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Introduction 
 
 Homo neanderthalensis, colloquially known as "Neanderthals", were first discovered 
in 1856 at the Kleine Feldhofer Grotte in the Neander Valley near Düsseldorf, Germany. 
Neanderthals persisted through multiple glacial-interglacial cycles in mid-late Pleistocene 
Eurasia (Wroe et al., 2018). Since their discovery, they have continued to puzzle and 
fascinate scientists due to their uniquely derived traits (Weaver, 2009). Of particular interest 
is Neanderthal skeletal morphology and its implication to our own evolution. Neanderthals 
are often described as relatively "short but massive" (Gracia-Martinez et al., 2018), heavy-
bodied hominins with wide trunks and short distal limbs in comparison to modem humans. 
Neanderthals also possessed a wide pelvis (Tompkins & Trinkaus, 1987) and a wide central-
lower thorax (Franciscus & Churchill, 2002). Neanderthal proportions mirror contemporary 
cold-adapted human populations, though comparatively heavier and more muscular 
(Holliday& Trinkaus, 1991). Additionally, studies have shown Neanderthals had larger 
brains than contemporary humans with an average cranial capacity of approximately 1300 
cc for females and 1600 cc for males (Gunz et al., 2010). However, new insights suggest 
when body mass is considered, Neanderthals have significantly smaller adjusted endocranial 
capacities than contemporary anatomically modem humans (AMHs). With that being said, 
there are still compelling differences found in Neanderthal's brain anatomy compared to our 
own. Early proposals suggested Neanderthal skeletons were pathological modem human 
skeletons, yet the discovery of new fossils with unique features, revealed that hypothesis to 
be unsound (Weaver, 2009).These interpretations may have been based on the fact that 
pathological lesions are abundant on Neanderthal skeletons, especially healed traumatic 
injuries, which may have contributed to such assumptions (Weaver, 2009; Berger & 
Trinkaus, 1995). 
 
 Neanderthals last shared a common ancestor with modem humans approximately 
350,000 years ago (Weaver et al., 2008) and lived until about 35,000 years ago (Higham et 
al., 2006). Neanderthal populations became isolated from contemporary human lineages 
further south due to geographic barriers formed by climate fluctuations (Howell, 1952). 
Neanderthals originated in Europe but later became widespread in western and central Asia. 
Neanderthal populations may have extended as far south as Israel and as far east as southern 
Siberia (Krause et al, 2007). 
 
 The purpose of this paper is to discuss current discoveries and interpretations of the 
skeletal morphology of Neanderthals, with consideration to both cranial and postcranial 
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material through the lens of multiple approaches such as examining neonate and juvenile 
morphology, experiments used on other mammals, Neanderthal brain organization using 
primate data, and evolutionary explanations to understand Neanderthal morphology 
 
Cranial Morphology 
 
 Both metric and nonmetric attributes distinguish the crania and mandibles of 
Neanderthals from those of modern humans. These features include a wide, tall nasal 
aperture, a depressed nasal floor, a wide projecting nasal bridge, a retro-molar gap, and 
'swept back' zygomatic arches (Wroe et al., 2018). The derived features seen in the fossil 
record points to directional natural selection, while the more primitive features are indicative 
of stabilizing natural selection (Weaver, 2009). Juvenile Neanderthals display these unique 
cranial features, suggesting they are not the result of mechanical loading patterns made by 
lifetime behaviors. To illustrate this, Weaver (2009) describes well-preserved neonatal 
skeletons from Mezmaiskaya, Russian Federation and Le Moustier, France. In the 
Mezmaiskaya specimen, the overall cranial shape is akin to adult Neanderthals including an 
elongated foramen magnum, mid-facial prognathism, an inferiorly positioned posterior 
semicircular canal, and an inferiorly positioned mandibular condyle. The Le Moustier 2 
specimen demonstrated the absence of an infraorbital concavity, while the nasals are 
comparable to those of adult Neanderthals (Maureille, 2002). In addition, a somewhat older 
skeleton from Israel dubbed "Amud 7" displayed an oval foramen magnum, an enlarged 
medial pterygoid tubercle, and an absence of a mental eminence-similar to other described 
Neanderthal cranial features (Ponce de Leon et al., 2008). 
 
 As these unique cranial features are present very early in development, scientists infer 
that cranial differences among Neanderthals are likely due to different allele frequencies at 
loci underlying cranial form rather than lifetime behavioral explanations (Weaver, 2009). In 
other words, these features are justified through an evolutionary approach. With that being 
said, there is some experimental evidence that lifetime behavior distinctions may influence 
cranial form. Liberman et al. (2004) examined rock hyraxes to investigate the way food 
processing effects cranial growth and morphology. In rock hyraxes, the maxillary molars are 
positioned directly beneath the orbits like in humans. In this study, the hyraxes were divided 
into two groups of four. One group was fed cooked food, while the other group was fed 
raw/dry food. The group that was fed cooked food displayed about 10% less growth in a 
subset of facial dimensions. The study suggests that diet, and maybe other behaviors, may 
have an effect on facial size such as in rugosity. It should be noted that many studies on 
subadult Neanderthals mostly focus on features that are present instead of utilizing 
systematic assessment of the percentages of absent vs. present features (Weaver, 2009). 
 
