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Abstract

Parental age at conception can have both short- and long-term consequences on the health, survival, and reproduction of their offspring. To
date, most of our knowledge comes from laboratory studies, and considers the effects of maternal age and a “snapshot” of the life history
trajectory of the offspring. Here, we use a multigenerational demographic dataset in a free-living, long-lived (median lifespan is 7 years old) bird,
the Alpine swift (Tachymarptis melba), to investigate the effects of maternal and paternal age on offspring traits, from nestling to adulthood, and
considering all major life history traits, from growth and age at first reproduction to reproductive success and lifespan. Parental age affected
offspring phenotype before fledging and lifespan, but differently so for sons and daughters. Offspring from old-age mothers (>11 years old) and
fathers (>9 years old) were bigger and less infested by ectoparasites before fledging, except sons from old-age fathers that show no reduction
in ectoparasite load. We also report evidence of negative effects of paternal age on the lifespan of their offspring (i.e., Lansing effect), with
sons (but not daughters) from old-age fathers having shorter lifespans. Our findings highlight the importance of the transgenerational effects of

parental age at conception on the reproductive performance, survival, and phenotype of their offspring.
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Introduction

Parents can influence the phenotype of their offspring
through genetic and non-genetic factors (Mousseau & Fox,
1998; Smiseth, 2019; Wolf & Brodie, 1998). Insights into
non-genetic factors are essential for an in-depth understand-
ing of the evolutionary trajectory of phenotypes and how
they are shaped. For instance, parental age has been found
to be a key driver of offspring phenotype and was first
studied in humans by Bell (1918), who found that children
born from older parents are shorter lived. Later called the
Lansing effect (Lansing, 1947), this negative effect of be-
ing born from older parents on offspring’s lifespan, and
more recently evidenced in other offspring traits, such as sur-
vival or reproduction, has been highlighted in several human
populations (Arslan et al., 2017; Gillespie et al., 2013; Wen
et al., 2023) as well as in laboratory animals (Benton et al.,
2008; Fox et al., 2003; Hercus & Hoffmann, 2000; Kern et
al., 2001; Monaghan et al., 2020; Priest et al., 2002; Wang
& vom Saal, 2000). Investigating the effects of parental age
on fitness-related traits in offspring is important not only to
understand the evolution of animal life histories, and in par-
ticular inter-individual variation in the rates of aging, but
also to gain original insights on population dynamics via
changes in offspring (demographic) traits such as survival
and reproductive performance, which may have important
implications for animal conservation (Benton et al., 2008;
Monaghan et al., 2020; Priest et al., 2002).

Effects of parental age at conception are increasingly stud-
ied in natural populations (reviewed in Fay et al., 2016).

However, no general pattern has emerged from the results.
Some studies found a negative effect of having old par-
ents on offspring survival or lifespan, such as in the Asian
elephant (Elephas maximus; Reichert et al., 2020), com-
mon tern (Sterna birundo; Bouwhuis et al., 2015), red-
billed chough (Pyrrbocorax pyrrbocorax; Reid et al., 2010),
red deer (Cervus elaphus; Clutton-Brock et al., 1987;
Nussey et al., 2009), red squirrel (Tamiasciurus hudsonicus;
Descamps et al., 2008), rhesus macaque (Macaca mulatta;
Hoffman et al., 2010), wandering albatross (Diomedea ex-
ulans; Fay et al., 2016), and yellow-bellied marmot (Mar-
mota flaviventer; Kroeger et al., 2020); or a negative effect of
parental age at conception on offspring reproductive success,
such as in the blue footed boobie (Sula nebouxii; Torres et
al., 2011), common tern (Bouwhuis et al., 2015), European
rabbit (Oryctolagus cuniculus L.; Rodel et al., 2009), house
sparrow (Passer domesticus; Schroeder et al., 2015), and
Weddell seal (Leptonychotes weddellii; Hadley et al., 2007).
Conversely, other studies found a positive effect of parental
age at conception on offspring survival, such as in the Euro-
pean rabbit (Rodel et al., 2009), herring gull (Larus argen-
tatus; Bogdanova et al., 2007), and Weddell seal (Hadley et
al., 2007), as well as on offspring reproductive success, such
as in the Asian elephant (Reichert et al., 2020) and yellow-
bellied marmot (Kroeger et al., 2020). In a recent meta-
analysis of the Lansing effect in 22 studies distributed across
15 species, including laboratory invertebrates (15 studies)
and birds (1), mammals (5), and invertebrates (1) in natural
environment, maternal age was found to account for 17%-—
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22% of the decrease in offspring lifespan (Ivimey-Cook et
al., 2023). However, this negative effect of maternal age on
offspring lifespan appears to be mainly driven by studies
in rotifers and insects, whereas no significant negative ef-
fect was apparent in mammalian species (mostly humans)
(Ivimey-Cook et al., 2023). A similar meta-analysis of ma-
ternal age effect on juvenile survival found negative effects
in invertebrates and mammals, but a positive effect in birds
(Ivimey-Cook & Moorad, 2020).

Furthermore, despite an increasing number of studies in-
vestigating parental age effects on wild populations, most
studies, especially on mammals, are restricted to the effect
of the age of the mother (Fay et al., 2016) due to the greater
complexity of assessing male reproductive success in the
wild. The effects of the age of the father can, however, dif-
fer from the effects of the age of the mother, especially when
also considering the sex of their offspring (Fay et al., 2016).
Sex-specific effects of parental age at conception on sons
and daughters might arise from differences in male and fe-
male sensitivity and response to environmental conditions
early in life (Jones et al., 2009; Lindstrom, 1999; Wilkin
& Sheldon, 2009), or from sex-specifically inherited epige-
netic alterations, as more recently highlighted (Monaghan &
Metcalfe, 2019). Therefore, we need to look at both parents
and their effects on sons and daughters to gain an exhaustive
evaluation of parental effects on offspring.

