
1 

Woman the Hunter: The Physiological Evidence 

Cara Ocobock1,2 and Sarah Lacy3 

1University of Notre Dame Department of Anthropology, University of Notre Dame Department 
of Gender Studies, Notre Dame, IN  
2Eck Institute for Global Health, Institute for Educational Initiatives, University of Notre Dame, 
Notre Dame, IN 
3 University of Delaware, Department of Anthropology, Newark, DE 

Land Acknowledgment 
The University of Notre Dame is on the traditional territory of the Haudenosauneega, Miami, 
Peoria, all of the Bodéwadmik Potawatomi peoples, and particularly the Pokégnek 
Bodéwadmik/Pokagon Potawatomi. 

The University of Delaware occupies lands vital to the web of life for the Lenni Lenape and 
Nanticoke, who share their ancestry, history, and future in this region. 

Running Head: Physiological support for female hunters 

Abstract 
Myths of “Man the Hunter” and male biological superiority persist in interpretations and 
reconstructions of human evolution. Although there are uncontroversial average biological 
differences between females and males, the potential physiological advantages females may 
possess are less well-known and less well-studied. Here we review and present emerging 
physiological evidence that females may be better metabolically suited for endurance activities 
such as running, which could have profound implications for understanding subsistence 
capabilities and patterns in the past. We discuss the role of estrogen and adiponectin as 
respective key modulators of glucose and fat metabolism, both of which are critical fuels during 
long endurance activities. We also discuss how differences in overall body composition, muscle 
fiber composition, the metabolic cost of load carrying, and self-pacing may provide females with 
increased endurance capacities. Highlighting these potential advantages provides a physiological 
framework that compliments existing archaeological (Lacy and Ocobock, this issue) and cultural 
work reassessing female endurance and hunting capabilities as well as the sexual division of 
labor. Such a holistic approach is critical to amending our current understanding of hu(wo)man 
evolution. 

INTRODUCTION 

“Popular pictures drawn of the past are too often little more than backward projections of 

[modern] cultural sex stereotypes onto humans who lived more than a million years ago,” 

(Zihlman, 1981, pg. 76). Ideas about the roles female hominins played in our evolutionary past 

Accepted Manuscript 
Version of Record at: https://doi.org/10.1111/aman.13915



2 

have been based on stereotypes and misconceptions of female physical and intellectual 

capabilities. Female animals depicted as mere beneficiaries of evolution acting upon males can 

be traced to Darwin’s Descent of Man, in which Victorian-era views of human females as 

passive and submissive were extended to all species (Darwin, 1871). It is not only modern 

feminists and Marion Petrie who critique his portrait of female passivity; Darwin’s supposition 

faced pushback from his feminist contemporaries such as Antoinette Brown Blackwell and Eliza 

Burt Gamble (Deutscher, 2004). Despite their criticism, this sexist view seeped into 

reconstructions of human evolution that would myopically focus on hunting and persist for well 

over 150 years. Ideas revolving around the importance of hunting and who performed this task 

were formalized in the 1968 edited volume Man the Hunter, based on a 1966 symposium of the 

same name (Lee and DeVore, 1968). This edited volume presented the idea of a deep sexual 

division of labor rooted in sex-based (and biased) biological differences. It paints males as 

dominant and prominent: “Man’s life as a hunter supplied all the other ingredients for achieving 

civilization: the genetic variability, the inventiveness, the systems of vocal communication, the 

coordination of social life” (Laughlin, 1968, 320). With this quote, it is easy to see exactly what 

Zihlman was critiquing.  

Male hominins were depicted as hunters and providers with the evolution acting upon them 

as the reason for our uniquely human features. Females were relegated to mothering and 

gathering—and even more, this was biologically determined: 

Data from the Ainu and other food gatherers imply the possibility of 
an interpretation of the process of the allocation of hunting to males 
in the following way: 1) long and active pursuit of larger mammals 
brought about the differentiation of the activity field into the 
collecting and hunting fields; 2) the necessity of synchronous 
exploitation of these spatially separated fields forced the group to 
split; 3) this splitting and the selection for hunting ability on the 
basis of physical and psychological differences resulted in the 
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allocation of hunting to males and collecting to females. (Watanabe, 
1968, 74) 
 
