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Hunting is a characteristic feature of early human subsistence, and many theories of evolution have
emphasized the role of hunting in hominization. Still today hunting ability continues to be selected for in
extant foragers with better hunters experiencing greater reproductive success. Yet little is known about the
traits that comprise a successful hunter traits that are presupposed to also be under selection.
Two complementary empirical analyses were conducted to examine this question using data collected
from Hadza hunter–gatherers in Tanzania. First, data on upper-body strength, running speed, target precision
and visual and auditory acuity were collected to examine the traits that predict hunting reputation in men.
Second, interview data were collected from Hadza informants regarding the traits they deem important for
hunting. Results from the first study implicate upper-body strength as the strongest and most consistent
predictor of men's hunting reputation. Hadza conventional wisdom also accord with these findings. Although
informants stressed the importance of non-physical traits, such as “intelligence” and “heart”, strong arms
were cited as the most important physical trait for hunting. Finally, men with stronger upper-bodies
experienced greater reproductive success, a result that is largely mediated by hunting reputation. These
findings suggest that selection for hunting ability may have acted on men's upper-bodies. Nevertheless, the
importance of effort on strength and hunting success cannot be dismissed. This is also discussed.
Inc. T
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-SA
license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
1. Introduction

Many important changes related to human origins have been
linked to hunting (e.g. Gurven, Kaplan, & Gutierrez, 2006; Kaplan, Hill,
Lancaster, & Hurtado, 2000; Washburn & Lancaster, 1968). While
early anthropological accounts have highlighted the act of hunting
as a primemover of human evolution responsible for the evolutionary
grade shift observed between the genus Homo and earlier hominid
species including increased encephalization (Washburn & Lancaster,
1968), others have highlighted the importance of increased dietary
quality due to meat-eating itself (Aiello & Wheeler, 1995). More
recently it has been suggested that thedistinctive life-history patternsof
humans, including their lengthened juvenile period and long lifespan,
evolved in response to the longprocessof learningneeded to acquire the
skills necessary to become a productive hunter (Gurven et al., 2006;
Kaplan et al., 2000). The evolutionary relevance of hunting is still
observed in a number of extant foraging societies where better hunters
experience greater reproductive outcomes (for review, Gurven & von
Rueden, 2006). Despite the importance of hunting in understanding
humanorigins and the fact that it continues to be a significant part of life
in extant hunter–gatherers (Stanford, 2001), little work has examined
his is an open access article u
the physical traits associated with hunting ability, traits that are
presupposed to also be important in human evolution. This study
explored the roleof visual andauditory acuity, running speed, upper-body
strength and target precision in predicting men's hunting reputation.

Women value hunting ability in mates (Marlowe, 2005), and the
finding that good hunters experience greater reproductive success has
now been reported in a number of societies including the Hadza
(Hawkes, 2001; Marlowe, 1999), the Ache of Paraguay (Hill &
Hurtado, 1996; Kaplan & Hill, 1985) and the !Kung Bushmen
(Wiessner, 2002). Prior research with Hadza hunter–gatherers has
shown that better hunters also attain more hard-working wives,
offering another potential source for the greater disparity between
more and less successful hunters (Hawkes, O’Connell, & Blurton Jones,
2001). Debates over how hunting increases men's reproductive
success, and relatedly, why men hunt at all, are widespread. While
the energetic gains provided by a hunter to his family have long been
suggested (Lancaster, 1978), it has more recently been argued that big
game hunting plays a relatively small role in the provisioning of family
due to the sporadic and unreliable nature of hunting success, the
observed communal sharing of a hunter's kill (Hawkes et al., 2001)
and the fact that men, on average, tend to contribute less food to the
diet than women (Marlowe, 2001). In both !Kung (Howell, 2010) and
Hadza hunter–gatherers (Marlowe, 2010) meat constitutes less than
30% of energy consumed. For these reasons, it has been proposed that
nder the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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hunting may have evolved for purposes other than provisioning.
For instance, it has been suggested that hunting serves as a costly
signal used to advertise quality in order to attract mating partners
(Hawkes & Bliege Bird, 2002; Smith, 2004) and to establish reputations
for generosity (Gurven, Allen-Arave, Hill, & Hurtado, 2000). In short,
hunting may serve as a form of competition between men.

Other studies suggest that hunting does have an important role in
family provisioning. For instance, Wood (2006) used storyboards to
describe hypothetical scenarios of camps with good hunters and
camps with poor hunters. He found that Hadza men prefer to join
camps with the good hunters, a strategy for familial provisioning
rather than competing or showing off. Other research with the Hadza
suggests that the caloric returns from men's small-game hunting and
foraging are important during critical periods of a woman's
reproduction. Specifically, Hadza women experience a reduction in
foraging returns when they are nursing, and so their husbandsmake up
this deficit by bringing in more food (Marlowe, 2003). Finally, more
recent research suggests that the amount of meat the hunter's nuclear
family receives can be substantially higher than other group members,
calling into question the idea of hunting as a form of costly signaling
(Wood & Marlowe, 2013). Nevertheless, the question remains as to
whether payoffs from provisioning, signaling, or both explain whymen
hunt rather than gather (Gurven & Hill, 2009).

Whatever the reason for why men hunt, it is clear that hunting
was an important activity in hominin evolution, with the hunting
of large animals for consumption dating as far back as 1.8 Ma
(Domínguez-Rodrigo et al., 2013). In fact, the consumption of meat in
humans far exceeds that of any non-human primate (Kelly, 1995).
Animal foods are not only nutrient-rich but also contain large amounts of
fat, digestible proteins and essential amino acids. No other plant source in
the African savannah can provide a year round supply of protein, and no
single plant source contains all the micronutrients present in meats
(Domínguez-Rodrigo et al., 2013). Consequently, it has been argued that
without meat and its accompanying nutrients, humans would not have
been able to develop their unusually large brains (Milton, 2003).

In addition to increased encephalization, humans have also
developed a lengthened juvenile period and extended life span. The
existence of these two distinct life history traits has been best
explained as a response to our unique foraging niche. Specifically, it
has been argued that since hunting is an activity that requires a long
period of learning before maximum return rates are achieved, natural
selection worked to extend the life span so that payoffs from hunting
are realized. In turn, this created pressure for slower growth earlier in
life when skills from hunting and food production can be learned (Hill
& Kaplan, 1999; Kaplan et al., 2000). Age related changes in hunting
productivity have been examined in a number of forager societies,
including theHadza (Blurton Jones&Marlowe, 2002),Hiwi (Kaplanet al.,
2000) and Aché (Walker, Hill, Kaplan, & McMillan, 2002). These studies
demonstrated that hunting success peaks approximately between the
ages of 35 and 50 years, long after physical maturity is reached. Again,
these findings suggest that hunting is a learned skill that takes many
years to develop and master (Blurton Jones & Marlowe, 2002;
Gurven et al., 2006). To be a successful hunter one needs to integrate
sensory cues including sounds, smells and knowledge of animals
over different and seasonally changing landscapes; all of which can
take years to develop and master (Gurven et al., 2006).

