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Objective: There is evidence that competitive conflicts are the main form of intrasexual
competition among men. The capacity to recognize visual cues of fighting ability in
competitors is thought to be an important characteristic that allows men to avoid the
costs of contest competition. However, for an accurate comparison to take place,
individuals need to compare the fighting ability of their competitors to their own to assess
this asymmetry.

Methods: In order to improve our understanding of this self-assessment process, here
we study the relationship between visual fighting ability cues, namely (i) muscularity, as
measured with a bioimpedance device, (ii) the real capacity to inflict cost to a rival based
on strength, as measured with a hand grip dynamometer (HGS), and (iii) self-perceived
fighting ability, as determined with a questionnaire. The study sample was 364 men
between 18 and 38 years of age (M ± SD = 22.27 ± 3.99).

Results: Our results confirm the expected positive relationship between upper-body
muscularity and strength, while controlling for body mass index (BMI). However,
muscularity explained only around 30.2% of the variance in strength. In addition,
muscularity was related to self-perception of fighting ability in our sample, its effect being
partially mediated by strength.

Conclusion: The more muscular men perceive their fighting ability as being greater, and
not only because they are stronger (at least in the HGS task). Accordingly, it seems that
men take into account the overestimation the robustness of the relationship between
strength and muscularity that prevails within his peers.

Keywords: fighting ability, hand grip strength, muscularity, men, self-perception

INTRODUCTION

The visual signs of physical strength, such as body muscularity, are crucial to understanding
how men navigate in social environments (Puts et al., 2015). This is especially true in same-sex
competitive interactions, where physical signs of strength are thought to be relevant cues of fighting
ability that allow for resolving these conflicts in favor of the stronger man (Sell et al., 2012). In this
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way, conflicts are usually resolved by intimidation strategies, such
as the use of anger, which avoid the costs associated with physical
aggression (Sell et al., 2009b). Previous studies have found clear
relationships between direct measurements of strength, such as
hand grip strength (HGS), and the self-perception of fighting
ability (e.g., Muñoz-Reyes et al., 2015). However, strength per se is
not a visual cue of fighting ability that can be appreciated by rivals,
and there are currently no studies about the direct relationship
between an objective measurement of muscularity, a visual sign,
and the self-perception of fighting ability.

Since the study of Wilson and Daly (1985) about the young
male syndrome, which applied an evolutionary perspective
to explain the willingness of men to participate in risky or
violent competitive interactions, many studies have inquired into
the functional value of direct aggression as a mechanism of
intrasexual competition (e.g., Buss and Shackelford, 1997; Archer,
2009; Goetz, 2010; de Bruyn et al., 2012; Liddle et al., 2012;
McDonald et al., 2012). This pattern of behavior is expected
in men since, as a general tendency among mammals, males
invest less energy in reproduction, in concordance with standard
parental investment model, becoming the more competitive sex
(Bateman, 1948; Trivers, 1972). In this sense, evidence indicates
that men make more frequent and intense use of physical
aggression than do women (e.g., Archer, 2009; Muñoz-Reyes
et al., 2012), and that competitive conflict is the main form
of intrasexual competition among men (Navarrete et al., 2010).
Therefore, intrasexual competition through the use of aggressive
repertoires is probably one of the most powerful selective
evolutionary forces that modeled men’s bodies and minds (see
Sell et al., 2009a, 2012; Puts, 2010). This selective pressure has
produced clear sexual dimorphism in strength (Kirchengast,
2010; Isen et al., 2014), especially for the upper body, where men
are generally 90% stronger than women (Murray et al., 1985;
Bohannon, 1997; Stoll et al., 2000). A dimorphic characteristic
that increases attractiveness in men (Frederick and Haselton,
2007; Hönekopp et al., 2007; Crossley et al., 2012; Sell et al.,
2017a), correlates positively with their mate value (Muñoz-Reyes
et al., 2015), and is considered as a crucial trait driving differences
in the ability to inflict cost to a rival in unarmed or armed combat
(Sell et al., 2012).

However, not all men express aggression with the same
frequency and intensity (Sell et al., 2009b, 2016, 2017b;
Muñoz-Reyes et al., 2012). The common explanation for these
major differences is based on the evolutionary concept of resource
holding power (RHP), which evolutionary psychologists apply
to our species (Sell et al., 2009b). This is a mechanism to assess
asymmetries in the fighting abilities of contestants (Parker, 1974)
i.e., the faculty to assess fighting ability in a rival based on
physical traits, and thus compare the difference in fighting ability
between contestants. This gives men the possibility of deciding
to fight or flee when faced with a conflict, a mechanism that is
adaptive, and leads to a positive and close relationship between
the development of physical signs of strength as cues of fighting
ability and the propensity to deploy direct physical aggression,
which in turn explains individual differences in aggressiveness.
Accordingly, several studies (Sell et al., 2009b, 2010, 2012, 2016,
2017a,b) have demonstrated that both sexes, but especially men,