Equally to the point is the lack of challenge or psychological 
stimulation involved in plant eating. Plants do not run away nor do 
they turn and attack. They can be approached at any time from any 
direction, and they do not need to be trapped, speared, clubbed, or 
pursued on foot until they are exhausted. (Laughlin, 1968, 318) 

 
Implied here is that females did not have the aptitude to hunt or make the necessary 

hunting implements and were therefore better suited for collecting intellectually 

unchallenging foods. Furthermore, it was thought that pregnancy, lactation, and childcare 

would have prevented females from taking part in hunting: 

Most writers agree that hunting is incompatible with pregnancy, 
carrying infants, and child care, although they are not always agreed 
as to whether it is the actual physical exertion which hunting 
demands, the danger it involves, or the long distance travel it 
engenders, which is most critical to this incompatibility. (Quinn, 
1977, 187) 

 
This thinking has not only shaped our reconstructions of the past and become widely accepted as 

canon within our field, but it has also shaped the direction of current and future work, including 

who conducts and participates in that research. 

These assumptions and stereotypes were challenged by a wave of feminist anthropology 

kicked off by Reiter’s (1975) edited volume Toward an Anthropology of Women. This book 

takes a largely cultural approach to women and discusses the origins of gender inequality, gender 

identity, and male bias within anthropology, and covers a global array of ethnographies. Notable 

was the chapter penned by Sally Slocum (1975), “Woman the Gatherer: Male Bias in 

Anthropology.” Slocum criticizes Man the Hunter on theoretical grounds, stating, “A theory that 

leaves out half the human species is unbalanced. The theory of Man the Hunter is not only 

unbalanced; it leads to the conclusion that the basic human adaptation was the desire of males to 
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hunt and kill” (39). Slocum also contends that human evolution is particularly rife with bias 

because the data is so scant—with such limited data, it is easy to make data fit the just-so stories 

rather than more objectively developing hypotheses based on data. 

Woman the Gatherer, edited by Frances Dahlberg (1981), highlighted the critical importance 

of food gathering to human success. This book detailed the high degree of populational variation 

in sexual division of labor based on ethnographic work among contemporary gatherer-hunters. 

Throughout this volume, authors contend, and rightly so, that females who gathered food 

provided the majority of the sustenance among modern and past gatherer-hunter populations.  

A primary critique of early feminist anthropological works is the heavy focus on gathering, 

rather than suggesting females were capable of and did partake in hunting. This has been referred 

to as a mere repackaging of Man the Hunter that perpetuates a deep sexual division of labor 

rooted in supposed male superiority (Hrdy, 1981). Since hunting as part of the female activity 

repertoire was not fully incorporated within this edited volume, with the exception of the chapter 

on the Agta (Estioko-Griffin and Griffin, 1981), we were still left with reconstructions that 

perpetuate the idea that females were not physically or intellectually suited for hunting. Sarah 

Hrdy’s (1981) The Woman That Never Evolved, however, did take direct aim at the stereotype of 

female passivity and inferiority with substantial evidence from the dizzying array of nonhuman 

primates. Hrdy lays bare that there is a great deal of diversity in social structure and dominance 

hierarchies among primates, and it is wrong to assume that because society today is largely 

patriarchal that our evolutionary past was too.  

These feminist works are foundational, and we owe our careers to these trailblazing 

academics. Their courage, clarity of thought, and reinterpretation of the past set the stage for 

rethinking our evolutionary origins. Fortunately, feminist anthropology did not stop in the 1980s, 
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and there is now a breadth of work focusing on the role of females in human evolution (Fisher, 

Garcia, and Chang, 2013; L. Hager, 1997; Hawkes, 2003; Hrdy, 2009; Mattison and Quinlan, 

2019; Sear, 2021). However, much of this work relies more on ethnography than biology 

(notable exceptions include, e.g., Fausto-Sterling, 2012; Tang-Martínez, 2020), which as a field 

largely still relegates hunting to males and gathering to females, perpetuating supposedly innate 

sex-based differences.  