While a few studies have examined hunting proficiency and
learning time in extant hunter–gatherers (Blurton Jones & Marlowe,
2002; Gurven et al., 2006), associations of physical traits with hunting
ability have rarely been investigated. While there is little doubt that
meat acquisition via hunting is a skill that requires a long period of
learning, there is some evidence that constraints of physical ability
may also account for some individual differences in hunting ability.
For example, in both Aché foragers (Walker et al., 2002) and Tsimané
Amerindians (Gurven et al., 2006), body size predicted men's ability
to hit stationary objects using a bow and arrow. Similarly, Blurton
Jones and Marlowe (2002) find that body weight, arm diameter and
the amount of weight pulled back on bow all predict archery ability in
Hadza boys and men, implying an effect of strength. After examining
two additional subsistence skills (e.g. digging and tree climbing)
Blurton-Jones and Marlowe suggest that differences in subsistence
abilities may not be entirely due to practice and learning but rather
differences in physical traits, such as strength. Other physical traits
have been theoretically linked to human hunting ability. For instance,
it has been proposed that both human walking and running
capabilities evolved so that humans could more effectively hunt
animals (Bramble & Lieberman, 2004). There are, however, many
more unexplored physical traits and abilities that could contribute to
hunting success, such as sensory acuity. The aim of the current study
was to determine the role of physical traits, including hearing and
visual acuity, running speed, target precision and upper-body
strength, in explaining individual differences in hunting success in
adult men, as inferred from hunting reputations. The significance of
each of these physical traits was also explored by examining whether
they were related to men's reproductive success. A second follow-up
study was conducted to explore the traits the Hadza believe are
important for being a successful hunter.

2. Methods

2.1. Subjects

The Hadza are nomadic, sleep outside under the stars, and practice
neither herding nor agriculture. They are central-place foragers
meaning that foraged and hunted foods are brought back to a camp
and shared. They live in a savannah–woodland type habitat in
Northern Tanzania around Lake Eyasi. They number 1,000, but only
300 or so still subsist by hunting and gathering. Entire camps, which
number around 30 individuals, shift location approximately every
8 weeks, usually in response to changes in food and water availability
(Blurton Jones, Hawkes, & O’Connell, 2005). Membership in camps is
also fluid with individuals moving frequently between camps, but
generally confined within larger geographic regions (Apicella, Azevedo,
Fowler, & Christakis, 2014).

There is a sexual division of labor in which women collect fruit and
dig for tubers and men collect honey and hunt for game. Both hunting
and gathering by the Hadza occurwithout the use of modern tools and
equipment. Men hunt for animals using wooden bows and arrows
made with either wooden or metal-tips depending on the size of the
game to be hunted. Metal tips are generally used for big animals and
often contain poison, usually made from the flowering plant panjube
(Adenium obesum), which, after entering the animal's bloodstream,
causes the animal to die (Bartram, 1997). Hunting is usually an
individual activity, but men occasionally hunt at night in pairs. Young
boys are given bows around the time they start walking and use the
bows as a source of play (Crittenden, Conklin-Brittain, Zes, Schoeninger,
&Marlowe, 2013). However, they will take aim atmice and birds when
opportunities arise.

2.2. Procedures

2.2.1. Study 1
Data on hunting reputations, auditory and visual acuity, running

speed, target precision and upper-body strength were collected from
fifty-four men living in nine different Hadza camps on the eastern side
of Lake Eyasi over a period of approximately six months in 2006.
Selection of camps relied on a snowball sampling method whereby
occupants of the current campwould direct the researcher to the next
closest camp. All adult men over the age of 18 within each camp
participated in the study with the exception of very elderly men who
no longer hunt. A few participantsmoved from their camp during data
collection and consequently were not measured on every trait.



Table 1
Summary statistics and tests of balancedness across camps for covariates of hunting
reputation, age and reproductive success.

Mean S.D. n F-Statistic

Running speed 26.43 3.68 48 F(8, 39) = 3.10⁎⁎
Visual acuity 0.05 0.19 46 F(7, 38) = 4.74⁎⁎
Auditory acuity 16.15 6.81 53 F(8, 44) = 1.41⁎⁎
Upper-body strength 0.031 1.52 52 F(8, 43) = 1.15
Target precision 86.2 34.04 50 F(8, 41) = 1.00
Age 37.13 11.35 54 F(8, 45) = 3.30
Reproductive success 2.91 2.57 53 F(8, 44) = 2.00

In addition to summary statistics, this table reports tests of the hypothesis that the
covariates are balanced across camps. The reported P value is for the F-test of the
hypothesis that the coefficients on the camp fixed effects are jointly zero.
⁎⁎⁎ P b 0.001.
⁎⁎ P b 0.01.
⁎P b 0.05.
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See Table 1 for descriptive statistics for each of these performance
measures and men's age. Reproductive histories were also collected
during this time from each participant through private interviews.
Self-report data on reproductive histories has been used extensively
with the Hadza. The data collected in this study do not appear unusual
in contrast to other studies employing similar methods.1 All measures
and analyses for this study were decided in advance unless otherwise
noted as exploratory analyses. No measures were dropped or left
out of the analyses due to their nonsignificance, and no individuals
were dropped from the analyses. Multivariate analyses were used
to determine significant predictors of men's hunting reputation.
Study 1 was approved by Harvard University's Committee on the use
of Human Subjects and the Tanzanian Commission on Science
and Technology.

2.2.1.1. Hunting reputation. Adult men in each camp were assessed on
their hunting ability by all adult women living in the same camp. To
do this, a facial photograph was taken of all men over 18 years old.
These photographs were displayed together on a computer screen in
random order to each woman in the camp. Women were interviewed
privately in Swahili inside a vehicle and asked: “Which of thesemen is
the best hunter?” Female participants were assured that their answers
would remain confidential. After a man was chosen their picture was
removed. This process was repeated until the woman had ranked all
men in the camp. This ordinal ranking was used to facilitate data
collection since the Hadza lack experience assigning numerical values
to continuous items. Forty-nine women took part in ranking a total of
54 men. There was generally strong agreement between women in
their rankings. Cronbach's alpha estimates for camps ranged from .5 to
.98 (mean ± SE = .82 ± 0.15).