can assess fighting ability based on formidable traits like physical
signs of strength, upper-body muscularity being the most robust
trait (Durkee et al., 2018). This ability gives men a social tool to
regulate conflict. These results indicate the relevance of physical
signs of strength for men in contest competition, this being an
important trait to understand male behavior, especially in the
deployment of aggressive intrasexual competition tactics. In fact,
recent studies indicate that more formidable men believe more
in the use and utility of warfare (Sell et al., 2017b), have a lower
threshold for the use of aggression, especially anger (Sell et al.,
2009b), and feel that they deserve better social outcomes (Sell
et al., 2016). The logical argument above highlights the relevance
of assessing muscularity as a reliable manner to estimate strength,
which in turn is the key trait to win fights and extract limited
resources from social and natural environments.

In order to fully understand the role of visual cues of
physical strength such as upper body muscularity on aggressive
deployment and the resolution of conflicts, we need to study
not only its use by contestants as proxies for physical strength
and fighting ability of their opponents, but also to study how
the individual’s own visual cues of physical strength and his real
physical strength inform his self-perception of his fighting ability.
As in any signaling model of conflict/bargaining with incomplete
information, it is the relative comparison between the former
and the latter what should inform behavior in intra-sex male
competitive interactions (Sanchez-Pages, 2012). However, little
is known about the real superposition between the two variables
and the role of each in explaining the self-perception of fighting
ability, especially, when individuals assess their strength without
relying on physical cues.

Therefore, in this study, we assess the relevance of muscularity,
and specifically upper-body muscularity, to understanding self-
perception of fighting ability. To do this, we have applied
the Self-Perceived Fighting Ability Questionnaire (Muñoz-Reyes
et al., 2012) to a sample of 364 young men, which has been
demonstrated to be reliably associated with hand-grip strength
and aggression (Muñoz-Reyes et al., 2012, 2015). We investigated
the relationship between self-perceived fighting ability and two
objective anthropometric variables, strength (as measured by
a hand-grip dynamometer), and upper-body muscularity (as
determined by a body composition bioelectrical impedance
device).

First, we expect upper-body muscularity to be a good predictor
of physical strength. Males ability to accurately assess strength
from physical visual cues was an adaptive trait in the context
of intra-sexual competition. Strength in itself can be relevant
in competitive physical contests, but to the extent that strength
is a key feature of fighting ability (Sell et al., 2009a), assessing
one opponent’s strength from visual cues becomes even more
important for males to regulate conflict and navigate their social
environment.

Second, assessing one’s own strength regardless of physical
cues is easier than assessing an unknown rival’s strength, without
relying on physical cues. Thus, if strength is the key feature of
fighting ability (Sell et al., 2009a), we expect that strength will
mediate the relationship between upper-body muscularity and
self-perception of fighting ability.
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MATERIALS AND METHODS

Participants
The sample was composed of 363 men between 18 and 38 years
old (M ± SD = 22.29 ± 3.98). The sample was drawn through
public announcements in the 5th Region of Valparaíso, Chile.
Most of the participants were middle-class university students.

Ethics Statement
The Bioethic Committee of the University of Playa Ancha and
the Ethic Committee of FONDECYT authorized the research.
A written informed consent was obtained from the participants
of this study. Data were anonymized, and all written informed
consent have been kept in the Laboratorio de comportamiento
animal y humano1.

Self-Perception Measures
The Self-Perceived Fighting Ability Questionnaire
We applied a validated Chilean version of the Self-Perceived
Fighting Ability Questionnaire (Muñoz-Reyes et al., 2012), which
had been applied previously in Chile (see Muñoz-Reyes et al.,
2015). The questionnaire is composed of four questions (1—How
good of a fighter am I? 2—What is the perception that others
have of my skills as a fighter? 3—How much fear can I provoke
in someone who is about to fight with me? 4—What chance
would I have of winning a fight if I had to fight with someone?).
Participants answered according to their self-perceived position
in the social group based on a seven-point Likert scale (i.e., 1
“well below average” to 7 “well above average”). The Cronbach
alpha was α = 0.82, which was slightly higher than that of
an earlier study in Chile (α = 0.78 in Muñoz-Reyes et al.,
2015).

Anthropometric Measures
Upper Body Strength
We used a hydraulic hand grip dynamometer (Jamar R© 5030J1) to
assess upper-body strength. The protocol for data collection has
been applied previously in other research (see Gallup et al., 2007;
Muñoz-Reyes et al., 2012). We registered three measurements for
each hand, with a one-minute rest between each strength test. The
highest HGS scores were used for analysis (Muñoz-Reyes et al.,
2012).

