites, in face of parasites’ adaptability to those 
defense mechanisms.6 There is supportive evidence that strains of parasites and host susceptibility 
to the strains may cycle in a periodic fashion.7,8 If oscillatory evolution is a key constituent of 
successful arms race against parasites, the oscillatory period may be important variable in the 
strategy. The faster the host can cycle through the repertoire of defensive genetic combinations, 
more easily it may be to evade the parasite. It stands to reason that rapid senescence post 
reproduction may accelerate the cycling of the host parasite resistance phenotypes. In fact, in both 
semelparious and iteroparious organisms, senescence may be triggered by 
reproduction.9,10,11,12,13,14 Furthermore, given that aging is generally, although not exclusively, 
limited to multicellular sexually reproducing organisms, it is reasonable to hypothesize that the 
evolutionary pressures that led to sex also may be involved in aging.  

We therefore postulated that parasite defense may be a reasonable teleological explanation 
of programmed aging. Programmed senescence may be an important variable in the effectiveness 
of the sex-based parasite defense system, because the periodicity of the defense cycles and the 
effectiveness of the cycling in reducing parasite burden may be influenced by lifespan of the hosts. 
  The model assumes a fixed population, with three phenotypes of hosts and three 
phenotypes of parasites. Each host phenotype is completely resistant to infection against one 
parasite phenotype, partially resistant to a second parasite phenotype, and not resistant to one 
phenotype in a cyclic fashion, such that host phenotype A is completely resistant to parasite 
phenotype A and partially resistant to parasite phenotype C; host phenotype B is completely 
resistant to parasite phenotype B and partially resistant to parasite phenotype A; and so on. This 
assumption is consistent with previously described cyclic resistance pattern.7 
 Each host is assumed to be at risk for dying each year, based on a base rate of non-
senescence mortality and after reaching a predefined age of senescence, a rate of senescence rate 
of death based on an inverse of age of senescence. Each host that dies is replace by a new host, 
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whose phenotype is based on the population distribution of the phenotypes in the population the 
prior year, modified by reproductive penalty for hosts that are infected, and also modified by a 
fixed regeneration factor that simulates recombination due to sexual reproduction. The 
regeneration factor allows for regeneration of phenotypes even when they have disappeared from 
the population, consistent with the theory proposed by Hamilton that alleles with transient low 
fitness is stored and not eliminated, to be re-expressed at a subsequent date.6 Each uninfected host 
can be infected by a parasite, determined by a transmission rate. The phenotype of the parasite for 
the infection is determined by the distribution of parasite phenotypes in the prior year, modified 
by a fixed regeneration factor that simulates recombination due to sexual reproduction. If the host 
was resistant to the parasite phenotype, then the likelihood of infection was modified by the 
resistance factor. Each host was permitted to be infected by one parasite strain at a time. 

    

  
 

 
  
 
 
 
 
 
 
 

Figure 1a and 1b illustrates how the simulation based on 2-year senescence onset compares 
to a simulation based on 20-year senescence onset. While both populations cycle through the host 

a	

b	

Figure 1 | Stochastic simulations of host and parasite populations. a. 
Simulation with 2-year onset of senescence. The top graph is the parasite 
population, and the bottom graph is the host population. Vertical axis is the 
number of organisms, and the horizontal axis is the years. Each color represents 
one of three phenotypes. The corresponding color on the graphs represents one 
parasite phenotype and the host phenotype that is resistant to the parasite 
phenotype. b. Simulation with 20-year onset of senescence. 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 29, 2017. ; https://doi.org/10.1101/143362doi: bioRxiv preprint 

https://doi.org/10.1101/143362
http://creativecommons.org/licenses/by-nc-nd/4.0/


and parasite phenotypes, the periodicity of the oscillations in the 2-year senescence simulation is 
consistently shorter. 

 
 

 2-Year 5-Year 10-Year 20-Year 
Average Parasite Load 59.20% 80.93% 87.62% 90.39% 

Table 1 | Average Parasite Load. The mean parasite load, as measured by percentage of hosts that are infected in 
each year for each of the simulations, after 1,000 iterations of 500-year simulations. 