Finally, most of the studies carried out to date are also
cross-sectional (Monaghan et al., 2020) and focus on only a
small part of their offspring’s lives. Rare are the studies in-
vestigating the effects of parental age with longitudinal data
(Bouwhuis et al., 2010, 2015; Kroeger et al., 2020; Reichert
etal.,2020; Rodel et al., 2009; Schroeder et al., 2015; Sparks
et al.,2022), among which only three investigated the effects
of both maternal and paternal age on male and female off-
spring (Bouwhuis et al., 20135; Schroeder et al., 2015; Sparks
et al., 2022). Such longitudinal data require long-term, indi-
vidually based monitoring of a population to report the sur-
vival and reproduction of individuals throughout their lives
and to know the identity of both their parents. The time and
economic constraints associated with obtaining such long-
term datasets make these studies rare but highly valuable
(Clutton-Brock & Sheldon, 2010). As such, studies on long-
lived species are also scarce, despite being essential for gain-
ing a full understanding of parental age effects. According
to the fast—slow continuum of life histories (Stearns, 1977;
Stott et al., 2024), long-lived species would produce fewer
offspring, which are more dependent on their parental in-
vestment early in life. Species’ pace of life may therefore
influence the intensity of parental age effects on offspring
phenotype and life-history trajectories, hence the need for
more studies exploring this question in long-lived species. In
addition, the variation of the phenotypic composition of a
population, for example, the selective appearance or disap-
pearance of low-quality individuals in the population, can
prevent the detection of parental age effects (Nussey et al.,
2008; van de Pol et al., 2006). Indeed, if there is selective
disappearance (van de Pol et al., 2006; Vaupel et al., 1979),
parents of lower quality and producing shorter-living off-
spring would die at a younger age, and the remaining longer-
surviving parents would be of better quality and produce
many longer-living offspring. This demographic process may
mask the probability of detecting a Lansing effect in the
population. Therefore, we still need more studies on natu-
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ral populations investigating the effect of parental age while
controlling for selective disappearance (see Bouwhuis et al.,
20135; Reichert et al., 2020; Sparks et al., 2022).

In this study, we examined the effects of both mater-
nal and paternal age at conception on the age at first re-
production (AFR), lifespan, and lifetime reproductive suc-
cess (LRS) of their offspring in a long-lived bird, the Alpine
swift (Tachymarptis melba). We also investigated the influ-
ence of the age of the parents on the phenotype of their off-
spring early in life, as the long-term effects of parental age
at conception may be mediated by changes in early growth
conditions (Hamel et al., 2009; Lindstrom, 1999). Accord-
ingly, there is accumulating evidence of negative effects of
parental age on offspring phenotype early in life, such as
body mass and size just before independence (Bowen et al.,
2006; Hamel et al., 2012; Hoffman et al., 2010; Nussey et
al., 2009; Saino et al., 2002; Weladji et al., 2002), which
can have long-lasting consequences on offspring’s future sur-
vival and reproductive success (Douhard et al., 2014; Festa-
Bianchet et al., 2000; Martinez-Padilla et al., 2017; Vasilieva
& Tchabovsky, 2020). We tested for effects of parental age
at conception on offspring body mass, body size (wing, tail,
and sternum length), and ectoparasite load at 50 days af-
ter hatching, which is close to fledging (Masoero et al.,
2024). Alpine swifts are infested by blood-sucking hippo-
boscid louse-flies that impact their growth and survival (Bize
et al., 2003). The resistance of Alpine swift nestlings to this
ectoparasitic fly depends, at least in part, on their cutaneous
immune response (Bize et al., 2008). We therefore used the
ectoparasite load of the offspring as a proxy of their im-
mune response, which has been shown in previous studies to
be influenced by maternal age (Beamonte-Barrientos et al.,
2010; Saino et al., 2002). By taking advantage of long-term
monitoring of three Alpine swift colonies, we investigated
the effects of parental age at conception on a total of 366
to 420 individuals for life history traits in adulthood (AFR,
lifespan, LRS), and from 185 to 201 individuals for pheno-
typic traits before fledging. It has previously been reported
that the Alpine swift shows senescence in several phenotypic
and fitness traits, with stronger reproductive senescence for
females (Moullec et al., 2023). We therefore hypothesized
a negative impact of parental age on offspring fitness, with
a particularly pronounced negative effect of maternal age.
In the Alpine swift, selection favors birds that start repro-
ducing early and can reproduce until old age, with an in-
crease in LRS as the number of reproductive years and, there-
fore, lifespan, increases (Tettamanti et al., 2012). Hence,
we predicted that the negative impact of older parents on
their offspring could manifest itself in an older AFR, shorter
lifespan, and reduced reproductive success throughout life.
We also predicted that the negative effects of parental age at
conception would already be noticeable on their offspring’s
phenotype before fledging, shown by a lighter mass, smaller
size, and higher ectoparasite load in offspring from older
parents.

Material and methods

Study system

The Alpine swift is a long-lived bird, with a median lifes-
pan of 7 years, and with the oldest individual recorded be-
ing 26 years old. Individuals start breeding at 2—4 years of
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age (Tettamanti et al., 2012), and morphological and fitness
traits were shown to vary with age, with an improvement
in the first years after the start of breeding, followed by a
plateau and then senescence after 9-15 years of age (Moullec
etal.,2023). In Switzerland, this migratory bird returns from
migration in April and reproduces between May and Au-
gust in colonies located in cliffs or tall buildings before mi-
grating back in September to the western part of Africa for
the winter (Meier et al., 2020). Assortative mating concern-
ing age is moderate in this population (Pearson r = 0.24),
and although Alpine swifts are considered socially monog-
amous, the rate of divorce is high (16.6% of pairs; Dumas
et al., 20235). Females produce one clutch per year of 1-4
eggs (modal clutch size is 3). Both parents incubate the eggs
for around 18 days and feed their nestlings for at least 50
days, until they fledge. In this population, more than half
of the fledglings are recruited locally (i.e., low natal disper-
sal), and no breeding dispersal is observed (Bize et al., 2017).
Thus, detailed individual information can be collected from
the nestling stage to the full adult life history trajectory (e.g.,
Dumas et al., 2024b; Moullec et al., 2023).