2.2.1.2. Visual acuity. Visual acuity was measured using a standard
Tumbling E chart containing rows of the capital letter "E," in various
orientations and arranged in rows of decreasing size. In each camp the
eye chart was pinned to a large baobab tree such that participants
looking at the chart would have the sun behind them to prevent glare
in their vision. The vision test was conducted during the daylight
hours of 10 am–3 pm and during the dry season when there are
generally few clouds in the sky. The participants were positioned
twenty feet from the chart and instructed to indicate with their hands
the direction in which the limbs of each "E" on a line were pointing:
1 Blurton-Jones in his upcoming book provides long-term fertility data on the Hadza
from 1992-2000. The median number of children born to men in this study is similar to
his estimates. Individuals in their 20’s from this dataset also have a similar reproductive
profile to same age participants in his dataset, suggesting that there are unlikely to be
cohort effects. Finally, the estimated mortality rate (44%) of the current sample is nearly
the same as previous reports (46%) by Marlowe (2010).
up, down, left, or right, beginning with the top row. Participants
performed the test one eye at a time, covering the unused eye with
their other hand. Visual acuity is normally represented in a form of a
fraction (e.g. Snellen's fraction) in which the numerator indicates
viewing distance and the denominator is the distance at which the
letter subtends 5 minutes of arc at the eye (note: angle of one degree
is equal to 60 minutes). For instance, 20/10 vision means that a given
person can read a line at 20 feet away that a personwith normal vision
could read at 10 feet. However, the preferredmeasurement for analyses
is the logarithm of minimum angle of resolution (LogMar) (Holladay,
1997; Westheimer, 1979). LogMar equals the negative of the
logarithm of Snellen's fraction. Thus, the LogMAR scale is defined as
LogMARi = - log (20/χi) where χi is the distance from which a normal
person could read the line that individual i could read from twenty feet.
A LogMar score was calculated for each individual based on the mean
score of each eye. Here 20/20 vision is equal to LogMar 0.

2.2.1.3. Auditory ability. Auditory ability was assessed for each
participant using a professional pure tone audiometer (Earscan 3,
Micro Audiometrics Corporation), a key test for measuring hearing
thresholds. Pure tone thresholds indicate the softest sound audible to
an individual at a given frequency. The hearing test was conducted in
private and inside a Land Rover. Headphones were positioned over
participants' ears, and different tones were presented at specific
frequencies (500, 1000 and 2000 kHz), at regularly increasing
increments of 5 decibels beginning at 10 decibels and finishing at
30 decibels. For each frequency participants were instructed to raise
their hand when they started hearing the tone, and this minimum
intensity of hearing for each frequency was recorded. Thus hearing
sounds at lower decibels indicated increased auditory acuity, which
was recorded as lower scores. Average hearing loss was calculated by
averaging the threshold for hearing at 500Hz, 1000Hz, and 2000Hz in
both ears. Lower scores denote increased auditory acuity.

2.2.1.4. Upper-body strength. Separate anthropometric measures,
including mid-upper arm circumference and triceps skinfold were
recorded for each participant's left arm to estimate upper-armmuscle
mass. Skinfold calipers (Mitutoyo Absolute Digimatic CD 6) were used
to estimate the thickness of the folds of the skin and associated
underlying fat over the triceps muscle in the left arm. Triceps skinfold
measurements were made in triplicate (Cronbach's a = 0.88) and
then averaged. Mid-upper arm circumference for the left arm was
measured using a flexible tape measure. Both sets of measurement
were taken at the midpoint of the back of the upper arm while the
participant was standing with their arm in a relaxed position by their
side. Upper−arm muscle mass was derived using a standard formula
that estimates the area of the muscle of the upper arm minus bone
(Heymsfield, McManus, Smith, Stevens, & Nixon, 1982):

α−πsð Þ2
4π

−10;

where a is the mid-upper arm circumference and s is the average of
the three triceps skinfold measurements (cm). Handgrip strength,
which gives you the maximum isometric strength of hand,
forearm and bicep muscles in kilograms, was measured using a
dynamometer. Scores from each input were first standardized and
then summed to produce the composite measure upper-body
strength (see Puts, Apicella, & Cárdenas, 2012). Higher scores denote
increased strength.

2.2.1.5. Running speed. Each man was asked to run 200 meters on flat,
solid terrain (not sand) as fast as possible. Start and finish lines were
clearly marked with tree branches. Men ran separately one at a time,
and performance was measured in units of time (e.g. seconds). Lower
scores denote faster finishing time and thus increased speed.



Table 2
Associates of hunting reputation.

Models β SE N R2

1 Running speed 0.20⁎⁎⁎ 0.05 48 0.30
Age −0.04⁎ 0.02

2 Visual acuity 2.26 1.14 46 .011
Age −0.02 0.02

3 Auditory acuity 0.07⁎⁎ 0.02 53 0.17
Age −0.01 0.02

4 Upper-body strength −0.22⁎ 0.10 52 0.13
Age −0.02 0.02

5 Target precision −0.01⁎ 0.004 50 0.15
Age −0.01 0.02

6 Age 0.003 0.015 54 0.001
7 Running speed 0.13 0.09 38 0.59

Visual acuity 0.70 1.01
Auditory acuity 0.03 0.02
Upper-body strength −0.31⁎ 0.11
Target precision −0.013⁎ 0.004
Age −0.058⁎⁎ 0.018

This table provides multiple regressions models of hunting reputation, standardized at
the camp level. All specifications include camp fixed effects. β = standardized
regression coefficients. SE = standard errors.
⁎⁎⁎ P b 0.001.
⁎⁎ P b 0.01.
⁎ P b 0.05.
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2.2.1.6. Target precision. Men participated in a shooting contest, using
a target crafted out of a square corkboard measuring approximately
24 × 24 in. A target was painted on the board, with a center bull's eye
and two outer rings that circled the bull's eye. In each camp the target
was pinned to a large baobob tree at a height of approximately 1.8
meters. Men were instructed to shoot the bull's eye using their own
bow and arrow at two different distances from the target (25 meters
and 15 meters). Men were asked to shoot three times at both
distances. If the bull's eye was hit menwere awarded 50 points. If they
hit the inner circle they were awarded 25 points and if they were
within the outer ring they scored 10 points. Any shots that pierced the
corkboard beyond the outer ring (i.e. not within a circle) were
awarded 5 points. Points were not awarded for shots that did not hit
the corkboard. Points from the six shots were summed, providing a
score for target precision. Higher scores denote increased accuracy.