 
 

 Table 1 illustrates the average parasite load after 1,000 iterations of the simulation for the 
2-year senescence onset population and the 20-year senescence onset population. As hypothesized, 
the population with shorter lifespan yielded substantially lower overall parasite burden. 
 Our model suggests that under a certain set of assumptions, decreased lifespan can result 
in lower parasite load, along with more rapid oscillation of parasite resistance phenotypes. The 
decrease in oscillation period and decrease in parasite load may have a causal relationship, and 
support the hypothesis that if senescence is an adaptive, programmed trait, then evolutionary 
pressure from parasites may be a factor driving its pervasiveness, much as it may have been the 
factor driving the evolution of sexual reproduction. 
 
 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 29, 2017. ; https://doi.org/10.1101/143362doi: bioRxiv preprint 

https://doi.org/10.1101/143362
http://creativecommons.org/licenses/by-nc-nd/4.0/


1. Kenyon, C. The first long-lived mutants: discovery of the insulin/IGF-1 pathway for ageing. 

Philos. Trans. R. Soc. B Biol. Sci. 366, 9–16 (2011). 

2. Grey, A. D. N. J. de. Do We Have Genes that Exist to Hasten Aging? New Data, New 

Arguments, But the Answer is Still No. http://www.eurekaselect.com Available at: 

http://www.eurekaselect.com/130528/article. (Accessed: 23rd May 2017) 

3. Villeda, S. A. et al. Young blood reverses age-related impairments in cognitive function and 

synaptic plasticity in mice. Nat. Med. 20, 659–663 (2014). 

4. Callaway, E. ‘Young poo’ makes aged fish live longer. Nat. News 544, 147 (2017). 

5. Smith, P. et al. Regulation of Life Span by the Gut Microbiota in The Short-Lived African 

Turquoise Killifish. bioRxiv 120980 (2017). doi:10.1101/120980 

6. Hamilton, W. D., Axelrod, R. & Tanese, R. Sexual reproduction as an adaptation to resist 

parasites (a review). Proc. Natl. Acad. Sci. 87, 3566–3573 (1990). 

7. Decaestecker, E. et al. Host–parasite ‘Red Queen’ dynamics archived in pond sediment. Nature 

450, 870–873 (2007). 

8. Lively, C. M., Craddock, C. & Vrijenhoek, R. C. Red Queen hypothesis supported by parasitism 

in sexual and clonal fish. Nature 344, 864–866 (1990). 

9. Zwoinska, M., Lind, M. I. & Maklakov, A. A. Sexual Conflict: Male Control of Female 

Longevity. Curr. Biol. 24, R196–R198 (2014). 

10. Shi, C. & Murphy, C. T. Mating Induces Shrinking and Death in Caenorhabditis Mothers. 

Science 343, 536–540 (2014). 

11. Gems, D. & Riddle, D. L. Longevity in Caenorhabditis elegans reduced by mating but not 

gamete production. Nature 379, 723–725 (1996). 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 29, 2017. ; https://doi.org/10.1101/143362doi: bioRxiv preprint 

https://doi.org/10.1101/143362
http://creativecommons.org/licenses/by-nc-nd/4.0/


12. Maures, T. J. et al. Males Shorten the Life Span of C. elegans Hermaphrodites via Secreted 

Compounds. Science 343, 541–544 (2014). 

13. Maklakov, A. A., Kremer, N. & Arnqvist, G. Adaptive male effects on female ageing in 

seed beetles. Proc. R. Soc. Lond. B Biol. Sci. 272, 2485–2489 (2005). 

14. Gendron, C. M. et al. Drosophila Life Span and Physiology Are Modulated by Sexual 

Perception and Reward. Science 343, 544–548 (2014). 

 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted May 29, 2017. ; https://doi.org/10.1101/143362doi: bioRxiv preprint 

https://doi.org/10.1101/143362
http://creativecommons.org/licenses/by-nc-nd/4.0/