For the present study, we used data from four urban
colonies of Alpine swifts located under the roof of four
buildings in three different Swiss cities: Baden (Stadturm:
ST, Landvogteischloss: LVS), Biel (Stadtkirche: SK), and
Solothurn (Bieltor: BT). Although nestlings have been ringed
each year since 1932 in Solothurn, 1968 in Biel, and 1991
in Baden, data used in the analyses are from intensive
individual-based monitoring of adults and their reproduc-
tive success initiated in 1991 in Baden, 1999 in Solothurn,
and 2000 in Biel, and still ongoing in 2025. Hence, every bird
is identified with a unique ring fitted at the nestling stage,
or when first captured as an adult if the bird has not been
ringed yet (ca. 30% of the individuals in the population).
Over the past two decades, there were ca. 15 breeding pairs
per year in Baden ST, 35 in Baden LVS, 65 in Biel SK, and
50 in Solothurn BT. Each year, nests are regularly controlled
during the breeding season to record reproductive parame-
ters from laying date to brood size at fledging. Parents are
assigned to a nest by capturing them by hand during incuba-
tion or while brooding nestlings. As adult Alpine swifts ap-
pear sexually monomorphic to human observers (Dumas et
al., 2024a), parents were molecularly sexed using DNA ex-
tracted from blood or feather samples (Griffiths et al., 1998).

Bird handling and ringing were conducted under licenses
delivered by the Swiss Federal Agency of Environment,
Forests, and Landscapes, and all animal manipulations were
performed under licenses delivered by the Swiss Veterinary
Services.

Data collection
Offspring life history traits at adulthood

We investigated the effects of parental age at conception on
the life history trajectory of their offspring into adulthood,
by looking at AFR, lifespan, and LRS. AFR is estimated as
the age at which an individual was seen reproducing for the
first time in the study population; AFR varied from 1 to 6
years of age, with a mean + SE of 3.0 + 0.04 years. Lifes-
pan is estimated as the age at which an individual was found
dead in the colony, or the age at which it was last seen alive
before not being captured anymore in the colony for at least
two consecutive years (Bize et al., 2009). The annual prob-

ability to capture recruits present in the colonies after they
start breeding is virtually 1 (SE = 0.003) (Bize et al., 2006),
thus offering exceptional repeated reproductive information
throughout adults’ life until they died or disappeared (i.e.,
assumed dead since there is no breeding dispersal; Bize et al.,
2017). Offspring lifespan varied between 1 and 20 years of
age, with a mean + SE lifespan of 6.3 & 0.17 years. Finally,
LRS is computed as the total number of fledglings produced
by an individual throughout its reproductive life. The repro-
ductive life is defined as the period from when an individual
was first seen breeding in the population (i.e., AFR) until it
died or disappeared from the population (i.e., lifespan). LRS
varied from 0 to 28 fledglings, with a mean + SE LRS of
6.7 £+ 0.33 fledglings. An LRS of 0 comes from individuals
that laid eggs but failed to produce fledglings (N = 41 indi-
viduals, i.e., 11% of the dataset, see Figure S6). Eight individ-
uals were observed prospecting at a young age (1-2 years)
in the colonies, but most likely dispersed to an unmonitored
colony to breed, and were therefore excluded from the AFR,
LRS, and lifespan analyses (8 out of 374 recruits: 2.1%). As
most of the offspring were not sexed before being recruited
as adults, which has to be done by molecular methods as
this species shows no apparent sexual dimorphism to the hu-
man eye (Dumas et al., 2024a, 2024b), it was not possible to
study the effects of parental age on the rate of recruitment
of sons and daughters into the population. Sample sizes vary
between traits at adulthood (Table 1) as, for example, some
individuals started reproducing (information on AFR) but
were still alive (no information on lifespan or LRS) when
the data were analyzed (i.e., 2023).

Offspring phenotype at the fledging stage

We investigated the effects of parental age at conception on
offspring phenotype at 50 days of age, which is just be-
fore they fledge. We conducted this second set of analyses
to better understand some of the processes behind the long-
term effects of parental age at conception, since environ-
mental conditions encountered early in life, for example, in
relation to the ability of parents to raise their young, can
have long-lasting consequences on the life history trajectory
of their offspring into adulthood. Every year in Biel and
Solothurn, but not in Baden, nestlings are measured at 50
days of age: Their body mass is measured with a digital scale
(£0.1 g), their wing and tail length with a ruler (+0.1 cm),
and their sternum length with a caliper (£0.01 cm). Nestling
Alpine swifts are highly infested by the louse-fly Crataerina
melbae (Diptera, Hippoboscidae), a hematophagous para-
site that was shown to impact growth (Bize et al., 2003,
2004) and reproductive success (Bize et al., 2004). Thus,
we also counted the number of louse-flies in the plumage of
offspring at 50 days after hatching. The sample sizes for the
effects of parental age are smaller for traits measured at the
nestling stage than adulthood (Tables 1 and 2), as nestling
traits were only measured in two of the four colonies, namely
Stadtkirche in Biel and Bieltor in Solothurn.

Statistical analyses

Analyses were performed on parents and offspring that re-
produced at least once in their lives. Parental age was calcu-
lated from their year of birth, which is exact if individuals
were ringed at the nestling stage, or approximated based on
plumage traits (1 year old versus older) and behaviors (roost-
ing at night versus breeding) when they were first ringed as
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Table 1. Results from generalized linear mixed effect models testing the effect of parental age at conception on offspring age at first reproduction (AFR),
lifetime reproductive success (LRS), and lifespan in the long-lived Alpine swift.

AFR (Gaussian distribution)

Random effects Variance

Mother ID 0.007

Father ID 0.000

Year of birth 0.003

Colony 0.000

Fixed effects Estimate Std. error t value p-value
Mother age category (old-age) —0.010 0.050 —0.193 .847
Father age category (old-age) —0.015 0.036 —0.414 679
Offspring sex (male) 0.058 0.026 2.260 .024*
Lifespan mother 0.002 0.004 0.509 611
Lifespan father —0.003 0.004 —0.748 455

Annual nestling survival —0.020 0.200 —0.102 920
Mother age category x sex - -
Father age category x sex - - - -

Sample size

Number of obs = 420, Nb mother.ID = 240, Nb father.ID = 238, Nb year of birth = 21, Nb colony = 4

LRS (Poisson distribution)

Random effects Variance

Mother ID 0.340

Father ID 0.312

Year of birth 0.102

Colony 0.096

Fixed effects Estimate Std. error z value p-value
Mother age category (old-age) 0.203 0.161 1.261 207
Father age category (old-age) —0.160 0.125 -1.280 201
Offspring sex (male) —0.083 0.067 -1.250 211
Lifespan mother 0.002 0.017 0.116 .908
Lifespan father —0.003 0.016 —0.223 .824