 In addition to facio-maxillary features, cranial capacity in Neanderthals are also of 
significant importance. Previous studies have established a number of similarities and 
differences in the morphology of Neanderthal and modem human brains (Pearce et al., 
2013). For example, both Neanderthals and modem humans share a degree of asymmetry 
and gyrification as well as non-allometric widening of the frontal lobes (Pearce et al., 2013). 
However, Neanderthals possess a uniquely globular brain shape, and the temporal pole is 
relatively larger and more forward-projecting in comparison to modem humans. 
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Additionally, Neanderthals display lateral widening of the parietal, like modem humans. but 
an overall flattening of their parietal bones (Bruner, 2010). 
 
 Many studies on Neanderthal and fossil AMH brains rely on endocasts and the 
internal morphology of the cranium. However, this is a limited approach to analyze external 
surface features, and overall shape and size of the brain. Moreover, this methodology offers 
no information about internal brain organization. Pearce et al. (2013) evaluated the 
organizational differences in the brain of Neanderthals and anatomically modern 
humans by using comparative primate data to estimate internal brain areas. The results 
showed Neanderthals had significantly larger orbits than AMHs, which suggests larger 
eyeballs and visual cortices. Contemporary humans (<200,000 years) with larger visual 
systems often have larger brains (Pearce & Dunbar, 2012). Therefore, it is relatively 
safe to assume that Neanderthal visual cortices would likewise drive overall brain 
enlargement when compared to AMHs. Yet, a study by Pearce et al. (2013) showed no 
significant brain size difference between Neanderthals (dated 27-75 ka) and AMHs 
when body size was accounted for. The authors suggest the brains of Neanderthals and 
AMHs were organized differently and concluded though both Neanderthals and AMHs 
originate from Homo heidelbergensis, they experienced separate evolutionary 
trajectories which resulted in different organizational patterns. This includes 
Neanderthals possessing enlarged visual and somatic regions, while AMHs increased 
other brain areas, like their parietal lobes. 
 
Evolutionary Explanations for Cranial Morphology 
 
 Researchers agree that the Neanderthal cranium is distinctive. What is up for 
debate, however, is whether, or to what extent, these distinctive traits are adaptations to 
heavy para- masticatory activity (teeth as tools); better conditioning of cold, dry air; 
increased ventilatory flows in response to higher energetic demands; genetic drift; or 
retained plesiomorphies found in earlier Homo (Wroe et al., 2018). The three main 
evolutionary explanations put forth for Neanderthal cranial morphology are: 1) 
adaptation to cold climate, 2) adaptation to anterior dental loading, or 3) genetic drift 
(Weaver, 2009). 
 
 Weaver (2009) explains that the cold-climate hypotheses is centered around 
Neanderthal's geographic range-northern Europe-which often had cooler temperatures 
especially around the time Neanderthals were evolving. Many Neanderthal cranial features 
are attributed to the morphology of the nasal region as an adaptation to cold climates 
(Holton & Franciscus, 2008; Wroe et al., 2018). Studies suggest that their large nasal 
cavities would have warmed and humidified cold air more effectively, however, this 
remains difficult to test quantitatively (Maddux et al., 2017). In addition, Neanderthal's 
paranasal sinuses being a result of adaptations to the cold climate has come into question 
(Churchill, 1988). Current studies based on modem human samples have asserted that it is 
the shape, not the size of the nasal cavity, that serves to warm and humidify inspired air 
(Wroe et al., 2018). Moreover, airway size is probably related to the energetics of the 
organism, and airway shape may be more suggestive of physiology and climate. 
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 The anterior dental loading hypothesis (ADLH), which suggests the Neanderthal face 
includes adaptations to sustain high loads applied to the incisors and/or canines, is the most 
popular hypothesis to explain cranial morphology. Indeed, heavy wear on the anterior teeth 
have been observed in numerous cases, yet, the same could be said about modem humans 
(Clement et al., 2012). One generally accepted interpretation is that facial prognathism in 
Neanderthals results in a trade-off between demands for high bite force at the anterior teeth 
and increasing the functional surface area of the molars for the mastication of resistant foods 
while maintaining compressive forces at the temporomandibular joints during anterior and 
post canine loading (Wroe et al., 2018). 
 
 Another hypothesis suggests Neanderthal facial morphology is an adaptation to 
facilitate greater ventilatory demands driven by high energy expenditures (Wroe et al., 
2018). High respiratory demands have been suggested for Neanderthal body masses and 
routinely strenuous hunting and foraging (Wroe et al., 2018). This idea has been put forth 
for other 'archaic‘ humans, like H Heidelbergensis. Neanderthals may have further increased 
these attributes due to high cold resistance costs (Wroe et al., 2018) and energetic hunting 
strategies (Berger et al., 1995). 
 