Upper Body Muscularity
We first measured the participants’ height, which was obtained
barefoot with a manual stadiometer, and registered in centimeters
(SECA R© 203). An InBody 370 body R© composition analyzer was
used to measure upper-body muscularity in kilograms. The
InBody R© 370 employs a tetrapolar 8-point tactile electrode (2
for each foot and hand). The methods consist of the passage
of imperceptible low-amplitude electric currents that measure
resistance and reactance values (i.e., bioelectrical impedance) to
estimate body composition (Cunha et al., 2018). The machine
treats the body as five cylinders composed of the four limbs

1www.labcah.cl

and the trunk, and measures the bioelectrical impedance of
these parts separately. Three frequencies (5, 50, and 250 kHz)
were employed to measure impedance in the five segments.
Unlike conventional bioelectrical impedance, this analysis does
not rely on formulas to estimate whole body composition. This
technique has been reported to be a valid tool for assessing
total and segmental body composition (Ling et al., 2011; Bosy-
Westphal et al., 2017). Among the data recorded by the device
was fat-free mass measurements of the trunk, and right and
left arms, which were added together to obtain an estimation
of upper-body muscularity. Although the device registers total
skeletal muscle mass, only the fat-free mass was available in the
segmental analysis. However, total fat-free mass and muscular
mass correlated strongly in our sample (r = 0.984, N = 363,
p < 0.001). In addition, we collected data on the participants’
body mass index (BMI).

Statistical Analyses
To test the first prediction, that upper-body muscularity is a good
predictor of strength, we performed a simple linear regression
analysis between HGS and the measurement of upper-body
muscularity as the predictor variable (i.e., upper-body fat-free
mass). Following previous research (Lassek and Gaulin, 2009), we
used BMI as a covariable in all tested models of the predictions,
which allowed us to take into account that some muscle mass
supports body fat mass. Age was also considered as a covariable
in all tested models of the predictions as muscularity and strength
may change over time.

To test the second prediction, we run a linear regression
analysis of self-perceived fighting ability as the outcome variable
and upper-body muscularity as the predictor variable, with BMI
and age as covariables. Finally, we estimate the mediating effect
of strength on the relationship between fighting ability and
upper-body muscularity. We tested the mediation analyses with
a bootstrapping method (5000 bootstraps and p = 95%) using
PROCESS macro for SPSS2. This technique is used to establish
the direct and indirect (mediation) effect of an established
relationship between variable A (muscularity) on variable B
(perceived fighting ability). All the analyses were performed
with IBM SPSS software, with a level of significance set at
α = 0.05.

RESULTS

For the first prediction, our linear regression model showed
a positive relationship between upper body muscularity and
strength while controlling for BMI and age [R2 = 0.36,
F(3,359) = 68.878, p < 0.001]. This result indicated that more
muscular men are stronger (B = 1.345, SE = 0.104, β = 0.683,
p < 0.001; see Figure 1).

For the second prediction, the linear regression model
indicated a positive relationship between upper body
muscularity, while controlling for BMI and age, and self-
perceived fighting ability [R2 = 0.14, F(3,357) = 21.121, p < 0.001].

2http://www.afhayes.com
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FIGURE 1 | Relationship between upper body muscularity and strength
statistically controlling for BMI.

FIGURE 2 | Relationship between upper body muscularity and self-perceived
fighting ability controlling for BMI.

Accordingly, self-perceived fighting ability increases with greater
muscularity (B = 0.411, SE = 0.073, β = 0.346, p < 0.001; see
Figure 2). We conducted a mediation analysis of the second
part of the prediction. We tested a simple mediation model in
which strength mediates the relationship between upper-body
muscularity and self-perception of fighting ability, with BMI
and age included as covariates. The results showed a simple
mediation, since results from bootstrapping yielded a significant
indirect effect of upper-body muscularity on self-perceived
fighting ability based on strength (B = 0.168, BootSE = 0.051,
β = 0.148), with a 95% bootstrapped confidence interval from
0.067 to 0.268 for the unstandardized coefficient (see Figure 3).
The mediation was partial since the direct effect of muscularity
on self-perceived fighting ability was still significant (B = 0.236,
SE = 0.087, β = 0.199, p = 0.007), but lower than the effect when
strength was not considered (B = 0.411, SE = 0.073, β = 0.346,
p < 0.001).

