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Abstract of Thesis 

 

Female Pelvic Variation, Its Causes and An Analysis of Six Populations 

 

 

Female pelvic dimensions are enacted upon by multiple forces. I begin with the 

evolutionary processes that lead to the current shape of the female Homo sapiens pelvis. I 

then move to the causes of variation including sexual dimorphism, obstetrical constraints, 

climate, agriculture, and genetics. A case study of a female mummy from the 

Smithsonian Collection is included. The mummy was pregnant when she died. However, 

it is not possible to tell if obstructed labor was the cause of death or if she died during 

labor. Pelvic dimensions are measured and compared to other Egyptian females from the 

collections. While she is not fully adult (several growth plates are unfused including her 

humerus, iliac crest and ischial tuberosity) her pelvic dimensions would have allowed for 

delivery.  

Finally, I collected data on seven populations to demonstrate variation in female 

pelvic morphology. My original research uses geometric morphometric analyses to 

statistically compare seven different populations pelvic measurements. Comparisons of 

stature, body mass and pelvic dimensions are discussed as well as statistical differences 

found between populations. This research highlights and supports many aspects of other 

scientists’ current research and demonstrates the contributions of the above-mentioned 

factors shaping the female pelvis.   
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Chapter 1: Introduction 

 

It is widely accepted and understood that variation in female pelvic morphology is 

contingent upon several factors (Gruss 2015; Wells 2012; Rosenberg 1992, 1995; Tague 

2000; Brown 2015; Dunsworth 2012; Weiner 2008; Grabowski 2013; Dunbar 2014; 

Angel 1975; Hiernaux 1976; Pearson 2000; Ruff 1994; Handa et al. 2008; Betti 2014, 

2018). In this thesis I discuss variables which affect this variation. I begin with the only 

functional difference between male and female pelves, obstetric requirements, and I 

discuss how obstetrics have caused the female pelvic canal to be wider than in males. I 

discuss this as well as the obstetric dilemma and how it has shaped the study of the 

female pelvis. Other factors discussed are climactic adaptation and how it has caused the 

human pelvis to vary in size due to thermoregulatory needs, nutritional stress, the onset of 

agriculture, genetics, phenotypic plasticity, and the Out-of-Africa principle. 

Finally, in order to demonstrate variation among different female populations, I 

analyze data collected from skeletal remains housed in the Division of Physical 

Anthropology, Smithsonian Institution. I compare populations from Ireland, Germany, 

Southeastern United States, Southwestern United States, Alaska, and Illinois. Results 

bear out long-standing scientific principles including Bergman and Allen’s rules as well 

as support current research in the field of female pelvic morphology and demonstrate 

how Bergman’s and Allen’s rules do not apply to all populations. 

The female pelvis is a complex and multi-functional structure that not only 

supports stable, bipedal locomotion but also enables women to give birth to highly 

encephalized neonates. The female pelvis reveals the evolutionary frameworks that allow 
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these processes to happen and demonstrates its own set of unique traits when compared to 

the male pelvis. These frameworks and differences are discussed in this thesis and also 

demonstrated in my analyses of six unique populations.  
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Chapter 2: Evolutionary History of the Female Pelvis 

 

 The evolutionary history of the female bony pelvis is a changing mosaic of 

demands put on the structure of the pelvis coupled with the shift from an arboreal 

lifestyle to a bipedal one. Looking at the evolution of the pelvis shows how different 

structures of the pelvis have evolved into the current shape and how their use has been 

modified to accommodate bipedal locomotion while retaining space for parturition. As 

our closest living relative, comparative study of the chimpanzee (Pan troglodytes) and 

human pelvis can yield significant understanding of how humans have evolved (Gruss 

2015). The chimpanzee pelvis differs greatly from our ancestors and from the current 

Homo sapiens pelvic shape. With long, laterally flared iliac blades and a narrow sacrum, 

the chimpanzee pelvis is designed for climbing and agile movement for an arboreal 

lifestyle. Because of the lack of pressure from bipedalism the inlet of the chimpanzee 

pelvis is oval in shape with its largest measurement being the anterior posterior diameter 

(Abitol 1996).  

The smaller sacrum and tall iliac blades orient the birth canal in female 

chimpanzees posteriorly. The inferior rotation of the ischial tuberosities open up the 

outlet of the birth canal, allowing for more space during labor and delivery (Gruss 2015). 

Add the small size of the Pan troglodytes neonate and the fact that no rotation is required 

by the neonate to exit the birth canal and the chances of obstructed birth are very small in 

chimpanzees (Rosenberg 1992). 

The best fossil evidence of a transitional stage between chimpanzees and the 

upright walkers like Australopithecus africanus (Lucy) is Ardipithecus ramidus who 



 4

lived 4.4 million years ago. With a pelvis derived from both its ape ancestors and 

showing evolutionary changes to accommodate bipedalism (see Figure 1), A.ramidus is 

an example of an intermediate player in our evolutionary history. Evidence from the 

femur and pelvis shows that A.ramidus was able to live both an arboreal and upright 

lifestyle (Lovejoy 2009a; Lovejoy et al. 2009b). The lower portion of the pelvis 

maintains ape like features. As seen in Figure 1, the ischium has remained in a similar 

position to that of chimpanzees, inferior when compared to humans, allowing the 

hamstrings to help A. ramidus with climbing. Longer forelimbs and a hallux like 

metatarsal demonstrate ramidus’ ape like features retained for arboreal climbing 

(Simpson et al. 2019).   

The upper portion of the pelvis has evolved to a more human like structure. The 

iliac blades have decreased in size and rotated onto the sagittal plane, lowering the center 

of gravity and creating a sciatic notch (Abitol 1996; Lovejoy et al. 2009a).  This mosaic 

pattern of evolution is evidence of both arboreality and a form of bipedality. Speaking 

obstetrically, the overall shape of the A. ramidus pelvis has been described as anthropoid 

(Lovejoy et al. 2009a). 

 Following A. ramidus is Lucy, the 3 million-year-old female fossil discovered in 

1974 in Hadar, Ethiopia. Lucy shows no signs of living an arboreal life (Lovejoy 1973). 

The iliac blades are on the sagittal plane, allowing for “gluteal muscles that arise from the 

external surface of the ilium and attach to the greater trochanter of the femur to act as 

abductors of the thigh...” (Gruss 2015, 2). In addition, the ischium has rotated into a more 

human like position, facing posterior when compared to ramidus or Pan troglodyte 

(Gruss 2015). However, the pubis and ischium retained some characteristics of previous 
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common ancestors. This mosaic like formation of the pelvis indicates a continued 

reshaping of the pelvis to accommodate bipedalism while also demonstrating the 

maintenance of traits belonging to its previous ancestors (Gruss 2015). 

 In terms of parturition, Lucy’s pelvis is extremely platypelloid in shape, meaning 

it has a short anteroposterior diameter and a wide transverse diameter (Abitol 1996; 

Rosenberg 1992). This shape created a different birth mechanism than in humans. 

Because of the platypelloid shape it is believed the head and shoulders of the fetus did not 

need to rotate during birth as required in modern human childbirth. Many authors agree 

that a fetus would not have to engage in any rotations during labor and delivery due to the 

shape of the birth canal (Chene et al. 2014; Gruss 2015; Wells 2012). The head and 

shoulders would engage the pelvis in the transvers plane and remain in that position 

through the pelvic inlet, midplane and outlet. 

 By the time Homo erectus evolved, significant changes to the pelvis had occurred. 

For the first time in the fossil record, transverse dimensions diminished and the extreme 

platypelloid pelvis began to resemble a more gynecoid shape, meaning anteroposterior 

and transverse diameters are more evenly distributed and the pelvis takes on a rounder 

shape (Simpson 2008). This is a trait it shares with modern humans. Other shared traits 

include “thickened acetabulocristal buttress (iliac pillar), a sigmoid-shaped anterior 

inferior iliac spine, a shelf formed by attachment of the reflected head of the rectus 

femoris muscle, deepened fossa for the gluteus medius muscle, an increased height of the 

posterior ilium with an expanded retroauricular area, and angular elevation and anterior 

projection of the superior pubic rami” (Simpson et al. 2008, 1090). While the pelvis 

exhibits many shared traits it is still described as a mosaic evolutionary step because of 
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traits it shares with other early Pleistocene hominins. These traits include a smaller 

acetabular breadth, flared ilia and longer pubic ramus (Simpson et al. 2008). 

 From an obstetric standpoint, it is believed that Homo erectus would have no 

problem during the labor and delivery process (Simpson et al. 2008). While the fetal head 

is estimated to be larger in this species than earlier fossils, the pelvis evolved to 

accommodate this. Abitbol believed delivery could be achieved without much difficulty, 

(Abitol 1996) and Simpson described the birth canal in Homo erectus as “capacious” 

(Simpson et al. 2008, 1090). 

 

 
Figure 1 – The pelvis (L to R) in Homo sapiens, Australopithecus afarensis, Ardipithecus 

ramidus and Pan troglodytes. Arrows point to the varying location of the ischium. Note 

the shortening and rotation of the iliac blades (3), and the widening of the sacrum (2). 

(Gruss 2015, 2). 
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 The final step in the evolution of the pelvis is the transition from Homo erectus to  

Homo sapiens. The ilia are no longer flared and run along the sagittal plane and the 

sciatic notch has deepened (Gruss 2015; Abitol 1996). The ischial tuberosity has rotated 

into its current position, located posteriorly when compared to ramidus and chimpanzees. 

Parturition is of particular concern in Homo sapiens. As seen in Figure 2, the 

cephalopelvic disproportion, the disproportionate relationship between the size of the 

fetal head and the birth canal, is startling when compared to other species (Wells 2012). 

In order to have a successful labor and delivery, the fetus must make a series of rotations 

while exiting the birth canal. This requirement is caused by a pelvic shape responding to 

differing selective pressures which will be discussed in the following chapters.  

While the fetal brain size of Lucy, Australopithecus africanus (Sts 14) and Homo 

erectus (the Gona pelvis) can only be estimated as fossil infant remains are exceedingly 

rare, deductions can be made using RMA and least-squares regression models (DeSilva 

2008). It is demonstrated by Lunde that neonatal head circumference and maternal head 

circumference is closely correlated, much more so than to paternal head circumference 

(Lunde et al. 2007). So the regression models can accurately determine the size of the 

fetal brain and head.  
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Figure 2 – Cephalopelvic disproportion is illustrated here. The black circle represents 

fetal head size. The white circle represents the size of the pelvic inlet. Pan troglodyte 

(chimpanzee) has the easiest time giving birth with Hylobates close behind. Platepelloidy 

becomes an issue with Lucy, Sts 14 and the Gona pelvis (H. erectus). Homo sapiens have 

the most difficult labor and delivery with neonatal head size exceeding anteroposterior 

dimensions and equaling transverse dimensions (Wells 2012, 44).  
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Chapter 3: Causes of Variation In The Female Pelvis 

 

 

 The causes of variation in the human pelvis are linked to several factors. In this 

chapter I will discuss the differences in the male and female pelvis, obstetrical 

requirements of the female pelvis, a case study of possible obstetric death, our migration 

out of Africa, climactic adaptation, nutritional stress and phenotypic plasticity.  