Annual nestling survival —-0.911 0.928 —0.981 327
Mother age category x sex - -
Father age category x sex - - - -

Sample size

Number of obs = 366, Nb mother.ID = 218, Nb father.ID = 217, Nb year of birth = 21, Nb colony = 4

Lifespan (Gaussian distribution)

Random effects Variance

Mother ID 0.000

Father ID 0.000

Year of birth 0.035

Colony 0.000

Fixed effects Estimate Std. error t value p-value
Mother age category (old-age) —0.054 0.095 —0.567 571
Father age category (old-age) —0.032 0.086 —0.367 714
Offspring sex (male) 0.113 0.059 1.915 .056
Lifespan mother 0.005 0.008 0.615 .539
Lifespan father 0.010 0.007 1.462 .145
Annual nestling survival -1.126 0.547 -2.060 .060

Mother age category x sex - - - -
Father age category x sex —-0.230 0.117 -1.971 .050*
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Table 1. Continued

AFR (Gaussian distribution)

Random effects Variance

Sample size

Number of obs = 371, Nb mother.ID = 219, Nb father.ID = 218, Nb year of birth = 21, Nb colony = 4

Note. Parental age at conception is modeled as a two-level factor where parents are classified as either prime-age (2-10 years of age for the mothers and 2-8 for
the fathers) or old-age (>10 years for the mothers and >8 years for the fathers), and the consequences are investigated on sons and daughters (offspring sex).
Models also account for the effects of early growth environment (estimated by annual nestling survival) and of parental selective disappearance (estimated
via mother and father lifespan). Models were run with both the age of the mother and the age of the father. Bold P-values denote statistical significance.

*p < .05.
*:p < .01,
5 p <001,

adults. We investigated the effects of parental age using mod-
els with the age of the mother and father divided into two
age categories, namely “prime-age” versus “old-age” parents
(for a similar approach, see Colominas-Ciuré et al., 2024).
The threshold between the two age categories corresponds
to the onset of senescence, determined as 11 years of age
for the mothers and 9 years of age for the fathers, based
on previous results on aging trajectories of male and female
Alpine swifts in the same population (Moullec et al., 2023).
In this study, the onset of senescence (i.e., second break-
point) varied between 11 and 15 years of age for the females
and between 9 and 12 years of age for the males, depend-
ing on the trait studied. To be inclusive in determining the
“old-age” parents, we thus chose to set the limit between
the two age categories at the earliest onset of senescence
found in both sexes, i.e., 11 years of age for the females
and 9 years of age for the males. The use of models with
parental age divided into two categories (prime-age versus
old-age) has the advantage over “classic” quadratic models
of allowing the effects of age to be asymmetrical on either
side of the threshold, as frequently reported in the litera-
ture on animal aging (Berman et al., 2008; Froy et al., 2013;
Moullec et al., 2023). To show how the choice of thresh-
old affected the results, we conducted sensitivity analyses by
increasing and decreasing the mother or father age thresh-
old by 1 year (Supplementary Figures S1 and S2). We also
performed additional analyses to investigate the effects of
parental age when modeled as a continuous (smooth) vari-
able by using generalized additive mixed models (GAMMs)
from the mgev package (Simon, 2023). As the use of con-
ditional Akaike information criterion to compare and se-
lect the best models shows that models with age categories
outperform GAMM models (Table S3), we therefore report
in the present study the results from models with parental
age modeled as a two-level factor, and we present the
results of the GAMM models in the Supplementary Material
(Supplementary Figures S3 and S4; Supplementary Tables S1
and S2).

When testing for effects of maternal or paternal age at
conception on offspring life history trajectories (AFR, lifes-
pan, and LRS), we included as fixed factors in the models:
the mother or father age category (two-level factor: prime-
age versus old-age), the sex of the offspring (two-level fac-
tor: son versus daughter), the lifespan of the mother or father
(continuous variable), and the annual mean nestling survival
(continuous variable); and as random factors: the year of
birth of the offspring, the colony (four-level factors: Baden-

ST, Baden-LVS, Biel-SK, and Solothurn-BT), and the parent
identity (i.e., ring). We included in the models the lifespan
of the mother or father (which in our population also corre-
sponds to the age at last reproduction) to control for selec-
tive disappearance (Berman et al., 2008; Froy et al., 2013;
van de Pol et al., 2006), and the annual mean nestling sur-
vival in the year of birth of a focal offspring to control for
possible effects of inter-annual variation in environmental
harshness, which can also induce long-term consequences on
offspring phenotype (Hamel et al., 2009; Lindstrom, 1999).
Annual mean nestling survival is computed, per colony, as
the mean proportion of offspring who survived from hatch-
ing up to fledging. During the study period, it varied from
55% in 2007 to 96% in 2011, with a mean & SE of 86% +
0.5%. Alpine swifts are insectivorous birds that forage ex-
clusively on prey caught while flying; thus, offspring can face
food shortages during prolonged periods of rain and cold
weather (Bize et al., 2006), which can lead to low nestling
survival, as in 2007. To control for potential selective effects
toward individuals with a short lifespan and low AFR in the
last cohorts, we restricted the analyses to offspring born be-
fore 20135.

When testing for effects of maternal or paternal age at
conception on offspring phenotype before fledging (body
mass, wing, tail, sternum, ectoparasite load), we included as
fixed factors in the models: the mother or father age cat-
egory (two-level factor: prime-age versus old-age), the sex
of the offspring (two-level factor: son versus daughter), the
lifespan of the mother or father (continuous variable), the
exact age of the offspring (which was not always exactly
50 days old; continuous variable), the brood size at 50 days
(continuous variable), the hatching date (continuous vari-
able), the annual mean nestling survival (continuous vari-
able), the colony identity (two-level factors; nestling pheno-
type before fledging was collected only in the colonies Biel-
SK and Solothurn-BT), and the time of measurement for the
body mass only; and as random factors: the year of birth of
the offspring and the parents identity (i.e., ring).