DISCUSSION

The faculty to recognize visual cues of fighting ability in
competitors is thought to be an important characteristic that

FIGURE 3 | Unstandardized regression coefficients between upper body
muscularity and self-perceived fighting ability mediated by strength and
statistically controlling for BMI. The standard errors are shown in parentheses.
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, ns, non-significant.

allows men to avoid the costs of contest competition, especially
when there is clear asymmetry between contestants (Maynard-
Smith and Parker, 1976; Sell et al., 2009a). However, in order
to assess this asymmetry, individuals need to compare the
fighting ability of their competitor with their own. Research
into this ability in human beings, strength, based on HGS
measurements, has always been used as a reliable expression
of muscularity and a proxy for fighting ability (Sell et al.,
2009a, 2012; Muñoz-Reyes et al., 2015; Durkee et al., 2018). In
this study, we tested two main predictions, the first about the
relationship between upper-body muscularity and strength, and
the second about the role of muscularity in the self-perception
of fighting ability, with this effect being mediated by strength.
Our results confirmed both hypotheses: we found a positive
relationship between upper-body muscularity and strength, and
we showed that upper-body muscularity relates positively to
the self-perception of fighting ability, with this effect being
partially mediated by strength. However, our results suggest
that the robustness of the relationship between strength and
upper-body muscularity has been overestimated, and that there
are more traits that influence the self-perception of fighting
ability.

Following the first prediction, it is commonly assumed that
muscularity is an easily observable trait that can be used as a cue
of strength when evaluating the fighting ability of a potential rival
(Durkee et al., 2018). This argument assumes that muscularity
and strength are strongly related. In agreement, we found the
relationship as expected, as more muscular men are stronger
than less muscular men. However, upper-body muscularity only
explained 36% of the variance in strength. Other works have
found similar degrees of variance in the relationship between
muscularity and strength, indicating that although the two
variables are related, there is a significant percentage of variance
in strength that cannot be explained by muscle mass (Johnson
et al., 1994). In this sense, the muscle “efficiency,” i.e., muscle
strength per unit of muscle mass, may be determined by a number
of factors, such as weight at birth (Kuh et al., 2002), the number
and type of fibers in the muscle (Folland and Williams, 2007) and
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neural adaptations (Häkkinen et al., 1998; Folland and Williams,
2007). These factors may result in individuals with similar muscle
mass having different degrees of strength, which weakens the
relationship between muscularity and strength. However, another
explanation for the low relationship between muscularity and
strength centers on the specific method used for measuring
strength. Although HGS is considered a good proxy for upper
body strength (e.g., Sell et al., 2009a; Wind et al., 2010), and it
has been proved to be a reliable indicator of health and fitness
in men (Gallup and Fink, 2018), it involves a limited group of
muscles measured under static conditions. Therefore, HGS may
be a measurement of upper body strength that reflect only a part
of capabilities of individuals.

Regarding our second prediction about the self-perception
of fighting ability, individuals have their personal experience
and history of interactions as a basis for aligning their
strength in function of their fighting ability. Thus, if the
critical trait in determining fighting ability were strength,
muscularity would be related to self-perception of fighting
ability, but the effect would be mediated by strength. We
found partial support for this argument, since upper body
muscularity is related to self-perception of fighting ability in
our sample. However, its effect was only partially mediated by
strength, suggesting that individuals rely on their perception
of their own muscle mass when assessing fighting ability.
In other words, more muscular men perceive their fighting
ability as greater, not only because they are stronger (at least
in the HGS task). This finding raises the question about
what benefits other than strength muscle mass provides in a
contest. First, muscle mass of the upper-body may function
as an intimidation signal for potential rivals. Therefore, more
muscular men would perceive their abilities in fights as being
greater because rivals tend to avoid direct confrontation in
view of their muscularity, regardless of their real strength
(Frederick et al., 2007). This argument makes sense from an
adaptive perspective. There is in fact comparative (Manson and
Wrangham, 1991) fossil (Lahr et al., 2016) and experimental
evidence, the latter derived from economic games (Navarrete
et al., 2010), that indicates that intergroup conflict was
a major source of selection pressure, especially for the
development of aggressive and formidability traits in human
male ancestors. Therefore, muscularity could be a powerful
cue, functioning as an intimidation signal, in scenarios of
intergroup conflicts between males that have not interacted
previously.

Together, our results underline the need to consider that upper
body muscularity may be related to other sources of strength
than hand-grip or other benefits in fights. Hand-grip strength
is an isometric force task that is static and involves only the
activation of the muscles of the forearm. Studies have shown
that HGS is less sensitive to loss of fat free mass than dynamic
strength tasks like the clean lift and endurance tasks (Johnson
et al., 1994). The clean lift task not only adds the dynamic
dimension, but also involves more muscles. Both coordinated
movement and endurance are likely important in fighting,
especially in order to maximize physical costs through precise
hits, and to withstand extended conflicts. Accordingly, upper

body muscularity may improve fighting ability by increasing
movement coordination and endurance, in addition to its effect
on strength.