 

 

 

 

Sexual Dimorphism in the Fetal and Adolescent Pelvis 

 

 Male and female characteristics of the pelvis begin to form in utero. Several 

studies have demonstrated sex differences in the fetal pelvis (Thompson 1899; Krogman 

1973; Scheuer 2010; Boucher 1957; Coleman 1969) and the sciatic notch (Holcomb 

1995). While these studies demonstrate that sexual dimorphism exists in the fetal pelvis, 

they do not suggest that dimorphism is sufficient for sexual identification of fetal 

remains. 

 Several methods of sex determination from fetal remains have been studied. 

Fazekas and Kósa used the length and depth of the sciatic notch to determine sex of fetal 

remains and had a success rate of 70-80% (Fazekas 1978). Olivares and Aguilera used 

the Schutkowski method (developed in 1993) which looks at the ilium and the jaw to sex 

skeletal remains [Olivares 2016; Schutkowski 1993). Schutkowski reported a 95% 

success rate while Olivares and Aguilera only achieved a 70-80% success rate, even with 

their changes to correct for methodological errors. These are moderately successful 
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approaches, but they not reliable enough a technique for use in a forensic setting.  

Nevertheless, sexual differences in the pelvis emerge interutero and form in the early 

years leading to the  adolescent growth spurt where sex hormones influence these 

differences and the typical non-metric sex traits begin to elucidate themselves (Scheuer 

2010).  

  During adolescence, male and female pelves begin to grow and form in a mosaic 

like fashion. Coleman, for example, studied 30 individuals (14 males and 16 females) and 

took x-rays every year from age nine to 18 (Coleman 1969). The results showed a wide 

variation of growth rates within the pelvis, some of which were sexually dimorphic. 

These included internal acetabular and pubic regions. “The females consistently show 

greater growth on these regions relative to the amounts of total growth achieved in other 

regions of the pelvic complex.” (Coleman 1969, 129). He also noted a sexually dimorphic 

pattern of growth in the sciatic notch. Although it was only statistically significant on two 

points of measure, there was an overall trend towards sexual dimorphism in the growth of 

the sciatic notch. 

 In 1995, LaVelle noted that not only are there sexual differences in the breadth of 

the ischium and acetabular regions of eight-year-olds, she found that morphological 

formation of the pelvis happens later in adolescence (LaVelle 1995). She also found that 

pelvic remodeling is decoupled from growth in stature and weight and continues to occur 

after full stature is achieved in females. “Most of the pelvic size dimorphism at age 18 is 

a product of sex differences in growth magnitude over this time period, and many show 

concomitant sex differences in growth rates as well.” (LaVelle 1995, 65).  
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The Adult Pelvis and How it Varies 

 

Sexual dimorphism was written about in the first anatomical textbook of Vesalius 

in 1543 (Vesalius 1543). In the book De Humani Corporis Fabrica or On the Fabric of the 

Human Body, he explains that the female pelvis is wider in women than in men. 

“Moreover, the lower parts of the hipbones […], both left and right, are farther apart from 

each other in women than in men.” He also observed the difference in the iliac bone. “In 

order that they may carry the uterus more lightly and easily, the iliac bones are much 

wider in women, and their spine […] is extended to the sides much farther than in men; 

also, those bones are markedly hollowed on the outside. In a word, these form a 

convenient place for carrying a fetus.” (Vesalius 1543, Book 1, Ch 29). 

 His successor as Chair of Anatomy and Surgery at University of Padua also noted 

the differences in the male and female pelvis. Published posthumously in 1559, Realdo 

Colombo wrote in his book De Re Anatomica that the coccyx bone is in a better position 

for labor and delivery of a fetus (Colombo 1572). “It is a fact that it has been moved 

backwards and in this way is a great help for the females during labor” [Colombo 1572, 

82).  

As our knowledge of the human body expanded with time, so did our knowledge 

of the differences in the male and female pelvis. In adults, there are several characteristics 

used to differentiate male pelves from females. These include the subpubic angle, the 

width of the greater sciatic notch, the ventral arc, the subpubic concavity, the breadth of 

the medial surface of the ischiopubic ramus, and the presence or lack of the preauricular 

sulcus (Bass 1987). The pelvis is considered by most human skeletal biologists to be the 
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most reliable bone for sex estimation (Bass 1987; Krogman 1962; Stewart 1979). The six 

sexually dimorphic characteristics listed above give scientists an extremely reliable 

method of discerning sex. In 1969, Phenice developed a method using three of these 

characteristics (ventral arc, subpubic concavity, and the medial aspect of the ischio-pubic 

ramus) which has been expanded upon and become widely used due to its simplicity and 

success (Phenice 1969). 

 How these characteristics vary has been the subject of study for some time. The 

root of sexual dimorphism was eloquently explained by Meindl in 1985. He said, “In 

evolutionary perspective, the interacetabular dimension in females is subject to opposing 

selection pressures. While the relatively large brain of the fetus requires and expanded 

birth canal, locomotor needs of the female limit the divergence of the hip joints. This 

forms the very basis of sex dimorphism of the human pelvis, and results in the very 

distinctive female subpubic concavity described by Phenice (1969) and the informational 

content of the traditional ischiopubic index as well” (Meindl et al. 1985, 81).   

But how much does the female pelvis vary when compared to the male pelvis? 

Hamilton stated in 1982 that female pelves vary less than males (Hamilton 1975, 1982). 

She reasoned that the pressures of obstetrical selection, including caloric demands of 

lactation, limited phenotypic variation and lead to male and female pelves varying less 

when compared to one another. This is also known as canalization and is found in 

humans as well as most animal species. “As with lactation, the physical requirements of 

birth create selective forces that limit the extremes of phenotypic response to stress and 

favor larger women in the absence of dietary limitations […] these selective forces may 

work to limit the extremes of phenotypic response to environmental conditions” 
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(Hamilton 1982, 139). Meindl’s 1985 paper on sex determination based on skull and 

pelvic bones also found that females varied less. “Females displayed little variation on 

the pelvic scale with the result that no female was sexed incorrectly on the basis of the 

pelvis, and such judgements could not have been overruled by any cranial 

morphology”(Meindl et al. 1985, 81). 

This conclusion was later tested by Tague in 1989 (Tague 1989). While Meindl 

used non-metric, observational reports of Phenice method traits to determine sex, Tague 

took 28 measurements of articulated and non-articulated pelves and the sacrum. He found 

that females do not vary less than males. In some cases males varied more than females 

and in others females varied more. But there was no statistical difference in variation 

between males and females (Tague 1989).  

In 2011, Kolesova supported this finding and, while the degrees of variation are 

the same in males and females, there is no question that the locations of variation speak 

to pressures either of obstetrics, bipedality or other factors (Kolesova 2012). Kolesova 

found that males and females vary the same amount but in one significant area, variation 

is lower in females; the midplane. She found the intensity of selective pressure in the 

midplane to be very strong. This indicates the midplane is mostly influenced by 

obstetrical requirements. “Lower variation in the morphology of the midplane – the 

narrowest plane of the female pelvis – confirms higher selective pressure addressing to 

the process of human birth (Kolesova 2012, 216). Fischer and Mittroecker also found the 

pelvic inlet to be similarly shaped and not sexually dimorphic at all (Fischer 2015).  

In 1992, Tague conducted a study in which he determined what areas of the pelvis 

were more sexually dimorphic than others (Tague 1992). He determined that the inlet was 
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the least dimorphic of the three planes. He also asserted that the posterior space was the 

most dimorphic and stated that these areas were also where the most variation occurred 

(Tague 1992). This study then led Tague in 2000 to label the posterior space as 

obstetrically significant (Tague 2000).  

However, in 2015 Brown conducted a study to review this finding and 

hypothesized that the anterior space of the pelvis is mostly influenced by biomechanical 

demands and the posterior space is actually influenced by obstetrical demands (Brown 

2015). This hypothesis was not supported by her study. She found that sex and body mass 

played an equal part in both the anterior and posterior portions of the pelvis. “Separating 

the birth canal in to strictly ‘biomechanical’ and ‘obstetrical’ areas is too simplistic of a 

scheme for such morphologically complex system” (Brown 2015, 435). 

Variation between the male and female pelves allows us to understand how 

obstetrics shapes the female pelvis and how dimorphism is more than just an obstetrical 

phenomenon. Dimorphism between the sexes begins in utero and becomes more intense 

as individuals age. But the role of obstetrics is strong and needs to be addressed. 

 

 

The Obstetrical Dilemma 

 

 

The female pelvis has one additional pressure acting upon it that males do not – 

the requirement of childbirth. The pelvic inlet given for the fetus to go through for natural 

delivery has been a central focus amongst medical, biological and evolutionary  

researchers. Krogman in 1951 noted this small passage as a scar of human evolution 

(Krogman 1951). “…the sacrum has been pushed down, so that its lower end is now well 

below the hip socket and also below the upper level of the pubic articulation. This has 
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brought trouble, for the sacrum now encroaches upon the pelvic cavity and narrows the 

birth canal that must pass the fetus along to life” (Krogman 1951, 55). In 1960, Sherwood 

Washburn gave a name to this “scar” and detailed its cause. The “obstetrical dilemma” 

was coined in his 1960 paper “Tools and Human Evolution” (Washburn 1960). 

Washburn suggests that tool use caused the brain to increase in size along with the 

evolution of bipedal locomotion. “In man adaptation to bipedal locomotion decreased the 

size of the bony birth-canal at the same time that the exigencies of tool use selected for 

larger brains. This obstetrical dilemma was solved by delivery of the fetus at a much 

earlier stage of development.” (Washburn 1960, 74). According to Washburn, this early, 

altricial stage of birth allowed for bigger brained humans to be born through the narrow 

pelvis which had been modified for bipedal locomotion. No other pressure besides 

bipedal locomotion was considered by Washburn although he does acknowledge that as 

time goes on new techniques and research will develop our understanding of the pelvis.  

The obstetrical dilemma theory is this: hominin females had two competing 

selection pressures placed on their pelves. The first, the birth canal must remain wide 

enough to deliver a viable neonate. Second, the pelvis must be narrow enough for 

efficient bipedality. At the same time these two antagonistic pelvic needs were 

developing, the brain was growing in size. The solution, according to Washburn, was to 

deliver the neonate at a highly atricial stage of development. This was, as Dunsworth puts 

it, “…an evolutionary tradeoff, natural selection favored a shorter gestation period and 

less developed neonates to accommodate both locomotion and encephalization.” 

(Dunsworth et al. 2012, 15212).  
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This convenient and easily believed theory dominated anthropology for the better 

part of thirty years (Washburn 1960; Small 1999; Zuk 2013; Weiner 2008; Wells 2012; 

Rosenberg 1995). Today the theory has many challengers (Epstein 1973; Eisley 1957; 

Dunsworth et al 2012; Dunsworth 2018; Bunc 1989; Bourdin et al. 1993; Hall et al. 2004; 

Ariëns et al. 1997; Wells 2012) and the scientists opposed to the theory challenge it on 

every level. Here I discuss each aspect of the theory and the challenges brought against 

them. 