All the analyses were performed using the R software ver-
sion 4.2.1 (R Core Team, 2022). Effects of parental age on
offspring life-history trajectories and phenotype at 50 days
were tested using linear or generalized linear mixed-effect
models (LMM or GLMM) in the package lme4 (Bates et al.,
2015). GLMMs with a Poisson distribution were run when
analyzing effects on offspring, LRS, and ectoparasite load;
LMMs were run otherwise with a log-transformation for
offspring lifespan and AFR. The significance of fixed effects
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Table 2. Results from the generalized linear mixed effect models testing the effect of the age of the parents on offspring phenotype at 50 days old in the

long-lived Alpine swift.

Moullec et al.

Wing length (Gaussian distribution)

Random effects Variance
Mother ID 6.108
Father ID 0.818
Year 47.640
Fixed effects Estimate Std. error t value p-value
Mother age category (old-age) 5.568 2.183 2.551 .012*
Father age category (old-age) 3.439 1.736 1.981 .050*
Offspring sex (male) 2.755 1.170 2.354 .020*
Offspring age 1.380 0.409 3.374 <.001***
Brood size day 50 —2.227 0.910 —2.447 .015*
Hatching date —0.348 0.132 —2.645 .009**
Mother lifespan —0.401 0.189 —2.124 .036*
Father lifespan —0.140 0.176 —0.794 429
Colony (Solothurn) —0.820 1.420 —0.578 .565
Annual nestling survival 57.923 19.171 3.021 .009*
Mother age category x sex - - - -
Father age category x sex - - - _
Sample sizes
Nb obs = 201, Nb mother.ID = 126, Nb father.ID = 125, Nb year = 19
Tail length (Gaussian distribution)

Random effects Variance
Mother ID 1.922
Father ID 0.000
Year 0.780
Fixed effects Estimate Std. error t value p-value
Mother age category (old age) 1.718 0.795 2.162 .032*
Father age category (old-age) 1.467 0.607 2.418 .017*
Offspring sex (male) 1.392 0.391 3.561 <.001***
Offspring age 0.030 0.158 0.189 .850
Bood size day 50 —0.726 0.316 —2.298 .023*
Hatching date —0.034 0.036 —0.935 356
Mother lifespan —0.064 0.069 —0.928 356
Father lifespan —0.057 0.064 -0.901 .369
Colony (Solothurn) -0.231 0.499 —0.462 .645
Annual nestling survival 9.161 3.615 2.534 .022*
Mother age category x sex - - - -
Father age category x sex - - - _
Sample size
Number of obs = 185, Nb mother.ID = 115, Nb father.ID = 115, Nb year = 15

Sternum length (Gaussian distribution)
Random effects Variance
Mother ID 0.168
Father ID 0.424
Year 0.000
Fixed effects Estimate Std. error t value p-value
Mother age category (old-age) 0.411 0.385 1.066 .288
Father age category (old-age) 0.067 0.245 0.274 .784
Offspring sex (male) 0.799 0.169 4.724 <.001 s
Offspring age —0.051 0.052 —0.973 332
Brood size day 50 —0.513 0.131 -3.911 <.001 s
Hatching date —0.006 0.012 —0.490 625
Mother lifespan 0.018 0.029 0.614 .540
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Table 2. Continued

Wing length (Gaussian distribution)

Random effects Variance
Father lifespan —0.002 0.028 -0.070 .944
Colony (Solothurn) —0.138 0.210 -0.657 513
Annual nestling survival 4.185 1.146 3.653 <.001 %%
Mother age category x sex —1.365 0.515 —2.652 .009 s
Father age category x sex - - - -
Sample size
Number of obs = 190, Nb mother.ID = 120, Nb father.ID = 121, Nb year = 17

Body mass (Gaussian distribution)
Random effects Variance Std. dev.
Mother ID 0.000 0.000
Father ID 9.093 3.016
Year 6.187 2.487
Fixed effects Estimate Std. error t value p-value
Mother age category (old-age) 2.623 2.017 1.301 195
Father age category (old-age) —0.734 1.570 —0.467 .641
Offspring sex (male) 0.157 1.040 0.151 .880
Offspring age 0.043 0.344 0.124 .902
Brood size day 50 —2.780 0.836 —3.325 .001 ==
Hour measurement 0.545 0.200 2.729 007 s
Hatching date —0.025 0.096 -0.259 797
Mother lifespan —0.168 0.171 —0.986 326
Father lifespan 0.180 0.167 1.075 285
Colony (Solothurn) —4.584 1.272 -3.603 <.001 s
Annual nestling survival —17.584 9.894 -1.777 .089
Mother age category x sex - - - _
Father age category x sex - - - -
Sample size
Number of obs = 192, Nb mother.ID = 120, Nb father.ID = 121, Nb year = 17

Parasites load (Poisson distribution)
Random effects Variance Std. dev.
Mother ID 0.327 0.572
Father ID 0.243 0.493
Year 0.383 0.619
Fixed effects Estimate Std. error z value p-value
Mother age category (old-age) —0.447 0.259 —1.730 .084
Father age category (old-age) —0.766 0.221 —3.464 <.001 5%
Offspring sex (male) —0.322 0.111 —2.888 L0045
Ofspring age —0.037 0.040 -0.937 .349
Brood size day 50 —0.033 0.081 —0.407 .684
Hatching date —0.012 0.013 —-0.910 363
Mother lifespan 0.020 0.023 0.892 372
Father lifespan 0.020 0.021 0.963 336
Colony (Solothurn) 0.091 0.181 0.501 .616
Annual nestling survival —0.502 1.723 —0.291 771
Mother age category x sex - - - -
Father age category x sex 1.125 0.240 4.682 <.007 s

Sample size

Number of obs = 199, Nb mother.ID = 126, Nb father.ID = 125, Nb year = 19

Note. Parental age at conception is modeled as a two-level factor where parents are classified as either prime-age (2-10 years of age for the mothers and 2-8
for the fathers) or old-age (>10 years for the mothers and >8 years for the fathers), and the consequences are investigated on sons and daughters (offspring
sex). Models also account for the effects of early growth environment (estimated by annual nestling survival, brood size at 50 days), offspring exact age (in
days), hatching date, colony (Biel or Solothurn), and parental selective disappearance (estimated via mother and father lifespan). Models were run with both

the age of the mother and the age of the father. Bold P-values denote statistical significance.
*: p < .0S5.

sk p < .01,

sk p < 001,
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was computed using the F-tests and p-values obtained in the
package ImerTest (Kuznetsova et al., 2017) for LMM and
using Wald chi-square tests and p-values in the package car
(Fox & Weisberg, 2019) for GLMM. To investigate whether
parental age at conception had different consequences on
sons and daughters, for all models, we tested the interaction
between the age category of the parent and the sex of the
offspring. Non-significant interactions were removed from
the final models. When an interaction was significant, we
conducted a post-hoc test using pairwise comparisons with
the emmeans package (Lenth et al., 2023) to identify which
factors of the interaction were significant. Figures were built
using the package ggplot2 (Wickham, 2016).

