Evolution Letters, 2026, 0(XX), 1-8

https://doi.org/10.1093/evlett/qraf051
OXFORD Letter

Longevity is heritable and negatively genetically
correlated between the sexes in yellow-bellied marmots
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Abstract

Longevity, a major fitness component, is heritable in multiple species, including both captive and wild populations, and often varies
widely between the sexes. The sex-specific genetic architecture of longevity, however, has rarely been estimated in wild populations,
despite its potentially large implication for the evolutionary dynamic of a species. Using a long-term study of wild yellow-bellied
marmots, a hibernating rodent, we estimated sex-specific additive genetic variance V4 and the cross-sex genetic correlation 74, of
longevity. Given the challenges associated with accurately measuring longevity in the wild, we used a new analytical approach based
on a Censored Poisson distribution allowing us to integrate measurement errors on longevity in the model. Our approach revealed
moderate and comparable V, in both sexes and a strongly negative ry,, albeit with large credible intervals. This contrasts with the
results from a classic model with a restricted dataset for which V, in males was estimated as zero, rendering the 5, inestimable
and uninterpretable. Our results suggest that studying selection and evolution while focusing on only one sex can lead to erroneous
predictions given that, in marmots, selection pressures increasing longevity in one sex would inherently select for the reverse effectin
the other sex. Taken together, this suggests the possible presence of a self-reinforcing feedback loop for the development of different
life-history strategies among sexes in marmots, with long-lived females producing short-lived males who must maximize early life
reproductive success (“live-fast die-young” strategy) and vice versa. Our study provides rare evidence of heritable longevity in a wild
population and highlights how genetic conflicts between the sexes may constrain evolution and help maintain sex-specific genetic
variance in fitness.
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Introduction able conditions, Charmantier & Garant, 2005). As such, the con-
ditions under which longevity may be heritable—particularly in
wild populations—remain unclear.

Furthermore, many wild populations exhibit phenotypic dif-
ferences in longevity between the sexes. For example, female
spotted turtles Clemmys guttatacan live up to 45 years longer than
males (Litzgus, 2006), while male black-tailed prairie dogs Cyno-
mys ludovicianus live 25% longer than females (Clutton-Brock &
Isvaran, 2007). These phenotypic differences in longevity can
extend to differences in the genetic architecture for this trait,
with heritability estimates for male and female longevity some-
times differing substantially. For example, in fruit flies Drosophila
melanogaster, females live longer than males (Spencer et al,
2003), and the genetic architecture of longevity differs between
the sexes (Lehtovaara et al., 2013). This may have strong impli-
cations for the evolution of the species, given that each sex may
respond to selection differently. For instance, for a given fitness
trait under directional selection, a cross-sex genetic correlation
(rfm; Lande, 1980) that differs from 0 could constrain the global

Longevity, or an individual’s lifespan, is defined as the time be-
tween birth and death and is a major fithess component. Indeed,
longevity directly influences fitness in most iteroparous species
with a slow pace-of-life (Clutton-Brock, 1988) and hence should
be under strong positive selection. To understand the potential
for evolution and the evolutionary trajectory of a species, we
need to understand the genetic basis of fitness, since for evo-
lution in response to selection to occur, variation in fithess must
have a heritable basis (Falconer & Mackay, 1996; Lynch, 1998).
Heritability estimates for longevity vary tremendously across
studies. For example, among laboratory studies, estimates range
from 20% to 50% in the hermaphroditic nematode Caenorhabdi-
tis elegans (Johnson & Wood, 1982) and between 44% and 62% in
laboratory mice (Klebanov et al., 2000). Heritability estimates of
longevity in wild populations are less common (but see Kruuk
et al.,, 2000) and may present even greater variability due to un-
predictable variation occurring in natural conditions (i.e., heri-
tability estimates tend to be higher in favorable than unfavor-
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evolution of the organism. Indeed, a weak g, approaching zero
would suggest sex-specific genetic architectures and the possi-
bility for the sexes to evolve toward sex-specific phenotypic op-
tima (Bonduriansky & Chenoweth, 2009; Poissant et al., 2010). By
contrast, a strong 1, approaching (positive or negative) 1 would
suggest evolutionary constraints with neither sex free to inde-
pendently reach their specific selective optima (Bonduriansky &
Chenoweth, 2009). For example, a strong rs, approaching 1 for
tarsus length in the collared flycatcher Ficedula albicollis has dis-
placed the female optimum by 200% (Merila et al., 1998). These
principles have also been well documented in the laboratory
(e.g., negative gy, for adult fitness in D. melanogaster, Chippindale
et al,, 2001, and in the southern ground cricket Allonemobius so-
cius, Fedorka & Mousseau, 2004).