Even recent work examining hunting and persistence hunting continues to develop 

behavioral reconstructions where females are noticeably absent (see Lieberman and Bramble, 

2007; Lombardo and Deaner, 2018; Pickering and Bunn, 2007; Pontzer and Wood, 2022). Baked 

into these reconstructions is the assumption that males are physically superior to females, and 

that in addition to physical inferiority, pregnancy and childrearing reduce or eliminate a female’s 

ability to meaningfully contribute to hunting. For example, Lombardo and Deaner (2018) 

contend that the ability to throw projectiles to ward off predators and eventually hunt prey was a 

pivotal moment in our evolutionary past and one relegated only to males. They use modern data 

to demonstrate males have greater throwing speed, distance, and accuracy relative to females; 

yet, they completely discount the potential for socialization and earlier throwing training among 

modern males (Fredrickson and Harrison, 2005) and do not mention how hunting-tool 

technologies such as the atlatl provide a mechanical advantage that can overcome a potential lack 

of physical strength.  

Authors advocating for the value of persistence hunting, with current documented chasing 

distances of ~17–33 km (Liebenberg, 2006), should consider females in their reconstructions. 

Where endurance and distance, not speed, are the important factors in hunting, females should 

not only be included but should, perhaps, be the focus. Speechly and colleagues (1996) found 
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females and males performed similarly during 42 km events, but females outperformed males in 

running events greater than 90 km. Females were able to maintain a higher running speed 

throughout and to perform at a higher percentage of their maximal oxygen capacity relative to 

males (Speechly, Taylor, and Rogers, 1996). Similarly, Bam and colleagues (1997) built a model 

suggesting females will consistently outperform males in events 65 km or longer. These 

endurance capabilities could have been hugely beneficial for not only hunting but also bringing 

kills back to a central location. However, for example, Bramble and Lieberman’s (2004) 

introduction to the persistence hunting hypothesis never mentions sex, so it is not clear whether 

values given related to human endurance running are averages of both sexes or exclusively male. 

They describe the Homo form in contrast to Australopithecus in what could be interpreted to be 

male or masculine terms, e.g., “tall, narrow body form,” “low, wide shoulders,” “narrow pelvis” 

(348) along with masculine figures, as if it were obvious that the endurance runners of human 

evolution were male, and it need not be explicitly stated. A discussion of sex and female 

endurance capabilities would actually further their argument if it were acknowledged and 

included rather than defaulting to males alone. 

While there are real, uncontroversial mean biological differences between females and males, 

the differences that give females an advantage are not only regularly ignored but also 

understudied. Because of this, science poorly understands female athletic capabilities in terms of 

strength, endurance, and fatigue. Until this uneven understanding is rectified, our reconstructions 

of past sexual divisions of labor will be biased and limit the likely broad repertoire of activities 

females participated in during our evolutionary past. 

Our goal here is to present some of the physiological evidence that suggests females are just 

as, if not more, capable as males at performing arduous physical tasks. Our discussion will focus 
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on the potential athletic-performance-enhancing roles of typical female-associated anatomy, 

estrogen, adiponectin, recovery, and fatigue. These features, along with greater performance-

based research among females, need to be considered if we are to more accurately and 

inclusively reconstruct our evolutionary past. 

SEX, GENDER, AND REPRESENTATION 

We believe it is critical to directly address sex, gender, and representation within the realm of 

exercise physiology research. Sex, like gender, is not a strict binary, and the more work that is 

done in this area, the more beautifully complicated the picture of biological sex becomes when 

one takes into account the variety of ways it can be defined: genetics, hormones, gonads, 

gametes, and secondary sexual characteristics (DuBois and Shattuck-Heidorn, 2021).  

Much of our article relies on work conducted within the fields of exercise physiology and 

sports medicine. Research in these areas tends to rely on a sex binary using female and male 

descriptors. Therefore, we are constrained in how we can refer to the sex spectrum within this 

article, and we will use the terms “female” and “male” in order to best represent the research we 

review. It is also critical to recognize that when making these arguments, we often have to rely 

on a comparison of the means, which, unfortunately, reinforces the idea of a strict binary. For 

example, females tend to have higher levels of estrogen and proportionately and absolutely wider 

hips than males, but these do vary (Dunsworth, 2020). Each of the characteristics discussed here 

exists on a spectrum with a great deal of interindividual and populational variation. So, while, 

yes, on average there tend to be differences between females and males, there is overlap for each 

and every metric, and sometimes considerable overlap. Furthermore, there is more variation 

within sexes than between (Blackless et al., 2000; Pound and Price, 2013). 
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Females are woefully underrepresented in exercise physiology and sports medicine studies. A 

recent study revealed that across sport and exercise science research, only 34% of study 

participants were female (Cowley et al., 2021), while only 14% of participants in nutritional-

supplement research were female (Smith et al., 2022). When one looks in greater detail at the 

kinds of research conducted, it was found that in studies on athletic performance, only 3% of 

publications had a female-only participant pool, compared to 63% that were male-only 

