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Abstract
Background: Environmental stressors increase the secretion of glucocorticoids that in turn can shorten telomeres
via oxidative damage. Modification of telomere length, as a result of adversity faced early in life, can modify an
individual’s phenotype. Studies in captivity have suggested a relationship between glucocorticoids and telomere
length in developing individuals, however less is known about that relationship in natural populations.
Methods: In order to evaluate the effect of early environmental stressors on telomere length in natural populations,
we compared baseline corticosterone (CORT) levels and telomere length in nestlings of the same age. We collected
blood samples for hormone assay and telomere determination from two geographically distinct populations of
the Thorn-tailed Rayadito (Aphrastura spinicauda) that differed in brood size; nestlings body mass and primary
productivity. Within each population we used path analysis to evaluate the relationship between brood size, body
mass, baseline CORT and telomere length.
Results: Within each distinct population, path coefficients showed a positive relationship between brood size and
baseline CORT and a strong and negative correlation between baseline CORT and telomere length. In general,
nestlings that presented higher baseline CORT levels tended to present shorter telomeres. When comparing
populations it was the low latitude population that presented higher levels of baseline CORT and shorter
telomere length.
Conclusions: Taken together our results reveal the importance of the condition experienced early in life in affecting
telomere length, and the relevance of integrative studies carried out in natural conditions.
Keywords: Brood size, Latitudinal gradient, qPCR, Thorn-tailed rayadito

Background
Environmental stressors experienced by nestlings during
development are of paramount importance because of
potential effects on adult health and survival [1, 2]. In
nestlings of altricial bird species, where the newly
hatched young lack down and mobility, are not able to
obtain food on their own, and must therefore be cared
for by adults, environmental stressors are buffered by
parents. However, even where parental quality is high,
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offspring exposure to a number of environmental and/or
social perturbations like food shortages, parasites, pollutants, and sibling competition cannot be avoided [3–9].
Such perturbations activate the hypothalamic-pituitaryadrenal (HPA) axis, resulting in increased levels of the
steroid hormone corticosterone (CORT), the primary
glucocorticoid in birds [10, 11]. The HPA axis is often divided into two components: baseline glucocorticoids levels
and stress response glucocorticoids levels [12]. The first is
an approximation of the seasonal baseline level that the
animal should maintain to be able to cope with the predictable demands of the current life-history stage [13, 14],
so it reflects long-term adaptation. The former, (stress
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response: the increase in baseline glucocorticoids levels to
the level reached in 30 min) best reflect short-term plastic
responses to environmental perturbations [15]. Elevated
levels of CORT during development can have adverse effects on growth, behaviour, metabolic rate, cognitive ability, and the immune system [16–22], with potentially
negative consequences for the individual later in life [23].
Elevated levels of CORT can furthermore negatively affect
the metabolic system of the organism via increased
oxidative damage by reactive oxygen species (ROS),
which are an unwanted product of metabolism [24,
25]. As the nucleobase guanine is a major oxidation
target for ROS, the (TTAGGG)n repeats that constitute vertebrate telomeres are particularly vulnerable
to oxidative attack [26].
Telomeres are chromosome caps, made of non-coding
DNA repeats and associated proteins that protect the
terminal ends of linear chromosomes (reviewed by [27]).
They are essential to genome integrity because they protect chromosomes from degradation and help to ensure
proper replication processes [28]. When telomeres reach
a critical shortness, further cell division can damage coding DNA and so cells stop dividing and enter a state of
replicative senescence or undergo programmed cell
death [29, 30]. Consequently, telomere length appears to
predict remaining lifespan in a variety of taxa [31–40].
It used to be thought that telomere loss (telomere
shortening) occurred at a constant rate in individuals,
and telomere length could therefore act as an internal
‘mitotic clock’ to measure the chronological age of organisms in the wild [41]. However, telomere lengths may
vary between individuals of the same age due to variation in telomere inheritance [42, 43] but more importantly due to the rate by which telomeric base pairs are
lost following oxidative stress [44, 45]. In addition,
telomere loss occurs at a higher rate early in life when
growth and development are still occurring [46–48].
Thus, environmental conditions early in life are an important factor in determining telomere lengths in adulthood [49] and subsequently survival (e.g. [37]).