Estimates of sex-specific heritability for longevity and its
cross-sex genetic correlation are seldom (but increasingly) re-
ported in wild populations (e.g., Kruuk et al., 2000; Teplitsky et
al., 2009; Wheelwright et al., 2014). Indeed, obtaining longevity
estimates from wild populations requires long-term monitor-
ing of individuals of known age, which is challenging due to
difficulties tracking individuals over their entire lifespan from
birth to death. Further complicating the matter, estimating the
heritability of longevity requires pedigree data; i.e., the relat-
edness of individuals must be known, and parental links must
be determined reliably (Kruuk et al., 2000). Importantly, data
collection on the longevity of wild populations may be sub-
ject to increased limitations for one sex compared to the other
sex due to sex biases in immigration and mortality in early
life (e.g., higher male than female immigration and mortality
in early life in many species; Festa-Bianchet & Mann, 2022).
In addition, the distribution of longevity can vary widely de-
pending on the time scale, rounding used for measurement
(i.e., days, months, or rounded years), and seasonality (e.g.,
high mortality associated with hibernation or harsh winter con-
ditions). In field studies with annual seasonal fieldwork and
high seasonal mortality, age and longevity are usually mea-
sured as rounded numbers of years since birth. Stemming from
these data collection constraints, methodological considerations
must be taken to address the problem of uncertainty around
individual ages.

One such statistical approach is to use a Censored Poisson
distribution to model longevity, that is, by providing a mini-
mum and maximum potential longevity for individuals of un-
known exact longevity. In doing so, we are able to integrate un-
certainty around individual longevity directly into the model and
hence address data gaps resulting from emigration and immi-
gration, while utilizing all available longevities and minimizing
biases in our estimates. This contrasts with other approaches,
such as restricting the analysis to only individuals with known
longevity or using the minimum longevity for individuals of un-
known exact longevity as their exact longevity estimate, which
come at the expense of power to detect effects for the former
and potentially biased estimates and inflated type I error for
the latter.

In this study, we leveraged a long-term dataset to examine
the sex-specific genetic architecture of longevity in a wild pop-
ulation of yellow-bellied marmots Marmota flaviventer. Longevity
is sexually dimorphic in this species, with males living on aver-
age 3 years and females living on average 4 years (St. Lawrence
etal,, 2022) and for a maximum of 14 and 16 years for males and
females, respectively. Using a quantitative genetic approach, we
assessed the sex-specific additive genetic variance and heritabil-
ity of longevity as well as its cross-sex genetic correlation. Given

that yellow-bellied marmots have contrasting life-history strate-
gies and that the rg, in the number of pups produced per year
was estimated to be 0 (St. Lawrence et al.,, 2022), we expected
to also find a ry, close to 0 for longevity. Indeed, Poissant et al.
(2010) have reported that the 14, of fitness traits is more likely to
be null or negative than other trait types, which by contrast are
more likely to have strongly positive rg,. To address sex-specific
uncertainty in longevity, we used a novel approach allowing us
to consider longevity measurement errors associated with emi-
gration and immigration, by modeling longevity with a Censored
Poisson distribution. This approach hence utilized observations
from all individuals while considering the potential error for the
estimated longevities of animals first trapped as adults and for
dispersing yearlings by providing a minimum and maximum po-
tential longevity.