(Brookshire, 2016). This means we know relatively little about female performance, training, 

nutrition, recovery, and supplementation—and much less about what happens during pregnancy 

or throughout the menstrual cycle. When research eventually catches up to better represent 

humanity, this article will likely need heavy revision, which we will welcome.  

MUSCULOSKELETAL DIFFERENCES 

Anatomical sex-based differences are often used to rationalize deep sexual divisions of labor and 

implicit male superiority. However, research has largely focused on features that give males an 

advantage—for example, the typically greater fat-free mass, larger heart, and larger lungs among 

males—while potential female advantages are ignored. In this section, we will address some of 

the anatomical differences that may confer an advantage, particularly an endurance advantage, to 

females. 

A typical focus is on pelvic sexual dimorphism and its impact on labor and delivery 

(Rosenberg and Trevathan, 2002), locomotor biomechanics (Wall-Scheffler and Myers, 2017; 

Warrener et al., 2015), and the push and pull of these two forces shaping our bipedal locomotion 

(cf. Dunsworth et al., 2012). The wider female pelvis is associated with the need to carry and 

birth a highly encephalized fetus, and it has long been thought that this compromised wider 

pelvis put females at a biomechanical disadvantage resulting in less-efficient bipedal locomotion 
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(Rosenberg and Trevathan, 2002). However, work using a dynamic rather than static analysis of 

hip biomechanics and locomotor energetics demonstrated that there may not be any additional 

metabolic cost associated with wider pelves (Warrener et al., 2015), though more work needs to 

be done among a greater range of pelvic breadths and for walking and running distances. 

Furthermore, work conducted by Whitcome and colleagues (2017) demonstrated that females do 

rotate their hips more than males, but this additional rotation increases their effective limb 

length, and longer limbs typically confer cheaper, more efficient locomotion. Females may be 

overcoming any potential disadvantage due to wider pelves by adopting slightly different 

locomotor biomechanics.  

A wider pelvis may even be more energetically efficient for hip-placed load carrying. Wall-

Scheffler and Myers (2017) had females and males walk around a gym track with an 11 kg load 

(toddler manikin) placed on the hip, walking at four different self-selected speeds while 

collecting biomechanical and energetic data. Despite the load used in these studies being 

proportionally greater relative to body weight, females had absolutely lower costs, adopted faster 

self-selected minimum walking speeds, and had greater stride lengths relative to males. Overall, 

this resulted in 20–35% greater locomotor economy for females, suggesting they may be better 

able to adapt their locomotion to a hip-placed load than males. Wall-Scheffler conducted a 

similar study with females and males carrying their own (real) children in various carrying 

positions in the woods and found that females were more economical than their male 

counterparts in all conditions (Wall-Scheffler, 2022). It has also been observed ethnographically 

among circumpolar peoples that females are capable of carrying exceptionally heavy loads (>100 

kg) for great distances (Ray, 1884). 
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Males do tend to have more muscle mass than females, which results in a mean of 40–75% 

greater strength among males (Bishop, Cureton, and Collins, 1987), and this difference is more 

apparent in the upper than the lower body (Sale, 1999). However, when controlling for size and 

muscle mass, there is no difference in strength between females and males (Miller et al., 1993; 

Bishop, Cureton, and Collins, 1987; Lindle et al., 1997). A female and a male of the same size 

and body composition will have the same approximate strength capabilities. There are, however, 

differences in muscle fiber composition. Females tend to have more Type I muscle fibers, while 

males typically have more Type IIa fibers. Type I are the slow twitch fibers that rely on aerobic 

metabolism to produce energy more slowly, but they are relatively fatigue-resistant—better for 

endurance. Type IIa fibers are fast oxidative, while Type IIx are fast glycolytic, and able to 

produce energy at an intermediate speed, power, and time to fatigue. Type IIx are the fast-twitch 

fibers that rely on anaerobic metabolism to produce short-lived, powerful bursts of energy—

better for power sports (Haizlip, Harrison, and Leinwand, 2015; Miller et al., 1993). When 

examining muscle fibers from the vastus lateralis, females had 41% Type I, 36% Type IIa, and 

