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Abstract

The benefits of dominance may not come without costs, particularly for males. For example, the
“immunocompetence handicap hypothesis” states that males with enhanced mating success allo-
cate resources to enhance reproductive output at a cost to their current health, whereas the
“resource quality hypothesis” predicts that high-ranking males may benefit from increased repro-
duction and good health. Whereas the predictions from each have been well tested in captive ani-
mals and in a variety of highly social primates, fewer studies have been carried out in free-living,
facultatively social animals. Using adult male yellow-bellied marmots (Marmota flaviventer), we
evaluated predictions of these hypotheses by examining the relationship between social rank and
2 health indicators—fecal glucocorticoid metabolite (FCM) levels, and neutrophil/lymphocyte (N/L)
ratios—after accounting for variation explained by age, body mass, and seasonality. We found that
higher-ranking males tended to have a lower N/L ratio (reflecting good health) than lower-ranking
individuals, whereas FCM levels were not significantly related to rank. In addition, heavier male
marmots had lower N/L ratios, whereas body mass was not associated with FCM levels. We also
found that older adult males had lower FCM levels (reflecting less physiological stress) but higher
N/L ratios than younger adults. Finally, we found that FCM levels decreased as the active season
progressed and FCM levels were associated with the time of the day. Overall, our results suggest
that socially-dominant male marmots enjoyed better, not worse health in terms of lower N/L ratios.

Key words: immunocompetence handicap hypothesis, life history trade-offs, N/L ratio, physiological stress, resource quality
hypothesis

Animals face fundamental trade-offs between reproduction and
survival.Life history theory predicts that because females are the
limiting factor of parental investment (Trivers 1972), over which
males will compete for reproductive opportunities. Such intra-
sexual competition over access to limited females may be costly
in terms of time and energy, generating trade-offs between male
reproductive success and survival. This trade-off can be

explained by complex relationships that exist among behavioral
traits and physiology (i.e., glucocorticoids [GCs] and overall
health) in animals (Sapolsky et al. 2000; Réale et al. 2010).
These relationships and their underlying mechanisms likely play
a crucial ecological role, yet we still lack a fundamental under-
standing of how they trigger trade-offs in the decisions that males
make in natural environments (Archie et al. 2012).
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One  hypothesis  to
“immunocompetence handicap hypothesis” (Folstad and Karter 1992)
which states that when testosterone modulates sexual characteristics

explain  these relationships is the

and behavioral traits that enhance male reproductive success (Folstad
and Karter 1992), males reduce their resource allocation to overall
health and thus have a suppressed immune system (Roberts et al. 2004).
Such immunosuppression increases an individual’s vulnerability to
pathogens and parasites. This hypothesis predicts that males with higher
quality genes will have high testosterone but poor health because these
individuals are allocating their resources more toward mating success
rather than to current maintenance of their health.

Support for the immunocompetence handicap hypothesis is consist-
ent with the hypothesis that chronic stressors can induce a rise in GC
levels and this hormonal response compromises vertebrate immune sys-
tems (Davis et al. 2008). The elevated GC levels due to environmental
stresses are also known to suppress the immune function of individuals
by changing the leukocyte component of many vertebrates such as
increasing the ratio of heterophils or neutrophils to lymphocytes (Davis
et al. 2008), which increase the pathogen and parasite burden or reduce
resistance to toxins (Holding et al. 2020). For example, an adverse effect
of reduced health is also associated with higher parasite burden as well
as more prominent secondary sexual characteristics in the lacertid lizard
(Psammodromus algirusi; Salvador et al. 1996) and red grouse
(Trrichostonglys lenuis; Mougeot et al. 2006), respectively. In the case
of group-living animals, male social rank is associated with health con-
ditions such as GC levels (Muller and Wrangham 2004; Levy et al.
2020) and individual immune status (Archie et al. 2012). Although
being dominant enables male individuals to enhance their reproductive
success (Hoogland and Foltz 1982; Fabiani et al. 2004), high-ranking
individuals may need to allocate more energy to maintaining dominance
compared with low-ranking conspecifics, and this may result in im-
munosuppression (Van Lieshout et al. 2020).