Materials and methods

Study species and site

Yellow-bellied marmots are large (3-5 kg) hibernating rodents
and may live up to 16 years in the wild (Armitage, 2014). They ex-
hibit a harem-polygynous mating system in which males com-
pete for access to groups of related females (Armitage, 2000;
Blumstein, 2025a). Colonies are typically composed of one or
more matrilines and one or more males that have immigrated to
the site. Dispersal is male-biased and typically occurs at 1 year of
age. Marmots reach sexual maturity at 2 years of age. On average
(mean + standard deviation), yellow-bellied marmot males sire
4.7 £ 6.7 pups per year, while females produce 2.2 & 2.6 pups per
year (St. Lawrence et al., 2022).

This population of yellow-bellied marmots is located at
the Rocky Mountain Biological Laboratory (RMBL) in the up-
per East River Valley, Gothic, Colorado. At RMBL, colonies of
marmots can be separated into two valleys (upper and lower)
based on an elevation difference of approximately 200 m. This
contrast in elevation is associated with a 2-week delay in
snowmelt that also results in a 2-week delay in spring emer-
gence at up-valley locations (Armitage, 2014). Since 1962, mar-
mots have been trapped on a fortnightly basis throughout the
active season from mid-April to mid-October using Tomahawk
traps. When captured for the first time, individuals are sexed
based on external genital anatomy and marked with num-
bered ear tags for permanent identification. Fur-dye is also
applied to facilitate identification during social observations
(Blumstein et al., 2013). At each subsequent capture, individuals
are weighed to the nearest 10 g and assessed for reproductive
status.

Importantly, most adult females (79.2%) are of precisely
known age given that they were first trapped as juveniles,
whereas adult males are most often immigrants to the study site,
and hence their precise age is only known in 54.6% of cases. Im-
migrants and individuals not captured for the first time as juve-
niles or yearlings are assumed to enter the population at 2 years
of age (Armitage, 2014), allowing us to approximate their age in
subsequent captures.

An individual is presumed dead if the death is directly wit-
nessed or if the individual is not observed the following spring.
Given high re-capture rates (>0.9 for the primary sites; Ozgul
et al., 2006, 2007), precise estimates of year of death can be
obtained. Yearlings that disappeared within a 20-day window
around the date of pup emergence in their colony (10 days before,
10 days after) were considered to have dispersed rather than died
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(Blumstein et al., 2009; Montero et al., 2020). However, to estimate
yearling dispersal daily observations of all colonies are needed,
which was not the case before 2002. For individuals with ap-
proximated year of birth (i.e., first trapped as adults) and known
year of death, we could estimate a minimum longevity as year of
death—year of first observation + 2. For individuals dispersing as
yearlings or yearlings with unknown dispersal status, the mini-
mum longevity was estimated as 1. For individuals with a min-
imum longevity, we estimated an expected maximum longevity
as the longevity of 90% of the individuals with the same sex that
lived at least to that age.

Pedigree

Because pups are trapped for the first time when they emerge
from their maternal burrow, behavioral observations are suffi-
cient to determine maternal linkages. Given the marmot mating
system, paternities can only be assigned with confidence using a
genetic approach. Prior to 2002, maternity was assigned based on
behavioral observations and paternity was unknown (Armitage,
2014). Since 2002, genetic parentage assignments have been
used for both maternities and paternities. Detailed methods
are described in Blumstein et al. (2010). DNA was extracted us-
ing a QiaGen QIAamp DNA minikit and analyzed using Gen-
eMapper 4.1 software (Applied Biosystems) for 12 microsatel-
lite alleles before assigning a maximum-likelihood parentage
with CERVUS (Kalinowski et al., 2007) at 95% confidence for the
trio.

The pruned pedigree used in this study was 10 generations
deep and included data on 2,734 individuals, with 1,174 materni-
ties and 1,201 paternities (Table S1). The pedigree statistics were
determined using the R package pedtricks (Martin et al., 2024).