2.2.2. Study 2
Twenty-nine adult men and 24 adult women from seven different

camps were questioned about the importance of various body parts
for being a successful hunter. Participants' ages ranged from 21 to
71 years old (mean ± SE = 40.6 ± 11.5, N = 53). All interviews
were conducted in private and in the Swahili language. This study was
approved by University of Pennsylvania Office of Regulatory Affairs and
the Tanzanian Commission on Science and Technology. A laminated
outlineof a humanmale bodywasused as a guideduring the interviews,
and participants were asked the following three questions in the same
order presented here:

1. What is more important for being a good hunter, being smart or
having a good and healthy body?

2. Not including the brain, what is the most important body part for
being a good hunter?

3. Which is the most important trait for being a good hunter from the
following: arms, legs, eyes or ears? Following their selection,
participants were also asked: Why did you choose X?

3. Results

3.1. Study 1

3.1.1. Hunting reputation
Summary statistics of all predictor variables, including age, are

listed in Table 1. In addition to summary statistics, Table 1 reports
tests of the hypothesis that the covariates were balanced across
camps. Since some covariates were not balanced across the camps,
camp fixed effects are included as controls in all the analyses. Age is
also included as an additional control in all the analyses since it is
thought that hunting ability is a learned skill that increases linearly
with practice. Linear regression analysis was first used to identify the
individual contribution of each predictor separately on hunting
reputation (see Table 2). When examined independently, each trait
significantly predicted hunting reputation in the expected direction,
but note that visual acuity bordered significance (P = 0.054). Fig. 1
shows the residual hunting reputation of men by the residual of each
predictor in which the residuals removed age and camp-fixed effects.
Both upper-body strength and running speed emerged as the
strongest individual predictors of men's hunting reputation
(Table 2). Men who were fast runners and who possessed greater
upper-body strength had reputations as more successful hunters.
Simultaneous multiple regression analysis was employed by regres-
sing hunting reputation on all covariates, controlling for age and camp
fixed effects. The model showed independent contributions of upper
body strength, target precision and age (Table 2) with age and upper-
body strength having the largest effects. In this model a one standard
deviation increase in upper-body strength yields about a half (.48) of a
standard deviation improvement in hunting reputation.
Both age (β = − .195, P = .013) and age-squared (β = .0028,
P = .011) predict hunting reputation (Fig. 2). In line with previous
findings, men between the ages of 30–50 years are ranked as the best
hunters. The coefficients and significance do not change considerably
when controlling for camp fixed effects. While the results here
suggest that hunting ability begins to decrease after the age of 50, it
should be noted that there are only 5 individuals over the age of 50 in
the present sample and none that are older than 60 years.

Exploratory analyses were conducted to examine whether some of
the age-related declines in hunting ability after the age of 50 are partly
due to declines in physical abilities. Given the small and narrow age
range of oldermen in the current study, caution is urged in interpreting
these results. Fig. 2 depicts quadratic relationships between age and
each of the measured physical covariates. Target precision appears
relatively uninfluenced by age, as does visual acuity. Auditory acuity
however, shows a gradual decline with age, with older individuals
experiencing somemild hearing loss. Running speed remains relatively
steady inmen through their thirties and slowly declineswith increasing
age. Finally, upper-body strength peaks around the age of 30 and shows
a more marked decline around the age of 50. In fact, the relationship
between age and upper-body strength looks remarkably similar to the
relationship between age and hunting ability.

One debate in the anthropological literature is whether increased
strength versus increased practice is responsible for the age profile
observed in hunting ability with hunting peaking mid-life. It is
important to note that the purpose of this study was not to tease
apart the relative importance of strength versus learning, where age is
used as a proxy for time spent learning. It should be noted that only one
subject in the sample was under the age of twenty and only 16
participants were under age thirty. Nonetheless, both age and upper-
body strength remained significant predictors of hunting reputation in
the full model with all the controls Fig. 3. depicts a linear relationship
between hunting reputation and age after controlling for the effects of
running speed, upper-body strength, target precision, and the two
measures of sensory acuity. This suggests that if individuals did not
experience declines in these physical traits, hunting ability would
continue to improve with advancing age. Thus the age-related declines
in hunting ability after the age of 50 may be explained by declines in
physical ability, though further work is needed. Likewise, the relation-
ship between upper-body strength and hunting reputation is also linear
after controlling for age and other physical measures (see Fig. 3).



-2
-1

0
1

2

H
un

tin
g 

R
ep

ut
at

io
n

-.4 -.2 0 .2 .4

Visual Acuity

-2
-1

0
1

2

H
un

tin
g 

R
ep

ut
at

io
n

-10 0 10 20

Auditory Ability

-2
-1

0
1

2

H
un

tin
g 

R
ep

ut
at

io
n

-4 -2 0 2 4

Upper-body Strength

-2
-1

0
1

2

H
un

tin
g 

R
ep

ut
at

io
n

-5 0 5 10
Running Speed

-2
-1

0
1

2

H
un

tin
g 

R
ep

ut
at

io
n

-100 -50 0 50 100
Target Precision

Fig. 1. Each graph shows the residual hunting reputation of men by the residual of each predictor variable: visual acuity, auditory ability, upper-body strength, running speed and
target precision. Lower scores on hunting reputation mean that individuals were ranked first as the best hunter. The residuals remove age and camp-fixed effects. Circle colors
represent different camps.
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Additional exploratory analyses were conducted to explore
the individual components of upper-body strength. While handgrip
strength alone was a significant predictor of hunting reputation
in men, controlling for age and camp fixed effects (β = −0.41, P =
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0.017) it is interesting to examine grip strength separately for each
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the point estimate for the left hand is largely negative and in line with
the values for the right hand 95% CI [− .60, .074]. Similarly, when the
individual components of upper-body strength (upper-arm muscle
mass and right and left handgrip strength) were entered separately
into the full regression model in which hunting reputation is
regressed on all covariates, including age and camp fixed effects, the
results suggested that much of the effect of upper-body strength was
driven by handgrip strength of the right hand (β = −0.56, P = 0.077)
followed by upper-arm muscle mass (β = −0.33, P = 0.075). Upper-
arm muscle mass was only estimated for the left arm, and so separate
analyseswerenot conducted to examinedifferences between arms as in
grip strength.

