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Abstract
Maintaining dominance status had long been considered to be less stressful than subordination. However, no consistency in stress
levels of dominant and subordinate individuals has been demonstrated. Tactics used to achieve and maintain dominance could be
determinant. In cooperatively breeding species, conflicts between dominants and subordinates are expected since dominant individuals tend to monopolize reproduction while subordinates seldom reproduce. Reproductive skew models predict that subordinates’ reproductive opportunities are either allotted or subject to competition with dominants. In the former case, no policing of
subordinates by dominants is expected. In the latter, dominant should exert a control over the subordinates possibly leading to higher
stress levels in dominants than in subordinates, which could be further elevated as the number of potential competitors in the group
increases. In the present study, we aimed to test these hypotheses by assessing individual’s stress level using the neutrophils to
lymphocytes ratio (N:L) in a wild cooperatively breeding rodent, the Alpine marmot (Marmota marmota). We found that dominants
exhibit higher N:L ratio than subordinates and that dominants’ N:L ratio increases with the number of unrelated same-sex subordinates in the group. We conclude that controlling unrelated subordinates is stressful for dominants, as expected under tug-of-war
models. These stress patterns reveal conflicting relationships between dominants and subordinates over the reproduction and social
status acquisition. This study highlights the influence of the nature, strength, and direction of conflicts on stress levels.
Significance Statement
In cooperatively breeding species, reproductive skew models predict that subordinates’ reproductive opportunities are either allotted or
subject to competition with dominants and, thus, can modulate the relative stress level between dominants and subordinates. In the first
case, no policing of subordinates by dominants is expected, while in the second, dominant should exert a control over the subordinates
which should lead to higher stress level in dominants than in subordinates, and particularly when subordinates are unrelated to the
dominants. In Alpine marmots, we found that dominants exhibit higher stress level than subordinates and dominants’ stress level
increased with the number of unrelated same-sex subordinates. These patterns are in agreement with the predictions of the tug-of war
models of reproductive skew and indicate that controlling subordinates is costly for dominants.
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Group living leads to major conflicts over resource
partitioning (Krause and Ruxton 2002; Hennessy et al.
2009) and dominance hierarchies evolved to avoid the resultant costs of overt competition and aggression among groups
members (Enquist and Leimar 1990). Agonistic interactions
arising from social conflicts are known to activate the stress
response through the stimulation of the hypothalamicpituitary-adrenocortical axis, which result in adrenal glucocorticoids secretion (hereafter GC) typically cortisol and
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corticosterone (von Holst 1998). Early experiments in captive
rodents and primates showed higher levels of GC in winners
(so-called dominants) compared to losers (so-called
subordinates) at the end of a confrontation (Bronson and
Eleftheriou 1964; Louch and Higginbotham 1967; Manogue
et al. 1975). Thus, Creel (2001) hypothesized that, in hierarchical societies, social dominance should be less stressful than
subordination. However, other studies indicate no consistent
relationship between GC levels and social rank among mammalian species (Sapolsky 1983; Abbott 1987; Creel 2005).
These contradictory findings suggest that differential stress
level in subordinates and dominants may be ascribed to other
factors than purely their social rank, which complicate the
conventional view of social stress and our understanding of
the mechanisms underlying the evolution of social hierarchies
(Creel et al. 2013).
Although higher stress level in dominants than in subordinates may arise from their different investment in specific
behaviors, such as reproductive activity (Saltzman et al.
1994; Smith and French 1997) or defense against intruders
(e.g., Cooney 2002; Garvy et al. 2015), variations between
dominants and subordinates can also originate from different
tactics to achieve and maintain social status (Abbott et al.
2003; Goymann and Wingfield 2004; Creel et al. 2013).
Dominants appear less stressed than subordinates in groups
where subordinates endure high rates of physical or psychological stressors, where fewer sources of social support are
available, and where relatedness between dominants and subordinates is low (Abbott et al. 2003). In contrast, in relatively
nonaggressive groups in which assessing dominance mostly
depends on rare instances of aggression at times of vacated
dominant positions and where the maintenance of dominance
requires little threat or intimidation, dominants may be more
stressed than subordinates (Abbott et al. 2003). For example,
in adult male olive baboons (Papio anubis), for which violent
actions are key to reach dominance and where threat and intimidation are necessary to its maintenance, basal cortisol concentration of dominants is nearly 50% lower than that of subordinates (Sapolsky 1983). Conversely, subordinate female
common marmosets (Callithrix jacchus) living in a relatively
nonaggressive society (Lazaro-Perea 2001) had lower basal
plasma cortisol levels than dominant females (Saltzman
et al. 1998).
Despite the fact that, in such cooperatively breeding societies, severe conflicts between dominants and subordinates are
to be expected (Young et al. 2006), aggressive interactions are
rarely observed between group members (Creel et al. 1992,
1997). Indeed, in such despotic societies, a pair of dominant
individuals tends to monopolize reproduction while subordinates only obtain a small share of reproduction (CluttonBrock et al. 1998, 2010). The reproductive skew theory offers
one potential explanation for this low level of declared conflicts: each group member is allotted or gains inclusive fitness
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equal to or exceeding their expectation from reproducing on
their own (Nonacs and Hager 2011). Under transactional
models, reproductive concession by dominants rewards cooperative behaviors of subordinates (Johnstone and Cant 1999;
Buston et al. 2007). Conversely, tug-of-war models assume
that reproductive opportunities are obtained by subordinates
from dominants through competition (Reeve 1998; Reeve and
Shen 2006). Under the former, no policing of subordinates by
dominants is expected and stress levels of dominants and subordinates should be comparable while under the later, dominants should exert a control over subordinates which should
lead to higher stress level in dominants than in subordinates
and their stress level should increase with the number of potential competitors in the group (Creel 2001; Goymann et al.
2003). Accordingly, the stress level of dominants should increase with the size of the social group (e.g. Pride 2005), and
more specifically, with the number of sexually mature samesex subordinates. Moreover, competition between dominants
and subordinates should be all the more acute when the indirect fitness benefits obtained through helping are low
(Hatchwell and Sharp 2006; Meade and Hatchwell 2010;
Nam et al. 2010). As a consequence, the presence of unrelated
subordinates in family groups may further increase the stress
level of dominants (Arnold and Dittami 1997; Goymann and
Wingfield 2004; Galvao-Coelho et al. 2012).
Here, we aimed to test whether predictions of transactional
or of tug-of-war models regarding the stress level of dominants and subordinates apply to the Alpine marmot (Marmota
marmota). The Alpine marmot is a cooperatively breeding,
ground-dwelling squirrel living in family groups composed
of a dominant pair (higher hierarchical rank) that monopolizes
reproduction, and of sexually mature and immature subordinates of both sexes (lower hierarchical rank) (Allainé 2000).
Subordinate males act as Bhelpers^ and have a positive effect
on juvenile survival during hibernation (Allainé and Theuriau
2004). Nonetheless, there is a strong intra-sexual competition
between dominants and subordinates as evidenced by a decrease in the dominants’ body condition and a higher probability of losing its reproduction and social status as the number
of same-sex subordinates increases (Cohas et al. 2006; Lardy
et al. 2012, 2013; Bichet et al. 2016). We used the neutrophils
to lymphocytes ratio (hereafter N:L ratio) from peripheral
blood as a proxy of circulating GC (Davis et al. 2008) to assess
basal stress level of adult Alpine marmots outside their mating
period. According to previous findings indicating that dominant Alpine marmots exert a costly control over their subordinates (Arnold and Dittami 1997; Cohas et al. 2006; Lardy
et al. 2012, 2013; Bichet et al. 2016), we expect dominant
marmots to exhibit higher N:L ratio than subordinates, as predicted under the tug-of-war models. Social factors, such as
group size and composition, are also expected to impact dominant’s stress level. Specifically, dominants living with a
higher number of same-sex sexually mature subordinates
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should have higher N:L ratio, which should be further elevated and this all the more that subordinates are unrelated to the
dominant.