Statistical analyses

All statistical analyses were conducted in R version 4.3.1 (R Core
Team, 2024) using the R package MCMCglmm (Hadfield, 2010). We
fitted the model with a Censored Poisson distribution, as this al-
lowed us to explicitly consider measurement errors on longevity
associated with emigration and immigration by providing a min-
imum and maximum potential longevity for individuals of un-
known exact longevity.

To estimate quantitative genetic parameters of longevity, we
used a generalized linear mixed effects model including pedi-
gree data (an “animal model” Kruuk et al., 2000). We fit longevity
as a function of sex, valley (up, down), and the sex by valley in-
teraction to estimate sex differences in longevity and control
for micro-environmental effects on longevity associated with
the position in the valley (low vs. high elevation sites). To esti-
mate the heritability of longevity in both sexes, as well as esti-
mate the cross-sex genetic correlation of this trait (and hence the
presence of genetic constraints), we included individual iden-
tity linked to the pedigree as a random effect. We also included
the cohort and colony as random effects to capture variation
due to the year of birth and due to the local environment, re-
spectively. The cohort effect was fitted as sex-specific effect
to evaluate if year of birth effect differed between sexes. The
colony effect, however, was estimated as a combined sex ef-
fect due to the limited number of males per colony. Including
a sex-specific colony effect in the model led to extremely poor
mixing of the chain for the parameter, which was essentially
bounded to 0.

For random effects for which a cross-sex correlation was to
be estimated, we used parameter expanded priors (V = diag(2)
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*0.02, nu = 3, alpha.mu = rep(0,2), and an alpha.V = diag(2)
* ¢(1000)) to get a weakly informative prior on the correlation
scale. For the colony effect, which was not sex-dependent, we
used weak priors (V = 1, nu = 0.002). The prior for residual vari-
ances was non-informative (V = diag(2), nu = 2). We sampled
every 2,000 iterations with a burn-in of 50,000 iterations for a
total of 1,500 samples. We visually checked trace plots, and all
models had an autocorrelation under 0.10. We also used the Hei-
delberg and Welch convergence diagnostic (heidel.diag() function)
to verify model convergence (Hadfield, 2010). Following Pick et
al. 2023, we interpreted model parameters using the median of
the posterior distribution with the 95% highest posterior den-
sity intervals (HPDI) but we also reported the mean and mode
for each parameter in the appendix (Table S2). Variance ratio es-
timates were calculated as the proportion of total phenotypic
variation explained by the given variance parameter, i.e., heri-
tability on the latent scale conditioned on the fixed effects was
estimated as the sex-specific additive genetic variance divided
by the (conditional) total phenotypic variance. We also estimated
back-transformed variance components and ratios using the R
package QGglmm (de Villemereuil et al., 2016) for a multivariate
Poisson distribution.

We additionally fitted two models of longevity using a more
traditional modeling approach that does not consider emigra-
tion or immigration and either restricts the dataset to only
individuals of exact known longevity or assumes no error in
longevity estimations. Results from these additional models are
reported only in the appendix (Table S2; Table S3; Table S4).

Ethical note

All marmots were trapped in accordance with the Animal Use
and Care Committees of the University of California and the
RMBL (UCLA Protocol No. 2001-191-01 renewed annually) and
permits from the Colorado Division of Wildlife (TR917 issued
annually). Traps were set in the morning and afternoon near
burrow entrances and checked after 2-3 hrs. Traps were pro-
vided shade on warm days, and we did not trap during in-
clement weather. After trapping, individuals were released im-
mediately at the trap location. Marmots were handled quickly,
typically 5-15 min depending upon data collected. All indi-
viduals were handled in a conical cloth bag to reduce stress.
We swabbed the ears with alcohol before affixing ear tags. All
handlers were trained by DTB, JGAM, or senior personnel. Al-
though not formally tested, we see no obvious long-term effect
of trapping and handling on marmot survival or reproduction
(unpub. data).