Results

Offspring life history traits at adulthood

Results show that offspring lifespan was significantly ex-
plained by the interaction between paternal age category and
offspring sex (Table 1, Figure 1). Post-hoc tests indicate that
the age category of the father had a significant effect on their
sons’ lifespan (8 = 0.262 + 0.099, p = .009) but not on
their daughters’ lifespan (8 = 0.032 + 0.088, p = .719),
with old-age fathers producing sons with a shorter lifespan.
We also found a tendency (p = .060) for an effect of the an-
nual nestling survival on offspring lifespan (Table 1), with
offspring born in harsher years tending to have a longer lifes-
pan. Note that this negative effect of annual nestling survival
is significant in GAMM models (Table S1; p = .037). Mater-
nal age had no significant effect on their offspring’s lifespan
(Table 1, Figure 1). There was no evidence that the mother
or father age category at conception affected their offspring
AFR or LRS (Table 1, Figure 1). We detected no evidence of
selective disappearance of lower-quality parents in these life-
history traits models (i.e., no significant effect of the mother
and father lifespan, Table 1).

Sensitivity analyses (Figure S1), where the parental age
threshold is modified by 1 year, and GAMM models (Table
S1, Figure S3), show that the effects of father age at concep-
tion on their sons’ lifespan are robust. Interestingly, these
complementary analyses suggest also that father age at con-
ception has a negative effect on their sons’ LRS, with such ef-
fects being apparent when father age threshold is decreased
by 1 year (Figure S1; p = .001), or using GAMM models
with father age as a continuous variable (Table S1; s(Father
age in interaction with offspring sex): F = 4.28, p = 0.039).

Offspring phenotype at fledging

The mass of the offspring at 50 days old did not vary with
the age category of the parents at conception (Table 2, Figure
2). However, we found a significant effect of the age category
of the parents on the length of the wings and tail of the off-
spring before fledging (Table 2, Figure 2). Offspring from
old-age mothers and fathers had longer wings and tails at
50 days old (Table 2, Figure 2). Offspring sternum length at
50 days old was significantly explained by the interaction
between maternal age categories and offspring sex (Table
2, Figure 2). The post-hoc test shows that sons from old-age
mothers have a shorter sternum than sons from prime-age
mothers (8 = 0.95 £+ 0.47, p = .043), but this interaction is
mainly driven by the sternum length difference between sons
and daughters from prime-age mothers (8 = —0.80 + 0.17,

Moullec et al.

p < .0001), which is not observed between sons and daugh-
ters from old-age mothers (8 = 0.57 &+ 0.50, p = .257). We
also found a highly significant interaction between the age
category of the father and the sex of the offspring on their
parasite load (Table 2, Figure 2). Daughters from old-age
fathers had a lower parasite load at 50 days old than daugh-
ters from prime-age fathers (8 = 0.77 £ 0.22, p < .001),
whereas the parasite load of sons from old-age fathers was
not significantly different than sons from prime-age fathers
(B = —0.36 &+ 0.23, p = .120). We also detected a trend
(p = .08) for an effect of maternal age category on offspring
parasite load, with offspring (sons and daughters) from old-
age mothers tending to be less parasitized at 50 days old than
offspring from younger mothers (Table 2, Figure 2).

Sensitivity analyses and GAMM models show that posi-
tive effects of mother and father age categories on offspring
tail and wing length, and negative effects of father age on
daughters’ parasite load were the most robust. In contrast,
the effect of mother age on offspring sternum length needs
to be interpreted with caution (Table S2; Figures S2 and S4).
Moreover, the trend toward lower parasite loads in sons and
daughters from older mothers becomes statistically signifi-
cant (p < .001) when the maternal age threshold is reduced
by 1 year (Figure S2). A negative effect of paternal age cat-
egory on offspring mass is also observed when the paternal
age threshold is increased by 1 year. However, as these ef-
fects emerge in only a single model, they should also be in-
terpreted cautiously (see Table 3).

Results also show similar biological (i.e., negative) effects
of brood size at 50 days and annual nestling survival on
the wing, tail, sternum length, and offspring mass (Table
2). Offspring in bigger broods (i.e., more siblings and thus
less food per capita: harsher environment) at 50 days of age
had shorter wings, tails, and sternums and had a lower mass
(Table 2), and offspring born in harsher years with lower
nestling survival were significantly smaller (shorter wings,
tail, and sternum; Table 2). These early-life environment
variables were not significant for the offspring’s parasite load
(Table 2). We detected no evidence of selective disappearance
of lower-quality parents in any of the offspring phenotype
models, with the exception of the negative effect of mother
lifespan on offspring wing length (Table 2): Mothers with a
longer lifespan produced offspring with shorter wings.