Material and methods
Studied species
Alpine marmots are territorial, socially monogamous and cooperative breeding ground-dwelling squirrels inhabiting alpine meadows (Allainé 2000). Marmots live in family groups
of two to 16 individuals composed of a dominant pair, sexually mature (≥ 2 years) and immature (1 year) subordinates of
both sexes, and pups of the year (Allainé 2000). Each family
group occupies a territory mainly defended by the dominant
pair. Dominant pairs nearly exclusively monopolize the reproduction within family groups (Cohas et al. 2006) and actively
inhibit the reproduction of the sexually mature subordinates
through aggressive behaviors (Arnold and Dittami 1997;
Hacklander et al. 2003). No hierarchy has been observed
among subordinates (Barash 1976; Perrin 1993).
At sexual maturity (i.e., 2 years of age), subordinates of
both sexes may either keep their subordinate status, attempt
to become dominants in their natal groups (15% of the dominant males, 35% of the dominant females) or disperse to
attempt to gain dominance in another territory (Lardy
et al. 2012). An individual can never join another social
group than its natal group as a subordinate (Allainé
2000). Dominance is established for several years until
the dominant is evicted by another individual or dies
(Lardy et al. 2011). Once an individual reaches dominance,
it cannot reverse to subordinate status. Sexually mature male
subordinates that delay dispersal are considered as helpers.
The presence of helpers in a family group increases the survival probability of offspring during their first hibernation
(Allainé and Theuriau 2004) through their role in social thermoregulation (Arnold 1988).