While themechanism via which upper-body strength is thought to
influence hunting ability is through archery (e.g. hitting targets that
are further away), overall body size rather than upper-body strength
may be responsible for this relationship. Since upper-body strength is
correlated with both weight (r = .73, P b .001) and height (r = .41,
P = .003) it is difficult to tease apart their independent effects. This is
especially true for weight since muscle mass directly contributes to a
person's weight. Nevertheless, exploratory analyses were conducted
to investigate whether weight and height have independent effects
from upper-body strength on hunting reputation via some other
reasonable mechanism. As expected weight does significantly predict
hunting reputation, a result that is robust to the addition of camp and
age controls (β = − .073 P = .017). Interestingly, height does not
significantly predict hunting reputation in this sample (β = − .027
P = .166), and this result remains when including camp fixed effects
and age. This finding suggests that an overall larger body size may not
be as important in hunting ability. This result also partially
undermines an independent effect of weight via increased body size
since weight and height are also highly correlated. Body fat also does
not predict hunting reputation in men, a result that does not change
when adding age and camp fixed effects (β = .0106, P = .61). This
result also challenges the idea that it is overall body size rather than
upper-body strength that is important. Another plausible mechanism
by which weight could conceivably influence hunting ability is via
lower-body muscle mass, a trait not collected in this study. Lower-
body muscle mass may be an important determinant of running
speed. The role of running speed has already been examined. Also,
while men who weigh more are faster, the relationship is not
significant (r = − .18, P = .22) though the effect is stronger and near
significant when controlling for age (β = − .51, P = .07). Taken
together, the results suggest that it is likely upper-body strength
rather than overall size that is important for hunting. That said, it is
interesting to note that exploratory analyses did not reveal any
relationships between upper-body strength and target precision
(β = 0.61, P = 0.67), though the measure was designed to measure
archery precision rather than archery ability due to strength. All men
in the sample were able to reach the target.
3.1.2. Reproductive outcomes
Additional linear regression analyses were conducted to examine

the influence of each of the covariates of hunting reputation
separately on men's reproductive success, controlling for age
(Table 3). Only running speed (β = −0.23, P = 0.034) and upper
body strength (β = 0.49, P = 0.013) predicted self-reported
reproductive success. None of the other physical traits predicted
reproductive success. As reported in other studies, hunting
reputation also predicted reproductive success in this sample
(β = −0.87, P = 0.005) controlling for age. Multiple regression
analysis, in which all physical ability covariates are entered and age is
controlled, revealed upper-body strength as the only significant
predictor of reproductive success (β = 0.52, P = 0.032). In this
model, a one standard deviation increase in upper-body strength is
associated with a .28 more children. The relationship between
reproductive success and upper-body strength may be mediated by
increased hunting ability. Amultiple regression analysis of reproductive
success on hunting reputation and upper-body strength controlling for
age and camp fixed effects reveals only hunting reputation (β = − .71,
P = .032) and age (β = .14, P b .001) as significant predictors of
reproductive success and not upper-body strength (β = .33, P = .13).



Table 3
Associates of reproductive success.

Models β SE N R2

1 Running speed −0.23⁎ 0.10 48 0.39
Age 0.18⁎⁎⁎ 0.03

2 Visual acuity −0.86 1.59 45 0.45
Age 0.16⁎⁎⁎ 0.03

3 Auditory acuity −0.07 0.05 52 0.36
Age 0.15⁎⁎⁎ 0.03

4 Upper-body strength .49⁎ 0.19 51 0.41
Age 0.15⁎⁎⁎ 0.03

5 Target precision 0.02 0.01 49 0.38
Age 0.15⁎⁎⁎ 0.03

6 Running speed 0.21 0.20 38 0.59
Visual acuity 0.41 1.87
Auditory acuity −0.08 0.05
Upper-body strength 0.52⁎ 0.23
Target precision 0.02 0.01
Age 0.17⁎⁎⁎ 0.04

This table provides multiple regression models of reproductive success on the five
variables. All specifications include age. β = standardized regression coefficients.
SE = standard errors.
⁎⁎⁎ P b 0.001.
⁎⁎ P b 0.01.
⁎ P b 0.05.
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Additional exploratory analyses were conducted to assess whether
the relationship between increased upper-body strength and in-
creased reproductive success was due to stronger upper-bodied men
having more children and/or whether their children experienced
decreased mortality. Controlling for age, upper-body strength
marginally predicted the number of children men reported being
born to them (β = 0.49, P = 0.058) and the percentage of their
children that died (β = −0.06, P = 0.043). In line with the notion
that men may have increased their reproductive success by having
more children via multiple marriages, this study found that men with
stronger upper-bodies reported a greater number of spouses in
their lifetime (β = 0.20, P = 0.043), again controlling for age.
However, the mean number of spouses in the sample was low
(M = .94, SD = 1) with nearly 25% reporting never having married
and only two men reporting more than 4 spouses. Thus, it is possible
that these few outliers drive the results. A logistic regression on the
binary outcome of having ever married finds no effect of upper-body
strength (β = 0.35, P = 0.23) controlling for age. Similarly, a logistic
regression of upper-body strength on whether a man had more than
one wife in his lifetime (β = −0.86, P = 0.11), controlling for age,
was not significant. Similar, results were obtainedwhen looking at the
role of hunting reputation on marriage, controlling for age. Hunting
reputation did not predict number spouses or the likelihood of having
more than one wife, but it marginally predicted having ever had
a wife (β = −0.11, P = .058).
3.2. Study 2

When given the choice between the brain or the body as being
most important for hunting success, 46 out of 51 (90.1%) Hadza
respondents chose the brain. When asked to freely name the body
part most important for being a good hunter the single most common
answer was the heart or the spirit (39.62%), followed by the arms
(26.41%) and the eyes (11.32%). When subjects were forced to choose
between eyes, ears, legs and arms, the arms were chosen by most
participants (49.05%), followed by the eyes (30.18%), legs (15.09%)
and ears (3.77%). With the exception of one individual, all Hadza who
selected the arms claimed that having strong arms is important for
pulling a bow. Some individuals (15%) also reported that strong arms
are needed for making bows and arrows.
4. Discussion

Hunting has played a prominent role in human subsistence for
over 1.8 Myr and continues to be a major foraging activity among
extant hunter–gatherers (Domínguez-Rodrigo et al., 2013). In light of
this, it not unreasonable that traits associated with male hunting
ability would be subject to selection (Kaplan & Hill, 1985). Indeed, a
number of studies find that in modern foragers, better hunters
experience greater reproductive success (for review, Gurven & von
Rueden, 2006). While the correlation between hunting success and
reproductive outcomes may result from the direct benefits hunters
provide to their wives and offspring, other proximate pathways are
also possible such as increased mating opportunities and/or allies (for
review, see Smith, 2004). Whatever the reason for the relationship, it
is clear that hunting ability is currently under selection in extant
foragers. This study extends previous findings by showing that a
physical trait associated with hunting ability in a hunter–gatherer
population, namely upper-body strength, is also associated with
greater reproductive success in men.