Discussion

Our results from a long-lived wild bird, the Alpine swift,
show both short- and long-term effects of parental age at
conception on their offspring’s life history trajectory, from
fledging up to adult lifespan and reproductive success (sum-
marized in Table 3), which is in line with a growing number
of studies on this topic in wild animals (Fay et al., 2016;
Ivimey-Cook & Moorad, 2020; Ivimey-Cook et al., 2023).
However, it is interesting to note that many of the effects ob-
served in our study depended on the sex of the parents and/or
of their offspring. By studying the effects of parental age at
conception on both the phenotype of the offspring at fledg-
ing and later in life, we hypothesize that the negative effects
of parental age on offspring lifespan (i.e., the Lansing effect;
Lansing, 1947) could be explained by early life changes in
offspring’s exposure to parasites and, by extension, in their
immune capacity.
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Figure 1. Effects of maternal and paternal age at conception on age at first reproduction (AFR), lifespan, and lifetime reproductive success (LRS) of sons
(blue closed points) and daughters (red closed points) in the Alpine swift. Parents are divided into prime-age (2-10 years of age for the mothers and 2-8
for the fathers) or old-age (>10 years for the mothers and >8 years for the fathers). Means & SE of the predictions of the statistical models in Table 1
are shown on each panel. Horizontal segments above the panels with an asterisk indicate a significant effect of parental age on sons (blue) or daughters
(red), with the latter results derived from post-hoc tests when the interaction between parental age category and offspring sex was significant. Sample
sizes are reported at the bottom of the panels.
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Figure 2. Effects of maternal and paternal age at conception on wing, tail, and sternum length, mass, and parasite load at 50 days old of sons (blue
closed points) and daughters (red closed points) in the Alpine swift. Parents are divided into prime-age (2-10 years of age for the mothers and 2-8 for
the fathers) or old-age (>10 years for the mothers and >8 years for the fathers). Means + SE of the predictions of the statistical models in Table 2 are
shown on each panel. Horizontal segments above the panels with an asterisk indicate a significant effect of parental age on offspring (black) or more
specifically on sons (blue) or daughters (red), with the latter results derived from post-hoc tests when the interaction between parental age category and
offspring sex was significant. Sample sizes are reported at the bottom of the panels.
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Table 3. Summary table of the direction of the effects (“0": no effect, “—": negative effects, “+": positive effects) of the age of the mother and father
on male and female offspring phenotype and life-history trajectories in the Alpine swift.

Maternal age

Paternal age

Sons Daughters Sons Daughters

Offspring traits at adulthood

AFR 0 0 0 0

LRS (—) 0 — 0

Lifespan 0 0 - 0
Offspring traits at 50 days of age

Wing length + + + +

Tail length + + + +

Sternum length (—) 0 0 0

Mass 0 0 (—) (—)

Parasite load (—) (—) 0 -

Note. The summary is based on results given in Tables 1, 2, S1, and S2, and Figures S1 and S2. Effects deemed “robust” are in bold (found in at least two
models with +1 year thresholds and in GAMM), those “plausible” are in normal font (effects found in at least one model with 1 year thresholds and in
GAMM), and those considered “weak” are in brackets (found in only one threshold model). AFR = age at first reproduction; LRS = lifetime reproductive

success.

Parental age effect on offspring life history traits at
adulthood

Our study in the Alpine swift shows that paternal age had
a negative influence on the lifespan of their sons and, to
some extent, on their LRS. Parental age at conception in
the Alpine swift, however, had no influence on AFR. Our
results showing a Lansing effect in the Alpine swift are con-
sistent with observations on other long-lived bird species.
In the common tern, older fathers produce shorter-lived
sons (Bouwhuis et al., 2015), similarly to our observations,
and in the Seychelles warbler (Acrocephalus sechellensis),
older mothers produce shorter-lived daughters (Sparks et
al., 2022). Furthermore, older fathers were found to pro-
duce sons with a lower LRS in the common tern and House
sparrow (Bouwhuis et al., 2015; Schroeder et al., 2015), and
older mothers to produce daughters with a lower LRS in
the common tern, house sparrow, and Seychelles warbler
(Bouwhuis et al., 2015; Schroeder et al., 2015; Sparks et al.,
2022). Effects of parental age at conception on the LRS of
their offspring can be driven by effects on the productivity
(as suggested in Kroeger et al., 2020; Schroeder et al., 2015)
and/or breeding lifespan of their offspring (Bouwhuis et al.,
2015; Sparks et al., 2022). Accordingly, in the Alpine swift,
variation in LRS is largely explained by variation in lifes-
pan (Figure S5, see also Mourocq et al., 2016; Tettamanti et
al., 2012). It suggests that the negative effects of father age
at conception on the LRS of their sons (detected when de-
creasing the father age threshold by 1 year and in GAMM
models) are primarily driven by the reduction of their sons’
lifespan.

We also tested whether the selective disappearance of a
particular parental phenotype could explain some of our re-
sults by including the lifespan of the parents in our models
(see also Berman et al., 2008; Froy et al., 2013). As we found
no evidence of selective disappearance in this Alpine swift
population when analyzing the different offspring fitness
traits, it suggests that the sex-specific effects of parental age
on offspring lifespan were unlikely to be explained by sex-
specific demographic changes within the population. How-
ever, we did find evidence for a relationship between early-
life environment, approximated by brood size at fledging or
annual nestling mortality, and offspring size close to fledg-
ing, as well as adult lifespan. Offspring recruited from a year
with high nestling mortality, as well as from larger broods

(more competitive, harsher environment; Bize & Roulin,
2006) were significantly smaller at 50 days old, and offspring
recruited from a year with high nestling mortality tended to
live longer. Hence, one explanation is that in years or broods
with harsh early life environments, offspring are growing at
slower rates (due to higher stress and/or lower access to nu-
trients), they are smaller in size at 50 days, close to fledg-
ing (Masoero et al., 2024), but they live longer, as predicted
by the “growth rate-lifespan trade-off hypothesis” (Lee et
al., 2013; Metcalfe & Monaghan, 2003). It is worth noting
that in harsh years, when the mortality rate of fledglings is
high, selection may also eliminate lower-quality fledglings,
leaving only higher-quality fledglings to fledge, which have
a longer life expectancy, as predicted by the “viability se-
lection hypothesis” (Hadfield, 2008; Mojica & Kelly, 2010).
The trade-off between growth rate and lifespan (Lee et al.,
2013; Metcalfe & Monaghan, 2003), as well as the selective
disappearance of lower-quality offspring at the nestling stage
in response to harsh early environments (Hadfield, 2008;
Mojica & Kelly, 2010) remains to be studied in detail in the
Alpine swift.