Despite the logic of the immunocompetence handicap hypothesis,
not all empirical studies have supported it (Goymann et al. 2004;
Roberts et al. 2004; Osorno et al. 2010). For example, high-ranking
individuals have lower stress levels and higher immune status than low-
ranking conspecifics in a variety of mammals and birds (Lindstrom
2004; Gesquiere et al. 2011; Archie et al. 2012; Flies et al. 2016). If
higher-ranking individuals are in the best body condition due to better
access to resources (von Holst et al. 1999), the high social status might
buffer the costs of competition such that dominant individuals are less
physiologically stressed and have strong immunity compared with sub-
ordinates. This evidence of good health in high-ranking animals might
be in part because their priority of access to resources compensates for
exposure to stressors that might otherwise compromise the immune sys-
tem (Sapolsky 2005; Diamond and Kingsolver 2011; Snyder-Mackler et
al. 2020) which is essentially a “resource quality hypothesis.” Yet, there
are relatively few studies that have examined the relationships among
social status, stress hormones, and immunological status of individuals
within and among years after considering body condition in facultative-
ly group-living animals.

Measuring the overall health of free-ranging animals can be chal-
lenging, yet there are a number of minimally invasive measures
available to gain insights into how animals cope with physiological
responses to stressors (Smith et al. 2012; Hadinger et al. 2015;
Gormally and Romero 2020). The perception of a stressful situation
activates the sympathetic-adrenomedullary system and the hypo-
thalamic—pituitary—adrenocortical (HPA) axis (Johnstone et al.
2012). Activation of the HPA axis stimulates the release of GCs
(Johnstone et al. 2012), and their metabolites can be measured in

non-invasively collected feces (Hadinger et al. 2015). Fecal gluco-
corticoid metabolites (FCMs) are a particularly useful marker to
measure GCs because feces are easy to obtain and represent an accu-
mulated measure (e.g., over the course of about a day—see Smith et
al. 2012) of an individual’s physiological stress state.

A more specific measure of immunocompetence is reflected by
the ratio of neutrophils to lymphocytes (hereafter N/L ratio) because
exposure to chronic stressors negatively impacts an individual’s im-
mune status through the elevation of GCs (Pride 2005; Davis et al.
2008). Importantly, measures of white blood cell counts are associ-
ated with fitness consequences in free-living birds (Kilgas et al.
2006). In mammals, white blood cells accumulate over a much lon-
ger time period than those reflected by plasma GCs (Davis et al.
2008) and, thus, high N/L ratios reflect an immunological response
to longer-term chronic stressors (Martin 2009).

Here, we examined the relationship between dominance rank and
physiological conditions by studying FCM levels and N/L ratios to
understand the underlying proximate mechanisms of trade-offs in an
obligate hibernator, the yellow-bellied marmot Marmota flaviventer.
Adult male marmots are particularly well-suited to assess the relation-
ship between dominance rank and physiological conditions because
they vary in their mating system from monogamous to polygynous
(Armitage 2014) and live in various sized groups. We know that mar-
mots become more socially selective as they age (Wey and Blumstein
2010; Smith et al. 2013) and these early behavioral patterns (e.g., play
bouts) likely predict later dominance status (Blumstein et al. 2013).
However, whereas we have known that high-ranking adult female mar-
mots are more stressed and have larger litter sizes than low-ranking
ones (Blumstein et al. 2016), the physiological correlates of dominance
rank at adulthood is poorly understood for male marmots.

The immunocompetence handicap hypothesis assumes that
maintaining dominance has health costs. If this could be used to ex-
plain marmot behavior, we expected that the highest-ranking males
who enjoy the highest annual reproductive success (Huang et al.
2011) would suffer from increased FCM levels and N/L ratios.
Because older marmots are typically socially dominant to younger
males (Huang et al. 2011), we specifically investigated the relation-
ships between our measures of health (FCM levels, N/L ratios) and
the age of adult male marmots, predicting that older males would
have higher N/L ratios and FCM levels than younger males.

An alternative hypothesis, which we refer to as the “resource
quality hypothesis” (Diamond and Kingsolver 2011), predicts that
the highest-ranking males should be in the best health condition and
should have the lowest FCM levels and N/L values. There is also evi-
dence for this hypothesis in obligately social mammals, particularly
in species of primates and cooperatively breeding carnivores (Archie
et al. 2012; Montgomery et al. 2018). In this case, body condition
which is associated with social dominance is also expected to predict
individual health. Thus, under this hypothesis, we expected that
heavier males would have lower FCM levels and N/L ratios. We also
predicted that both measures of health would decrease as the active
season progressed and resource quality (e.g., food) increased because
a previous study showed that, in a hibernating mammal, GCs were
highest at the end of the active season (Reeder et al. 2004).