Results

Overall, the model was fitted with 2681 longevity observations
but assumed that 745 individuals had a range of potential
longevities (Table 1; Table S4). The model mixed well, all pa-
rameters converged, and the autocorrelations were below 0.1.
Of these 2681 individuals, 195 individuals (73 females and 122
males) were first captured as adults, and 550 individuals (206 fe-
males and 344 males) disappeared at age 1 having either died
or dispersed. The mean longevity (mean =+ standard error) was
1.29 + 0.06 years for females and 0.72 + 0.03 years for males
(raw data). The average longevity of individuals that reached
a minimum age of 2 years was 4.44 + 0.17 years for females
and 2.97 + 0.15 years for males (raw data). Females lived longer
in the down valley sites as compared to the up valley sites,
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Table 1. Parameter estimates (median and 95% highest posterior density intervals) of longevity in male and female yellow-bellied
marmots using a Censored Poisson distribution and all estimates of longevity (known and approximated; n = 2681).

Females

Males Y fm

Fixed Effects

Intercept —0.103 [—0.407; 0.250]
Valley [Up] —0.131[-0.491; 0.195]
Random Effects

Va latent 0.318 [0.053; 0.623]

Vonort latent
Veolony latent
vResiduaI latent

0.610 [0.329; 0.972]

1.044 [0.724; 1.331]

h? latent 0.160 [0.028; 0.300]
Cohort? latent 0.306 [0.202; 0.423]
Vp observed 36.405 [13.055; 89.649]

h? observed

CV4 observed

I, observed
Cohort? observed

0.045 [0.010; 0.090]
56.366 [29.880; 82.381]
0.318 [0.053; 0.623]
0.088 [0.061; 0.117]

—0.016 [~0.276; 0.303]
0.314 [-0.040; 0.686]

0.399 [0.065; 0.721]
0.458 [0.250; 0.764]

—0.521 [~0.901; 0.026]
0.946 [0.840; 1.000]

0.006 [0.000; 0.056]

0.623 [0.371; 0.922]
0.264 [0.074; 0.469]
0.305 [0.184; 0.422]
21.062 [7.936; 49.599]
0.099 [0.026; 0.179]
63.190 [33.138; 88.781]
0.399 [0.065; 0.721]
0.115 [0.074; 0.151]

—0.521 [~0.901; 0.026]

0.946 [0.840; 1.000]

Variance component estimates: additive genetic variance, cohort, colony, residual. Variance ratios: heritability, cohort, and colony (permanent environment)
effects on both the latent and observed scales. The coefficient of additive genetic variation (CV,) and evolvability (I4) are reported. The colony effect, as well as
the cross-sex covariances and correlations, are estimated as between the sexes and hence displayed in the table only once.

while males lived longer up valley as compared to down valley
(Table 1).

We report comparable additive genetic variance of longevity
in both sexes, of 0.318 [0.053; 0.623] (median [95% HPDI)) in fe-
males and 0.399 [0.065; 0.721] in males (Table 1). Heritability of
longevity was 45% greater for males (0.099 [0.026; 0.179]) than fe-
males (0.045 [0.01; 0.09]) likely reflecting the lower residual vari-
ance for males as compared to females. We found a negative ge-
netic correlation across the sexes of —0.521 [—0.901; 0.026] (Table
1; Figure 1). The 95% HPDI for the correlation is wide and includes
zero but 96% of the posterior distribution is negative.

We likewise report a comparably positive effect of cohort on
longevity in both sexes, 75% higher for females (0.61 [0.329;
0.972]) than males (0.458 [0.25; 0.764]), with a cross-sex corre-
lation close to 1 (0.946 [0.84; 1]) (Table 1; Figure 1). The colony
effect was not different from zero, showing a negligible effect
on longevity for both sexes (Table 1). The coefficient of varia-
tion (CV,) and evolvability (In) were moderate for both sexes
(Table 1).

Discussion

In this study, we investigated the sex-specific genetic ar-
chitecture of longevity, a key fitness trait, in a wild popu-
lation of yellow-bellied marmots. We leveraged a Censored
Poisson distribution, allowing us to model a range of poten-
tial longevities in cases where exact longevity was unknown,
to mitigate data uncertainty constraints. We show that on
average, males have a shorter longevity than females and
that this trait is negatively genetically correlated between the
sexes.