 

Neonatal Head Size 

 

According to Washburn, human infants are born early in order to allow for the 

passage of a large brained neonate (Washburn 1960). Following this logic, neonates 

should be born at a later stage with a bigger brain in order to be more precocial at birth 

and require less care by the mother, thus increasing her fitness. However, Epstein showed 

that birthing a larger brained infant would not affect the female pelvis or her fitness and is 

therefore possible (Epstein 1973). 

Epstein was an early, perhaps accidental, detractor of the theory. In 1973, he 

demonstrated that a baby born with an adult size brain would not require any changes in 

the female birth canal. In a paper aimed at refuting Eiseleys 1957 book which stated that 

if the full size of the human brain were achieved in utero, Homo sapiens would not have 

survived (Eiseley 1957),. Epstein demonstrated that the dimensions required already 

existed within the female population. “A brain 1.6 times larger would be about 11 cm in 

diameter. The thickness of the skull bones need not increase at all. Thus, women would 

have to only about 4 cm wider in the hips on the average than now. As this 4 centimeter 

(cm) increase undoubtedly lies within the range of variation found among females today, 
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there would be little noticeable difference if the human baby were born with about four 

times as much brain as now.” (Epstein 1973, 135). While Epstein’s paper was not 

directed at Washburn, it shows that scientists were questioning the basis for Washburn’s 

dilemma long before recent denunciations of the theory were published. 

Others have confirmed Epstein’s mathematical calculation. In a 2012 paper 

Dunsworrth shows that birthing an infant at the same developmental stage as a 

chimpanzee would not dramatically alter the female pelvis (Dunsworth et al. 2012). The 

human fetal brain would have to be about 40% of adult brain size at birth to match the 

developmental stage with which chimpanzee neonates are born (DeSilva 2006). This 

would equal a 640 cc brain at birth (Dunsworth et al. 2012). In order for a human female 

to birth a baby with a 640 cc brain, her pelvic inlet would have to increase by 3 cm. This 

increase in size falls well within the range of human variation and would not impact the 

fitness of the female. “A 3-cm increase is within the range of pelvic dimensions seen in 

modern human females and has no measurable effect on hip abductor mechanical 

advantage (Figure 2) or, as discussed above, on locomotor cost” (Dunsworth et al. 2012, 

15214]. 

A narrow pelvic passageway is not unique to humans. Other species have birth 

canals that are close in diameter to the fetal head. Smaller bodied primates including 

monkeys and gibbons have a narrow pelvic diameter. Neonatal deaths due to 

cephalopelvic disproportion have been reported in marmosets, squirrel monkeys and 

baboons (Rosenberg 1995). In humans, cephalopelvic disproportion is estimated to 

account for 12% of maternal mortality worldwide according to a 2005 report from the 
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World Health Organization and obstructed labor is the leading cause of maternal death in 

Afghanistan (Wells 2012). 

It is also helpful to compare the Homo sapien pelvis to some of our predecessors 

to understand that the tight fit for a fetus is not a new development. Cephalopelvic 

disproportion is something with which our ancestors also had to contend. The pelvis of 

Lucy (A.L 288-1) shows a very narrow passageway that is extremely platypelloid in 

shape, that is wide mediolaterally and shallow anteroposteriorly. It is estimated that 

Lucy’s neonate would have a brain of about 180 cc (DeSilva 2008). This correlates with 

the adult size of Lucy’s brain and demonstrates that Lucy would have been able to give 

birth but with a narrow passage through the pelvis.  

The cause leading to Homo sapiens having large brains is still debated. Washburn 

believed the advent of tool use caused our brains to grow (Washburn 1960). Current 

theories suggest an increase in social group size caused brain growth (Balter 2012). 

Whatever the reason for the evolution of a bigger brain, it is apparent that the changing 

shape of our pelvis, while useful for bipedalism, also allowed for bigger brained neonates 

(Grabowski 2013).  

Kurki’s research shows a level of protection for obstetrical dimensions in the 

pelves of small-bodied females (Kurki 2007). Kurki found that midplane and outlet 

dimensions of the pelvis in Later Holocene Stone Age females remained larger despite 

having a low body mass. This research shows that while bipedalism was strongly selected 

for, obstetric dimensions were also being maintained during the evolutionary process, 

suggesting they are unrelated. “In contrast to our understanding of human evolution fifty 

years ago, we now know that bipedalism is independent of encephalization and secondary 
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altriciality in the human evolutionary record. Although all of these human characteristics 

affect the birth process, their influence is sequential rather than a single compromise to 

conflicting constraints” (Rosenberg 1995, 164). 

 

Biomechanics 

 

 

Studies in the 1980’s and 1990’s utilized the biomechanics of walking and 

running to see if women with wider pelves were less efficient. They were not (Bunc 

1989; Bourdin et al. 1993; Hall et al. 2004; Ariëns et al. 1997). For example, Bunc and 

Heller found no difference between the sexes when it came to energy demand while 

running on a treadmill. “We have not found any significant differences in the net energy 

cost (C) during running (expressed in J·kg−1·m−1) between similarly trained groups of 

men and women” (Bunc 1989, 178).  

Another study by Bourdin compared teenage basketball players of both sexes to 

young adult distance runners (Bourdin et al. 1993). Both groups were asked to run on a 

treadmill and data on their gait and energy use was collected. Variations related to age, 

sex and body mass were measured against this data. Body mass was determined to be the 

biggest factor in energy costs of running, not age or sex (Bourdin et al. 1993).   

More recently, research geared towards the mechanics of hip abductor muscles 

has demonstrated that a wider female pelvis shows no signs of decreased efficiency. 

Dunsworth cites a study conducted by Warrener in 2011 of seven males and eight 

females, all of whom were avid runners, were fitted with infrared reflective markers 

placed along pelvic landmarks and their left leg (Warrener 2011). They were then asked 

to walk and run on a treadmill and data was collected on the hip abductor moment arm, 
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the length between a joint axis and the line of force acting on that joint. These were 

compared to those of the ankle, knee and hip in the coronal and sagittal planes. “These 

data indicate that skeletal dimensions of the pelvis do not predict the magnitude of hip 

abductor muscle force activation (Dunsworth et al. 2012, 15214). 

Warrener has also conducted biomechanical studies in order to determine if a 

wider pelvis is less efficient. In her 2011 dissertation, she conducted a study looking at 

the effect of pelvic width on hip abductor muscles during walking and running (Warrener 

2011). She found that lower limb mechanics are the same for males and females and the 

use of skeletal measurements to determine hip abductor mechanics does not provide 

reliable data because there is too much variation in the mediolateral movement of an 

individual (Warrener 2011). 

In 2015, Warrener added to this research. She collected data on the kinematics of 

males and females as well as MRI’s of the subjects’ lower body in order to determine 

whether pelvic width can accurately predict locomotor cost in women and men (Warrener 

et al. 2015). Her results showed that pelvic width does not have any bearing on a female’s 

efficiency when walking or running. “These data indicate that while pelvic shape in 

female humans was selected to accommodate the birth of large-brained neonates, 

locomotor efficiency has not been compromised by obstetric function” (Warrener et al. 

2015, 8).  

Some are not so willing to let the obstetrical dilemma go completely. In 2017, 

Christopher Ruff suggested costs other than locomotor efficiency could exist as a result 

of a wide pelvis (Ruff 2017). “Contra some arguments, increases of several cm in pelvic 

inlet, midplane, and outlet transverse dimensions do not have negligible functional 
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effects, when the entire mechanical environment of the pelvis and the rest of the lower 

limb is considered” (Ruff 2017, 953). Ruff’s assertion is that Washburn was correct and a 

wider pelvis does demonstrate less efficiency in areas other than the hip abductors.  

 

Gestation  

 

 Another argument of the obstetrical dilemma is that gestation was shortened for a 

large headed infant to fit through a narrow birth canal. Washburn’s argument is that the 

birth of a more altricial neonate was required in order to accommodate both bipedal 

locomotion and encephalization. This resulted in the decrease of the fitness of the female 

because of the high care requirements of the baby. “The slow-moving mother, carrying 

the baby, could not hunt, and the combination of the woman’s obligation to care for slow-

developing babies and the man’s occupation of hunting imposed a fundamental pattern on 

the social organization of the human species” (Washburn 1960, 74). This assertion has 

also been challenged.  

 As was discussed earlier, neonate brain size is not conditioned on pelvic size. 

Epstein, and later Dunsworth, demonstrated that birthing a larger brained neonate would 

not increase the size of the female pelvis beyond pelvic dimensions that already exist in 

females today (Epstein 1973; Dunsworth et al. 2012). It is feasible for females today to 

remain pregnant for several more months and not require a wider pelvis to birth the 

neonate. If encephalization is not the reason for giving birth at 38 weeks, what could be 

some other causes of delivery at this time and stage of development? 

 First, human gestation length is 37 days longer than primates of similar body 

mass. Using maternal body size, Dunsworth compared human gestation length to other 

primates (Dunsworth et al. 2012). She found that gestation is 37 days longer in humans 
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than in chimpanzees and gorillas. At the same, despite giving birth to neonates with an 

overall larger brain (47% larger than gorillas), we give birth to neonates with less 

developed brains. “Our neonates are born with the least-developed brains of any primate 

with brains less than 30% of adult size (Dunsworth et al. 2012, 15212). Additional 

gestation length does not afford the fetus any additional brain size or development. 

 Another possibility of delivering a neonate at 38 weeks is maternal investment. 

One current theory suggests that delivery occurs once the fetus reaches a stage in which 

the maternal metabolic ceiling has been reached. This theory, first voiced by Ellison in 

2001 and modified by Dunsworth in 2012, is called the Energetics of Gestation and 

Growth theory or EGG theory (Ellison 2001; Dunsworth et al. 2012). It states that 

delivery at 38 weeks occurs because fetal energy demands become unsustainable for the 

mother. Maternal investment is greater in Homo sapiens than other primates and this 

investment puts such a strain on the mother that metabolic demands reach their maximum 

and labor begins. The maximum metabolic rate in humans is 2.0-2.5 times the basal 

metabolic rate. These levels are regularly reached by pregnant women and the EGG 

theory suggests that once fetal energy demands exceed those provided by the mother, 

labor begins. 

 Washburn’s belief that an altricial baby puts the mothers’ fitness at risk is also 

called into question by Dunsworth. From the research presented above, it is suggested 

that encephalization occurred because of the social brain hypothesis. Dunbar suggests our 

brain size is correlated to the size of our social group (Dunbar 2014). It follows that a 

larger social group would allow for alloparenting, the practice of females caring for 

unrelated young. The mother caring for the helpless infant may not be the sole provider if 
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her social group consists of other women and mothers willing to support each other. 

Therefore, mother and child have a social support system and are safer in the larger social 

group and, therefore, her fitness increases. 