Materials and Methods

From 2002 to 2018, we collected physiological and behavioral data
on wild marmots in and around the Rocky Mountain Biological
Laboratory (RMBL), located in the Upper East River Valley, in
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Gunnison County, Colorado, USA. Marmots have been studied at
this location since 1962 (Blumstein 2013; Armitage 2014).

Physiological data

Physiological data were collected by live-trapping marmots in
Tomahawk traps set at burrow entrances approximately every other
week during the active season (May to August). Upon capture, we
transferred each marmot into a canvas handling bag to be weighed,
sexed, and, if necessary, marked with new ear tags and fur dye; the
handling of each individual takes ~5-10 min. Ages of adult males
were known for animals first trapped as pups and estimated for im-
migrant males who were initially recorded as 2 years old.

We collected fecal samples, when available, from the traps and
immediately placed feces in Ziploc™ bags on ice after our arrival at
each trap (<2h after defecation). Samples were frozen at —20°C
within 2 h of collection and shipped on dry ice to the University of
California Los Angeles (UCLA) for extraction. We used a validated
(Smith et al. 2012) assay of FCMs where we first extracted GCs
with an ethanol extraction (details in Blumstein et al. 2006), and
then used a double-antibody '*’I radioimmunoassay kit (Wasser et
al. 2000) to estimate FCMs in nanogram/gram.

Additionally, every 2 weeks, we aimed to collect up to 2.0 mL of
blood per subject into heparin-coated tubes. Tubes were immediate-
ly placed on ice. Within 2h of collection, blood smears were made
from whole blood and stained with a Hema 3 Stat Pack (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). Neutrophils and lym-
phocytes were counted on blood smears using a 400x compound
microscope. The N/L ratio for each sample was determined by
counting white blood cells until a total of 100 white blood cells were
counted or until 30 min had passed, whichever occurred first.

Behavioral data

We used spotting scopes and binoculars to intensively observe mar-
mots at 11 colony sites. We did this on most days during the times
of peak activity (07:00-11:00; 16:00-19:30) from mid-April to mid-
September. Observers recorded all occurrences of agonistic interac-
tions (Martin and Bateson 1993). Agonistic interactions involved
obvious aggression (biting, chasing, and fighting) and more subtle
displacements of other individuals (full ethogram in Blumstein et al.
(2009)).

Following Huang et al. (2011), we calculated dominance hierar-
chies for members belonging to each social group based on the out-
comes of agonistic interactions for which there was a clear winner
and loser. We focused on the agonistic interactions among yearlings
and adults. We used the Clutton-Brock Index (Clutton-Brock et al.
1972) to assign ranks based on each individual’s relative number of
wins and losses within its overall social group (mean social group
size was 10.9). For these analyses, we defined the social group as
including all members of the colony site in a given year because
males defended 1 or more matrilines within a colony site. We then
normalized ranks to adjust for variation in social group size whereby
the highest-ranking individual was given rank 1, whereas the lowest
ranking individual was rank 0.

Statistical analysis

We fitted a series of linear mixed-effects models to examine the rela-
tionship between relative social rank and adult male marmots’ FCM
levels and N/L ratios. In all of our models, we included marmot
identity, colony ID, and year as random effects to account for
repeated measures on the same individuals and to account for the

possible effects of annual variation and social group size on these
measures. For the FCM model, in addition to relative social rank,
we also included sampling collection hour of the day, day of the
year (Julian date), body mass, adult male age, and an interaction be-
tween relative rank and age as fixed effects in our model because
previous research indicated that such factors explained some vari-
ation in marmot FCM levels (Smith et al. 2012). In the N/L ratio
model, we included FCM levels as a fixed effect to assess the rela-
tionship between physiological stress level and N/L ratio, in addition
to relative social rank, day of the year, body mass, age of adult
males, and interaction between relative rank and age as fixed effects.
The FCM levels, N/L ratio, and body mass data were log-trans-
formed to normalize them for fitting the models. All continuous var-
iables were standardized by zero-centering them. We verified that
there was no multicollinearity by checking the variance inflation fac-
tors were <3 with package “car” (Fox and Weisberg 2018). We
visually confirmed that, after log transformation, the residuals of
each model were relatively normal, q—q plots were relatively
straight. We calculated marginal and conditional R? values using
“MuMIn” (Barto 2020), to compare the goodness of fit of the model
without and with random effects (Nakagawa and Schielzeth 2013).
We used R software for all of our statistical analyses (R version
4.0.1; R Development Core Team 2020). The package “lme4”
(Bates et al. 2015) was used to fit the mixed-effect models, and sig-
nificance was calculated with “ImerTest” (Kuznetsova et al. 2017).