Field methods
Our study took place at La Grande Sassière Nature Reserve
(2340 m a.s.l., French Alps, 45° 29′ N, 65° 90′ E, see Cohas
et al. 2008) where a population of Alpine marmots has been
monitored since 1990. As part of a long-term study, we captured marmots annually, from mid-April to mid-July using
two-door live-capture traps baited with dandelion
(Taraxacum officinale). We placed traps near the entrance of
the main burrows of each group to assign trapped individuals
to their family. We checked the traps every 30 min to limit the
time a marmot spent in a trap and thus exposure to
predators and to adverse weather. Once trapped, we
placed the marmots in an opaque bag and carried them
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to a nearby (maximum 500 m) handling area. There,
they were placed in a calm and cool room for 5 min
allowing them to recover from the stress of capture and
transport before tranquilization. We tranquilized each
captured individual by intramuscular injection of
Zolétil 100 (Tilamine + Zolazépam, 10 mg kg−1) and
determined their mass, sex, and age. We assessed the
social status (dominant or subordinate) through examination of sexual traits (large scrotum for males and
prominent teats for females, characteristics of each sex
all year round and independently of pup production).
We marked each individuals with a microchip inserted
percutaneously (model ID100, 0.9 cm long, < 0.1 cm in diameter, Trovan Ltd, www.Trovan.com, Identifikationssysteme,
Metternicher Straße 4, 53919 Weilerswist, Germany) for
permanent individual recognition and a numbered metal eartag. An additional colored plastic ear-tag was placed on the
opposite ear of dominant individuals. The marking did not
cause any bleeding. Later, we confirmed each individual’s
social status by observations of scent-marking behavior and
territorial defense that are characteristics of dominants (Bel
et al. 1999).
Each year, we determined the size and the composition of
each family group combining individuals’ capture histories
with intensive daily observations (see Cohas et al. 2008 for
details). Finally, we counted the number of pups through additional observations (see Cohas et al. 2006) and capture them
within 3 days after their first emergence from the natal burrow.

Group size and composition
We characterized each family group by its size and composition. To infer the level of competition between individuals, we
defined Bgroup size^ as the number of individuals 1 year old
or older in the group including the dominant pair. To assess
variations in the level of intra-sexual competition, we used
two types of group-level measurements. First, we used the
number of sexually mature same-sex subordinates present in
the group (i.e., ≥ 2 years old). Second, we determined the
numbers of same-sex unrelated and mature related subordinates to the dominant. A subordinate was considered as
Brelated^ (94.1% of subordinates for the dominant females
and 93.7% for the dominant males) if it was born during the
dominance tenure (i.e. son/daughter of the dominant) and as
Bunrelated^ (5.9% of subordinates for the dominant females
and 6.3% for the dominant males) if born when another dominant was holding the territory.

Assessment of basal stress level through measures
of neutrophils to lymphocytes (N:L) ratio
We measured the N:L ratio as a proxy of basal glucocorticoids
which is a good indicator of the level of environmental stress
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to which an individual was exposed. We chose to measure the
N:L ratio because it is more likely to reflect the basal stress
level of captured animals, than measuring plasma GC concentration itself. Indeed, plasma GC rises critically within 2 to
5 min following capture and restraint in wild-caught animals
(Romero and Romero 2002; Romero and Reed 2005;
Johnstone et al. 2012), making it extremely difficult to obtain
reliable baseline measures of stress level under field conditions. An understanding of the effect of stress hormones on
leukocyte profiles comes from biomedical studies on mammals (Ottaway and Husband 1994; Brenner et al. 1998). GC
stimulates an influx of neutrophils from tissues into the blood
(Bishop et al. 1968); concomitantly, it causes a migration of
lymphocytes from the blood circulation to other compartments (Cohen 1972; Fauci 1975; Dhabhar 2002). Thus, a rise
of plasma GC caused by stress increases the N:L ratio (Davis
et al. 2008). Unlike the hormonal response to acute stress, the
initial leukocyte response begins over a time span of hours
(between 1 and 4 h; Burguez et al. 1983; Davis 2005;
López-Olvera et al. 2007). We measured N:L ratio from 298
blood samples drawn within 30 min after capture from the
great saphenous vein of 171 sexually mature individuals
(i.e., 2 years and older) trapped in the 36 family groups monitored from 2009 to 2015. This sampling was done during a
period ranging from the gestation of females to the weaning of
pups. Immediately upon collection, a drop of blood was
smeared onto a slide and air dried. We used the May
Grünwal Giemsa staining method (Brown 1993) for differential counting of blood cells using an aerospray stainer
(Aerospray Hematology Slide/Cytocentrifuge 7150,
ELITechGroup, Wescor, France). The smears were screened
by a single observer using a light microscope with 10× ocular
and 100× oil immersion lenses until up to 100 leukocytes.
Neutrophils and lymphocytes were determined according to
Hawkey and Dennett’s (1989) criteria and counted.
Furthermore, to distinguish between stress and immune response effects on N:L ratio (Davis et al. 2008), we controlled
for other parameters specific of an immune response: the leukocytes concentration and the number of eosinophils and
monocytes (see Supplementary material S1).