For instance, Haussman and collaborators [50] observed
that chicks of the domestic chicken (Gallus domesticus) exposed to experimentally increased CORT levels (via CORT
injected eggs) had a higher frequency of shorter telomeres
compared with control birds and low CORT treatment, at
the age of 21 days old. Recently, Tissier and collaborators
[51] chronically treated pre-laying zebra finch females
(Taeniopygia guttata) with CORT (via CORT injections)
and observed that CORT treatment decreased growth rate
in male chicks and increased rate of telomere loss in
mothers and female offspring.
These studies have helped in the understanding of the
complex relationship between stress (CORT and oxidative stress) and telomere length in individuals in captivity during their development. In order to evaluate if this
relationship exists in natural conditions, we analysed
baseline CORT and telomere length in nestlings of the
same age in the altricial passerine, the Thorn-tailed
Rayadito (Aphrastura spinicauda).
The Thorn-tailed Rayadito Aphrastura spinicauda
(Furnariidae: Passeriformes) is an insectivorous and endemic species of the South American temperate forest
[52]. The Thorn-tailed Rayadito has a socially monogamous mating system where both members of the pair contribute to nest building, incubation, and feeding of
nestlings [53]. They are small (11 g) and lay one clutch
per breeding season during the austral spring [54]. Eggs
are laid on alternate days and the Thorn-tailed Rayadito
postpones incubation until after the clutch is complete.
The nest construction period lasts 6–15 days, the incubation period lasts 9–15 days and fleding occur at 20–
21 days old. On day 13 nestling attained asymptotic size
with respect to tarsus, bill length and body mass, but
not with respect to wing length [54]. Clutch size varies
latitudinally with a mean of 2.5 eggs observed in the low
latitude population (North, 30 °S), and a mean of 5.5
eggs in the high latitude population (South, 55 °S) [55]
(Table 1), a life-history trait that can influence baseline
CORT levels (at bigger brood size, higher baseline
CORT level [56, 57]). In addition, nestling of the high

Table 1 Geographical origin, climatic data, values of reproductive function (e.g. clutch size) and biometry (mass of nestlings) for two
populations of Rayaditos during the study year 2012
Population

Precipitations (SD)

Coefficient
of variation

Temperature (SD)

Coefficient of
variation

DMi (SD)

Coefficient of variation

Clutch size

Nestling mass

North

124.63

1.23

11.18

17.31

0.45 (0.34)

120.64

2.44 (0.64)

12.75 (1.88)

(33° S)

(1.83)

South

318.35

9.45

2.10 (1.13)

12.00

4.69 (0.89)

14.66 (1.25)

(55° S)

(1.50)

(1.89)
0.57

4.35
(4.12)

The de Martonne (DMi) aridity index was calculated following di Castri and Hajek (1976), based on the average of monthly temperatures and precipitation. The
index is low in hot, dry deserts (low productivity) and high in cool, wet areas (high productivity). The mean annual temperature (calculated as the average of the
monthly temperatures) and total annual precipitation are reported. The variances of precipitation (σ2 P) temperature (σ2 T) and de Martonne index (σ2 DMi) were
estimated from the mean of monthly values
DMi Martonne aridity index, Clutch size number of eggs, Nestling mass (g) weight of nestlings at 13 days old
Climatic data were collected from < http://www.ceazamet.cl, http://www.meteochile.gob.cl/
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latitude population presents higher body mass, a condition that can influence baseline CORT (at lower body
mass, higher baseline CORT level [58]) (Table 1). Finally,
the low latitude population presents lower annual temperatures, higher annual precipitations and higher productivity than the high latitude population (Table 1).
Because of these differences in ecological characteristics,
brood size and nestling body mass, we investigate (i)
whether the magnitude of the relationship between baseline CORT and telomere length vary in each population
in relation to brood size and nestling body mass (path
analysis); and (ii) whether nestling of the two population
differed in baseline CORT levels and telomere length.
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Methods
The study population