Results

Our data set to study variation in FCM levels included 213 complete
records from 66 adult male marmots collected over 17 years. The
interaction between social rank and age was not statistically signifi-
cant and the conditional R* values were lower than the model with-
out interaction term (Supplementary Table S1). Therefore, we
refitted the model without this interaction and interpreted that
model. Fixed effects explained some variation in FCM levels, but the
conditional R? value (0.575), was substantially higher than the mar-
ginal R? value (0.094). After controlling for significant variation
explained by the day of the year (Estimate = —0.072, standard error
(SE)=10.022, P < 0.001; Table 1 and Figure 1D) and the time of the
day (Estimate=0.048, SE=0.013, P <0.001; Table 1 and Figure
1E), variation in FCM levels was not significantly explained by so-
cial rank (Estimate=-0.015, SE=0.015, P=0.326; Table 1).
Therefore, higher-ranking male marmots did not seem to have ele-
vated fecal GC levels compared with lower-ranking males (Figure

Table 1. Independent variables explaining variation in FCMs levels
of adult male yellow-bellied marmots

Fixed effects: Estimate SE df tvalue  P-value
(Intercept) 1.134 0.052 19.671 21.660 <0.001
Social rank -0.015 0.015 149.954 —-0.985 0.326
Age —-0.071 0.022 187.251 —-3.266  0.001
Body mass 0.026 0.023 145.578  1.131 0.260
Day of year 0.048 0.013 193.723  3.695 <0.001
Time of day —0.038 0.019 43.908 —2.042 0.047
Conditional R? Marginal R?
0.575 0.094

Random effects: Variance SD — —
Individual ID (Intercept) 0.003 0.052 — —
Year (Intercept) 0.029 0.170 — —

Conditional and marginal R? are shown. Significant values in bold.
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Figure 1. The relationships between standardized fixed effects [(A) Social rank, (B) age, (C) body mass, (D) day of year, and (E) time of day.] and log-transformed
FCM levels. Each line was calculated using the predicted probabilities from the linear mixed-effects model (LMM) (see text for details). Buffers represent the 95%

confidence interval. P-values are reported from the LMM.

1A). Additionally, FCM levels were not correlated with body mass
(Estimate = 0.026, SE=0.023, P =0.260; Table 1 and Figure 1C).
On the other hand, age was negatively associated with FCM levels
(Estimate = —0.038, SE=0.019, P=0.047; Table 1 and Figure 1B);
as males aged, their FCM levels declined.

Our data set to study variation in N/L ratios included 125 com-
plete records from 54 adult male marmots collected 15 years. As
with the FCM model, the interaction between social rank and age
was not statistically significant and the conditional R? values were
lower than the model without interaction term (Supplementary
Table S2). Again, we refitted the model without the interaction term
and interpreted the results of this simplified model. Fixed effects
explained some variation in N/L ratios, but the conditional R* value
(0.466) was substantially higher than marginal R* value (0.103).
After controlling for significant variation explained by age
(Estimate = 0.056, SE=0.017, P=0.002; Table 2 and Figure 2C)
and body mass (Estimate = —0.047, SE =0.020, P =0.020; Table 2
and Figure 2D), the N/L ratio had a nonsignificant trend to decrease
with relative rank (Estimate = —0.026, SE=0.015, P =0.076; Table
2 and Figure 2A). Rather, whereas this pattern was not statistically
significant, male marmots that have relatively higher dominance
rank tended to show lower value of N/L ratio (Figure 2A).
Therefore, whereas older males had lower immune status (Figure
2C,D), higher-ranking and heavier males tended to have higher