Statistical analyses
Do dominants have higher stress level than subordinates?
To investigate whether the N:L ratio differed between dominants and subordinates, we used the N:L ratio (N = 298 from
81 dominants and 90 subordinates) as the dependent variable
and the social status as an explanatory variable in a
Generalized Linear Mixed Model (GLMM) with a logarithm
link and a variance given by a gamma distribution, due to the
overdispersion of our data. The gamma distribution was chosen a priori by fitting the observed distribution of the N:L ratio
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using the R package fitdistrplus (Delignette-Muller and
Dutang 2015). We further checked a posteriori the distribution
of the residuals to assess the fit of the selected model to the
observed data. Additionally, we entered potential confounding
variables such as the sex, the body mass and the age of the
individual as well as the year and the date of capture as explanatory variables with all the continuous variables standardized (by subtracting to each value the mean of the variable and
dividing it by the squared variance of the variable). Additive
effects of all these variables as well as the first order interactions between the year and the date of capture and between all
individual variables and the social status were considered. To
control for a potential Bterritory^ effect and pseudo-replication
due to N:L ratio being measured several times (median = 1.00,
mean = 2.01, min = 1, max = 5) on a given animal over years,
we included the territory and the identity of the individuals as
random intercepts.

Does dominants’ stress level vary with group size
and composition?
To investigate if the N:L ratio of a dominant individual was
influenced by the size and the level of competition in its
family group, we used the N:L ratio of dominant individuals (N = 196 from 79 individuals) as the response variable
in a generalized linear model (GLM) with a logarithm link
and a variance given by a gamma distribution. Because the
random intercepts of the territory and the identity of the
individual were estimated close to 0 in this case, leading to
convergence failure, we discarded them for this model. We
built three different models. In the first, we included the
group size as an explanatory variable; in the second, the
number of sexually mature same-sex subordinates; and in
the third, the numbers of related and unrelated same-sex
subordinates. In each model, we entered the same confounding variables as above (sex, body mass, age, the date
and the year of capture and their first order interaction) as
explanatory variables.
Statistical analyses were performed with R 3.3.1 (R
Development Core Team 2016). The function Bglmer^ in the
package Blme4^ (Bates et al. 2015) was used to fit GLMMs
with a negative binomial distributions (Venables and Ripley
2002). The function Bglm^ in the package Bstats^ was used to
perform GLMs (R Development Core Team 2016). We set the
level of significance to α = 0.05 and parameter estimates are
given as mean ± SE.
Data availability Datasets will be available under https://www.
researchgate.net/publication/323550862_Data_for_Stress_
levels_of_dominants_reflect_underlying_conflicts_with_
subordinates_in_a_cooperatively_breeding_species upon
request to the corresponding author.
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Results
Do dominants have higher stress level
than subordinates?
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Table 1 Effect of the social status on the N:L ratio. Model parameters
were obtained once all non-significant first order interactions were
removed. Significant effects are in bold
Estimate ± SE

t value

p value

Intercept

1.63 ± 0.44

3.73

< 0.001

Social status (dominant)

0.60 ± 0.15

4.13

< 0.001

Sex (male)
Body mass

0.14 ± 0.13
− 0.79 ± 0.19

1.02
− 4.11

0.31
< 0.001

Age
Date of capture

0.23 ± 0.07
− 0.57 ± 0.17

3.17
− 3.42

0.002
< 0.001

Year 2012

0.74 ± 0.23

3.26

0.001*

Year 2013

0.46 ± 0.23

2.04

0.04*

Year 2014

0.46 ± 0.29

1.59

0.11*

Year 2015

0.70 ± 0.29

2.43

0.01*

Does dominants’ stress level vary with group size
and composition?

Year 2012: Date of capture

0.75 ± 0.26

2.86

0.004**

Year 2013: Date of capture
Year 2014:Date of capture

1.04 ± 0.29
0.68 ± 0.35

3.66
1.95

< 0.001**
0.05**

The N:L ratio of dominant individuals was not correlated with
the group size (β = 0.003 ± 0.03, t = 0.12, p = 0.90, R2 = 0.17,
Table 2) and this independently of the sex of the dominant
(interaction between sex and group size: β = − 0.06 ± 0.05, t =
− 0.17, p = 0.24).
The dominants’ N:L ratio was not correlated with the number of same-sex subordinates (β = 0.09 ± 0.08, t = 1.11, p =
0.27, R2 = 0.17, Table 2) and this independently of the sex of

Year 2015:Date of capture

0.88 ± 0.34

2.62

0.01**

Dominant individuals had a higher N:L ratio than subordinate
individuals (β = 0.60 ± 0.15, t = 4.13, p < 0.001, marginal
R2 = 0.25, conditional R2 = 0.52, Fig. 1, Table 1) and N:L ratio
did not depend on the sex of the dominant individual (β =
0.03 ± 0.22, t = 0.13, p = 0.89). Further, dominants have
higher N:L ratio than their same-sex subordinates (female
β = 0.54 ± 0.20, t = 2.65, p = 0.008; male β = 0.79 ± 0.22, t =
3.65, p < 0.001).