 Why then is there cephalopelvic disproportion? If bipedalism is not the culprit, 

what is? 1) Stabilizing selection: During the evolutionary process, non-extreme traits are 

favored and selected for in order to allow for an organism to retain the most efficient 

fitness levels. This means that organisms remain relatively stable, indicating that change 

over time is limited. Research conducted by Grabowski found a reduction in the ability 

for the pelvis to evolve due to genetic constraints. “Including constraints due to 

integration with other pelvic traits has a significant negative impact on the evolutionary 

potential of the birth canal in all apes, leading to a 42% reduction in evolvability in 

humans…” (Grabowski 2013, 67). He posited that cephalopelvic disproportion was 

caused by “… a combination of genetic constraints, selective pressures, and possibly a 

time component, where obstetric dimensions have simply not adapted to increased 

neonatal cranial size” (Grabowski 2013, 72). 2) The current level of cephalopelvic 

disproportion is a new problem that evolution has not had time to deal with. (Dunsworth 

et al. 2012). 3) Neubauer and Hublin argue that no additional brain growth can take place 

inside the womb. They argue the brain needs to grow postnatally in order to achieve full 

size in adulthood. “In a species of ‘cooperative breeders,’ displaying early weaning, it 

allows the mother to share the energetic burden of fueling the development of the infant 

brain. In addition, because a large portion of brain growth takes place when the infant is 

already interacting with the extra-uterine environment, mental abilities can be shaped by 

social interactions. Furthermore, humans, as compared to chimpanzees, have a unique 
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developmental phase directly after birth that contributes to the typical globular shape of 

the human brain” (Neubauer 2012, 579-580). 

 The obstetrical dilemma is a compelling and easy explanation for cephalopelvic 

disproportion. But we now know that there are many other factors helping to determine 

pelvic size and shape. While it is hard to understand why we have cephalopelvic 

disproportion, it is clear that bipedalism is one of many causes of this problem.  

 There are examples of cephalopelvic disproportion in the archaeological record. 

However, due to the complex nature of archaeological sites and the difficulties 

determining the exact cause of death, stating definitively that cephalopelvic disproportion 

was the cause of death is almost impossible. In order to demonstrate these difficulties, a 

case study was undertaken to highlight the complexities surrounding pregnancy, pelvic 

dimensions and death in the archaeological record.  

 

Case Study: An Example of Obstetric Related Death in the Archaeological Record 

 

While it is hard to quantify how cephalopelvic disproportion and obstructed labor 

impacted historic populations, examples exist in the archaeological record. But we first 

must clarify what counts as an obstetric related death. A woman buried with an infant 

next to her or even between her legs is not evidence enough that they died during labor or 

are even related (Wells 1975). Nor can we say a woman died because of pregnancy 

complications if she is found pregnant in her grave.  

 The only burials we can say for certain were related to obstetric complications are 

ones in which fetal remains are found partially delivered and burials that show placental 

remains within and outside the uterus. While fetal remains are few and far between, they 
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exist. Archaeological evidence documented in Owsely and Bradtmiller’s 1983 paper 

show that fetal remains as small as 24 weeks gestation can be preserved (Owsley 1983). 

However, after further research, fetal remains of about 16-18 weeks are preserved and 

currently housed at The Smithsonian (Erica Jones, Personal Communication). 

 Several examples of obstetric related death come from the excavation of pre-

Colombian Indians of Arica, Chile. Arriaza details the excavation and autopsy of 187 

pre-Colombian mummies found in Northern Chile (Arriaza 1988). Eighteen of the 

mummies were determined to have tied from a pregnancy related complication. Although 

it is important to note that Arriaza’s definition of an obstetric related death is different 

from the one detailed above. Arriaza includes any possible complication (such as illness) 

“experienced before, during, or after childbirth.” (Arriaza 1988, 35). The eighteen deaths 

include females who died after childbirth and had additional, possibly complicating 

pathologies including pneumonia and pericarditis. 

 Three of the mummies from Arriaza’s study conform to the definition I have laid 

out. The first, AZ-71 T-249, was buried on her side in the flexed position. At the time of 

her death she was in the middle of the labor and delivery of a baby in the breach position. 

Another, AZ71 T-MNT3, was found mummified and buried in the sitting position. 

Umbilical remains were found in her hand and the placenta was protruding from her 

vagina. “It appears that she had delivered one baby but had a second that she was unable 

to deliver” (Arriaza 1988, 37). The third, AZ-8 T-3, was buried in the sitting position. 

The placenta and umbilical cord were found in her vagina and she was found with severe 

pelvic dislocations. The sacroiliac joint was separated and the pubic bones were 

dislocated anteroposteriorly. It is Arriaza’s assertion that this dislocation was a 
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perimortem occurrence, meaning it happened at or around the time of death. However, it 

is important to note that this type of dislocation could have occurred during the 

mummification process or thereafter.  

 These three mummies most likely died during the act of childbirth. However,  

women die due to other pregnancy related complications, but within the archaeological 

record it is extremely hard to prove (Willis 2011). A perfect example is the partially 

autopsied mummy at the Smithsonian excavated by Aleš Hrdlička in 1909. 

 
Figure 3 – Catalog card record for Egyptian Mummy 258601. 
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Figure 4 – Catalog card record of mummified fetus 258602. 

 

 

Within the collections at the Smithsonian is a female mummy from El Baquat, 

Egypt. Mummies from that area are from the 21st Dynasty to the Coptic Period. Aleš 

Hrdlička collected the mummy on his trip through Europe and Northern Africa in 1909 

(Hrdlička 1909). Hrdlička travelled through Italy, Russia, Poland and Germany before 

stopping in Egypt. Throughout his time in Egypt, Hrdlička often commented on the state 

of the Nation. His first journal entry, dated December 28, 1908, sets the tone for the 

entire visit. “Cairo. Here but two days but already largely disheartened. Where is the 

Egypt of one’s thoughts, of the painted descriptions” (Hrdlička 1909, 534). Most of his 

concerns related to the amount of filth and disease among the people of Cairo, but he was 

also quite disenchanted with the scenery, or lack thereof, within the city.  
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The train ride out to Kharga Oasis, located 375 miles south of Cairo, was ninety 

miles over “the most barren country imaginable” (Hrdlička 1909, 545). The oasis was a 

welcome site. The days were clear and the evenings displayed a moon “pale golden 

yellow, shedding bright but soft and slightly misty light over everything, making a night-

day of its own, and intimating of greatness which the mind does not begin to comprehend 

and would immeasurably aspire to were it more potential” (Hrdlička 1909, 547). He 

seemed to find joy and beauty where he could, even in this desolate place. 

Once out in the Oasis at Kharga his mood improved (despite the mosquitos) and 

he seemed glad to be working. His journal does not include any direct reference to the 

mummy discussed here. However he does write of a young female mummy who was 

adorned with garlands. “There are men and women of all ages. A girl that in life must 

have been a beauty shows a still attractive hairdress consisting of a series of slender 

braids surrounding and covering her head like so many garlands. One instinctively works 

with especial gentleness with such body” (Hrdlička 1909,  555).  
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Figure 5 – Dr. Hrdlička’s note made at the time of collection in 1909 

 

 

The mummy was unwrapped and autopsied when it was found. However, it is 

impossible to know if this was done by Dr. Hrdlička or someone else. The only 

documentation he made in Egypt is above (Figure 5). The entire abdomen had been 

excised and the baby removed (Figure 5). Her legs and arms were removed as well as a 

portion of skin just below the right clavicle. In addition, the femora were cleaned off 

however it is hard to know if any of this (besides the excising of the abdomen) was done 

at the time of the excavation or later. The head is missing. In Hrdlička’s journal he writes 

that there were not enough boxes for all the materials he wanted to bring back. Several 

items were left behind and were to be delivered to Washington, DC at a later date but 

they never arrived. It is assumed the head was one of these items. “Towards last have no 
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more boxes for the mummies, so store these under the roof of a little house belonging to 

the expedition, for future packing. They will be safe there and no one minds a few dry 

mummies (regrettably they never came – were reburied).” (Hrdlička 1909, 560).  

Because of her unwrapped and partially dissected state, several in-situ 

measurements of her pelvis as well as the fetus were taken. Measurements were taken 

using an osteometric board and GPM calipers. The measurements taken are from the 

Standards of Data Collection (Moore-Jansen 1994). Her body mass was calculated using 

the equation created by Grine (Grine et al. 1995). Her age at death was determined using 

long bone epiphyseal union observations of her humerii, femora, and tibias. Her stature 

was calculated using equations by Raxter (Raxter et al. 2008). 
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Figure 6 – Female mummy being prepared for CT scanning. Note the excised 

abdomen and dismemberment of limbs. 

 

She was 154.6 centimeters tall or 5 feet 8 inches. Her body mass was 50.82 

kilograms or 112.04 US pounds. Her age at death was 14-17 years. While her height and 

body mass were on par with other Egyptian females measured, her pelvic measurements 

were smaller overall. Minimum innominate breadth was the least divergent from the 
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other Egyptian skeletal remains at 1-2 mm smaller. However, maximum and minimum 

pubis length was much smaller, measuring 6-7 mm smaller. The largest difference in size 

between the mummy and other female Egyptians in the collection was from the auricular 

to symphysion, or top of the pubic symphysis, measuring 11 cm smaller, a difference of 

13 cm. 

The difference in size could be caused by several factors. One is age. This 

individual’s age at death was 14-17 years and her pelvis was not fully mature. Another 

factor could be her diet. Studies have shown that a poor diet could lead to lack of growth 

(Wells 2012). However, this assertion could be challenged by the fact that her body mass 

and height were on par with the other female skeletal remains in the collection. Trauma 

and disease could also cause pelvic dimensions to be diminished, however she shows no 

signs of either.  

The fetus is of indeterminant sex. No external genitalia could be readily 

identified. I was able to obtain measurements of both fibulae. The left and right fibula 

measured at 58 mm and 57 mm respectively. It is suggested by White and co-authors that 

using long bone measurements to accurately age subadult remains is unreliable unless 

you have several individuals from the same population (White 2012). However, Fazekas 

and Kósa have a method derived from dry bone measurements of Hungarian fetal 

remains (Fazekas 1978). Using their method, based on the measurements of both fibulae, 

parietal bones, pars basilaris, pars petrosa and both frontal bones, the age at death of the 

fetus is estimated to be 38 weeks intereutero ± 8 weeks. 
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Figure 7 – Photo and x-ray of mummified fetus. The photo shows the presence of 

mummified tissue covering the torso and portions of long bones. X-ray reveals skeletal 

remains covered by mummified tissue. 
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CT Scanning was used to get a more detailed picture of the mummy and her fetus. 

The scan showed no signs of infectious disease or trauma to the bones or mummified 

tissue of the mother and she has no developmental anomalies. Dentition provides yet 

another picture of the age of the fetus. One loose tooth, the right maxillary incisor, was 

found. Dental formation interpretations from Ubelaker (Ubelaker 2000) and Scheuer and 

Black (Scheuer 2010) were used to estimate age and using both CT scans of the mandible 

and the loose incisor found, the fetus’ age at death was 38 weeks intereutero ± 8 weeks. 

