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e-mail: j.d.ibanez-alamo@rug.nl
Electronic supplementary material is available

online at https://dx.doi.org/10.6084/m9.

figshare.c.4027072.
& 2018 The Author(s) Published by the Royal Society. All rights reserved.
Global change biology

Urban blackbirds have shorter telomeres
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Urbanization, one of the most extreme human-induced environmental

changes, represents a major challenge for many organisms. Anthropogenic

habitats can have opposing effects on different fitness components, for

example, by decreasing starvation risk but also health status. Assessment of

the net fitness effect of anthropogenic habitats is therefore difficult. Telomere

length is associated with phenotypic quality and mortality rate in many

species, and the rate of telomere shortening is considered an integrative

measure of the ‘life stress’ experienced by an individual. This makes telomere

length a promising candidate for examining the effects of urbanization on the

health status of individuals. We investigated whether telomere length differed

between urban and forest-dwelling common blackbirds (Turdus merula). Using

the terminal restriction fragment assay, we analysed telomere length in year-

lings and older adults from five population dyads (urban versus forest)

across Europe. In both age classes, urban blackbirds had significantly shorter

telomeres (547 bp) than blackbirds in natural habitats, indicating lower health

status in urban blackbirds. We propose several potential hypotheses to explain

our results. Our findings show that even successful city dwellers such as

blackbirds pay a price for living in these anthropogenic habitats.
1. Introduction
Urbanization is an extreme form of human-induced environmental alteration [1]

that can have both positive and negative effects on organisms [2]. On the one

hand, urban habitats may offer safety from predators and starvation, increasing

lifespan. On the other hand, various pollutants (chemical, light and noise) may

have a negative impact on health, decreasing survival prospects. Previous studies

have investigated urbanization effects on health using different physiological

biomarkers such as hormones and oxidative stress (e.g. [3,4]). However, interpret-

ation of variation in biomarkers is difficult as there is usually no clear-cut

association between physiological markers and fitness components, and there-

fore, the biomarkers used so far may well be reversible traits falling into the

regulatory and acclimatory responses as defined by McDonnell & Hahs [5].

This impedes an assessment of potential net health differences between individ-

uals in urban and natural habitats. Hence, there is a need for biomarkers that can

be interpreted unambiguously to capture the net effect of urbanization on the

individual status of organisms.

Telomeres, nucleoprotein structures at the end of chromosomes promoting

genome stability [6], are excellent candidates for this purpose. There is evidence

associating telomere length with disease, mortality rate and lifespan in different
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Figure 1. Telomere length of blackbirds for each habitat in all study locations
combined. Box plots show the median, upper and lower quartiles, maximum
and minimum values, and outliers. (Online version in colour.)
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organisms (e.g. [7–10]) and supporting its use as a biomarker of

ageing and phenotypic quality (e.g. [11]). Furthermore,

environmental changes inherent to urbanization, such as

noise pollution and diseases, are known to affect telomere

length [10,12], and living in cities is thought to modify animals’

oxidative balance [4], which seems the main physiological

mechanism responsible for the shortening of telomeres (e.g.

[13]). Therefore, we would expect shorter telomeres in organ-

isms living in urban areas. In line with this expectation, a

recent cross-fostering experiment with great tit (Parus major)
nestlings found that being raised in an urban environment sig-

nificantly shortened their telomeres [14], although the selective

disappearance of individuals with short telomeres after fled-

ging annulled this difference in the adult population [15].

Note, however, that this study relied on a single urban–rural

comparison in Sweden, and that a similar study of great tit nest-

lings in France could not replicate this finding [16]. This

highlights that multiple geographical replicates are required

to reveal general effects of urbanization on organisms.

We tested whether urban areas are associated with telo-

mere length in European populations of adult common

blackbirds (Turdus merula). We sampled five pairs of urban

versus forest populations encompassing a large geographical

range (electronic supplementary material, figure S1). Black-

birds are particularly interesting in this context, because

urban populations hold a larger proportion of older individ-

uals than non-urban populations [17], indicating a higher

adult survival rate in cities. This suggests that age-corrected

telomere length may be longer in urban blackbirds. Further-

more, experimental exposure to stressors significantly

shortened telomeres in adult blackbirds, confirming that

telomeres are indicative of health in this species [11].
2. Material and methods
(a) Study design and sampling
Urban capture sites consisted of parks and gardens located in the

core area of cities. Forest capture sites were in protected forested

areas, with minimum human activity. The habitat differen-

ces were confirmed with a commonly used urbanization index

(electronic supplementary material, table S1).

Blackbirds were captured using mist nets in March–July 2015

and classified as either yearlings or older birds (�2 years old)

based on their plumage. Immediately after capture, blood samples

(350–450 ml) were taken from the brachial vein, kept at 48C for up

to 5 h until centrifugation (15 min at 5000g), after which the red

blood cells were frozen at 2808C. Telomere length was measured

in yearlings from all locations (N ¼ 62, 32 males and 30 females),

and as part of another study, in a subset of older (�2 years old)

birds from three locations (N ¼ 42, males only).