Because Thorn-tailed Rayaditos are secondary cavity
nesters [52] they easily adopt to nesting in artificial
boxes. As part of a long-term study, we have monitored
nest boxes in different populations throughout Chile
[55]. In the present study we compared baseline CORT
levels and telomere length in the two populations at the
extremes of the geographic distribution (Fig. 1). The low
latitude population in our experiment, and the northern
limit of the species distribution, is located in Fray Jorge
National Park (30°38’ S, 71°40’ W), which is a relic forest
composed mainly of Olivillo (Aextoxicon punctatum),

Fray Jorge NationalPark

Port Williams

Fig. 1 Location of the two Rayadito populations. Low latitude population: Fray Jorge National Park (30°38’ S, 71°40’ W); high latitude population:
Port Williams, Navarino Island (55°40’ S, 67°40’ W) in Chile
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occurring in patches at the top of the coastal mountain
range, where fog-induced microclimatic conditions allow
the forest to exist in this semiarid region. Our high latitude population, is located in Navarino Island (55°4’ S,
67°40’ W). At this site, the vegetation is characterized by
deciduous Magellanic forest, whose characteristic species are Lenga Beech (Nothofagus pumilio), and Ñirre
Beech (Nothofagus antarctica).
Monitoring, capture procedures and blood sampling

Each year nest boxes were monitored on a weekly basis
until they were occupied, at which point the frequency
of monitoring was increased to detect lay (date of first
egg) and hatch dates (hatching synchrony). All nestlings
were removed from the nest at 12–14 days post-hatch to
have blood samples between 7:30 am and 12:30 pm.
Nestlings were removed individually, carried away from
the nest (20–40 m) and a small blood sample (approximately 50 μL) was obtained by puncturing the brachial
vein with a sterile needle and extracting blood into heparinized micro-hematocrit capillary tubes and banded
with individual metal bands (National Band and Tag Co.,
Newport, Kentucky, USA, or Split Metal Bird Rings,
Porzana Ltd, UK or with a numbered band provided by
the Servicio Agrícola y Ganadero (SAG), Chile). Each
nestling was located in a clutch bag and a subsequent
nestling was removed and similarly processed. In order
to minimize blood sampling time, we weighted nestling
after all nestlings were blended. Samples were stored on
ice until the end of the sampling period (maximum of
5 h) and were then centrifuged for 5 min at 8000 rpm to
separate the plasma from the red blood cells. The
plasma was aspirated with a Hamilton syringe and
stored (at − 20 °C) until assayed for total CORT content
(University of California, Davis). The red blood cells
were stored in FTA Classic Cards (Whatman®) for subsequent molecular sex determination. As CORT levels are
known to rise after 3 min in adults, we performed Pearson correlation between the time of sampling relative to
the initial nest disturbance (first chick removed) and
baseline CORT on each nestling within each nest box.
CORT levels did not increase with sampling times in the
low latitude population (r = 0.032, P = 0.88), which
ranged from 45 to 1320 s and in the high latitude population (r = 0.16, P = 0.56), which ranged from 50 to 1500.
In addition, because baseline CORT levels can drop
between the periods we took blood samplings (7:30 to
12:30), we correlated the time at which we took blood
samplings of a nest box with the mean baseline CORT
levels to each nest box. Mean baseline CORT levels did
not increase with sampling times in the low latitude
population (r = 0.024, P = 0.94) or in the high latitude
population (r = 0.14, P = 0.66). A total of 93 blood samples were collected, 33 from the low latitude population
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(12 nest boxes) and 60 from the high latitude population
(13 nest boxes). This study was carried out with the permission of SAG and the Corporación Nacional Forestal
(CONAF), Chile.
Molecular sexing

Because Thorn-tailed Rayadito nestlings present an absence of sexual dimorphism we used a previously described molecular sexing method [55]. Briefly, DNA was
extracted using a commercial kit (QIAGEN Inc.,
Valencia, CA). The sex of nestlings was determined
using 2550 F and 2718R primers [59]. Polymerase Chain
Reaction (PCR) products were run in 1 % agarose gels,
pre-stained with ethidium-bromide, and detected in a
Fluorimager (Vilber Lourmat). Birds were sexed as females (heterogametic: WZ) when the CHD1W of 450 bp
and CHD1Z of 600 bp fragments were amplified, and
identified as males (homogametic: ZZ) when only the
CHD1Z of 600 bp fragments were present.
Hormone assay