The major limitation of our study is that only measuring
maximum HGS constrained us to investigate what benefits
greater upper-body muscularity can provide in fights other than
HGS. Future studies should test if muscularity measured by
bioelectrical impedance is related to endurance and dynamic
strength exercises. In addition, Sell et al. (2012) proposed several
sexually dimorphic physical and psychological characteristics
that contribute to fighting ability, such as the ability to
dissipate heat, stronger bones, more accurate blocking of thrown
objects, faster mental rotation and spatial visualization, etc.
Future studies should include these psychological and physical
characteristics to determine their effects on self-perception
of fighting ability and their interaction with muscularity
and strength. Finally, our result also indicates that positive
relationship between muscularity and attractive, could be
sustained in the possibility of muscularity being a reliable
indicator of a major group of honest characteristics other
than strength. However, has to be done future studies in this
area.

To conclude, our study sheds light on the role of muscular
mass and strength in the self-perception of fighting ability. We
found that in spite of the prevailing use of muscular mass
as a visual cue of our opponent’s strength and thus of their
fighting ability much of the variance in strength is not explained
by upper body muscular mass, and the effect of upper body
muscular mass on self-perception of fighting ability was only
partially mediated by strength. However, alternative explanations
are possible, and we need to consider other variables jointly
with HGS to estimate upper body strength and thus of fighting
ability. Taking into account this limitation, together, our results
suggest that upper body muscularity has direct benefits in contest
competition other due to: (i) possible links between upper
body muscularity and fighting ability not mediated by strength;
and (ii) the value of the signal itself as an intimidation trait,
especially in contexts where fighting contests are less recurrent
and thus there is less public information about individuals
fighting ability.

AUTHOR CONTRIBUTIONS

JM-R and PPo conceived the study. JM-R, PPo, PPa, NV, and
OR collected the data. JM-R, PPo, and CR-S contributed to
data analysis and drafted the manuscript. All authors editing the
manuscript for intellectual content, provided critical comments
on the manuscript, and agreed to be accountable for the content
of the work.

FUNDING

This project was supported by funds from Project Fondecyt
Regular (1170513) and Fondecyt Postdoctorado (3170801) both
from the Government of Chile.

Frontiers in Psychology | www.frontiersin.org 5 January 2019 | Volume 10 | Article 18

https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-00018 January 21, 2019 Time: 17:9 # 6

Muñoz-Reyes et al. Muscularity, Strength, and Fighting Ability

REFERENCES
Archer, J. (2009). Does sexual selection explain human sex differences in

aggression? Behav. Brain Sci. 32, 249–266. doi: 10.1017/S0140525X0999
0951

Bateman, A. J. (1948). Intra-sexual selection in Drosophila. Heredity 2, 349–368.
doi: 10.1038/hdy.1948.21

Bohannon, R. W. (1997). Reference values for extremity muscle strength obtained
by hand-held dynamometry from adults aged 20 to 79 years. Arch. Phys. Med.
Rehabil. 78, 26–32. doi: 10.1016/S0003-9993(97)90005-8

Bosy-Westphal, A., Jensen, B., Braun, W., Pourhassan, M., Gallagher, D., and
Müller, M. (2017). Quantification of whole-body and segmental skeletal muscle
mass using phase-sensitive 8-electrode medical bioelectrical impedance devices.
Eur. J. Clin. Nutr. 71, 1061–1067. doi: 10.1038/ejcn.2017.27

Buss, D. M., and Shackelford, T. K. (1997). Human aggression in evolutionary
psychological perspective. Clin. Psychol. Rev. 17, 605–619. doi: 10.1016/S0272-
7358(97)00037-8

Crossley, K. L., Cornelissen, P. L., and Tovée, M. J. (2012). What is an attractive
body? using an interactive 3D program to create the ideal body for you and
your partner. PLoS One 7:e50601. doi: 10.1371/journal.pone.0050601

Cunha, G., Ravelli, M., Crisp, A., and de Oliveira, M. (2018). Agreement between
body composition assessed by bioelectrical impedance analysis and doubly
labeled water in obese women submitted to bariatric surgery. Obes. Surg. 1,
183–189. doi: 10.1007/s11695-018-3505-4

de Bruyn, E. H., Cillessen, A. H. N., and Weisfeld, G. E. (2012). Dominance-
popularity status, behavior, and the emergence of sexual activity in
young adolescents. Evol. Psychol. 21, 296–319. doi: 10.1177/14747049120100
0209

Durkee, P. K., Goetz, A. T., and Lukaszewski, A. W. (2018). Formidability
assessment mechanisms: examining their speed and automaticity. Evol. Hum.
Behav. 39, 170–178. doi: 10.1016/j.evolhumbehav.2017.12.006