Both the dry bone measurements and dentition are in concert with each other adding 

validity to the estimates. 

The CT scan did reveal one surprising detail. Three additional long bones and two 

additional frontal bones were observed in the upper left chest cavity. Due to the presence 

of mummified tissue it was difficult to fully observe the skeleton. Further study using x-

ray technology clearly revealed a second fetus in the upper left portion of the mummy’s 

chest cavity. Long bones, ribs, neural arches, crania and metacarpal bones can be 

observed. It appears, due to its intact position, this fetus went previously unnoticed until 

today. 
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Figure 8 – CT scan showing presence of additional fetal bones in the left chest cavity. 

 

Measurements were taken of the fetal long bones. The femur measures 70mm. 

The humerus measured 67 mm and the distal width of the humerus is 17 mm. These 

measurements confirm the age at death to be 38 weeks intereutero ± 8 weeks. This age 

matches the age of the fetal remains that were excised during excavation.  
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Figure 9 – X-Ray of chest cavity of female mummy. Note the fetal remains in the upper 

left chest cavity. Also note fetal bones, including neural arch and metacarpal in the right 

chest cavity outside the ribcage.  
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This particular case illustrates the difficulties in determining cause of death of a 

pregnant female. We can conclusively say the mummy was a female sub-adult aged 14-

17 years. We can say she was pregnant with twins who were 38 weeks intereutero ± 8 

weeks at the time of their death. We can report her height and body mass were 

unremarkable and within the range of other females in the collection. We can say certain 

measurements from her pelvis was smaller than other females in the Egyptian skeletal 

collection from which she belongs.  

What none of this tells us is her cause of death. We do not know if she was in 

labor at the time of death or if obstructed labor or some other obstetric related 

complication caused her death. Perhaps if her body remained intact and x-rays showed 

the fetus in the outlet of the birth canal we could say she died during labor. In the 

radiographic examination, the left and right first ribs were still adhered to dried materials 

at the top of the mother’s sacrum suggesting that the baby was in the head down position 

most babies are just prior to birth. The finding of the second baby internally in the 

mother’s body is fascinating. This discovery will be pursued with further virtual autopsy 

by radiographic methods.  

This case study has demonstrated the difficulties of reaching a definitive cause of 

death. While obstetric complications are possible, they are no more possible than other 

causes. Her diminished pelvic capacity could allow us to say that obstetric related 

complications were higher on the list of possible causes of death, but there is no way to 

know the cause of death. Understanding why her pelvic dimensions were smaller than 

others in the collection could help us better understand her cause of death. Diet, 

ecogeography and genetics all play a role in pelvic capacity and perhaps one of these 
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factors contributed to her smaller pelvic size. Let’s discuss how these factors affect the 

pelvis. 

 

Diet 

 

 In the course of human evolution, our diet has played a large role in shaping our 

bone structure. The shift from a forager diet to an agricultural one has had profound 

effects on our stature and shape of the female pelvis. The reduction in stature is first seen 

in the transition from the Upper Paleolithic (50,000-10,000 BP) to the European 

Mesolithic (20,000-5,000 BP) eras. Angel’s 1975 study showed a 13 cm decrease in 

height during these two periods. Further, he shows a variation of 7 cm up until the classic 

period (650 BP) and then a steady increase to the 1960’s when height averaged 175.1 cm 

(Angel 1975). His explanation focuses mostly on the onset of agriculture for the initial 

decrease. The shift from a protein diet to one with more carbohydrates is cited as the 

main cause. During the transition from the Upper Paleolithic to the Mesolithic periods 

there was an increase in wild grasses, wheat and barley and a decrease in wild game 

resulting in the decrease of human stature. In terms of pelvic shape, Angel states that 

during the transition to permanent housing, stature increased about 4 centimeters but 

pelvic depth decreased perhaps due to the “increased ration of carbohydrate to protein” 

(Angel 1975, 180). 

With the onset of agriculture came a shift in nutrition. This decrease in height can 

be viewed as a decrease in good nutrition and height was not the only variable affected by 

poor nutrition. “Poor growth deriving from inadequate nutrition (potentially mineral as 

well as energy deficiencies) may lead to a flatter pelvis.” (Wells 2012, 59). 
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 Angel’s study used skeletal material and dietary trends from the Eastern 

Mediterranean area where the first signs of agriculture are archaeologically documented 

(Angel 1975). However, agriculture looks different depending on the population being 

studied. In the Americas, body size did in fact decrease with the onset of agriculture. 

However, there is a noted increase in body size when maize began to be cultivated (Stock 

2011). Auerbach studied Native American forager populations and agriculturalists 

throughout the Southeastern United States (Auerbach 2011). He found that native 

populations in the Southwestern sites were the shortest and had lower body mass when 

compared to Southeastern populations. However, he also found a great deal of variation 

within the Southeastern population. Populations further north (Indian Knoll, KY Cherry 

Site, KY) had lower body mass and a narrower bi-iliac breadth when compared to more 

southern populations (Windover, FL, Bayshore, FL). Despite this within-population 

variation, Auerbach found a general size difference between forager and agricultural 

populations. “Between the two subsistence groups in the Eastern region, there is a similar 

trend amongst both males and females: the agriculturalists are taller and more massive, 

on average” (Auerbach 2011, 225). Thus, agricultural effects on human growth are 

universal and not dependent on the region. “While the implications for the origins of 

agriculture are regionally variable, the transition is associated with a general deterioration 

in human health in many regions worldwide” (Wells 2012, 60).  

 It is also important to mention that the shift to agriculture and thus the change in 

the human diet also affected fetal growth. “Complimentary to effects on maternal height, 

the emergence of agriculture may have altered fetal growth patterns through dietary 

changes” (Wells 2012, 62). Diet is linked to fetal size. So the same dietary shift that 
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affected the living population had the same effect on the unborn. “Whilst the evidence 

remains preliminary, these studies collectively offer support for the hypothesis that the 

emergence of agricultural diets, with higher glycemic load and lower protein content than 

typical forager diet, could have impacted each of maternal size and neonatal mass and 

brain size, and may therefore have exacerbated the obstetric dilemma” (Wells 2012, 62). 

 

Ecogeography 

 

 Another variable that has an effect on pelvic dimensions is the environment. 

Climate plays a large roll in our body proportions. There are two basic laws that frame 

our understanding of body proportions and climate. Allen’s rule states that individuals 

living in colder climates have shorter limbs, wider bodies and a higher body mass. 

Bergman’s rule states that individuals living in warmer climates have longer limbs, 

narrower bodies and a lower body mass. The reason for this is thermoregulation. 

Individuals in colder climates are shorter with a higher body mass because they need to 

retain more heat. Individuals in warmer climates need to remain cool and longer limbs 

and a low body mass allow increased surface area used to cool the body (Cowgill et al. 

2012). 

 Bergman and Allen’s rules have been extensively studied (Cowgill et al 2012; 

Hiernaux 1976; Pearson 2000; Holliday 2001; Holliday 2010; Weinstein 2005; Ruff 

1994) and these studies have shown that they are true not only for an individual’s height 

and limb length but also for pelvic shape and size. There are a few outliers such as the 

African Pygmies who have evolved a strategy of limiting body mass in general to deal 

with the extremely high humidity and are therefore smaller overall due to the unique 
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climate environment (Ruff 1994). But overall, Bergman’s and Allen’s rules are accurate.  

First let us look at studies that look at three measurements: height, body mass and bi-iliac 

breadth. 

 Ruff conducted a study of 71 living populations that fell into four general 

climactic categories: sub-Saharan Africans, southeastern Asians, Europeans, and northern 

Asian-derived individuals. He was looking for evidence of the surface law (Ruff 1994). 

“Simply stated, because surface area increases as the square of linear dimensions, and 

volume increases as the cube, the ratio of surface area to volume decreases as an object 

(or body) becomes larger” (Ruff 1994, 70). He found that as populations become taller 

they also become narrower. This was evidenced in bi-iliac breadth measurements. “The 

correlation of absolute bi-iliac breadth with latitude in these samples is quite high 

(r=.866)” (Ruff 1994, 74). Ruff also found a decrease in overall body mass with warmer 

climates. Stature played no role in this decrease. 

 The correlation between latitude and temperature effect subadults more than 

mature individuals. Cowgill found strong correlations between bi-iliac breadth and 

latitude in both immature males and females. Despite variation in body proportion during 

growth, correlations with climate remain consistent. “Yearly correlations between bi-iliac 

breadth and latitude, annual temperature, and cold temperature are generally significant;” 

(Cowgill et al. 2012, 562). 

 Altitude also has a strong correlation with body size. Studies have confirmed that 

the higher the altitude the shorter the individual (Ruff 1994; Freedman 1965; Bejarano et 

al. 2009). This is true for both males and females. Freedman and MacIntosh demonstrated 

a relationship between altitude and height (Freedman 1965). However, they felt that this 
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relationship was weak and there were other factors contributing to variability of stature in 

high altitude populations. Since then several studies have demonstrated a negative 

correlation between height and altitude. One such study of Argentinian males showed 

that the higher altitude native Argentinian males were significantly shorter than 

Argentinians from the same area with foreign names (Bejarano et al. 2009).  Finally, 

Pennisi studied a Peruvian population known for their short stature. She found their short 

stature to be a result of a genetic mutation, leading to the conclusion that evolution 

favored short stature for Peruvians because of food scarcity at such high elevations 

(Pennisi 2018). While the reason for short stature at higher elevations is debated, what is 

certain is populations living at high altitudes are, overall, shorter than those living closer 

to sea level. 

 One of the most informative ways to show pelvic differences in relation to their 

environment is a population comparison and many scientists have done so (Handa et al. 

2008; Gould 1966; Shapiro 1939; Bernard 1952; Betti 2018; Shi et al. 2009). Shaprio 

studied a population of Japanese individuals who were born in Hawaii (Shapiro 1939). 

He found that they were taller than their relatives who were born in Japan. Some 

scientists at the time attributed this to what they called improved environment. However, 

their definition of improved environment was improved social status and living 

conditions (Shapiro 1939; Bernard 1952)   

Kolawole compared the pelvimetric measurements of Nigerian and Welsh women 

(Kolawole 1978). Anecdotally they had learned of the higher incidence of obstructed 

labor in Nigerian women and statistics show that obstructed labor accounts for 27.2% of 

all maternal death in Nigeria. A population-based study was the best way to demonstrate 
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pelvic size differences. First, Nigerian women are 4.35 cm taller than Welsh women. 

They also found that the anterior and posterior depths of the Nigerian women were .49 

cm and 1.04 cm smaller respectively and the mean antero-posterior diameter was 1.08 cm 

smaller for Nigerians as well. These significant results not only demonstrate Bergman 

and Allen’s rules, they also show that these rules are not only for height and limb length 

but also pelvic dimensions (Kolawole 1978). 