The current study is one of the first studies to examine the role of
various physical traits on hunting reputation. The results reported
here suggest that a number of physical traits including, visual and
auditory acuity, running speed, upper-body strength and target
precision may all play a role in men's ability to hunt. However,
upper-body strength consistently emerged as a strong predictor of
hunting reputation. Menwith stronger upper-bodies weremore likely
to be named as better hunters by women. These findings also fit with
Hadza intuition about the importance of various body parts for
successful hunting. Adult Hadza were asked to choose the body part
most important for being a successful hunter. When the choice was
between the eyes, ears, legs and arms and nearly half of the
participants chose the arms. Even when the question was left open-
ended, arms were the most chosen physical trait, surpassed only by
the heart or spirit. In addition, nearly every Hadza who chose the
arms claimed that that having strong arms is necessary for pulling
a bow.

Sexual dimorphism in upper-body strength in humans is some-
what puzzling. While women have approximately 75% less muscle
mass in the arms compared to men, this difference is less notable
when the lower body is considered (Sell et al., 2009). The significance
of upper-body dimorphism is also underscored by the observation
that there was an overall reduction in body size dimorphism during
the human lineage. For instance, anatomically modern humans
display only amodest amount of body dimorphism (≈15%) compared
to other anthropoids (McHenry, 1992; Plavcan, 2001). It is generally
agreed that body size dimorphism, even among early hominids
(e.g. Australophithecus), was substantial and more similar to levels
observed in chimpanzees than Homo. Likewise, the fossil record also
indicates a decrease in canine dimorphism in humans from earlier
hominids (Plavcan, 2001). The causes of sexual dimorphism of various
traits and their use in understanding social organization and mating
patterns across species have been debated since Darwin (1871), but
themost commonly evokedmechanism is sexual selection (see Frayer
& Wolpoff, 1985 for review). Sexual dimorphism generally results
from polygyny or intense male–male competition, though some
differences within species may result from sex-specific exploitation of
different resources (Frayer & Wolpoff, 1985). Although sexual
dimorphism in anthropoid primates is widespread, it is thought to
have only evolved in parallel twice in anthropoids (Plavcan, 2001).
Thus the relevant question concerning sexual dimorphism in humans
is why upper-body strength dimorphism was maintained or slightly
exaggerated while overall body dimorphism was reduced.

Currently most explanations for dimorphism in upper-body
strength in humans have focused on its role in direct male–male
competition (e.g. Lassek & Gaulin, 2009; Sell et al., 2009) and less
attention paid to its potential role in hunting. It is certainly true that
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upper-body strength would provide a significant advantage during
fighting and possibly result in a greater number of mates, as is the case
with other primates including gorillas, orangutans and, to a lesser
extent, chimpanzees. But the fact that there has been an overall
decrease in dimorphism, including canine dimorphism, in humans
suggests that the fitness advantages from fighting were reduced in
humans (Plavcan, 2001; Plavcan & van Schaik, 1997). This puzzle may
be reconciled with the advent of hand held weapons, which may have
supplanted the use of teeth as primary weapons. Indeed, the effective
use of weapons (like the use of the bow and arrow) would largely rely
on upper-body strength (Brace, 1973). However, this explanation,
called the weapons-replacement hypothesis, has been criticized on
the grounds that an overall larger size and larger canines could still be
useful in fighting between males. Furthermore, it has been noted that
canine reduction predates the appearance of tools in the fossil record
(Plavcan, 2001; Plavcan & van Schaik, 1997). Taken together, these
findings suggest that the maintenance of upper-body dimorphism in
humansmay not be entirely explained by directmale–male competition.

An additional and complementary explanation suggests that some
dimorphism in upper-body strength in humans results from selection
acting on hunting ability in men. The data presented here suggest that
upper-body strength, a trait that is related to hunting success in men,
has documented fitness consequences. Indeed, additional multiple
regression analysis of reproductive success on hunting reputation and
upper-body strength controlling for age and camp fixed effects reveals
only hunting reputation and age as significant predictors of
reproductive success. This suggests that the relationship between
reproductive success and upper-body strength is largely mediated by
hunting ability. This is not to deny that having strong upper-bodies is
not important other domains such as fighting, ally formation or in
punishing cheaters (see Von Rueden, Gurven, & Kaplan, 2008). These
other benefits may bemore obvious in some settings (e.g. wartime). It
is important to stress that the current study provides data on a single
population at a specific point in time.

Based on the interviews with the Hadza they also understood the
importance of the arms for pulling the bow. Archery requires strength
in the upper-body and in particular strength in the forearm and
muscles surrounding the shoulder girdle (Ertan, Kentel, Tümer, &
Korkusuz, 2003; Mann & Littke, 1989). Muscles in the upper body
largely regulate the distance and speed of shots. Strength should not
only be important for shooting arrows long distances, but theoreti-
cally it should also be important for maintaining steadiness during
pulls, and in turn, increasing target accuracy. Previous results
examining the role of body size and strength on archery are
somewhat conflicting but likely result from differences in methods
and populations. In the Tsimané of Bolivia, strength was not found to
predict target accuracy after controlling for age (Gurven et al., 2006).
In this particular study, the distance examined was 16meters, and the
target was particularly small (e.g. a plantain heart was used). Thus, it
is possible that with such a small but relatively close target, skill and/
or age might be more important than physical strength. Blurton Jones
and Marlowe (2002) in their archery contest with the Hadza, used a
significantly larger target, but with rings to capture differences in
precision. They also had Hadza shoot from two distances (15 and 20
meters). They found that upper-arm diameter and bow pull-strength
predicted archery ability as well as age. Using a further distance, as
well as rings to capture precision, may have allowed them to tap into
both strength and skill. Target shooting contests with the Aché
revealed similar findings (Walker et al. 2002). Both age and grip
strength predicted shooting success, despite the fact that the distance
of the targets was adjusted closer for the youths versus adults in the
study. Interestingly, they also reported that target success increased
until the age of 40 years and leveled off thereafter. Similar results
were found with the Hadza where target precision leveled off around
the age of 35 (Blurton Jones & Marlowe, 2002). Exploratory analyses
in the current study did not find a role of age or upper-body strength
in target shooting, but the results were in the predicted direction.
However, the current study was designed to measure individual
differences in target precision in adults rather than the extent to
which increased physical capital or age contributes to the increase in
archery ability. As a result, this study included only adult men, while
the previous studies necessitated the inclusion of children, adoles-
cents and young adults. Consequently, neither the full range of
strength or time spent practicing was utilized. It is worth noting that
although there was variation in target precision scores, with some
individuals even hitting the bull's eye, all participants were able to hit
the corkboard on all trials at both distances. Thus, it is possible that
strength matters for targets that are further away while other factors,
such as skill, matter for smaller or more angled targets. An interesting
line of futureworkwould be to examine the role of strength and age in
target shooting by manipulating the difficulty of the shots and the
distances at which they are made.