Parental age effect on offspring at fledging

Changes in life history trajectories at adulthood are of-
ten rooted in changes in early-life condition (Douhard et
al., 2014; Festa-Bianchet et al., 2000; Hamel et al., 2009;
Vasilieva & Tchabovsky, 2020). Hence, examining the ef-
fects of parental age on offspring phenotype early in life
may give us indications as to the mechanisms leading to
parental age effects on offspring life history traits at adult-
hood observed previously. One hypothesis is that, as a result
of senescence, older parents show a decline in parental care
and performance (Catry et al., 2006; Hammers et al., 2021;
Lecomte et al., 2010; Zimmer et al., 2011). Consequently, in
the Alpine swift, we predicted that senescing parents would
produce offspring of lower condition, size, and immunity, as
previously reported in the Barn swallow (Saino et al., 2002).
However, contrary to our prediction, we found positive ef-
fects of parental age at conception on offspring phenotype
before fledging. Old-age parents produced offspring that, 50
days after hatching, had longer wings and tails and were less
infested by ectoparasites, with the exception of the sons from
old-age fathers, which showed no reduction in parasite load.
Sons from old-age mothers, however, had shorter sternum,
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although this result should be interpreted with caution as it is
not consistent when using alternative statistical approaches.
We found no effect of parental age at conception on off-
spring mass at 50 days after hatching. Positive effects on off-
spring wing and tail length are in line with previous results in
the Alpine swift, showing that wing length (and presumably
feather growth) best integrates environmental conditions en-
countered throughout development (Masoero et al., 2024).
These positive effects of parental age on offspring wing and
tail length early in life suggest that parental care is unlikely to
be the cause of the observed long-term negative effect of pa-
ternal age on offspring (sons) lifespan (Lansing effect). This
is in line with an experimental cross-fostering study on wild
house sparrows showing that offspring fitness was not in-
fluenced by the age of their foster parents (Schroeder et al.,
2015).

The positive effects of parental age at conception on off-
spring wing and tail length early in life suggest that, in the
Alpine swift, parental care efficiency might increase with age,
possibly due to increased rearing experience and foraging
efficiency (Cameron et al., 2000; Forslund & Part, 1995;
Weladji et al., 2006). As the reproductive senescence of fe-
male Alpine swifts was characterized by a decline in brood
size at hatching and fledging (Moullec et al., 2023), it is also
possible that the offspring from older mothers, belonging
to a small brood, would benefit from lower competition and
higher parental care. Research on foraging effort and success
is now needed in the Alpine swift to test if parents change
their parental care strategy with age, as observed in the
Wandering albatross (Lecomte et al., 2010). Finally, a meta-
analysis of maternal age effect on juvenile survival found a
positive effect of maternal age in birds, most of which ex-
hibit biparental care, as opposed to a negative maternal age
effect in mammals and invertebrates for which biparental
care is relatively rare (Ivimey-Cook & Moorad, 2020). This
study suggests that biparental care might reduce the effect of
maternal age and could explain the positive effect observed
in birds as opposed to other taxa. This would also be sup-
ported by our results, considering the positive parental age
effect on offspring condition, and because Alpine swifts also
exhibit biparental care.

Our results show a tendency for lower parasite load in
offspring from older mothers, and a clear sex-dependent ef-
fect of paternal age at conception, with daughters, but not
sons, being significantly less parasitized. Hosts can use var-
ious strategies to reduce their parasite load, with parasite
removal behavior and immunity being the most common
strategies. Parasite removal behavior, however, seems inef-
ficient in swifts against louse-flies, and it is not frequently
observed. Thus, it is unlikely that the lower parasite load
in daughters from old-age fathers and in sons and daugh-
ters of old-age mothers would only be explained by a more
efficient parasite removal behavior from older parents. This
scenario would also imply that fathers can distinguish the
sex of their offspring, which remains to be demonstrated in
this species with cryptic sexual dimorphism (Dumas et al.,
2024a, 2024b). Hence, rather than behavioral, these results
could be driven by physiological mechanisms. The swifts and
other birds defend themselves from these ectoparasites with
a cutaneous immune response that makes the biting site un-
favorable for the parasite, damages their tissue (Owen et al.,
2010; Wikel, 1996, 1999), and affects their blood meal size
and survival (Bize et al., 2008). Hence, one first hypothe-
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sis could be that older parents, who therefore live longer,
would have better immunity against these parasites, and that
they would be able to transmit this better immunity to their
offspring. However, our results provide little support for
this hypothesis, as we found no effect of parental lifespan
on offspring parasite load. Another hypothesis is that off-
spring of older parents develop a stronger immune response
to ectoparasites due to the better resources and care pro-
vided by older parents. In line with this hypothesis, our re-
sults show a positive effect of parental age on the size of
their offspring before fledging. This effect of parental age
on offspring parasite load, however, differed between daugh-
ters and sons, with sons of older fathers being as heavily or
more infested than sons of fathers in prime age. It suggests
that sons of older fathers might have a lower immune re-
sponse against this louse fly when compared to daughters.
Although a previous study found no sex differences in para-
site load in nestling Alpine swifts, nor a sex difference in their
cell-mediated immunity (Bize et al., 2005), our study over
a longer period and with larger sample sizes suggests that
male and female immunity might be influenced by parental
age. This is in agreement with studies on the barn swallow
and blue-footed booby, which report that the immune re-
sponse of their offspring depends on parental care (Saino
et al., 1997) and maternal age (Beamonte-Barrientos et al.,
2010; Saino et al., 2002). Given early-life effects of parental
age on offspring ectoparasite load close to fledging and adult
lifespan, future studies should investigate whether the neg-
ative effect of paternal age on the lifespan of sons in the
Alpine swift could be a consequence of reduced immunity
from early life, which in turn reduces the survival and lifes-
pan of offspring.

Conclusion

Our study contributes to the growing body of evidence
showing parental age effects in the wild. It would now be
important to investigate the mechanisms underlying these
effects, such as epigenetic transmission mechanisms, in the
Alpine swift and wild species in general. Moreover, we still
need to disentangle whether the lower lifespan of individuals
from older parents is a result of lower survival throughout
their life or a higher rate of senescence later in their life. Be-
cause offspring were not sexed before they were recruited
into the population as adults, we have no information on
the proportion of daughters and sons that fledged and were
subsequently recruited into the population. Hence, the ef-
fects of parental age on this “invisible fraction” (Grafen,
1988; Mittell & Morrissey, 2024) remain to be studied in de-
tail. Understanding the mechanisms is even more crucial as
parental age effects might have important implications in de-
mography and life-history evolution. In particular, it might
have significant implications for sexual selection (Radwan,
2003). For example, in the context of this study, it might
be beneficial for female Alpine swifts to mate with younger
males to increase their fitness. A current study on this pop-
ulation is investigating mating choice. The results will thus
be particularly interesting in light of these findings.
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