
http://crossmark.crossref.org/dialog/?doi=10.1098/rstb.2016.0445&domain=pdf&date_stamp=2018-01-15
http://dx.doi.org/10.1098/rstb/373/1741
http://dx.doi.org/10.1098/rstb/373/1741
mailto:mfh008@bucknell.edu
http://orcid.org/
http://orcid.org/0000-0002-5965-8726
http://orcid.org/0000-0001-9902-8203
http://orcid.org/0000-0002-3227-7966
http://orcid.org/0000-0003-0021-0561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://rstb.royalsocietypublishing.org/


1. Introduction
With advancing age, organisms experience gradual, functio-

nal deterioration that leads to diminished performance and
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mean telomere length of a species is inversely cor-

related with lifespan [11]. To our knowledge, this

relationship has yet to be tested in a phylogenetically

controlled study of birds.

(iii) The telomeric brink hypothesis [42] postulates a causal

role for telomere shortening in shaping longevity. If cri-

tically short telomeres increase the risk of mortality, then

a corollary to this hypothesis is that species with shorter

mean telomere lengths and faster telomere loss rates

should also have shorter lifespans, which we test here.

(iv) Another recent hypothesis in telomere biology is that

long telomeres shorten more quickly than short telo-

meres, possibly because longer telomeres are more

sensitive to telomere-damage events [26]. To our

knowledge, this hypothesis has only been evaluated

within species, and we tested whether there is any

support across species of birds.

2. Methods
(a) Species
We explored telomere shortening in cross-sectional blood samples

from 19 avian species representing 5 orders (table 1 and figure 1).

We chose species in which long-term study populations were avail-

able allowing us to sample individuals over a wide range of

their predicted maximum lifespan (table 1). Maximum lifespan esti-

mates for these species range from 7 to 50 years, and were based on

natural, long-term study populations. Sex was unknown for a sub-

stantial number of individuals in many of the species, and thus, sex

was not included in the analysis. We acknowledge that a potential

bias in our results may arise from sex differences in mortality

as males and females often differ in mortality and lifespan [48]

and telomere attrition rates can also differ by sex [49]. Because

sex was unknown, the average maximum lifespan between males

and females was used in our analyses. While there may be some
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models around these predictors, and also included body mass as a

covariate [60]. Body mass (log10-transformed) was included

because of the clear associations between body mass and longevity

[61]. Mean telomere length and TROC were log10-transformed

prior to analysis. Telomere length increased with age in two

species (H. ostralegus and Oceanodroma leucorhoa
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3. Results
telomere length and faster telomere shortening rates would also

have shorter maximum lifespans. If such a relationship is present

in the data this should result in an interaction between mean TL

and TROC against maximum lifespan of a species. Second, we

tested the prediction that species with longer telomeres may exhi-

bit faster telomere shortening, which was suggested previously

within-species (hypothesis iv [63]). We performed a phylogenetic

regression of mean TL against TROC, where a positive
relationship would suggest that those species with longer

telomeres also show more rapid telomere loss.
3. Results
Mean telomere length and TROC differed substantially among

species (figure 1, linear model: both p , 0.0001). Some species
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show very sharp declines in telomere length with age, while
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(O. leucorhoa

http://rstb.royalsocietypublishing.org/


in extrinsic mortality that reduce the importance of telomere

length in determining mortality at the population level. Regard-

less of either of these causes, the comparative pattern we find

suggests that as the longevity of a species increases, telomere

biology becomes increasingly important. Moving forward,

more longitudinal data are sorely needed to disentangle the

possible scenarios outlined above that can result in the cross-

sectional relationship we report here. Such efforts will allow

us to understand more details of the deteriorative process of

senescence in general [67], and how selective disappearance

occurs in species of differing lifespan in particular.

While selective disappearance may be partially responsible

for the pattern we observe between TROC and lifespan, another

possibility is that telomere erosion is a potential mechanism

underlying the evolution of lifespan in birds, with short-lived

birds losing more telomeres each year compared to long-lived

birds. A recent meta-analysis of 14 avian species reported that
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rates of telomere loss are strongly associated with species long-

evity in birds. In addition, this relationship is evolutionarily

conserved and selected within bird families. Avian species

that are better able to maintain their telomeres or conversely

for which telomeres are more strongly associated with survival,

causing selective disappearance, may experience lower rates of

cellular and organismal ageing. While this study highlights the

connection between telomere biology and the pace of life

among species, we need to continue to uncover how within-

individual processes that affect ageing in an ever-changing

environmental backdrop relate to telomere loss.

Ethics. All procedures were conducted with approval of the appropriate
local Animal Ethics Committee.

Data accessibility. Data are available within figures and tables in the
manuscript.
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