Plasma concentrations of CORT were determined using
a direct radioimmunoassay. To determine the efficiency
of steroid extraction from the plasma, 2000 cpm of tritiated CORT was added to all samples and incubated
overnight. Steroids were extracted for 3 h from the plasma
using freshly re-distilled dichloromethane. The aspirated
dichloromlethane was dried using a stream of nitrogen at
35 °C. Samples were reconstituted in phosphate-buffered
saline with gelatin. All samples were run in duplicate,
intra-assay variation for CORT was 9.20 %, inter-assay
variation was 9.28 %.
Telomere determination

Telomeres were determined using a real-time quantitative PCR technique validated for birds [60, 61]. After
extracting genomic DNA (as described in ‘Molecular
sexing’ above), we quantified the purity of the DNA
using a Nanodrop 1000 spectrophotometer (Thermo Scientific). We followed the protocol described by Angelier and
collaborators [39]. A control single-copy gene (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) was amplified
using the primers GAPDH-F (5’-TGACCACTGTCCAT
GCCATCAC-3’) and GAPDH-R (5’TCCAGACGGCAG
GTCAGGTC-3’). Telomere primers were Tel1b (5’-CG
GTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGG
GTT-3’) and Tel2b (5’-GGCTTGCCTTACCCTTACC
CTTACCCTTACCCTTACCCT-3. qPCR for both telomeres and GAPDH was performed using 4 ng per
reaction. Both the telomere primers (Tel1b and Tel2b)
and the GAPDH primers (GAPDH_F and GAPDH_R)
were used at a concentration of 400 nM (Tel1b and
GAPDH_F) and 900 nM (Tel2b and GAPDH_R), in a
final volume of 20 ul containing 10 ul of Brillant II SYBER
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Green qPCR Master Mix (Stratagene, La Jolla, CA, USA).
Then the forward primer (GAPDH_F or Tel1b), the reverse primer (GAPDH_R or Tel2b) and a reference dye
was added to the 2x Brilliant II SYBR Green master mix
in this specific order. After gently mixing the reaction, the
Rayadito DNA was added and the reaction mixed. Telomere and GAPDH real-time amplifications were performed in two different plates using a Step-One™ RealTime PCR System (Life Technologies, USA). We used
PCR conditions as follow: 20 s at 95 °C followed by 30 cycles of 3 s to 95 °C, 10 s to 54 °C and 20 s at 60 °C.
GAPDH PCR conditions were 20 s at 95 °C followed by
40 cycles of 3 s to 95 °C, 10 s to 62 °C and 20 s at 60 °C.
To test the efficiency of each PCR reaction (accepted
efficiency range 100 ± 15 %), a standard curve was produced in every 48 well plate by serially diluting a pool of
Rayadito DNA (80, 40, 20, 10, and 5 ng ml −1) and by
running it in triplicate. To be able to compare measurements among plates, one individual was used as a reference and run in triplicate on every plate. The threshold
Ct of this reference sample was then calculated for each
plate; the Ct of a DNA sample is the fractional number
of PCR cycles to which the sample must be subjected in
order to accumulate enough products to cross a set
threshold of magnitude of fluorescent signal. All other
samples were run in duplicate on the plates, and mean
values per plate were used to calculate relative T/S ratios
for the target individual relative to the reference individual
using the formula 2ΔΔCt, en where ΔΔCt = (Ct Tel - Ct
GAPDH)reference - (Ct Tel - Ct GAPDH)target . Quantitative
PCR was performed a minimum of two times (i.e. two
telomere and two GAPDH plates) for each sample, and
mean T/S ratios were used in the statistical analyses. The
mean intraplate coefficient of variation was 3.32 per cent
for the Ct values of GAPDH assays and 4.79 per cent for
the Ct values of telomere assays.
Statistical analyses