Fig. 1 Residual N:L ratio as a
function of social status. The open
circles represent the observed
values and the closed circles
represent the estimated N:L ratio
surrounded by their standard
errors. The scale of the y-axis is
logarithmic

Fixed effects

*Wald-test for the year effect: χ2 = 11.5, df = 4, p = 0.022; **Wald-test
for the interactive effect between the year and the date of capture:
χ2 = 18.7, df = 4, p < 0.001: first-order interaction

the dominant (interaction between sex and number of samesex subordinates: β = − 0.11 ± 0.15, t = − 0.72, p = 0.47).

− 1.39
− 2.63
3.10

− 0.31 ± 0.23
− 0.57 ± 0.21
0.89 ± 0.29
0.78 ± 0.29
0.43 ± 0.37
0.79 ± 0.34
0.73 ± 0.35
0.93 ± 0.39
0.57 ± 0.44
0.92 ± 0.41

Body mass
Date of capture
Year 2012

Year 2013
Year 2014

Year 2015
Year 2012:Date of capture
Year 2013:Date of capture

Year 2014: Date of capture
Year 2015: Date of capture

1.30
2.24

2.33
2.07
2.39

2.69
1.17

2.84
2.27

–
–

Number of related same-sex subordinates
Number of unrelated same-sex subordinates
0.17 ± 0.06
0.26 ± 0.11

–
–

0.41 ± 0.42
0.003 ± 0.03
–

Group size
Number of same-sex subordinates

Intercept
Social variables:

Age
Sex (male)

0.98
0.12
–

Estimate ± SE

Fixed effects

t value

Model 1

0.20
0.03

0.02
0.04
0.02

0.008
0.24

0.17
0.009
0.002

0.005
0.02

–
–

0.33
0.90
–

p value

0.59 ± 0.44
0.94 ± 0.41

0.81 ± 0.34
0.78 ± 0.35
1.03 ± 0.39

0.85 ± 0.29
0.46 ± 0.37

− 0.32 ± 0.23
− 0.60 ± 0.22
0.94 ± 0.29

0.15 ± 0.06
0.26 ± 0.11

–
–

0.38 ± 0.41
–
0.09 ± 0.08

Estimate ± SE

Model 2

1.34
2.32

2.40
2.21
2.63

2.90
1.24

− 1.41
− 2.80
3.25

2.58
2.29

–
–

0.93
–
1.11

t value

0.18
0.02

0.02
0.03
0.01

0.004
0.22

0.16
0.006
0.001

0.01
0.02

–
–

0.36
–
0.27

p value

0.59 ± 0.43
0.83 ± 0.40

0.67 ± 0.33
0.71 ± 0.35
0.99 ± 0.38

0.84 ± 0.28
0.47 ± 0.36

− 0.26 ± 0.22
− 0.63 ± 0.21
0.86 ± 0.29

0.21 ± 0.06
0.22 ± 0.11

0.04 ± 0.08
0.51 ± 0.24

0.23 ± 0.40
–
–

Estimate ± SE

Model 3

1.39
2.07

2.01
2.02
2.58

2.95
1.31

− 1.18
− 3.00
3.02

3.38
1.92

0.48
2.18

0.56
–
–

t value

0.17
0.04

0.05
0.05
0.01

0.004
0.19

0.24
0.003
0.003

0.001
0.06

0.63
0.03

0.58
–
–

p value

Effects of group size and composition on the dominants’ N:L ratio. Model parameters were obtained once all non-significant first order interactions were removed. Significant effects are in bold

Models

Table 2
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While the N:L ratio of dominant individuals was not correlated with the number of same-sex sons/daughters (β = 0.04 ±
0.08, t = 0.48, p = 0.63, Fig. 2a, Table 2), it increased with the
number of same-sex unrelated subordinates (β = 0.51 ± 0.24,
t = 2.18, p = 0.03, R2 = 0.19, Fig. 2b, Table 2). Again, the
dominants’ N:L ratio was not correlated with their sex (interaction between sex and number of same-sex sons/daughters:
β = − 0.17 ± 0.15, t = − 1.13, p = 0.26; interaction between sex
and number of same-sex unrelated subordinates: β = 0.19 ±
0.47, t = 0.40, p = 0.69).