A related but equally interesting avenue of research would be to
examine the quality of the bows and arrows that men make (B. Wood,
personal communication, September 5, 2013) in relation to target
precision and hunting reputation. For this study, all men used their own
bows and arrows, and consequently any differences in arrow or bow
quality may have affected their target precision. It is worth noting that
during interviews a few Hadza mentioned that the manufacturing of
bows and arrows themselves requires some strength.

An important question is whether hunting, with the use of
projectiles, has been around long enough for selection to act on it.
Dating the earliest use of bow and arrow technology is complicated by
the fact that most parts of the weapon (bone, feathers, wood) rarely
survive. While it was largely assumed that bow and arrow technology
was not widespread before the Upper Paleolithic, more recent
evidence dates bow and stone-tipped arrow use to as far back as
64 Ka (Lombard & Phillipson, 2010). In contrast, simple projectile
weapons such as javelins were likely widespread earlier. These simple
weapons would have also have relied on human energy as well as
strength for propulsion. In fact, very recent evidence suggests that
modern humans possess a number of derived anatomical adaptations,
namely in the shoulder, that increase efficiency in throwing projectile
weapons (Roach, Venkadesan, Rainbow, & Lieberman, 2013). It would
also be interesting to explore whether any of these derived anatomical
features are different in men and women.

While this study emphasizes the role of upper-body strength in
hunting it also further underscores the importance of learning in
hunting ability. In line with previous research suggesting that hunting
ability is a skill that takes many years to develop (Blurton Jones &
Konner, 1976; Blurton Jones & Marlowe, 2002; Gurven et al., 2006),
data from this study also show that men's hunting reputation peaks in
midlife. Also, after controlling for the many physical traits that are
likely to decline with advancing age, hunting reputation continues
to increase linearly with age in this sample. This provides further
evidence that knowledge and skill are also important drivers of
hunting ability. Certainly, the Hadza also believe this. Nearly all Hadza
believe that having a good brain (e.g. intelligence) is more important
than having a healthy body for a man to be a successful hunter.

When examined alone, running speed also emerged as a significant
predictor of hunting reputation in men, though it is unclear whether
speed is really important for hunting or whether the trait is just a
measure of overall physical fitness. Indeed, in the full model with all
predictors, running speed failed to reach significance. While the Hadza
run very little, even when hunting (Marlowe, 2010), there has been
considerable discussion about the role of endurance running in hunting
by early humans (Bramble & Lieberman, 2004). Specifically, it is thought
that a number of derived anatomical features in humans evolved
to support endurance running. While endurance in running was
not examined, its role in hunting success in the Hadza is likely to be
minor given their use of projectile bow and arrow technology and
poison arrow-tips.
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Many Hadza also reported the heart and/or spirit as important in
hunting ability. Analogous psychological traits may include qualities
such as hardiness, grit and resilience. There is now a large body of
research suggesting that some personality traits such as grit, which is
defined as perseverance and passion for achieving goals, may be
better than talent at predicting individual differences in achievement
across a number of domains (Duckworth & Quinn, 2009; Duckworth,
Peterson, Matthews, & Kelly, 2007). While this study did not set out to
examine the role of personality or motivational traits on men's
hunting reputation, this would be an interesting avenue for future
research. While upper-body strength does appear to have a strong
genetic component (Silventoinen, Magnusson, Tynelius, Kaprio, &
Rasmussen, 2008), it is possible that the act of hunting itself may
contribute to increased strength in men. However, there no data on
the amount of pulls to bows men make in a given day and whether
that amount would have any discernable effect on strength. It is also
not knownwhether better hunters pull back on their bows more than
poor hunters. One could imagine the opposite where poor hunters
take more shots before making a kill compared to good hunters. Still,
increased effort or “heart” could lead to both more hunting and
consequently, more strength. If this last scenario is correct then
increased hunting itself may drive the relationship between hunting
reputation and upper-body strength. As shown in the results, strength
in the right hand appears to be more closely tied to hunting ability
than grip strength in the left hand. If one thinks that the act of hunting
has a measurable effect on muscle strength then we might expect the
Hadza to exhibit greater discrepancy in strength between the right
and left hand compared to westerners. Nearly all (98%) of Hadza are
right-hand dominant (Marlowe, 2010). In western populations right-
hand dominant individuals generally exhibit 10–12% greater strength
in the right compared to left hand (Petersen, Petrick, Connor, &
Conklin, 1989). In the Hadza, there is a strong correlation between
right and left hand grip strength (r = 0.81, P b 0.001), and individ-
uals' right hands are stronger than their left hands (t51 = 2.71,
P b 0.01). However, the mean difference between the two hands is
small, so that the right hand is only 5% stronger in the Hadza. This tells
us the average difference between right and left grip strength in the
Hadza, but is there a bigger difference between good hunters and poor
hunters? Additional analyses suggest that the difference between
right and left grip strength is correlated with hunting reputation in
men (r = − .262, P = .06). That is men who are ranked first as better
hunters have relatively stronger right arms. This suggests that effort
may mediate some of the relationship between upper-body strength
and hunting ability, though heritable differences in muscle mass
cannot be ruled out. Like most traits, differences in upper body
strength likely result from a combination of genes and environment.
Teasing apart the role of effort on hunting ability would be a valuable
contribution for further study.