Folland, J. P., and Williams, A. G. (2007). Morphological and neurological
contributions to increased strength. Sports Med. 37, 145–168. doi: 10.2165/
00007256-200737020-00004

Frederick, D. A., Buchanan, G. M., Sadehgi-Azar, L., Peplau, L. A., Haselton,
M. G., Berezovskaya, A., et al. (2007). Desiring the muscular ideal: men’s body
satisfaction in the United States, Ukraine, and Ghana. Psychol. Men Masc. 8,
103–117. doi: 10.1037/1524-9220.8.2.103

Frederick, D. A., and Haselton, M. G. (2007). Why is muscularity sexy? Tests of
the fitness indicator hypothesis. Pers. Soc. Psychol. Bull. 33, 1167–1183. doi:
10.1177/0146167207303022

Gallup, A. C., and Fink, B. (2018). Handgrip strength as a darwinian
fitness indicator in men. Front. Psychol. 9:439. doi: 10.3389/fpsyg.2018.
00439

Gallup, A. C., White, D. D., and Gallup, G. G. Jr. (2007). Handgrip strength
predicts sexual behavior, body morphology, and aggression in male college
students. Evol. Hum. Behav. 28, 423–429. doi: 10.1016/j.evolhumbehav.2007.
07.001

Goetz, A. T. (2010). The evolutionary psychology of violence. Psicothema 22,
15–21.

Häkkinen, K., Newton, R. U., Gordon, S. E., McCormick, M., Volek, J. S., Nindl, B.,
et al. (1998). Changes in muscle morphology, electromyographic activity, and
force production characteristics during progressive strength training in young
and older men. J. Gerontol. A Biol. Sci. Med. Sci. 53, B415–B423. doi: 10.1093/
gerona/53A.6.B415

Hönekopp, J., Rudolph, U., Beier, L., Liebert, A., and Müller, C. (2007). Physical
attractiveness of face and body as indicators of physical fitness in men. Evol.
Hum. Behav. 28, 106–111. doi: 10.1016/j.evolhumbehav.2006.09.001

Isen, J., McGue, M., and Iacono, W. (2014). Genetic influences on the development
of grip strength in adolescence. Am. J. Phys. Anthropol. 154, 189–200. doi:
10.1002/ajpa.22492

Johnson, M. J., Kriedl, K. E., Frykman, P. N., and Moore, R. J. (1994). Loss of muscle
mass is poorly reflected in grip strength performance in healthy young men.
Med. Sci. Sport Exerc. 26, 235–240. doi: 10.1249/00005768-199402000-00015

Kirchengast, S. (2010). Gender differences in body composition from childhood to
old age: an evolutionary point of view. J. Life Sci. 2, 1–10. doi: 10.1080/09751270.
2010.11885146

Kuh, D., Bassey, J., Hardy, R., Aihie Sayer, A., Wadsworth, M., and Cooper, C.
(2002). Birth weight, childhood size, and muscle strength in adult life: evidence
from a birth cohort study. Am. J. Epidemiol. 156, 627–633. doi: 10.1093/aje/
kwf099

Lahr, M. M., Rivera, F., Power, R. K., Mounier, A., Copsey, B., Crivellaro, F., et al.
(2016). Inter-group violence among early holocene hunter-gatherers of west
turkana, kenya. Nature 529, 394–398. doi: 10.1038/nature16477

Lassek, W. D., and Gaulin, S. J. C. (2009). Costs and benefits of fat-free muscle
mass in men: relationship to mating success, dietary requirements, and native
immunity. Evol. Hum. Behav. 30, 322–328. doi: 10.1016/j.evolhumbehav.2009.
04.002

Liddle, J. R., Shackelford, T. K., and Weekes–Shackelford, V. A. (2012). Why can’t
we all just get along? Evolutionary perspectives on violence, homicide, and war.
Rev. Gen. Psychol. 16, 24–36. doi: 10.1037/a0026610

Ling, C. H. Y., de Craen, A. J. M., Slagboom, P. E., Gunn, D. A., Stokkel, M. P. M.,
Westendorp, R. G. J., et al. (2011). Accuracy of direct segmental multi-frequency
bioimpedance analysis in the assessment of total body and segmental body
composition in middle-aged adult population. Clin. Nutr. 30, 610–615. doi:
10.1016/j.clnu.2011.04.001

Manson, J. H., and Wrangham, R. W. (1991). Intergroup aggression in
chimpanzees and humans and comments and replies. Curr. Anthropol. 32,
369–390. doi: 10.1086/203974

Maynard-Smith, J., and Parker, G. A. (1976). The logic of asymmetric contests.
Anim. Behav. 24, 159–175. doi: 10.1016/S0003-3472(76)80110-8