23% Type IIx fiber composition, with males at 34%, 46%, and 20%, respectively (Haizlip, 

Harrison, and Leinwand, 2015). Though there is a high degree of variability from person to 

person, and even the behavior of different muscle fiber types is subject to change. It was recently 

reported that female Olympic weightlifters had an exceptionally high number of Type IIa fibers 

(Serrano et al., 2019), but it is not clear whether that was developed through training or a result 

of self-selection. Type IIa fibers can also be “trained” to behave more like Type I or Type IIx 

fibers, and this plasticity introduces a malleable source of variability.  

There also appear to be some sex-based differences in how muscle performs. Females appear 

to have a more effective eccentric contraction (lengthening the muscle) as well as the ability to 

Accepted Manuscript 
Version of Record at: https://doi.org/10.1111/aman.13915



 11 

make the most use of the stretch-shorten cycle. A study by Komi and Bosco (1978) examined 

sex-based differences in the ability to turn potential energy stored in stretched muscle into kinetic 

energy during different jump styles. One of these was the counter-movement jump, a jump where 

one squats down, pauses, and then jumps—creating a stretch in the quadriceps muscles prior to 

the actual jump. Investigators found that females were able to utilize 90% of the energy created 

in the stretching phase of this jump, whereas males could only utilize ~50%. Furthermore, 

females can sustain lifting a higher percentage of their weightlifting maximum for longer than 

males. For example, at 70%, 60%, and 50% of maximal strength, females were able to perform a 

mean of 5, 13, and 32 more repetitions, respectively, than males (Maughan et al., 1986; Sale, 

1999).  

SUBSTRATE METABOLISM 

The anatomical differences discussed above are only part of the story behind sex-based 

physiological differences. For example, females typically have higher levels of estrogen and 

males typically have higher levels of testosterone. Estrogen is often touted as the female 

hormone, but like testosterone, estrogen is present and needed in all humans. Estrogen performs 

a great many functions throughout all bodies, which are summarized in Figure 1. The vast array 

of estrogenic effects may come as a surprise to many, but it should not. It has been hypothesized 

that estrogen receptors are incredibly ancient, having evolved somewhere between 600 million 

and 1,200 million years ago, with androgen receptors arriving ~3 million years later, likely from 

a duplicate copy of the estrogen receptor gene (Thornton, Need, and Crews, 2003).  

Critically important to this discussion, however, is the role estrogen plays in substrate 

metabolism—particularly the metabolism of fatty acids, which can and does influence athletic 

performance. The ability to utilize stored fatty acids preferentially over glycogen (stored form of 
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glucose) can be beneficial to endurance (Besson et al., 2022; Ikeda, Horie-Inoue, and Inoue, 

2019). Fatty acids have more calories per gram (9 kcal/gram) relative to glycogen (4 kcal/gram), 

and their utilization delays fatigue by preserving glycogen stores, which can be tapped into later 

during a long bout of endurance exercise. Studies among humans and rodents all indicate that 

females tend to utilize a greater percentage of fatty acids during endurance activities (Besson et 

al., 2022). Among humans, females have 70% greater fatty acid oxidation relative to males 

during exercise (Friedlander et al., 1998).  

Greater fatty acid oxidation is likely due to the metabolic effects of estrogen, in particular 17-

β-estradiol (E2). From rodent experiments, when E2 is administered to ovariectomized rodents, 

there is an increase in fatty acid oxidation and an attenuation of glycogen utilization (Nagai et al., 

2016). Investigators hypothesize that this is driven by hepatic (rather than skeletal muscle) 

changes freeing up fatty acids while reducing glycogenolysis. Among humans, when males are 

given E2, glycogen utilization is significantly decreased, while fatty acid oxidation is 

significantly increased (Devries et al., 2005).  