To examine the relationship between telomere length
and CORT levels, we correlated these variables performing a path analysis [62]. Because baseline CORT can be
affected by brood size [56, 57] and body mass [58] we
included these variables in the analysis. In order to avoid
pseudoreplication (sibling belong to the same nest box)
we calculated mean values of baseline CORT and telomere length for each nest box and used these values in
the path analysis.
We examined the effects of population (two levels –
fixed effect) and sex (two levels – fixed effect) on baseline CORT (ng/ml) and on telomere length using linear
mixed effect models (LMM). Variance components were
estimated using restricted maximum likelihood. Brood
size was included as a random factor and the nest was
included as a random factor to control for siblings
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(pseudoreplication). Because baseline CORT level could
be correlated with body mass (lower body mass, higher
baseline CORT level, refer 58], we included body mass
as a covariate. We chose weight instead of the residuals
between tarsus length and body weight [63], because it
has been proposed as a better predictor of body condition [64]. CORT levels, body mass and telomere length
were logarithmically transformed prior to analysis to fit
assumptions of normality for parametric tests. All statistical tests were two-tailed and conducted using IBM
SPSS Statistics 20. Data are reported as mean ± SD.

Results
We tested the hypothesis that brood size affects baseline
CORT and how this affects telomere length. In addition
we tested the hypothesis that brood size affects body
mass and how this affects baseline CORT. Finally we
tested the hypothesis that brood size affects telomere
length. In the low latitude population, brood size had a
negative effect on body mass (pc = −0.34) and body mass
had a negative effect on baseline CORT (pc = −0.58)
(Fig. 2). Brood size had a positive effect on baseline
CORT (pc = 0.50) (Figs. 2 and 3). The path coefficient
between baseline CORT and telomere length had a
strong and negative effect (pc = −0.72) (Figs. 2 and 4)
and represents the effect of baseline CORT on telomere
length for a given brood size, not the overall effect of
baseline CORT on telomere length.. In the high latitude
population brood size had a negative effect on body
mass (pc = −0.56) and body mass had a negative effect
on baseline CORT (pc = −0.20) (Fig. 2). Brood size had a
strong and positive effect on baseline CORT (pc = 0.50)
(Figs. 2 and 3). The path coefficient between baseline
CORT and telomere length had a strong and negative effect (pc = −0.81) (Figs. 2 and 4).
Rayaditos from the low latitude population presented
higher levels of baseline CORT than their high latitude
counterparts (F1,12.99 = 4.76, p = 0.05) (Fig. 5). There
was no effect for sex alone (F1,74.69 = 0.04, p = 0.85),
effect from body mass (F1,59.27 = 1.71, p = 0.19), or an
interaction between population and sex (F1,76.81 = 2.07,
p = 0.15).
Telomere length of nestlings of the same age tends to
be shorter in the low latitude population (F1,18.74 = 3.69,
p = 0.07) (Fig. 6). There was no effect of sex (F1,76.72 =
0.74, p = 0.39), effect from body mass (F1,67.70 = 0.04,
p = 0.85) or an interaction between population and
sex (F1,77.03 = 0.15, p = 0.69).
Discussion
The objective of our study was to evaluate the relationship between baseline CORT and telomere length in nestlings of the Thorn-tailed Rayadito of the same age from
two populations that differed in ecological and life
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Fig. 2 Path analysis of the relationship between clutch size, baseline CORT and telomere length in the low latitude and high latitude populations.
Path analysis was conducted with average values of nest boxes (low latitude, N = 12 nests; high latitude, N = 13 nests). Also shown are the
residuals (e1, e2), which combine all unexplained effects and measurement errors. Indicated are the path coefficients (cp). The path coefficients
give the strengths of the relationships between pairs of variables when the influences of previous variables are accounted for. Values in bold
indicate path coefficients statistically significant (P < 0.05)

history characteristics. Within population we observed a
direct and negative relationship between baseline CORT
levels and telomere length (see bellow); between populations we observed higher baseline CORT levels and a
trend toward shorter telomere length in the high latitude
population than in the low latitude population.