We report strong evidence of moderate additive genetic vari-
ance and heritability as well as evolvability of longevity in both
sexes. As such, longevity—and hence fitness—has the poten-
tial to evolve in response to selection in both male and fe-
male yellow-bellied marmots, should genetic variance in other
fitness components allow it. Males had greater additive ge-
netic variance than females, suggesting potential for a faster
evolutionary response. Overall, this is in line with results by
Bonnet et al. (2022), who demonstrated that fitness in many wild

populations has sufficient additive genetic variance for rapid
evolution.

However, we also report evidence of a negative cross-sex
genetic correlation for longevity in this population of yellow-
bellied marmots, suggesting a genetic constraint on any poten-
tial evolutionary responses. That is, long-lived mothers produce
long-lived daughters and short-lived sons, while short-lived fa-
thers produce short-lived sons and long-lived daughters. As-
suming that longevity is under positive selection in both sexes,
such a negative correlation would suggest that alleles coding
for higher longevity in one sex would be maladaptive when ex-
pressed in the other sex. Sexual antagonism at the genetic level
has been identified for various traits across multiple taxa (mam-
mals: e.g., fitness in red deer Cervus elaphus, Foerster et al. (2007);
body mass in mountain goats Oreamnos americanus, Mainguy et
al. (2009); birds: e.g., lifetime reproductive success in collared fly-
catchers F. albicollis, Brommer et al. (2007); reptiles: e.g., immune
function in side-blotched lizards Uta stansburiana, Svensson et
al. (2009)). A cross-sex genetic correlation with an absolute value
different than 1 (positive or negative) suggests that longevity—
and hence fitness—should evolve at least partly independently
between the sexes (Bonduriansky & Rowe, 2005), though the per-
sisting genetic constraints would limit the evolution of sexual di-
morphism and may instead contribute toward maintaining vari-
ance in fitness between the sexes. Hence, this negative cross-sex
genetic correlation may act as a genetic constraint on the evo-
lution of longevity in this population and on the evolutionary
dynamic of any traits related to survival and longevity.

Assuming that longevity is a good fitness proxy, then a neg-
ative cross-sex genetic correlation has implications far beyond
the longevity trait alone. Indeed, a trait for which female and
male genetic architecture is the same (V4 = Vam and 1, = 1)
and which, for example, is positively selected for in females (e.g.,
a positive correlation with longevity), would in fact lead to a cor-
related negative response in males. Hence, the only traits that
would lead to a positive selection with longevity for both sexes
would be traits that have a negative genetic correlation across
the sexes.

Male and female marmots have different reproductive strate-
gies, where females seem to favor a conservative strategy with
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Figure 1. The cross-sex (A) additive genetic and (B) cohort correlations of longevity in yellow-bellied marmots. Black and yellow points (A) represent
predicted breeding values (PBVs) for females and males, respectively, and purple points (B) are BLUPs for cohorts. The bold ellipses represent the
posterior mode of the variance matrices. Uncertainty of the estimates is indicated with the gray ellipses, which represent 300 randomly selected

estimates from the posterior distribution.