(b) Telomere length assays
Telomere length was analysed in erythrocytes using telomere

restriction fragment assays, as previously described [9]. In every

gel, we included randomly selected samples from all locations,

habitats and sexes to avoid confounding effects of gel identity.

Telomere length was quantified through densitometry using

ImageJ v. 1.38x. The lower limit of the measurement was lane-

specifically set at the point with the lowest signal on the part of

the distribution representing the small telomeres, while the

upper limit was set at the length of 48 000 bp. A lane-specific back-

ground, selected outside the telomeric region as a mean value

calculated between 60 000 and 70 000 bp, was subtracted from
the optical density measurements. Between-gel coefficient of vari-

ation of a standard sample (blood of the same individual) run on

all gels was 2.5% (yearlings) and 3.9% (older adults).

(c) Statistical analyses
We analysed our data using linear mixed models with the R pack-

age ‘lme4’ [18]. Because telomeres shorten with age [7,9], which

may be habitat-dependent (see below), and because yearlings

and older birds were measured in different batches, we first

analysed yearlings only. The starting model in this case included

habitat type (urban or forest), sex and their interaction as fixed

factors, while gel identity and location nested within dyad were

considered as random factors. However, telomere length was inde-

pendent of sex and hence sex was removed from the models

(electronic supplementary material, table S2). In a second analysis,

we tested for an urbanization effect among birds older than year-

lings. Finally, we also compared the age ratio in urban and forest

areas using the same starting model previously described.
3. Results
Average (+s.d.) telomere length was 11.3+1.0 kb for year-

lings and 10.8+1.2 kb for older individuals. Telomere length

of urban yearlings was significantly shorter than that of

forest yearlings (figure 1; difference+ s.e.: 547+224 bp;

F1,56.9 ¼ 5.94, p ¼ 0.017) and this pattern was observed in all

five dyads (electronic supplementary material, figure S2).

In blackbirds older than yearlings, the difference between

urban and forest blackbirds was even larger (922+332 bp;

F1,47.0¼ 7.73, p ¼ 0.008; figure 1) though less consistent across

locations (electronic supplementary material, figure S3). In

agreement with previous results [17], we found a higher pro-

portion of adults older than yearlings in cities for our studied

populations (Z ¼ 3.50, p ¼ 0.0005; N ¼ 263; figure 2; electronic

supplementary material, table S4).
4. Discussion
Adult urban blackbirds have shorter telomeres than blackbirds

in forests (figure 1) independent of age or location (figure 1;
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Figure 2. Proportion of old adult blackbirds (�2 years old) in urban and
forest habitats for each location. Numbers within each bar represents
sample sizes. (Online version in colour.)
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electronic supplementary material, figure S2), indicating it to

be a robust effect. Our findings suggest that urban blackbirds

are in a poorer state, given that shorter telomeres in blackbirds

are indicators of poor phenotypic quality [11]. Anthropogenic

landscape change causes a global loss of biodiversity [19],

which highlights the relevance of our results to species, like

the blackbird, that do persist in these environments. However,

our findings contrast with the apparently higher survival rates

of urban blackbirds ([17]; figure 2), indicating that the poorer

phenotypic state of urban blackbirds is more than offset by

other factors (i.e. predator absence) with respect to survival.

The differences between our results and those recently found

in adult great tits for a Swedish urban–rural comparison [15]

could be explained by (i) species-specific effects of urbanization

or (ii) local versus general patterns. Interestingly, the habitat

effect in our study was larger in Turku than in Dijon (electronic

supplementary material, figures S2 and S3), matching the con-

trasting findings between French [16] and Swedish nestling

great tits [14]. Future studies should target disentangling the

causes of such geographical variation.

Different mechanisms, not mutually exclusive, may have

caused the habitat effect on telomere length. (i) The origin

may be genetic, given that heritability of telomere length is

often high [20], and that cities can select for specific genes
[21]. Under this hypothesis, we would expect the habitat

effect to be already present at conception. (ii) Telomere attrition

during the first year of life may be higher in urban habitat,

either in the nest [14] or thereafter. (iii) Selection on telomere

length may be habitat-dependent [15], with stronger selection

against short telomeres in forests. Hypotheses (ii) and (iii)

can both be tested using longitudinal data on survival and

telomere dynamics. (iv) Habitat selection may depend on

telomere length, with individuals with short telomeres being

more likely to colonize urban habitats [22]. (v) Urban black-

birds are older than forest blackbirds ([17]; this study), and

because paternal age affects offspring telomere length in sev-

eral species [23], this can potentially explain the habitat effect

on telomere length. Habitat-associated variation in age struc-

ture could also explain our findings in older birds, but not in

yearlings, for which within-group variation in age is minimal.

Our investigation provides the first large-scale evidence

showing that telomere length is habitat-dependent in free-

living populations. Long-term individual-based studies are

now needed to unravel how the habitat effect on telomere

length arises and whether other species or taxonomic

groups show similar patterns.
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