In 2008, a study was conducted comparing the pelvic measurements of white 

American women to African American women (Handa et al. 2008). It found the pelvic 

inlet and outlet to be significantly wider in white women. However the anteroposterior 

diameter was wider in African American women. Once again, Bergman and Allen’s rules 

are confirmed. African American women have genetic roots in warmer climates than 

white women and are therefore narrower than women of European descent (Handa et al. 

2008).  

Betti conducted a study with the intent to understand the role of climate in the size 

and shape of the pelvis while considering neutral evolutionary processes (Betti 2014). 

She found that among the 30 male and 23 female populations studied, temperature did in 

fact influence the shape of the male and female pelvis. However, once “the signature of 

past population history” is taken into account, only maximum temperature (not 

minimum) remained a factor in the pelvic shape of women (Betti 2014, 68). Her findings 

showed that while temperature was a factor in pelvic shape it is not as important as 

neutral evolutionary processes.  
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Genetic Processes 

 

 Genetics play an important role in determining our bone structure. While it is hard 

to untangle environment and the onset of agriculture from genetic processes, research has 

shown that neutral genetic processes have a significant influence on pelvic morphology. 

Let’s begin with the out-of-Africa genetic dispersal theory. 

 The out-of-Africa dispersal theory states that Homo sapiens originated in sub-

Saharan Africa and expanded to other continents in a relatively short period of time 

(60,000-100,000 years ago) (Betti 2018). During this dispersal, genetic material was 

carried by our ancestors to Europe and Asia where colonization of new areas occurred. 

From these new areas, our ancestors continued to disperse throughout the continent 

taking with them only a portion of genetic material from the original founder event, or 

cradle of humanity in sub-Saharan Africa. As more and more individuals colonized 

increasingly distant territories, their genetic makeup only incorporated a portion of the 

genes from the serial founder event in sub-Saharan Africa. Thus, “…genetic diversity 

decreases with increasing distance from Africa.” (Betti 2018, 6). 

 A worldwide survey of male demographic history was conducted in order to 

elucidate the serial founder event. Shi conducted a study of 37 Y-chromosomal single 

nucleotide polymorphisms and 65 Y-chromosomal short tandem repeats (Shi et al. 2009).  

chromosomes, specifically Y chromosomes, are very informative regarding our genetic 

past. They contain the most stable haplotypes (a combination of alleles that are located 

closely together on the same chromosome and that tend to be inherited together) and from 

this we can infer our genetic demographic history. They found that populations with a 

historically older expansion time had lower growth rates. “First, the parameters are 
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correlated, with a tendency for populations with an older TMRCA (the most recent 

common ancestor) to have an older expansion time and larger effective population size 

but a lower growth rate and vice versa” (Shi et al. 2009, 388). Shi’s study demonstrates 

that early sub-Saharan populations were larger and grew slowly and subsequent 

populations that were established beyond Africa had lower growth rates. 
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Figure 10 – “Contour plot showing the posterior distribution of (A) TMRCA, (B) 

Expansion time, (C), Initial effective population size, and (D) Population growth rate. 

Each population is marked by a circle, centered on the sampling site and with a diameter 

proportional to its sample size” (Shi et al. 2009, 389). 
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 Given the decreased genetic diversity described in the out-of-Africa dispersal 

theory, how strong of an impact can genetics make on pelvic morphology? Betti 

demonstrated a strong correlation between genetic and geographic distance (Betti 2014). 

In her study she showed that populations who live close to one another are more alike due 

to shared population history or genetic homogeneity. In terms of the pelvis, Betti 

demonstrated a significant variation increase in shape with further distance between 

populations and the effects of climate were limited. “In females, only the correlation with 

maximum temperature remains significant after accounting for DHS (Demographic 

History Signature)” (Betti 2014, 70). Indeed its males who are most affected by their 

environment. Males, not females, showed a correlation between pelvic size and minimum 

temperature.  

 While temperature does impact pelvic shape, it’s neutral genetic processes that 

have the most impact. Phenotypic diversity, the expression of our genetic makeup 

resulting from the interaction of its genotype with the environment, decreases with 

increasing distance from Africa (Betti 2009). “While the relationship for genetic markers 

is even stronger, by choosing the most informative phenotypic traits we could explain an 

impressive 50 per cent of within-population diversity without any contribution from 

climate” (Betti 2009, 813). As for the pelvis, by using the relationship between 

geographic and phenotypic distance between populations to quantify the effect of neutral 

population history, Betti was able to demonstrate the influence of neutral evolutionary 

processes on pelvic dimensions. “…pelvic shape difference between human populations 

show a strong neutral demographic history signature, comparable with that previously 

found for the cranium” (Betti 2014, 71). 
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 Along with the above-mentioned processes, genetic constraints also play a role in 

controlling the amount of evolutionary change that can occur in the pelvis. Grabowski 

highlighted this in his paper on the evolution of constraints (Grabowski 2013). 

Grabowski states that organisms are mostly stable over time, indicating the presence and 

power of stabilizing selection which helps organisms remain at or near their peak fitness. 

This is seen dramatically in the female pelvis. Grabowski found that the birth canal has a 

decreased evolutionary potential of 42%  (60% in apes and 54% in gibbons). “This 

finding points to a reduction in the level of genetic constraints on the birth canal in 

humans when compared to other apes. The lower levels of birth canal evolvability in 

humans without constraints when compared to other apes could be due to stabilizing 

selection – too much variation in obstetric traits could lead to even greater parturition 

difficulties than human females currently experience (Grabowski 2013, 67-68).   

 Diet, ecogeography and genetic processes are all working together to shape 

female pelvic dimensions. While inextricably linked to one another, it is possible to 

disentangle them from one another and understand how these different forces are working 

to shape pelvic dimensions. In the next chapter I will discuss data collected from six 

populations and how the processes discussed in this chapter play a role in their pelvic 

variation. 
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Chapter 4: Pelvic Analysis of Six Populations 

 

 

In order to investigate variation in female pelvic anatomy, I have collected data on 

six populations held in the collections at The Smithsonian. Several authors discussed in 

the previous chapter have demonstrated pelvic variation among populations with 

individuals from colder climates having smaller bodies and a higher body mass and 

individuals from warmer climates having narrower bodies and a lower body mass. 

Research has also shown a larger pelvic canal in smaller individuals when compared to 

larger individuals (Kurki 2007). In addition, research has shown that populations close to 

one another are less diverse (Betti 2009) and individual diets play a role in pelvic 

changes. (Wells 2012; Angel 1975; Auerbach 2011). Skeletal samples from six different 

populations were included in this study. The populations include females from Ireland, 

Germany, Alaska, Southwestern United States, Southeastern United States, and the 

Midwestern United States. This study’s analyses are focused on testing hypotheses 

related to Bergman’s and Allen’s rules, variation of female pelvic morphology, and the 

impacts of various influences including diet, geography and climate. The null hypothesis 

is that there is no variation in female pelvic morphology. 

 

Methods and Materials 

 

Skeletal measurements were taken from adult individuals only. All epiphyses of 

the pelvis were fused. Due to the archaeological context of some of the population 

groups, not all skeletal samples were complete. This led to an uneven amount of data 



 50

collection per measurement between populations. In order to compensate for this, 

additional skeletons were measured for certain groups (such as Florida) than were 

required for other groups (such as Illinois). Measurements of individuals from Alaska 

were limited due to repatriation constraints and due to the remains being incomplete.  

The Terry and Huntington Anatomical Skeletal Collections provided skeletal 

material from Ireland and Germany. The Huntington Collection is a collection of about 

3,400 partial human skeletons of known age individuals. George S. Huntington (1861-

1927) was an anatomist at the College of Physician and Surgeons in New York City and 

began collecting the skeletal remains of individuals used in the teaching environment. 

The entire skeleton was not saved after dissection. Most remains consist of long bones, 

long bones only from one side, partial crania and some pelves.  The demographic profile 

of the collection is diverse. It is 66.5% white, 7.6% black and 25.9% of unreported 

ancestry. There is a large immigrant population represented with 15% Irish, 10% 

Germans, 8% Italians and other groups such as Scottish and Swedish. The mean age at 

death is 46.2 years (Hunt 2000).  

 The Terry Collection is a skeletal collection of known age individuals. It consists 

of 1,728 individuals who died in the St. Louis area between 1898-1967. The mean age at 

death for males is 53 years and for females, 58 years. Detailed documentation 

accompanies the collection. Death certificates, morgue documentation and 

anthropometric measurements taken by Terry were collected. However, Terry went 

further in his pursuit of accurate data and would often write hospitals and coroners 

“requesting confirmation of age data, as well as information about place of birth and 

occupation,” (Hunt 2005, 411). Terry was not interested in collecting individuals with 



 51

any pathology or abnormalities. His focus was in “representing the complete range of 

human skeletal variation,” (Hunt 2005, 407).  

  Female skeletal remains from the Midwestern United States were excavated by 

Mr. Walter Wadlow and Dr. P.F. Titterington and donated to The Smithsonian in 1945. 

Artifacts collected suggest these Late Woodland period individuals were associated with 

the Hopewellian culture dated to 500-1000AD and located in Calhoun County, IL. 

Another sample group is from south central Ohio, part of the Fort Ancient period, 

excavated and  donated by the Ohio State Archaeological Society in 1925.  

The Southwestern United States measurements were taken from individuals from 

Apache and Navajo counties in Arizona and Cibola and McKinley counties in New 

Mexico. Apache county remains are from the Pueblo culture and  were accessioned in 

1930. They are listed as a gift from Dr. F.H.H. Roberts Jr.. Remains from Cibola County, 

NM were collected during the 1917-18 field season conducted by F.W. Hodge and were 

gifted to the Smithsonian in 1919 by the Heye Foundation. They are from the Hawikku 

area and are dated to be from about 1400 AD. Remains from McKinley County were 

collected during the Hemenway Expedition of 1887. They were brought to the 

Smithsonian in 1899 by the Army Medical Museum and later transferred to the 

Smithsonian.  

Data collected from the Southeastern United States include areas around Cape 

Canaveral, Ormond Beach and Belle Glade, Florida. Most were collected during the 

Federal Relief Program of 1933-4. Under the supervision of Gene M. Sterling, 196 boxes 

of skeletal remains were collected by the Bureau of American Ethnology. All remains 

measured date from 135-1500 AD.  
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Alaskan skeletal remains were collected by Dr. Aleš Hrdlička in 1929 during his 

trip to the Kuskokwim River. Most of the villages in this area were located along the 

river and surrounding creeks. The accession record states that the body was covered with 

a mat and an animal skin and the bodies were buried in coffins made of hand hewn 

wooden planks. Hrdlička states that the remains were modern, from the late 19th and early 

20th centuries.

 

Figure 11 – Map of locations of individuals who were measured 

The measurements taken are from the Standards of Data Collection (Langley et al. 

2016, 77-78) and include: 

1. #64 – Maximum Innominate Height (MIH) – The distance from the most 

superior point on the iliac crest to the most inferior point on the ischial 

tuberosity. 