higher survival and lower annual reproduction (Armitage, 2014),
whereas males tend to have a lower yearly survival, die at a
younger age, and produce more offspring per year (Armitage,
2014). Given the sex-specific life-history strategies of yellow-
bellied marmots, and hence potentially different fitness conse-
quences of longevity between the sexes, it may appear unsur-
prising for this negative cross-sex genetic correlation for fitness
to have occurred. Indeed, a longer lifespan may contribute more
to fitness in females than in males. Females have physiological
constraints that limit the number of pups they can produce each
year, and as such must reproduce for as many years as possible to
achieve higher lifetime reproductive success. By contrast, males
disperse as yearlings with only a small percentage (<16%) reach-
ing adulthood (Armitage, 2014), and they must successfully mo-
nopolize access to a harem of females to reproduce. The duration
of male residence is short—typically less than 3 years—during
which they maximize their reproductive success by increasing
the number of reproductive females in their harems and can
sire over 40 pups in a given year (St. Lawrence et al., 2022). As
such, while a longer tenure will yield higher reproductive suc-
cess for males as well, they can by far exceed the reproductive
success of a single female in a much shorter window of time,
following a “live-fast die-young” strategy. Hence, sexual dimor-
phism in longevity could be an adaptive strategy to resolve intra-
locus sexual conflict over optimal life-history strategies in this
species. Moreover, the negative genetic correlation might in fact
act as a self-reinforcing feedback loop for the evolution of sex-
ual dimorphism in reproductive strategies, given that females
that live longer and reproduce more would produce sons that
live shorter lives, and males that live long would produce daugh-
ters with shorter lives with lower opportunity for reproduction.
Thus, a logical next step will be to estimate the genetic variances
of (and correlation between) longevity and lifetime reproduc-
tive success, and hence whether the identified intra-locus sexual
conflict presents a persistent source of constraint on adaptation
(Ruzicka et al., 2020). Unfortunately, we do not yet have sufficient

data on male annual and lifetime reproductive success to per-
form such an analysis (Blumstein, 2025b).

Year of birth explained a comparable percentage of the vari-
ance in longevity in males and females (8.8% and 11.5%, respec-
tively). Coupled with this result, we found a strong positive cor-
relation (above 0.95) between the sexes, indicating similar cohort
effects on female and male longevity. However, although the ad-
ditive genetic variance was slightly higher among males than fe-
males, the phenotypic variance in longevity of females was 1.73
times higher than that of males, suggesting that females may
be more susceptible to environmental fluctuations than males.
This is often observed in systems where males do not provide
care for their offspring (Festa-Bianchet et al., 2019; Thiemann et
al,, 2011). In marmots, annual survival, and ultimately longevity,
are strongly affected by mass gain over the summer (Armitage,
2014). Males start to gain weight earlier during the spring imme-
diately after mating, whereas females start to gain weight later
in the summer after weaning their pups (Armitage, 2014). There-
fore, females may experience stronger effects of yearly environ-
mental fluctuations than males because they have a shorter time
window to prepare for the winter. Likewise, longevity was higher
in down valley colonies as compared to the upper valley colonies,
likely arising from the different elevations (Woods et al., 2009)
and associated 2-week delay in spring onset (Blumstein et al.,
2004).

Our statistical approach, using a Censored Poisson distribu-
tion, offered two advantages when dealing with data from wild
populations such as yellow-bellied marmots. Specifically, this
method addresses gaps in the available information on individ-
ual age, which, in marmots, differs considerably between the
sexes (see supplementary for model outputs for all three ap-
proaches; Table S2; Table S3; Table S4). First, the model accounted
for the uncertainty introduced by dispersing males arriving at
the focal colonies, whose exact age could not be known, and by
emigrating males whose exact longevity cannot be known. In-
cluding a range of possible longevities for these males (e.g., for
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immigrating males min: number of years observed before death
plus two, assuming arrival of immigrants at two years of age;
max: maximum longevity of a marmot, 14 years) allowed for a
more conservative estimate than that of a model where esti-
mated longevities would be treated as exact. Second, this ap-
proach drastically increased the available sample size, and hence
statistical power of the analysis, as compared to a classic ap-
proach that considers only individuals whose exact age of birth
and death were known.

To conclude, we identified a negative cross-sex genetic cor-
relation for longevity, a key fitness trait, in a wild population
of yellow-bellied marmots. Indeed, responses to selection for
any phenotypic trait, even in cases where that selection is the
same in both sexes, may be constrained by this identified nega-
tive cross-sex genetic correlation for fitness. To understand the
evolutionary trajectories of an organism, it is critical to quantify
sex-specific heritability and the cross-sex genetic correlation not
only for phenotypic traits of interest, but also measures of over-
all fitness. This remains challenging to do in the wild given data
limitations and constraints, but can be mitigated, at least in part,
through the use of statistical methods such as a Censored Pois-
son distribution.

Supplementary material

Supplementary material is available online at Evolution Letters.
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