Discussion
We showed that dominant males and females had a higher N:L
ratio (indicating higher stress level) than subordinate individuals in our Alpine marmot population (Fig. 1). Moreover, the
N:L ratio of the dominant individuals of both sexes varied
neither with the size of the group nor with the number of same
sex subordinates but it increased with the number of same sex
unrelated subordinates (Table 2). Our data support that dominants thus exert a costly control over their subordinates to
prevent them from reproducing in agreement with the tugof-war models. As expected from kin selection (Hatchwell
and Sharp 2006), the costs associated with such control increase with lower relatedness between group members. These
findings demonstrate that, although social hierarchy is thought
to have evolved to limit the costs associated with conflicts
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Family No

Mixed Yes

Relatedness

S > D (dry years),
S < D (wet years)

Group
composition
Male Female

3–20

Typical
group size

Species

Mammals
African wild dog
(Lycaon pictus)

S > D (dry years),
S < D (wet years)

D>S
D = S (basal+acute)
D=S

D=S
D = S (basal+acute)
D=S

Superb starling
(Lamprotornis superbus)

D = S (basal+acute)

D = S (basal+acute)

No

Yes

Yes

Yes

Male

Dispersal

Glucocorticoid
corticosterone

Corticosterone
Corticosterone
Corticosterone

Corticosterone

Cortisol
Cortisol
Glucocorticoid
Glucocorticoid

Glucocorticoid
Cortisol
Cortisol
Glucocorticoid
Cortisol
Cortisol (probability
of detection)
Glucocorticoid
Glucocorticoid

Cortisol

Cortisol
Corticosterone
Corticosterone
Corticosterone and
cortisol
Glucocorticoid

Hormones

Immigrant as
subordinates
Female Male Female

D=S
D = S (only the pregnants)

D = S (basal),
S > D (acute)
D>S
–
D=S
D>S
D>S
D > S (immigrant),
D = S (natal)
–
–

Common dwarf mongoose
(Helogale parvula)
Ethiopian wolf (Canis simensis)
Golden lion tamarins
(Leontopithecus rosalia)
Gray wolf (Canis lupus)
Iberian wolf (Canis lupus signatus)
Meerkats (Suricata suricatta)

Birds
Cockaded Woodpecker
(Picoides borealis)
Florida scrub jay
(Aphelocoma coerulescens)
HARRI’S Hawk
(Parabuteo unicinctus)

D = S (prior to and 1st trimester
of gestation), S > D (2nd and
3rd trimesters of gestation)
D > S (basal+acute)

–

Banded mongoose
(Mungos mungo)

–
D=S
–
D>S
D>S
D>S

D>S
D>S
–
S>D

Female

D>S
D>S
Unclear
–

Stress status
Male

Yes

Yes

Female

Plasma

Plasma
Plasma
Plasma

Plasma

Feces
Feces
Feces
Feces

Feces
Feces

Feces
Feces
Feces
Feces
Feces
Plasma

Urine

Feces

Feces
Feces
Plasma
Plasma

Source of
hormone
sample

Single

Single

Single

Single

Reproductive
skew

Rubenstein 2007b

Schoech et al. 1991
Schoech et al. 1997
Mays et al. 1991

Malueg et al. 2009

Cavigelli 1999
Cavigelli et al. 2003
Gould et al. 2005
Pride 2005

Young et al. 2008
Barrette et al. 2012

Helper
sex

van Kesteren et al. 2012
Bales et al. 2005
Bales et al. 2006
Sands and Creel 2004
Barja et al. 2008
Carlson et al. 2004

Creel et al. 1996

Sanderson et al. 2015

Creel et al. 1996
Creel et al. 1997
Arnold and Dittami 1997
Hacklander et al. 2003

References

Queue, challenge High males, medium Both
females (8%)
Dispersal
High
Male

All year round
All year round
October–August, from the
non-breeding period to
the feeding period
Dry season
(December–February)
corresponding to the
pre-breeding period
Dominance
Dominance
acquisition
Male
Female

All

All year round
From preconception to the
end of the lactation
All year round
Lactation
All year round
All year round

All year round
All year round
All year round
January 1999 to July 2000
June to August
All year round

all year round

Prior and during gestation

All year round
All year round
Mating season
Gestation, after unclear

Period studied

Stress levels of dominant (D) and subordinate (S) individuals in wild cooperatively breeding vertebrates and their society characteristics

Mammals
African wild dog
(Lycaon pictus)
Alpine marmot
(Marmota marmota)

Species

Table 3
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Multi
Multi

Bi
Bi
Bi
Multi

15
12–17

2–5

2–6

2.7

26

Multi

Bi

Bi

Single

Multi
Multi

Multi
Multi

Uni

Family

Mixed

Family

Family

Family
Mixed

Family
Family

Brothers

Family

Yes (10%, only
the
daughters of
the dominant)

No

Yes, outside
the group
Yes

Mixed No

Family Yes

Family No

Family No

Family No
Family Yes

Family Yes
Family Yes

Yes

Yes (males)

No

Yes

Yes

Yes

Yes

No

Female

No

Yes

Yes

No

Yes
Yes

Yes
Yes

Yes

No

Yes

Yes

Reproduction-related
aggression

Yes

No

No

No

No
No

Yes
Yes

No

–
No

Yes

Mixed No

Yes

No

Unknown Yes
No
(eviction)
No
Yes
No
(afterbirth)