Female skeletal muscle also contains a greater concentration of fatty acids with ~58 g/kg of 

intramuscular fat relative to 23 g/kg for males (Tarnopolsky, 2000). This would directly enhance 

fat oxidation at the source of energy utilization. Females and highly endurance-trained males 

have a high concentration of E2 receptors on skeletal muscle compared to moderately active men 

(Wiik et al., 2005). This, in conjunction with greater fatty acid content found in female skeletal 

muscles, means that an effect of E2 on skeletal muscle during endurance exercise cannot be ruled 

out. Furthermore, E2 may be responsible for greater insulin sensitivity among females, at least at 

rest, which means females are better able to maintain stable blood-sugar levels relative to males 
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(Besson et al., 2022). Greater insulin sensitivity may improve protein sparing by increasing fatty 

acid storage and utilization, but this has not yet been tested during exercise (Tarnopolsky, 2000).  

These potentially hormone-driven differences may provide a cardiometabolic advantage as 

well. Though females tend to have higher body mass indices and greater body adiposity relative 

to males, females suffer from cardiometabolic disorders such as type 2 diabetes far less (Smith et 

al., 2019). One potential reason for this is the distribution of fat between the sexes. Females tend 

to have greater subcutaneous fat stores, particularly at the hips and thighs, whereas males tend to 

have greater visceral fat stores. Fat is not an inert tissue; it has important metabolic and 

endocrine functions (Scheja and Heeren, 2019). Greater visceral fat has been linked to an 

increase in cardiometabolic disorders, including type 2 diabetes and fatty liver disease, to name a 

few (Greenberg and Obin, 2006). There is growing evidence that sex hormones are responsible 

for fat distribution, with estrogen leading to greater subcutaneous adipose depots and 

testosterone greater visceral fat depots (Bracht et al., 2020). 

Females also have higher levels of adiponectin—by as much as 65%. Adiponectin, a lipid-

derived hormone, is thought to protect against type 2 diabetes through modulation of glucose and 

fatty acid oxidation. Over the course of 24 months of endurance training, females started with 

and maintained higher levels of adiponectin relative to males, suggesting that females are better 

at fueling endurance exercise with fatty acids as the preferred substrate (Ring-Dimitriou et al., 

2006, 2007). The adiponectin-enhanced ability to oxidize fatty acids not only spares glycogen 

stores for future use but also spares protein breakdown during long-term endurance exercise. 

When protein (i.e., muscle) is broken down during exercise, there is an increase in urea 

excretion. Females excrete significantly less urea after a bout of endurance exercise relative to 

males, even with a standardized diet and exercise-level intensity. Furthermore, it appears that E2 
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may help modulate this, such that leucine (the key amino acid for muscle growth) breaks down 

significantly less in females relative to males (Lamont, McCullough, and Kalhan, 2003; Riddell 

et al., 2003). When males are administered E2, leucine breakdown is attenuated (Hamadeh, 

Devries, and Tarnopolsky, 2005). Overall, the higher levels of E2 and adiponectin among 

females means that, relative to males, females burn more fatty acids. Burning fats provides 

slower, longer energy utilization, which means females are less likely to slow from fatigue over 

great distances. Furthermore, E2 seems to be rather important for preventing or at least 

mitigating postexercise muscle damage, which can lead to faster recovery. 

RECOVERY AND DURABILITY 

The hormonal differences discussed above also likely impact the muscle recovery process in a 

way that potentially benefits females. Heat-shock proteins are often considered the stress 

proteins; they are activated in response to environmental stress and internal cellular damage. 

Acute exercise can induce cellular damage, which elicits heat-shock protein and inflammatory 

responses that can further damage cells. A study conducted among rats found that males and 

ovariectomized females, in order to examine the role of estrogen alone, had two-fold greater 

heat-shock-protein production after running compared to intact females (Paroo et al., 2002). 

Human females also have an attenuated creatine kinase response: muscle-damaging creatine 

kinase leaks out of cells damaged during acute stress (Enns and Tiidus, 2010; Norton et al., 

1985; Shumate et al., 1979). These attenuated responses may be regulated by E2 as well, but this 

has not been thoroughly studied (Bundey, Crawley, and Edward, 1979; Cohen and Morgan, 

1976). E2 may also directly impact postexercise damage and inflammation with its antioxidant 

properties that help stabilize cell membranes—the same membranes that can become degraded 

during heat and exercise-induced stress and leak creatine kinase (Enns and Tiidus, 2010; Paroo et 

Accepted Manuscript 
Version of Record at: https://doi.org/10.1111/aman.13915



 15 

al., 2002; Stice and Knowlton, 2008). Recent work has demonstrated that estrogen may 

encourage reperfusion (blood flow) and angiogenesis (blood vessel generation) in skeletal 

muscle following injury (Sopariwala et al., 2021). This evidence suggests that females incur less 

cellular damage in response to exercise and, therefore, are faster to recover. 