McDonald, M. M., Navarrete, C. D., and Van Vugt, M. (2012). Evolution and the
psychology of intergroup conflict: the male warrior hypothesis. Philos. Trans. R.
Soc. Lond. B Biol. Sci. 367, 670–679. doi: 10.1098/rstb.2011.0301

Muñoz-Reyes, J. A., Fernández, A. M., Flores-Prado, L., Guerra, R., and
Turiégano, E. (2015). Fighting ability influences mate value in late adolescent
men. Pers. Individ. Dif. 80, 46–50. doi: 10.1016/j.paid.2015.02.026

Muñoz-Reyes, J. A., Gil-Burmann, C., Fink, B., and Turiegano, E. (2012). Physical
strength, fighting ability, and aggressiveness in adolescents. Am. J. Hum. Biol.
24, 611–617. doi: 10.1002/ajhb.22281

Murray, M., Gore, D., Gardner, G., and Mollinger, L. (1985). Shoulder motion
and muscle strength of normal men and women in two age groups.
Clin. Orthop.Relat. Res. 192, 268–273. doi: 10.1097/00003086-198501000-
00037

Navarrete, C. D., McDonald, M. M., Molina, L. E., and Sidanius, J. (2010). Prejudice
at the nexus of race and gender: an outgroup male target hypothesis. J. Pers. Soc.
Psychol. 98, 933–945. doi: 10.1037/a0017931

Parker, G. A. (1974). Assessment strategy and the evolution of fighting behaviour.
J. Theor. Biol. 47, 223–243. doi: 10.1016/0022-5193(74)90111-8

Puts, D. A. (2010). Beauty and the beast: mechanisms of sexual selection in
humans. Evol. Hum. Behav. 31, 157–175. doi: 10.1016/j.evolhumbehav.2010.
02.005

Puts, D. A., Bailey, D. H., and Reno, P. L. (2015). “Contest competition in men,” in
The Handbook of Evolutionary Psychology, ed. D. M. Buss (Hoboken, NJ: Wiley),
835–402.

Sanchez-Pages, S. (2012). “Bargaining and conflict with incomplete information,”
in The Oxford Handbook of the Economics of Peace and Conflict, eds M. R.
Garfinkel and S. Skaperdas (New York, NY: Oxford University Press).

Sell, A., Bryant, G. A., Cosmides, L., Tooby, J., Sznycer, D., Von Rueden, C., et al.
(2010). Adaptations in humans for assessing physical strength from the voice.
Proc. R. Soc. B Biol. Sci. 277, 3509–3518. doi: 10.1098/rspb.2010.0769

Sell, A., Cosmides, L., Tooby, J., Sznycer, D., von Rueden, C., and Gurven, M.
(2009a). Human adaptations for the visual assessment of strength and fighting
ability from the body and face. Proc. R. Soc. B Biol. Sci. 276, 575–584. doi:
10.1098/rspb.2008.1177

Sell, A., Tooby, J., and Cosmides, L. (2009b). Formidability and the logic of
human anger. Proc. Natl. Acad. Sci. U.S.A. 106, 15073–15078. doi: 10.1073/pnas.
0904312106

Sell, A., Eisner, M., and Ribeaud, D. (2016). Bargaining power and adolescent
aggression: the role of fighting ability, coalitional strength, and mate
value. Evol. Hum. Behav. 37, 105–116. doi: 10.1016/j.evolhumbehav.2015.
09.003

Sell, A., Hone, L. S. E., and Pound, N. (2012). The importance of physical strength
to human males. Hum. Nat. 23, 30–44. doi: 10.1007/s12110-012-9131-2

Frontiers in Psychology | www.frontiersin.org 6 January 2019 | Volume 10 | Article 18