Yes

No

Banded mongoose
(Mungos mungo)

No

No

Common dwarf mongoose
(Helogale parvula)
Ethiopian wolf
(Canis simensis)
Golden lion tamarins
(Leontopithecus rosalia)

No

Rare (unrelated
No (very rare
Yes
and extra-group)
case,
daughter of the
dominant)
Yes
Yes
Yes

Yes

No

Family No

Male

Multi
Multi

5–8
5–8

Female

Bi

3

Bi

Family

High

Male

Multi

6

Multi

High

Aggression against
subordinates

Multi

9–30

Multi

Subordinate
reproduction

Multi

20

Alpine marmot
(Marmota marmota)

Mammals
African wild dog
(Lycaon pictus)

Alpine marmot
(Marmota marmota)
Banded mongoose
(Mungos mungo)
Common dwarf mongoose
(Helogale parvula)
Ethiopian wolf
(Canis simensis)
Golden lion tamarins
(Leontopithecus rosalia)
Gray wolf (Canis lupus)
Iberian wolf
(Canis lupus signatus)
Meerkats (Suricata suricatta)
Ring-tailed lemur
(Lemur catta)
Birds
Cockaded Woodpecker
(Picoides borealis)
Florida scrub jay
(Aphelocoma coerulescens)
Harri’s Hawk
(Parabuteo unicinctus)
Superb starling
(Lamprotornis superbus)
Species

Table 3 (continued)

Yes

Unknown

No

No

Yes

Unknown

Single
Single

Single

Single

Single

Single

Single

Single

Dispersal

Dispersal

Dispersal

Both
Both

Medium (25%)

High

High

High

Both (mostly
male)
Both

Both

Male

Medium (20% other) Both
Low
Mostly female

Dispersal, queue Medium (8%)
Dispersal
Medium (8%)

Cant 2000, 2003; De Luca and Ginsberg 2001; Cant et al. 2001,
2014; Gilchrist et al. 2004; Gilchrist 2006; Müller and
Manser 2007, 2008
No
Rasa 1973; Rood 1978, 1980, 1990; Creel and Waser 1991;
Creel et al. 1992
Unknown Sillero-Zubiri and Gottelli 1995; Sillero-Zubiri et al. 1996;
Sillero-Zubiri and Macdonald 1998; Randall et al. 2007
–
Snyder 1974; French and Inglett 1989; Peres 1989; Abbott 1993;
Dietz 1993; Schaffner and French 2004; Bales et al. 2005;
Henry et al. 2013

No

Unknown Frame et al. 1979; Malcolm and Marten 1982; Creel and Creel
1995; McNUTT 1996; Courchamp and Macdonald 2001;
Courchamp et al. 2002; de Villiers et al. 2003; Spiering
et al. 2010
Yes
Arnold and Dittami 1997; Allainé 2000; Hacklander et al. 2003;
Lardy et al. 2011, 2012, 2013

References

Mostly females

Both

Queue, dispersal High
Both
(females only)
Queue
Medium (10% other) Both

Hierarchy Hierarchy Queue

Single

Single

Single

Low

Queue, dispersal High

Single
Single
Queue
Hierarchy Hierarchy Queue

Single
Single

Bi

Single

Single

Hierarchy Hierarchy Queue

Dominant
preferentially
aggressive towards
unrelated subordinates
Male
Female

Yes

Yes

Yes

Yes

No
No

Yes
Yes

No

Yes

Yes

Yes
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Yes (inside and
outside group)

Superb starling
(Lamprotornis superbus)

Yes

No

No

No

No

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

No (extra-group Yes
only)

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Harri’s Hawk
(Parabuteo unicinctus)

Birds
Cockaded Woodpecker
(Picoides borealis)
Florida scrub jay
(Aphelocoma coerulescens)

Ring-tailed lemur
(Lemur catta)

Gray wolf (Canis lupus)
Iberian wolf
(Canis lupus signatus)
Meerkats (Suricata suricatta)

Table 3 (continued)

No

no

No

No

Yes

Yes

Yes
Yes

No

No

No

Yes

No

Yes

Yes

Yes

Yes (the beta
male
is unrelated)
–

Yes

No

Yes

Yes

No
No

Rubenstein 2006, 2007a, b; Rubenstein and Shen 2009;
Keen et al. 2013

–

–

No

Lape 1990; Walters 1990; Haig et al. 1993, 1994;
Khan 1999; Khan and Walters 2002
Stallcup and Woolfenden 1978; Woolfenden and Fitzpatrick
1986, 1994; Mumme et al. 1989; Balcombe 1989; Hailman
et al. 1994; Townsend et al. 2011; Tringali and
Bowman 2012
Bednarz 1987, 1988; Dawson and Mannan 1991