Baseline CORT levels and telomere length

The elevation of baseline plasma levels of CORT presents a potential negative consequence for the organism,
through an increase in oxidative damage [24, 25] and
ultimately shortening telomeres [26]. We observed a
trend for shorter telomeres in the low latitude
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Brood size
Fig. 3 Association between brood size and baseline CORT. Correlation between brood size and mean Log baseline CORT (ng/ml) per nest box
(low latitude, N = 12; high latitude, N = 13) in the low latitude population (black circles) and the high latitude population (white circles). Correlation
values are reported in Fig. 4
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Fig. 4 Association between baseline CORT and telomere length. Correlation between mean Log baseline CORT (ng/ml) and mean Log telomere
length (T/S ratio) per nest box (low latitude, N = 12; high latitude, N = 13) in the low latitude population (black circles) and the high latitude
population (white circles). Correlation values are reported in Fig. 4

population (p = 0.07), the population that presented
higher baseline CORT levels (p = 0.05). In addition, we
found a statistically negative significant relationship between baseline CORT and telomere length (path coefficients, p < 0.05) in both populations. Taking these results
together (shorter telomeres in the low latitude population and a negative relationship between CORT levels
and telomere length), we suggest that baseline CORT
negatively affects telomere length by shortening them,
presumably via oxidative stress. For instance, recently
Stier and collaborators [65] observed that 10 days old
chicks of the king penguin (Aptenodytes patagonicus)
that born late in the season had higher CORT and oxidative stress levels and shorter telomere length than those
chicks that born early in the seasons. Although the

results of the aforementioned study and the result of our
study in wild populations, together with experimental
studies [50, 51, 66], goes in the same direction and suggest a strong association between stress (baseline CORT
and/or oxidative stress) and telomere length, we cannot
discard other mechanism that could affect telomere
length, like alterations of early growth trajectories (e.g.
[67]). Anyway the results of these investigations are interesting because it may help us to understand early life
factors that determine telomere length, in particular
considering that telomere attrition is higher during early
life when growth and development are still occurring
[46–48] and longitudinal analysis has demonstrated that
telomere length in developing individuals, rather than in
adulthood, is a strong predictor of lifespan, at least in

Fig. 5 Baseline levels of nestlings. Average baseline CORT levels (ng/ml ± SD) of 12 days old nestlings in the low latitude (Fray Jorge National
Park) and in the high latitude population (Navarino Island) of males (gray) and females (black). Low latitude population, N = 16 males and 17
females. High latitude population, N = 35 males and 25 females
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Fig. 6 Telomere length of nestlings. Average telomere length (T/S ratio ± SD) of 12 days old nestlings in the low latitude (Fray Jorge National
Park) and in the high latitude population (Port Williams, Navarino Island) of males (gray) and females (black). Low latitude population, N = 16
males and 17 females. High latitude population, N = 35 males and 25 females

Taeniopygia guttata- [37]. In a concurrent study, we are
carrying out a Capture-Mark-Recapture study (5 years of
data) in order to evaluate apparent survival probabilities
in relation to telomere length when nestlings were
12 days old in both populations. If early telomere length
were a strong predictor of lifespan, we would predict a
lower survival probability in the low latitude population.
In addition, in order to evaluate the role of CORT on
telomere dynamics it would be interesting to investigate
the rate of telomere loss of nestlings during developing
(for an example in captivity, [51]) in both population, to
evaluate if the magnitude of telomere loss is higher in
the low latitude population, the population that presents
higher levels of baseline CORT. Changes in the magnitude of telomere loss in relation to the environment
have been registered in adult’s birds. Angelier and colaborators [39] showed that telomeres of individuals of the
American redstart (Setophaga ruticilla) that wintering in
a low-quality habitat shorten more than those of individuals wintering in a high-quality habitat and in blacklegged kittiwakes (Rissa tridactyla) those individuals that
have been experimentally stressed during the reproductive season, presented accelerated telomere loss when
recaptured at the next year [67].
Finally, the results of our path analysis suggest that
telomere length decreased with an increase in baseline
CORT levels and baseline CORT increased with brood
size. Increasing the number of nest boxes sampled would
have improved experimental validity, however path coefficients were still statistically significant. This result suggests that a competitive environment when the brood is