https://doi.org/10.1017/S0140525X09990951
https://doi.org/10.1017/S0140525X09990951
https://doi.org/10.1038/hdy.1948.21
https://doi.org/10.1016/S0003-9993(97)90005-8
https://doi.org/10.1038/ejcn.2017.27
https://doi.org/10.1016/S0272-7358(97)00037-8
https://doi.org/10.1016/S0272-7358(97)00037-8
https://doi.org/10.1371/journal.pone.0050601
https://doi.org/10.1007/s11695-018-3505-4
https://doi.org/10.1177/147470491201000209
https://doi.org/10.1177/147470491201000209
https://doi.org/10.1016/j.evolhumbehav.2017.12.006
https://doi.org/10.2165/00007256-200737020-00004
https://doi.org/10.2165/00007256-200737020-00004
https://doi.org/10.1037/1524-9220.8.2.103
https://doi.org/10.1177/0146167207303022
https://doi.org/10.1177/0146167207303022
https://doi.org/10.3389/fpsyg.2018.00439
https://doi.org/10.3389/fpsyg.2018.00439
https://doi.org/10.1016/j.evolhumbehav.2007.07.001
https://doi.org/10.1016/j.evolhumbehav.2007.07.001
https://doi.org/10.1093/gerona/53A.6.B415
https://doi.org/10.1093/gerona/53A.6.B415
https://doi.org/10.1016/j.evolhumbehav.2006.09.001
https://doi.org/10.1002/ajpa.22492
https://doi.org/10.1002/ajpa.22492
https://doi.org/10.1249/00005768-199402000-00015
https://doi.org/10.1080/09751270.2010.11885146
https://doi.org/10.1080/09751270.2010.11885146
https://doi.org/10.1093/aje/kwf099
https://doi.org/10.1093/aje/kwf099
https://doi.org/10.1038/nature16477
https://doi.org/10.1016/j.evolhumbehav.2009.04.002
https://doi.org/10.1016/j.evolhumbehav.2009.04.002
https://doi.org/10.1037/a0026610
https://doi.org/10.1016/j.clnu.2011.04.001
https://doi.org/10.1016/j.clnu.2011.04.001
https://doi.org/10.1086/203974
https://doi.org/10.1016/S0003-3472(76)80110-8
https://doi.org/10.1098/rstb.2011.0301
https://doi.org/10.1016/j.paid.2015.02.026
https://doi.org/10.1002/ajhb.22281
https://doi.org/10.1097/00003086-198501000-00037
https://doi.org/10.1097/00003086-198501000-00037
https://doi.org/10.1037/a0017931
https://doi.org/10.1016/0022-5193(74)90111-8
https://doi.org/10.1016/j.evolhumbehav.2010.02.005
https://doi.org/10.1016/j.evolhumbehav.2010.02.005
https://doi.org/10.1098/rspb.2010.0769
https://doi.org/10.1098/rspb.2008.1177
https://doi.org/10.1098/rspb.2008.1177
https://doi.org/10.1073/pnas.0904312106
https://doi.org/10.1073/pnas.0904312106
https://doi.org/10.1016/j.evolhumbehav.2015.09.003
https://doi.org/10.1016/j.evolhumbehav.2015.09.003
https://doi.org/10.1007/s12110-012-9131-2
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-00018 January 21, 2019 Time: 17:9 # 7

Muñoz-Reyes et al. Muscularity, Strength, and Fighting Ability

Sell, A., Lukazsweski, A. W., and Townsley, M. (2017a). Cues of upper body
strength account for most of the variance in men’s bodily attractiveness. Proc.
R. Soc. B Biol. Sci. 284:1869. doi: 10.1098/rspb.2017.1819

Sell, A., Sznycer, D., Cosmides, L., Tooby, J., Krauss, A., Nisu, S., et al. (2017b).
Physically strong men are more militant: a test across four countries. Evol. Hum.
Behav. 38, 334–340. doi: 10.1016/j.evolhumbehav.2016.11.002

Stoll, T., Huber, E., Seifert, B., Michel, B., and Stucki, G. (2000). Maximal isometric
muscle strength: normative values and gender-specific relation to age. Clin.
Rheumatol. 19, 105–113. doi: 10.1007/s100670050026

Trivers, R. (1972). “Parental investment and sexual selection,” in Sexual Selection
and the Descent of Man 1871-1971, ed. B. Campbell (Chicago: Aldine-
Atherton), 136–179.

Wilson, M., and Daly, M. (1985). Competitiveness, risk taking, and violence: the
young male syndrome. Ethol. Sociobiol. 6, 59–73. doi: 10.1016/0162-3095(85)
90041-X

Wind, A. E., Takken, T., Helders, P. J., and Engelbert, R. H. (2010). Is grip strength
a predictor for total muscle strength in healthy children, adolescents, and young
adults? Eur. J. f Pediatr. 169, 281–287. doi: 10.1007/s00431-009-1010-4

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Muñoz-Reyes, Polo, Rodríguez-Sickert, Pavez, Valenzuela and
Ramírez-Herrera. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 7 January 2019 | Volume 10 | Article 18

https://doi.org/10.1098/rspb.2017.1819
https://doi.org/10.1016/j.evolhumbehav.2016.11.002
https://doi.org/10.1007/s100670050026
https://doi.org/10.1016/0162-3095(85)90041-X
https://doi.org/10.1016/0162-3095(85)90041-X
https://doi.org/10.1007/s00431-009-1010-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Muscularity and Strength Affect Individual Variation in Self-Perception of Fighting Ability in Men
	Introduction
	Materials and Methods
	Participants
	Ethics Statement
	Self-Perception Measures
	The Self-Perceived Fighting Ability Questionnaire

	Anthropometric Measures
	Upper Body Strength
	Upper Body Muscularity

	Statistical Analyses

	Results
	Discussion
	Author Contributions
	Funding
	References