There is a growing body of anthropological evidence that females are more durable than 

males when it comes to environmental perturbations (Cho et al., 2022; Gray, Straftis, and 

Anderson, 2021; Ocobock et al., 2020; Stinson, 1985; Waxenbaum and Feiler, 2021). For 

example, females do not experience the same levels of growth disruption and body-mass loss 

observed in males during a childhood negative energy balance, and this has been shown both 

anthropologically (e.g., Bogin, Scheffler, and Hermanussen, 2017) and physiologically (e.g., 

Cortright, 1999). Though not fully understood, this difference is likely due to a number of factors 

influenced by estrogen (Cortright, 1999; Tarnopolsky and Cortright, 1999), including greater 

insulin sensitivity, higher initial body adiposity, regulation of food intake, and ability to more 

readily metabolize fatty acids (Cortright, 1999)—many of the same reasons that potentially 

provide females an endurance advantage.  

Another aspect of female durability appears to be greater fatigue resistance. Fatigue, though 

still poorly understood, comes about through poor lactate clearance and through neuromuscular 

mechanisms (Nuckols, 2019). The neuromuscular mechanisms are bit more well studied and fall 

into the categories of central and peripheral fatigue. Central fatigue takes place proximal to the 

motor neuron, while peripheral fatigue happens within the muscle fiber itself (Hunter, 2014). 

Males reach the point of fatigue faster for both endurance and resistance exercise (Hunter, 2014; 

Nuckols, 2019). There may also be a potential psychological component; for example, using an 

analysis of marathon data, it was demonstrated that females were able to maintain a more 
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consistent speed during 10 km races and marathons (Cuk, Nikolaidis, and Knechtle, 2020; 

Deaner et al., 2016). In a study of the Bolder Boulder 10 k road races over five years, which 

incorporated more than 190,000 runners, females were 1.96 times and 1.36 times more likely to 

maintain their pace than males at the halfway point and end of the race, respectively (Deaner et 

al., 2016). This could be due to the greater fatty acid oxidation (which can delay fatigue), sex-

based differences in psychological pacing while covering great distances, or an unknown and 

unexplored mechanism. 

WOMAN THE HUNTER, PAST AND PRESENT 

In 1967, the year after the Man the Hunter symposium and a year before the edited volume was 

published, Katherine Switzer ran the Boston Marathon. The official race manager, Jock Semple, 

chased after Switzer, shouting obscenities, and attempted to physically remove her from the 

course (Switzer, 2017). Switzer’s running crew helped to fend off these attacks so she could 

continue and finish the race. During her historic run, she reflected on why her participation in 

this event caused an uproar. At the time, there were no major university athletics programs for 

females, and the idea that females were not capable of performing rigorous physical activity and 

that such activity would harm their reproductive capacity was still pervasive. Of course, the irony 

of these justifications has just been laid bare by the present article: females are better suited for 

long endurance activities despite science continually trying to pull females out of the 

evolutionary course of events. 

The combination of a wider pelvis, greater proportion of Type I fibers, greater fatty acid 

oxidation during exercise, increased insulin sensitivity, greater intramuscular fatty acid stores, 

attenuated cellular damage in response to stress, greater fatigue resistance, and potentially better 

mental pacing during exercise means that females are well suited for endurance and burdened 
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exercise (Figures 2 and 3). Evidence for impressive female performance can be seen in their 

domination of ultra-endurance events such as the Montane Spine Race (Brown, 2017). This does 

not mean that there are not exceptionally strong and powerful females or excellent male 

endurance athletes—there obviously are. This, however, does mean we cannot and should not 

rely on the blanket assumption that females are physically inferior to males and incapable of 

taking part in the same variety of activities. 