2. #65 – Maximum Iliac Breadth (MIB) – The distance from the anterior 

superior iliac spine to the posterior superior iliac spine. 
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3. #66 – Minimum Iliac Breadth (WIB) – The minimum distance measured 

from the area below the anterior inferior iliac spine to the most inward 

curvature of the greater sciatic notch. 

4. #67 – Maximum Pubis Length (XPL) – The distance between the top of 

the pubic symphysis to the farthest point on the acetabular rim. 

5. #68 – Minimum Pubis Length (WPL) – The distance between the top of 

the pubic symphysis to the closest point on the acetabular rim. 

6. #71 – Maximum Ischiopubic Ramus Length (XIRL) – The distance from 

the most inferior point on the symphyseal face to the most distant point on 

the ischial tuberosity. 

7. #72 – Anterior Superior Iliac Spine to Symphysion (ASISS) – The 

distance from the apex of the anterior superior iliac spine to the top of the 

pubic symphysis. 

8. #73 – Maximum Posterior Superior Iliac Spine to Symphysion (PSISS) – 

The distance from the posterior border of the posterior superior iliac spine 

to the top of the pubic symphysis. 

9. #74 – Minimum Apical Border to Symphysion (WAS) – The minimum 

measurement from the top of the pubic symphysis to the anterior border of 

the auricular area. 

10. #75 – Maximum Length of Femur – The distance from the most proximal 

point on the head of the femur to the most distal point on the medial or 

lateral femoral condyle. 

11. Femoral Head Size – The maximum diameter of the femoral head 
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Figure 12 – Pelvic Bone Measurements 

 

 

I also took femoral length and femoral head measurements to calculate height and 

body mass and used equations from Ubelaker to calculate height Ubelaker 2000). Body 
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mass was calculated using the McHenry femoral head size equation (McHenry 1992). 

Statistical analyses using a linear regression model were employed to determine 

statistically significant variations between the six populations.  

 

 

Results 

 

 The most striking differences between the six populations are the average height 

(Figure 1), body mass (Figure 2) and age (Figure 3). The Northern Europeans are the 

tallest at approximately 153-160 cm and ending with Alaskan Native Americans with an 

average height of 151cm. The population with the biggest body mass is again Germany 

and Ireland at 60.53 and 58.21 kilos respectively. However, Native Alaskans are third at 

57.77 kilos despite their short stature and the Southwest Native Americans maintain their 

short stature and low body mass (average body mass of 51.32) demonstrating Bergman’s 

and Allen’s rules.  

 

 
 Table 1 – Average Height 
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 Table 2 – Average Body Mass 

 

 
Table 3 – Average Age of Each Population 

 

 

Comparison of Measurements to those of the Irish Population 

 

Table 4 shows average differences of measurements from five populations 

(Germany and Alaska, Southeast, Midwest, and Southwest Native Americans) compared 

to the Irish population measurements taking only age into account. Table 4 shows all 

average differences taking age and height into account; in other words, comparing the 
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average differences in measurements from the populations who are similar in terms of 

age and height. Highlighted are the statistically significant differences. Once both age and 

height are considered, more statistically significant differences emerge than when only 

age is taken into account. 

When only accounting for age (Table 3), there is one statistical difference 

between Irish and German populations. Minimum innominate breadth is significantly 

smaller in the Irish population (1.5181, pvalue=0.0241 with a 95% CI). However, once 

age and height are taken into account (Table 4), no statistical differences are found 

between Irish and German populations. The adjusted difference in minimum innominate 

breadth between Ireland and Germany attenuates from 1.518 mm to 1.045 mm and drops 

the pvalue to 0.0662. This shows the impact of height and age on pelvic size and the 

importance of taking these factors into account.   

Moving on to Alaska, with their short stature and high body mass, we 

hypothesized Native Alaskans to have bigger pelves. The age and height-adjusted results 

demonstrate this to be true for several measurements. When compared to females from 

Ireland, Native Alaskans have larger minimum and maximum pubis length, minimum 

innominate breadth, apical border to symphysion and anterior superior iliac spine to 

symphysion (Figure 4). Four of the five measurements occur in the midplane and outlet 

where the fetal head engages with the narrowest portions of the pelvis.  

Germany and Southeast Native Americans were found be the most like females 

from Ireland after accounting for age and height. There was one statistically significant 

difference. Southeast Native Americans had a significantly smaller maximum innominate 

breadth by 6.203 mm (pvalue=0.00249 at 95% CI) when compared to Irish females.  
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When comparing Irish women to Southwestern Native American women there are 

several measurements that have statistically significant differences. Maximum 

innominate breadth is the only measurement in which Southwest Native Americans are 

smaller than Irish females (-5.050938 mm, pvalue=0.01269 at 95% CI). All other 

statistically significant measurements (maximum and minimum pubis length, anterior 

superior iliac spine to symphysion) are larger when compared to Irish women (Table 4). 

Minimum pubis length was 4.8986 mm smaller in Irish women (pvalue=0.0432 at 95% 

CI), the largest difference between the two populations followed closely by anterior 

superior iliac spine to symphysion at 4.5575 mm (pvalue=0.000502 at 95% CI). 

The final comparison with Ireland as the comparator group is the Midwestern 

Native Americans. Results showed minimum pubis length and maximum ischiopubic 

ramus length to be larger by 2.386 mm and 3.676 mm respectively in the Midwestern 

Native Americans.  

 

 

Table 4 – Average differences at 95% confidence interval in skeletal measurements 

averaged from left and right measurements comparing Irish subjects to six populations 

taking age into account. n=40.  

 



 59

 

Table 5 – Average differences at 95% confidence interval in skeletal measurements 

averaged from left and right measurements comparing Irish subjects to five populations 

taking age and height into account. n=40. 

 

 

Southwest Native Americans as the Comparator Population 

 

 In order to compare more closely related Native populations, I switched the 

comparator group from Ireland to Southwest Native Americans. The results show, first, 

that Alaskans have larger minimum and maximum innominate breadth, maximum 

innominate height and maximum pubis length when compared to Southwest Native 

Americans. These results demonstrate that not only do the Alaskan Native Americans 

have a larger pelvis overall but also a larger midplane and outlet. 

 In addition, Southeast Native Americans are larger when compared to Southwest 

Native Americans. Three measurements were statistically significant. Minimum and 

maximum pubis length were the most divergent with a size difference of 5.582 mm and 

6.503 mm respectively. Anterior superior iliac spine to symphysion measured 5.916 mm 

larger in Southeast Native Americans (pvalue=0.0513 at 95% CI). 

 Results comparing the German females Southwest Native Americans mirror the 

comparison of the Southwest Natives to Irish females (Table 6). German females were 

WIB MIB XPL ASITL MIH WPL XIRL ASISS PSISS WAS

Alaska
2.450356, 

pvalue=0.0229

2.620913, 

pvalue=0.37614

6.325652, 

pvalue=0.00222

4.76229, 

pvalue=0.1019

6.18335, 

pvalue=0.0682

5.821061, 

pvalue=0.001377

1.877241, 

pvalue=0.2962

8.0226, 

pvalue=0.036

3.8442, 

pvalue=0.2977

8.4687, 

pvalue=0.0092

FL/GA
1.287265, 

pvalue=0.103

-6.203206, 

pvalue=0.00249

-2.680302, 

pvalue=0.13541

0.90884, 

pvalue=0.697

-3.0373, 

pvalue=0.242

-1.945611, 

pvalue=0.216649

0.009648, 

pvalue=0.99525

-1.0182, 

pvalue=0.7341

-2.6432, 

pvalue=0.4443

4.586, 

pvalue=0.1159

Germany
1.04532, 

pvalue=0.0662

1.613975, 

pvalue=0.2813

0.141359, 

pvalue=0.89927

-0.60261, 

pvalue=0.6943

-0.07373, 

pvalue=0.9652

-0.328123, 

pvalue=0.73794

0.008644, 

pvalue=0.99292

-1.0802, 

pvalue=0.5519

-2.5731, 

pvalue=0.2133

-1.8354, 

pvalue=0.2981

IL/OH
0.841138, 

pvalue=0.218

-2.698473, 

pvalue=0.1386

1.863701, 

pvalue=0.15429

0.64995, 

pvalue=0.7242

1.38804, 

pvalue=0.495

2.386128, 

pvalue=0.039153

3.676229, 

pvalue=0.00162

2.3265, 

pvalue=0.2789

-1.1292, 

pvalue=0.6345
3.062, 

pvalue=0.1382

NM/AZ
0.64413, 

pvalue=0.3972

-5.050938, 

pvalue=0.01269

2.901284, 

pvalue=0.04808

3.53307, 

pvalue=0.0884

-0.40018, 

pvalue=0.8605

4.55752, 

pvalue=0.000502

2.923735, 

pvalue=0.02509

4.8986, 

pvalue=0.0432

-1.6456, 

pvalue=0.5403
3.4254, 

pvalue=0.1389
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found to have larger maximum innominate breadth (6.665 mm, pvalue=0.0033); results 

were similar for the Irish females. In addition, three measurements that were found to be 

smaller in the Irish women were also smaller in the German population. These include 

minimum pubis length (4.8856 mm, pvalue=0.0008 at 95% CI), maximum ischiopubic 

ramus (2.9151 mm, pvalue=0.0461 at 95% CI) and anterior superior iliac spine to 

symphysion (5.9788 mm, pvalue=0.0281 at 95% CI). German females are smaller than 

Southwest Native Americans in the midplane and outlet of the pelvis. 

 Finally, Northeast Native Americans had one measurement that was larger and 

statistically different from the Southwest Native Americans. Minimum pubis length was 

found to be 2.1714 mm shorter, indicating a smaller midplane of the pelvis.  

 

 

Table 6 - Average differences at 95% confidence interval in skeletal measurements 

averaged from left and right measurements comparing Southwest Native American 

subjects to five populations taking age and height into account. n=32. 

 

Discussion 

 

The goal of this study was to examine female pelvic variation among six 

populations and see how variables such as age, height, diet, and ecogeography affected 

pelvic proportions. The hypothesis tested said that that Bergman’s and Allen’s rules were 

accurate overall and applied to these six populations. The data presented here showed that 
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Bergman’s and Allen’s rules do apply to some of the results but not all and that diet and 

age played a role in the unexpected outcomes. 

 

Alaska 

First, in a demonstration of support for the hypothesis, Alaskan Native Americans 

were shown to have larger pelves when compared to females from Ireland and Southwest 

Native Americans. The implications of size difference vary depending on the 

measurement. Speaking from an obstetric point of view, the pelvis is divided into two 

portions, the true and false pelvis. The false pelvis is located above the most distal point 

of the acetabulum and plays no role in labor and delivery. The true pelvis is located 

below the most proximal point of the acetabulum and is integral during the labor and 

delivery process. While there is an overlap of these two areas, the division gives us a 

reference for what measurements are integral to the labor and delivery process and which 

are related to overall body size. Alaskan Native Americans demonstrate both larger 

pelves overall as well as larger obstetrically related dimensions. 