Table 2. Independent variables explaining variation in neutrophil to
lymphocyte ratios in adult male yellow-bellied marmots

Fixed effects: Estimate SE df tvalue  P-value
(Intercept) 0.234 0.032 11.204 7.320 <0.001
Social rank —0.026 0.015 74.174  —-1.798 0.076
FCM levels -0.012 0.017 63.824 —0.696 0.489
Age 0.056 0.017 55.705 3.277 0.002
Body mass —0.047 0.020 95.871 —2.365 0.020
Day of year 0.009 0.019 102.721  0.440 0.661

Conditional R* Marginal R*

0.103 0.466

Random effects: Variance SD
Individual ID (Intercept)  <0.001 0.018 — —
Year (Intercept) 0.011 0.108 — —
Colony ID (Intercept) 0.000 0.021 — —
Residual 0.017 0.132 — —

Conditional and marginal R? are shown. Significant values in bold.

immune status (Figure 2A,D). This finding is consistent with the pre-
diction of the resource quality hypothesis. There was no significant
association between FCM levels and N/L ratios (Estimate = —0.012,
SE=0.017, P =0.489; Table 2 and Figure 2B).
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Discussion

We examined the relationship between dominance rank and 2
health-related factors, FCM levels and N/L ratios, which were indi-
ces of physiological stress and immunocompetence, respectively, in
adult male yellow-bellied marmots. We found that higher-ranking
individuals tended to have lower N/L ratios compared with subor-
dinate individuals, and that N/L ratios decreased with body mass (a
correlate of dominance rank). Additionally, male FCM levels were
associated with neither social rank nor body mass. We also found
no relationship between FCM levels and N/L ratios. Although we
did not experimentally test the immunocompetence handicap hy-
pothesis, our results tend to show that health of high-ranking males
may not be impaired compared with subordinate individuals.
Instead, our findings suggest that high-ranking male marmots are
able to buffer the energetic costs of reproduction and competition,
possibly because of better access to resources. Our results are also
consistent with current findings in a number of wild animals, as well
as humans, that show enhanced health outcomes in individuals of
higher social rank (Snyder-Mackler et al. 2020).

The cost of maintaining high social status is a key assumption of
the immunocompetence handicap hypothesis, and we, therefore,
predicted that males with higher social rank would exhibit lower
health, indicated by higher FCM levels and N/L ratios. Instead, our
results showed the opposite relationship (for N/L ratios), or no rela-
tionship (for FCMs). These observations are consistent with previ-
ous studies that found no significant relationships between social

rank and immunological status (Webster et al. 2018), and some
have found the better health conditions in higher-ranking individu-
als (Gesquiere et al. 2011; Archie et al. 2014).

In short, these results are more consistent with the resource qual-
ity hypothesis which predicts good health conditions in dominant
individuals due to their priority access to resources. This hypothesis
also predicts that although resource quality directly influences an
individual’s immune status, they also indirectly effect immune status
via enhancing body condition (Diamond and Kingsolver 2011). In
our case, higher-ranking male marmots may have priority access to
resources and this may explain why measures of FCM levels did not
increase with rank, whereas N/L ratios tended to decrease with
rank, as seen in other species (Lindstrom 2004; Flies et al. 2016).
Additionally, dominant male marmots tend to be in better body con-
ditions than subordinates (Huang et al. 2011) and we now know
that N/L ratios decreased with body mass. Having sufficient body
mass to survive hibernation is essential (Armitage 2014), and low-
body mass individuals may be immunologically compromised as
seen by their tendency to have enhanced N/L ratios. In a variety of
species, high N/L ratios are also associated with poor future health
outcomes that may include increased pathogen or parasite infec-
tions, cardiovascular risk, slower growth, and reduced survival
(Moreno et al. 2002; Horne et al. 2005; Kilgas et al. 2006). This
could suggest reduced survival of subordinate marmots, which
would need to be empirically examined in future studies to improve
our understanding of the fitness consequences of dominance status.
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We have known that higher-ranking male marmots have higher
reproductive success (Huang et al. 2011), and we now know that
dominant males tend to be in better immunological condition, at least
as measured using N/L ratios, whereas there is no significant relation-
ship between dominance rank and GC levels. Taken together, these
results suggest that being socially dominant may not have substantial
costs in terms of health, and could even provide health benefits and
ultimately is associated with higher male reproductive success.