The observed relationship between hunting reputation and
reproductive success may also be partly mediated by increased effort.
That is, having more children may lead men to work harder at
hunting.Without longitudinal data this is difficult to assess. Still, there
is some evidence that motivationmay be an important factor affecting
the amount of care men provide to their children. It has been shown
that Hadza men with young children bring more food back to camp
(Marlowe, 2003). That said, the greater calories brought back by
fathers with young children come from foraged foods and honey
rather than hunting. In fact, no differences were found between men
with and without young children in the amount of daily kcal of meat
brought home (Marlowe, 2003). If better-ranked hunters have more
children, as also found by Marlowe (1999), then it should follow that
at any given time better hunters should also have more young
children. The fact that no differences in hunting returns exist between
men with and without young children is somewhat puzzling. It is
possible that men actually reduce their hunting effort when they have
young children and instead shift their focus to foraged foods. It has
been argued that since meat is shared widely beyond the producers'
household, hunting may be a less efficient strategy for provisioning as
compared to foraging (Hawkes et al., 2001). Future work tracking
men's hunting and foraging returns over time in conjunction with
changes in fertility could help to answer these questions.

While Hadza women value hunting ability in their mates
(Marlowe, 2005), it is not known whether women use upper-body
strength as a signal for a man's hunting ability or future hunting
ability, if they are still young. Not surprisingly, upper-body strength
has been cited as a key determinant of male physical attractiveness by
women (Maisey, Vale, Cornelissen, & Tovee, 1999), and individuals
across a diverse set of cultures are able to assess upper-body strength
from photos of bodies and faces (Sell et al., 2009). While it has been
argued that this ability to assess upper-body strength evolved for
discerning fighting ability in potential rivals (Sell et al., 2009) it is also
possible that it evolved for selecting mates and/or residence partners
who are good hunters. Indeed, there is some evidence that Hadzamen
prefer to live with good hunters (Wood, 2006) and individuals who
are physically fit (Apicella, Marlowe, Fowler, & Christakis, 2012).

Upper-body strength was the only significant predictor of
reproductive success when examined independently and in the full
model with all other physical measures. The relationship between
greater reproductive success and upper-body strength appears to be
driven by stronger upper-bodied men having more children and,
conditional on being born, their children also being less likely to die.
Limited support was found for an increased number of marital unions
in men who have stronger upper-bodies. A prior study examining
number of marriages in Hadza men found no effect of grip strength on
the binary outcome of having more than one spouse (Sear &Marlowe,
2009). While the current study found that upper-body strength
predicted the number of wives men have in their lifetime this effect
was likely driven by a few subjects who reported greater than one
spouse. Consistent with the results of Sear and Marlowe, upper-body
strength did not predict whether individuals had more than one
spouse, nor did it predict the likelihood of individuals having ever
been married. Similar, findings result when examining the role of
hunting reputation on marriage, though hunting reputation margin-
ally predicted the likelihood of ever having been married. While the
sample is small the results provide limited support that hunting
ability affords significant advantages in terms of the number of
lifetime spouses.

The relationship between reproductive success and hunting ability
could still result from other mating benefits enjoyed by good hunters.
It is possible that better hunters may have more extra-marital
relations. In addition, better hunters may enjoy greater reproductive
success by also mating with the best gatherers (Hawkes et al., 2001).
Interestingly, Sear and Marlowe (2009) did find some evidence that
couples assort positively on grip strength rather than on other traits,
such as height and body fat. While little work has examined the traits
associated with gathering ability, strength is also likely to be
important. Gathering is labor intensive and physically demanding.

Still, the relationship between hunting ability and reproductive
success may also result from increased familial provisioning of hunted
foods rather than increased mating benefits. The results of this study
suggest that children of better hunters are less likely to die, though a
confounding variable, such as good genes, may explain this associa-
tion. A recent study documented a relative post-hunting rise in
testosterone following successful hunts versus unsuccessful hunts
(Trumble, Smith, O'Connor, Kaplan, & Gurven, 2014). This winner–
loser phenomenon has, until now, largely been limited to direct
competitions between men. The significance of this study to the
debate about whether hunting serves as a form of familial provision-
ing or as a means to “show-off is that the increase in testosterone
following a kill was unrelated to the size of the package (e.g. how
shareable it is) and to the number of individuals present in the
community (e.g. audience effects). These results suggest that men are
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more attuned to the benefits of hunting that result from provisioning
rather than signaling.

There are many important limitations and caveats to note in this
study. First, the data are correlational, and so causation cannot be
determined. The sample size in this study is also small. As a result, the
interpretation of effect sizes should be met with added caution given
that small samples are more affected by sampling error (Fritz,
Scherndl, & Kühberger, 2013). Another limitation of the study is
that hunting ability in men was assessed by reputation rather than
relying on actual hunting returns. While these assessments are prone
to bias, they are commonly used in research on hunter–gatherers and
may even provide a more accurate measure of long-term hunting
success since actual success in hunting is highly variable when
measured over short amounts of time (Hawkes, O’Connell, Blurton
Jones, Oftedal, & Blumenschine, 1991). On the other hand, it has also
been argued that because there is substantial variance in hunting
success in the short-term, peer assessments may reflect some
cognitive myopia (Hill & Kintigh, 2009). Thus, if there was some
error in peer assessment in this study, then it is possible that the
associations reported herewere systematically underestimated. There
is also the possibility of halo effects when using reputation data.
Individuals who appear bigger for instancemay be perceived as better
hunters when in fact they are not. The fact that no relationship was
found between hunting reputation and height and hunting reputation
and body fat help to mitigate these specific concerns. Still, examining
the relationship between actual hunting returns and physical
capabilities would be an important follow up to this study.

In conclusion, the results of the two studies presented here suggest
that upper-body strength is important for hunting. The findings also
reaffirm previously reached conclusions that hunting is a skill that
requires extensive time for learning. Also, Hadza conventional wisdom
suggests that the brain is more important than the body for hunting
success. However, when it came to physical traits, the Hadza indicated
that strong upper-bodies were important for hunting and, more
specifically, for pulling back bows. Upper-body strength was associated
with better hunting reputations and greater reproductive success in
men.Menwith stronger upper-bodies also reported a greater number of
prior spouses, more children born to them and lowered mortality of
their children. In a species that is otherwise generallymonomorphic, the
results here suggest that the high degree of upper-body dimorphism
maintained and possibly exaggerated in the human lineage may have
resulted, inpart, fromselection actingonhuntingability, though the role
of skill and effort should not be overlooked.
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