Alaskan Native Americans have a higher body mass than the Southwest Native 

Americans and their pelvic measurements are bigger, supporting Bergman’s rule that 

populations of a larger size are found in colder climates. Alaskans demonstrate larger 

innominate height and breadth when compared to Southwest Native Americans. These 

measurements are related to the false pelvis and have no bearing on childbirth. However, 

they demonstrate an overall pelvic size difference between the two populations. The 

colder climate of Alaska (average maximum temperature is 30.7 degrees Fahrenheit 
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compared to 65.3 degrees in the Southwest (US Climate Data 2019) has caused an 

increase in body mass and this increase is concomitant with increased pelvic size.  

Two measurements of statistical importance are related to the true pelvis. These 

are minimum innominate breadth and maximum pubis length, both of which are larger in 

Alaskan populations. Despite being the shortest population, Alaskans have a larger 

midplane and outlet compared to Southwest Native Americans. While I was not able to 

take measurements of fully assembled pelves due to the incomplete nature of the 

collections, these measurements can be viewed as proxies to bi-spinous distance and 

other intra-pelvic dimensions because they speak to the size of the midplane and outlet of 

the pelvis. These results indicate that, despite their short stature, Native Alaskans have 

larger birth canals compared to Southwest Native Americans. 

When comparing Alaskan Native Americans to females from Ireland, differences 

in the true pelvis also emerge. Maximum and minimum pubis length and minimum 

innominate breadth are statistically different. These results demonstrate that Alaskan 

Native Americans have a larger midplane and outlet of the pelvis when compared to Irish 

females.   

There is a risk that the small sample size of Alaskan Native Americans had a 

negative impact on the statistical analyses. A small sample size may not depict a true 

representation of the population. However, I compared my measurements of femoral 

head size of Alaskan (and Southwest Native Americans) to the same data collected by 

Holliday and Hilton on the skeletal size of Alaskan Native Americans and found them to 

be in concert with one another (Holliday 2010).  
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Ireland 

When I compared Southwest Native Americans to females from Ireland and 

Germany I found many statistically significant results, none of which were expected. The 

hypothesis states that Allen’s and Bergman’s rules are accurate overall and apply to these 

populations. So females from Ireland and Germany should be taller, have a higher body 

mass and therefore have bigger pelvic measurements. It is true that females from Ireland 

are about 10 cm taller than Southwest Native Americans. It is also true that females from 

Ireland are 7 kilos heavier than Southwest Native Americans. However, this does not 

translate into larger pelvic dimensions for Irish women.  

Before I discuss the unexpected results, it is important to mention that both 

German and Irish females have statistically significant larger maximum innominate 

breadth measurements compared to Southwest Native Americans. After taking age and 

height into account, Irish females have a maximum innominate height of 5.051 mm 

(pvalue=0.0126 at 95% CI) and German females measure 6.665 mm (pvalue=0.0033 at 

95% CI) larger than Southwest Native American females. Currently there are no research 

studies looking at maximum innominate height and its relation to height of an individual. 

However, this research shows that maximum innominate height could possibly be related 

to the height of the individual. Further research is needed to determine if a relationship 

exists in other populations. 

Four measurements were smaller in the Irish population when compared to 

Southwest Native Americans. These include minimum and maximum innominate 

breadth, anterior superior iliac spine to symphysion and maximum ischopubic ramus 



 64

length with minimum innominate breadth being the most statistically significant 

(pvalue=0.0005 at 95% CI). There are two reasons these results subvert expectations.  

First is age. The average age for the Irish population is 53.62 years compared to 

34.68 years for the Southwest population. Studies show that a decrease in pelvic size 

occurs after peak fertility. After the age of 40 the pelvic canal reduces in size and begins 

to mirror the male trajectory of shape and size. These studies indicate the shape 

difference during peak fertility years in females is caused by a need to maintain space for 

a fetus to pass through. Once this need is no longer required, pelvic shape and size begins 

to reduce (Huseynov et al. 2016). 

The second is diet. The population from Ireland were born and lived during the 

Irish potato famine. Ireland lost 88% of their potato crop and exports of other food goods 

to the United Kingdom increased the devastation and level of starvation (Vanhaute 2007). 

Effects of starvation on the human body have been well documented. In Ireland, the time 

period in which these women were living was a time of famine. This population lived 

through (and bore children during) the great famine. Impacts of famine have been studied 

and evidence shows a dramatic impact on skeletal growth due to starvation as well as 

disease associated with the great famine (Horocholyn 2017; Gerber 2014).  

German females also have pelves that are smaller than Southwest Native 

Americans. I believe age and diet are playing a similar role in this case. First, the average 

age of the German females at death is 61.35, almost eight years older than the Irish 

population. This age difference is playing a role in the reduction of German pelvic size. 

Indeed, German females are smaller than Irish and Southwest females and I believe age is 

the main factor. 
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 Second, Germany was also impacted by crop loss due to the same fungus that 

killed off the potato crop in Ireland but because of a lower impact of the fungus and a 

more diverse diet, the effects were not nearly as serious as they were in Ireland (Gerber 

2014). However, during the same period of time, Germany was in the midst of a 

revolution. The working class of Germany suffered malnutrition and starvation during 

this time due to socioeconomic issues (Hachtmann 2000).   

German females are even smaller than the Southwest population in three 

measurements. minimum pubis length, anterior superior iliac spine to symphysion and 

minimum apical border to symphysion. These results do not support the hypothesis that 

Bergman’s and Allen’s rules are accurate overall. Other factors play a role in pelvic size 

and in this case, diet and age are reducing the size of the German and Irish pelves to a 

degree that pushes two otherwise large populations below one of the smallest populations 

in stature and body mass. 

The hypothesis is supported by data comparing Irish females to Southeast Native 

American females. These two groups are close in height and body mass (Irish females are 

2 kilos heavier). However, the average yearly temperature for Southeast Native 

Americans is 14 degrees Celsius warmer than Ireland. The hypothesis states that 

individuals in warmer climates are taller and narrower than their cold weather 

counterparts. One measurement is of statistical significance and supports this hypothesis. 

After taking age an height into account, Southeast Native Americans have a smaller 

maximum innominate breadth (-6.203 mm, pvalue=0.00249 at 95%CI) when compared 

to Irish females. This measurement speaks to the overall size the individual and we can 
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use it as a proxy for body size. The Southeast Native Americans body size is narrower 

than Irish females.  

While this is interesting, it is important to discuss the other nine measurements 

that were not statistically different between these two populations. These results show 

little overall difference between these two populations. There are two reasons this could 

be. First there is a difference in overall age between the two populations. Irish females 

are, on average, almost twenty years older than the Southeast Native American 

population. This could be limiting the number of statistically different results. Second is 

the lack of diversity between the climates of the two populations. Finally, the diet of the 

Irish females could be playing a role in the lack of diversity between these two 

populations. As discussed above, the Irish potato famine may have retarded skeletal 

growth and decreased the differences in skeletal measurements between these two 

populations. 

A final comparison was calculated between Irish females and Midwest Native 

Americans. These result show two measurements to be statistically significant. Minimum 

pubis length and maximum ischiopubic ramus length are both bigger in the Midwest 

population. After taking age and height into account minimum pubis length is 2.386mm 

longer in the Midwest population (pvalue=0.0392 at 95% CI) and maximum ischiopubic 

ramus length is 3.676mm longer (pvalue=0.00162 at 95% CI). These two measurements 

are related to obstetrics and fall within the true pelvis. Thus, Midwest Native Americans 

have a larger midplane and outlet when compared to Irish females.  

Overall, the Midwest Native American population is very similar to the Irish 

populations. With an obvious discrepancy in age (just over 19 years) all other factors are 
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similar. They have a similar height and weight; the climates are similar and there is no 

major difference in elevation. It seems age and possibly diet are the only factors causing 

two measurements to be bigger in the Midwest population.  

 

Southwest Native Americans 

 Results comparing Southwest and Southeast Native Americans do not support the 

hypothesis that Bergman’s and Allen’s rules apply to these populations. First, the 

Southwest Native American population is 5 kilograms lighter than the Southeast 

population despite living in a colder climate (14 degrees Celsius colder than the 

Southeast) and at altitude (Elevation is around 11,000 feet in the Southwest compared to 

16 feet in the Southeast).  While the Southwest population is seven centimeters shorter 

than the Southeast population supporting Bergman’s rule, the higher body mass of the 

Southeast does not.  

In addition, three pelvic measurements are smaller in the Southeast population. 

Minimum and maximum pubis length and anterior superior iliac spine to symphysion are 

all smaller by a statistically significant margin. When age and height are taken into 

account, minimum pubis length is 5.582 mm smaller (pvalue=0.0019 at 95% CI), 

maximum pubis length is 6.503 mm smaller (pvalue=0.00005 at 95% CI) and anterior 

superior iliac spine to symphysion is 5.917 mm smaller (pvalue=0.0513 at 95% CI). All 

three of these measurements fall within the true pelvis and impact canal size. These 

results suggest the Southeast Native American population has a smaller midplane when 

compared to Southwest Native Americans.  
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One factor that could be influencing these results is the annual rainfall totals for 

each region. The Southeast area has an average rainfall of about 50 inches per year while 

the Southwest gets about 13 inches per year. Research by Stinson in 1990 showed that 

South American populations in wetter climates were shorter than those in drier climates. 

Indeed, it was only females who had a correlation with climate. Also Stinson found a 

strong negative correlation between height and precipitation indicating that smaller 

individuals live in areas with higher rainfall (Stinson 1990). The increased rainfall in the 

Southeast could be a factor in the smaller pelvic dimensions. An alternative explanation 

is that Bergman’s and Allen’s rules do not apply to this population.  
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Conclusion 

 

 The above results show that Bergman’s and Allen’s rules are true for some 

population comparisons but not all. These results show that climate plays a role in pelvic 

morphology but so do other factors. It is necessary to take all factors into account when 

comparing populations. Age played a large role in the above study, including the German 

and Irish populations, which allowed us to see the effect age has on female pelvic 

morphology.  

Pelvic variation among females is demonstrated by the results of this study and 

within the current and past literature on the subject. Female pelvic variation is not linear 

and there is no simple answer to pelvic morphology. The obstetrical dilemma was a 

convenient and tidy explanation for cephalopelvic disproportion. However, we have 

learned that there are so many more influences on pelvic morphology since the Washburn 

paper was published in 1960 and bipedalism cannot be the only explanation. Bergman’s 

and Allen’s rules may be accurate in a general sense but there are several populations 

who fall outside of their expected guidelines. Further research is needed to understand 

whether individual, single sided pelvic measurements can be used as a proxy for bi-iliac 

breadth and bi-spinous breadth. In addition, larger sample sizes could elucidate the 

differences between populations that are geographically closer to one another. 

 Pelvic morphology is fascinating, and reflects the mosaic of evolutionary, 

ecogeographic, genetic and dietary processes which impacted the features of the pelvic 

girdle and overall human body form. Future study will require the inclusion of all these 
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variables and have to be pan-populational to acquire the knowledge of the influences on 

various groups. With the advances in data-capture by digital and laser scanning 

techniques, much of the previous restraints by linear osteometrics only will give way to 

study in a true 3-dimensional format.   
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