This is also not just a theoretical contention. Though this evidence is discussed in greater 

detail in the sister article to this one, there are numerous examples of females hunting and taking 

part in high levels of physical activity, disproving the idea that females did not hunt in our 

evolutionary past. However, it does not necessarily address the oft-cited issue of pregnancy, 

lactation, and childcare interfering with a woman’s ability to hunt. It would be easy for one to 

say a small subset of females remained nonreproductive and took part in hunting. Fortunately, 

the more modern example of the Agta of the Philippines does address this issue. These people 

have a wide variety of population and economic structures. For example, the Tasaday Agta rely 

heavily on plants for sustenance, while the Nanadukan Agta rely on hunting, with both females 

and males participating in this activity. These female hunters were documented hunting with 

dogs and bows until the very latest stages of pregnancy and then returned to hunting after a few 

months postpartum (Estioko-Griffin, 1985; Estioko-Griffin and Griffin, 1981). There are other 

examples of female hunters among the Inuit (Briggs, 1974), Tiwi (Goodale, 1971), Ojibwa 

(Landes, 1938), and others.  

In fact, it could very well be the supposed burden of pregnancy and childrearing in 

combination with high degrees of physical activity (hunting, gathering, tool making, etc.) that 

have shaped the suite of features giving females an endurance advantage over males. A female’s 
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total energy expenditure increases throughout pregnancy, with an additional ~500 kcal/day 

burned in the third trimester. This metabolic cost increases to over ~600 kcal/day throughout 

lactation (Butte and King, 2005). During this time, females, then and now, would still complete 

their regular tasks and evade predators (at least in our evolutionary past) in addition to gestating, 

birthing, feeding, and caring for offspring, and potentially facing resource-limiting and difficult 

environmental conditions (Natterson-Horowitz, Boddy, and Zimmerman, 2022). In essence, 

females with offspring take part in an endurance event that spans years, and their bodies both 

anticipate this and are able to adjust quickly when the hormonal milieu signals its beginning. It 

should be no surprise females have a greater endurance capacity and durability because the very 

survival of our species would have depended upon it. Therefore, many pregnancy adaptations in 

humans are evolutionarily advantageous, not a handicap or a tradeoff, as they are often 

portrayed. 

No better example represents the extreme endurance capacity of females than that of Sophie 

Power, who participated in the ~168 km Ultra-Trail du Mont-Blanc race while still breastfeeding 

her three-month-old child. At each aid station, Power would either directly breastfeed or pump 

milk that would then be handed off to her spouse to give to the child, greatly adding to her 

metabolic load (Hobson, 2018). Yet, she completed the race three months postpartum. Of course, 

the importance of paternal investment and alloparenting cannot be ignored. Like Power’s spouse 

ferrying breastmilk to their son or son to the breast, through cooperative breeding, family and 

peers provide multiple forms of material and moral support (Hrdy, 2009). These alloparents 

could take over childcare as a mother goes off to hunt, and this activity could easily be added to 

the grandmother hypothesis (Hawkes, 2003). It is our very social nature that enables females, 

even when there are children to attend to, to take part in any and every activity males do. 
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We need to explicitly test these hypotheses regarding female endurance capacities and their 

relationship to evolution and pregnancy. However, such hypotheses remain untested, and they 

remain untested because physiological studies focusing solely on females are still lacking. We 

need to focus research on female physiological capabilities pre-, mid-, and postparous to more 

accurately describe substrate utilization, biomechanical efficiency, muscle development and 

recovery, and fatigue resistance. We need to not shy away from including pregnant and 

breastfeeding study participants. A stronger grasp of female capabilities and changes during 

pregnancy and motherhood will allow us to develop better evolutionary models. Furthermore, we 

as researchers have the responsibility to model explanations with clear acknowledgment of the 

built-in assumptions and then to rigorously test and compare those models using the best 

available data. In the end, how can we hope to understand the past if we ignore almost half of our 

present? 
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Figure Captions 
Figure 1: This is a diagram providing a summary of the many functions estrogen performs 
throughout the body for both females and males (Tarnopolsky, 2000; Manolagas and Kousteni, 
2001; Schulster, Bernie, and Ramasamy, 2016).  

Figure 2: This is a diagram providing a summary of the anatomical, physiological, and 
psychological features that confer an endurance performance advantage to females. Citations are 
provided in text along with greater details about these features. 

Figure 3: This is a diagram providing a summary of the anatomical, physiological, and 
psychological features that confer strength performance advantage to males (Manolagas and 
Kousteni, 2001; Jordan-Young and Karkazis, 2019; Hooven, 2021; Sapolsky, 1998). 
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