larger (due to sibling competition) increased baseline
CORT resulting in shorter telomere length. Others researchers have investigated the effect of early adversity
on telomeres in altricial birds by manipulating brood
size [40, 68], showing that telomere attrition accelerates
in chicks in large broods, having a negative effect on survival at the next year [40]. However in our study brood
size alone did not have a significant effect on telomere
length in any of the two populations (low latitude: cp =
0.09, high latitude: cp = 0.21). Our result is in concordance with the recent experiments of Nettle and collaborators [69] in European starlings (Sturnus vulgaris), they
demonstrated that rather than brood size per se, what
accelerated telomere attrition was early life competitive
disadvantage (for the smaller birds amongst the siblings
in the nest). Our second result also is in agreement with
the aforementioned study, although the magnitudes of
the associations vary in both populations, we observed
that baseline CORT decreased with an increase in
body mass and body mass decrease with an increased
in brood size ((in the low latitude population, we observed weaker association between brood size and
body mass (pc = −0.34) than between body weight and
CORT (pc = −0.58), while in the high latitude population we observed stronger association between brood
size and body weight (pc = −0.56) than between body
mass and CORT (pc = −0.20)). Summarizing, although
we did not manipulate brood size, within each population
we observed higher baseline CORT levels in nestlings of
bigger brood sizes (pc = 0.50 in both populations) and
shorter telomeres in those nestlings.
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Differences in baseline CORT levels of nestlings between
populations

We observed that nestlings of Thorn-tailed Rayadito
presented higher baseline CORT levels in the low latitude population than their high latitude counterparts.
This pattern replicates the baseline CORT levels of
Thorn-tailed Rayadito’s adults [55].
So, why did nestlings have the same pattern of baseline
CORT as adults? One possible scenario is that the pattern we observed was the result of maternal effects either via maternally derived glucocorticoid deposition
into the eggs [70, 71] or via parental care behaviour,
such as provisioning rate and food quality [8, 72, 73].
On the other hand, given that these two populations are
genetically distinct [74, 75], it is possible that differences
exist in the set point of baseline CORT in individuals in
each population (e.g., [76]), and hence a relatively higher
CORT level in the low latitude population may not
mean these individuals are “more stressed”.
Beyond the mechanism involved in determining baseline CORT levels and its possible behavioural consequences for nestlings such as increased begging [77, 78],
increased sibling aggression [17], increased learning abilities [57] or in the preparation of nestlings to an stressor
environment via organization of the H-P-A axis [49, 79,
80] what we can conclude from our study is that baseline CORT levels of nestlings follow the same pattern of
baseline CORT levels of adults, that is to say higher
levels in the low latitude population. The habitat of the
low latitude population has been characterized as a isolated relic forest from the Pleistocene period, where foginduced microclimatic conditions in the present day
allow the forest to exist in an otherwise semiarid region,
characterized by low primary productivity ([55], this
study). So, one possibility is that baseline CORT levels of
nestlings reflect habitat quality, as has occurred in adults
of some species (721, [81–86]). However, we know little
about if levels of baseline CORT reflect habitat quality
in nestlings. To the best of our knowledge the only study
that has evaluated levels of baseline CORT in nestlings
inhabiting contrasting environments was the study of
Blas and collaborators [87] in white storks (Ciconia
ciconia). These authors observed that nestlings inhabiting crop fields had two-fold higher levels of baseline CORT when compared to nestlings inhabiting a
marsh environment. One possibility is that the baseline CORT levels of Thorn-tailed Rayadito adults [55]
and nestlings (the subject of this investigation) reflect
habitat quality. For instance, low primary productivity
and highly fragmented forest decrease the abundance
of insects [88, 89], which forms the basis of the
Thorn-tailed Rayadito”s diet. The sensitivity of Thorntailed Rayadito to differences in productivity should
be not surprising. In general, habitat specialist species
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are particularly vulnerable to the negative impacts of
poor quality habitat [90] and in particular, forest specialist bird species are particularly sensitive, as they
only inhabit a single habitat type [88, 91].

Conclusions
Within each population we propose brood size, via its
effect on body mass, as the main determinant in the
values of baseline CORT we observed and subsequently
in affecting telomere length. In addition we observed
that nestlings of the same age presented differences in
baseline CORT between the high and low latitude populations. We cannot determine the mechanism of such
differences, but we observed that nestlings follow the
same pattern as adults. Whether this trend is the result
of genetic differences or maternal effect should be considered in future investigations. Taken together our results indicate the importance of the environmental
conditions experienced early in life in affecting telomere
length, and the relevance of integrative studies carried
out in natural conditions.
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