The relationship between social status and the endocrine and im-
mune systems is often species-specific (Roberts et al. 2004). Much
previous work looking at this nexus has focused on animals living in
the laboratory (Roberts et al. 2004) as well as on free-living primates
(Gesquiere et al. 2011), and other highly social species (Flies et al.
2016; Smyth et al. 2018). The lack of the relationship between social
status and FCM levels and the modest effect size of dominance on N/
L ratios in our study differs from previous studies of free-living, obli-
gately social mammals such as wolves (Canis lupus; Sands and Creel
2004), meerkats (Smyth et al. 2018), and some primates (Muller and
Wrangham 2004; Archie et al. 2012) in which individual health lev-
els either significantly increased or decreased with social rank.

Because the nature of social dominance varies among species and
is influenced by a variety of life-history characteristics, our findings
may in part be explained by the social structure of yellow-bellied
marmots. Variation in sociality in facultatively social species is influ-
enced by many factors, and we might assume that individuals are
found in groups when the benefits exceed the costs of sociality
(Alexander 1974). The flexible life-history strategy of yellow-bellied
marmots may buffer any relationships between social status and im-
mune functions in adult males. Differences across field studies might
also reflect the way in which immunocompetence was measured.
Although many studies have used N/L ratios, some studies have also
employed other tests such as bacteria-killing, hemolytic comple-
ment, and an immunoglobulin G assay (Liebl and Martin Ii 2009;
Flies et al. 2016). Although these measurements address, in a broad
sense, immunity, the underlying mechanisms are slightly different.
Additionally, for field studies of free-living animals, other factors
such as a variety of seasonal, diurnal, and environmental factors
(Wingfield 2005) may be relatively more important than social sta-
tus on immunological condition in a facultatively social species. Our
results suggest that much is to be gained by studying other free-living
species, particularly those that are not obligately social.

Older male marmots are typically socially dominant to younger
males (Huang et al. 2011). Therefore, we might expect that FCM
levels would increase with age under the immunocompetence handi-
cap hypothesis. However, we found the opposite. Younger adult
males that recently immigrated to a colony may still be adjusting to
life and most likely encounter more stressful circumstances than
those of older, more socially stable marmots (Armitage 1991).
Seasonal growth was significantly associated with survival in year-
ling marmots compared with adult conspecifics, resulting in higher
costs of growth in young marmots (Heissenberger et al. 2020).
These age-related costs would directly influence FCM levels rather
than interacting with social status in male marmots.

Physiological stress levels may vary seasonally as has been seen
in other hibernating animals (e.g., Reeder et al. 2004). However, it
was reported that GCs were highest before the hibernation season
began (Reeder et al. 2004), whereas here we found the opposite.
This might be attributed to the fact that the frequency of socially
stressful activities, such as male-male competition, is likely to be
higher in the early season than later in the season where marmot so-
cial activity declines.

We acknowledge that although we examined the correlation be-
tween dominance rank and health conditions, we did not rigorously
test the immunocompetence handicap hypothesis by carrying out ex-
perimental manipulations, which are, ultimately, required (Getty
2002). Manipulating dominance in our free-living system would be
difficult, but perhaps manipulating parasite loads and studying im-
munological consequences could be revealed in future studies.

Immunological performance is known to decrease with age as a
result of immunosenescence (Bosch et al. 2013; Neggazi et al. 2016;
Carbillet et al. 2019). For example, Van Lieshout et al. (2020) found
that the proportion of lymphocytes declined with age in European
badgers (Meles meles). Our study also found that older male mar-
mots have higher N/L ratios. Because there was no significant effect
of the interaction between social rank and age in our study, the ef-
fect of age may be directly associated with the immunity of male
marmots.

In conclusion, we found increased immune function with social
rank in yellow-bellied marmots, which is consistent with the re-
source quality hypothesis. In male marmots, achieving and maintain-
ing high social status is not obviously costly, suggesting that
dominance not only has benefits in terms of reproductive success,
but benefits also in terms of increased health status. Because testos-
terone plays a key role in the underlying mechanisms of relationships
between male reproductive behaviors and immune function, future
studies directly studying the role that testosterone plays in maintain-
ing dominance would help further understand these results. And, be-
cause females also maintain dominant hierarchies, futures studies of
the relationship between rank and female health are warranted.
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