Clutton-Brock et al. 2001; Griffin et al. 2003; Russell
et al. 2003; Kutsukake and Clutton-Brock 2006; Young
et al. 2006; Spong et al. 2008; Thavarajah et al. 2014
Kappeler 1990, 1993, Sussman 1991, 1992; Gould 1992;
Jolly et al. 1993; Sauther 1993; Sauther and Sussman 1993;
Nakamichi and Koyama 1997, 2000; Jolly 1998;
Gould et al. 2003

Mech 1974; Gese and Mech 1991
Mech 1974; Gese and Mech 1991

No

Yes

Yes

No
No
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positive association between acute stress level of dominant
males (measured as circulating GC levels) and the numbers of
non-sons in their group (Arnold and Dittami 1997). All together, these results support the tug-of-war models. In both transactional and tug-of-war models, the lower the subordinates’ relatedness to the dominant, the higher the amount of reproduction
the dominant is likely to concede to the subordinate due to the
low indirect fitness benefits expected by the subordinate (Reeve
et al. 1998; Johnstone and Cant 1999; Reeve and Shen 2006;
Buston et al. 2007). Nonetheless, under the transactional
models, the dominants concede reproduction peacefully to unrelated subordinates to retain them in the group; while under the
tug-of war models, dominants and their unrelated subordinates
compete for reproduction (Johnstone 2000; Buston and Zink
2009; Clutton-Brock et al. 2010). The observed increase in N:L
ratio clearly supports the idea that dominants exert a stressful
control over unrelated subordinates, suggesting that control
over their subordinates is costly for the dominants. In line,
dominants of both sexes preferentially direct aggressive behaviors towards their same-sex unrelated subordinates (Arnold and
Dittami 1997; Hacklander et al. 2003).
Temporal variation in the relationships, and more specifically the nature and strength of the conflicts, between dominants and subordinates can explain part of the variability of the
stress patterns observed within and between species (Table 3).
In cooperative breeders, dominants have to secure their dominant position all year round and to suppress subordinates’
reproduction during the reproductive period, which is likely
to influence the differential in stress levels of dominant and
subordinates. In this study, individuals were mainly sampled
during the period of time where females were lactating and
dominant females had higher N:L ratios than their same-sex
subordinates. However, Hacklander et al. (2003) found, in the
same species, that GC levels were lower in dominant females
than in their female subordinates during gestation. As in the
Alpine marmot females, temporal variations in the stress hormone levels of dominant female meerkats (Suricata suricatta)
were observed during their reproductive cycle with dominants
presenting higher GC levels than subordinates all year round,
except during the pre-conception and gestation periods
(Table 3, Carlson et al. 2004; Young et al. 2006). This is likely
the result of dominant females initiating significantly more
agonistic interactions towards subordinate females, and especially towards unrelated subordinates to suppress their reproduction (Hacklander et al. 2003; Kutsukake and CluttonBrock 2006; Young et al. 2006). In both meerkats and
Alpine marmots, this increase in aggressive interactions towards subordinates during the gestation period causes a
chronic elevation of GC in subordinates, which in turn leads
to an impaired function of the hypothalamic-pituitary-gonadal
axis and to failures to conceive and to abortions in subordinates (Hacklander et al. 2003; Young et al. 2006). The reverse
differential in stress levels of dominants and subordinates
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during the gestation compare to the rest of the year could
indicate that, when conflicts between individuals arise, the
individuals initiating aggression are likely to be less stressed
than the ones that received it, in agreement with stress pattern
found in confrontation experiments (e.g. Blanchard et al.
1995) and under captive environments (e.g., Faulkes and
Abbott 1997).
Finally, methodological shortcomings may also explain inconsistent findings in the relationships between social rank
and stress level observed in cooperative breeding species.
Stress level has been evaluated by authors using different
stress markers (cortisol or/and corticosterone) measured in
different matrices (plasma, urine, feces) and each of these
measures are subjected to specifics limitations (Johnstone
et al... 2012). For instance, assessing stress level by measuring
circulating glucocorticoids is not appropriate for most freeliving mammals because these hormone levels varies within
a few minutes in response to capture and handling, an effect
that seems to be taxa-specific (Romero and Reed 2005). Other
confounding factors arising from reproductive or nutritional
status may contribute to the apparent inconsistent results
(reviewed in Johnstone et al. 2012). In the present study, we
used the N:L ratio to assess the stress level of free ranging
marmots of two contrasted social status. This method also has
limitations. Notably N:L ratio is potentially affected by any
factor, other than stress, modifying immune status. However,
it has been preferred here as it provides an overall retrospective assessment of individual’s stress integrating both baseline
and acute response to environmental stressors (Davis et al.
2008).
For the past decades, the increasing number of studies on
stress of free-ranging vertebrates revealed complex patterns
between social living, dominance rank and stress levels. A
careful examination of the nature, strength, and direction of
conflicts over reproduction combining physiological and behavioral aspects in cooperatively breeding species and more
generally over resources in social species is a necessary step to
better understand the observed variability of stress patterns
and ultimately the mechanisms shaping the evolution of
sociality.
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