 Finally, genetic drift is used to explain cranial morphology in Neanderthals. Weaver 
(2007) used predictions from quantitative population genetics consisting of 37 cranial 
measurements collected on 20 Neanderthal specimens in addition to 2,524 recent humans. 
The results of the study could not conclusively deny genetic drift as a factor in Neanderthal 
morphology. Moreover, genetic drift seems to be supported by the fossil record. The 
features in Neanderthal's cranium do not emerge all at once; they gradually build up over a 
course of >300,00 years (Weaver, 2009). This is the pattern we would expect with genetic 
drift at play.  
 
 In sum, Neanderthal facial morphology is suggested to have evolved to withstand cold, 
dry air, and to move greater air volumes in response to higher energetic requirements (Wroe et 
al., 2018). Furthermore, Neanderthal and modem human nasal cavities condition air more 
effectively when compared to H heidelbergensis (Wroe et al., 2018). An alternative explanation 
is that their cranial morphology reflects an adaptation to a more strenuous, energetically 
demanding lifestyle with high caloric intakes (~3360-4480 kcal per day). 
 
Postcranial Morphology 
 
 Neanderthal postcranial morphology, like their cranial morphology, is distinctive when 
compared to modem humans. Generally, Neanderthals possess wide bodies with short 
extremities (especially in the distal limb segments), long bones tend to have bowed shafts and 
thick cortical bone, and robust, rounded rib shafts. Additionally, postcranial bones tend to be 
robust with rugose muscle attachments (Weaver, 2009). Much attention has been focused on 
fossil remains from northern portions of Europe to gain insights into the paleobiology of the 
Late Pleistocene European Neanderthals. Fossil remains of associated partial skeletons have 
been found in Belgium, France, Germany, and Ukraine, however, there is an absence of 
skeletons in Mediterranean Europe (Walker et al., 2011). 
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 Walker et al. (2011) described the remains of an adolescent-to-young adult female 
Neanderthal in Palomas 92. Although fragmentary, the specimen represents associated 
postcranial remains from the early last glacial levels of the Sima de las Palomas de Cabezo 
Gordo, Murcia, southeastern Spain. Despite her small body size, the evidence of elevated 
upper limb hypertrophy conforms to the Neanderthal pattern. Additionally, there is no 
difference in locomotor resistance relative to early modern humans. This individual's body 
proportions are consistent with those of European Neanderthals, and they differ with Middle 
Paleolithic and earlier Upper Paleolithic modern humans. This, therefore, raises the question 
of the magnitude of ecogeographical patterning in body proportions amid European 
Neanderthals. 
 
 Much like their cranial anatomy, the postcranial anatomy of Neanderthals 
differentiates them from contemporary humans (Trinkaus, 2006). Individuals as young as 
one year of age, and in some cases younger, display Neanderthal postcranial features. 
Weaver (2009) gives several examples: Mezmaiskaya displays a femoral diaphysis that is 
long in proportion to the tibial diaphysis, bowed long bones, a medially directed radial 
tuberosity, a long superior pubic ramus of the pelvis, and overall robust skeleton-which is 
unique and distinctive of Neanderthals, and contrasts with modern humans. An additional 
specimen from Crimea named "Kiik-Koba 2", who is thought to be 3-7 months old, 
possesses an incipient scapular dorsal axillary sulcus which is indicative of Neanderthals, 
while Amud 7 displays a relatively long clavicle. Other Neanderthal postcranial features 
such as thinness of the superior pubic ramus and thick long-bone cortices, occur later in 
development (Cowgill et al., 2007). Weaver (2009), speculates that mechanical loading 
history would explain the variation in cortical bone thickness between Neanderthals and 
modem humans, but also suggests some differences may be caused by genetic influences as 
well.  
 

Evolutionary Explanations of Postcranial Material 
 
 The two main ideas put forth to explain Neanderthal postcranial morphology are 1) 
adaptation to cold climates and/or 2) patterns of activity (Weaver, 2009). Many warm-bodied 
(endothermic) species, including modem humans, have body proportions similar to 
Neanderthals with lineages in cold climates, while individuals with lineages in warm 
climates demonstrate proportions most similar to early humans and Homo erectus 
(Freckleton et al., 2003; Holliday, 2000). 
 
 Neanderthals have a wide pelvis, relatively short limbs compared to trunk height, and 
short distal limb segments. In contrast, early modem humans have narrower bodies with 
relatively longer limbs (Pearson, 2000). These differences have led scientists to believe that 
thermoregulation influenced body size and shape. The climate hypothesis is supported by 
laboratory experiments like that of Tilkens (2007) who demonstrated that human subjects 
with long legs relative to body mass displayed higher resting metabolic rates than 
individuals with shorter limbs when sitting in a temperature-controlled room. Their 
experiments showed that individuals with bodies adapted to warm temperatures need to 
expend more energy to stop their body temperatures from dropping due to heat loss. 
However, a more recent study by Collard and Cross (2017) challenged that hypothesis. 
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Collard and Cross (2017) considered body segment differences in surface area, skin 
temperature, and rate of movement in order to determine if the current consensus concerning 
the size and shape of the bodies of Homo erectus and Homo neandertalensis. The authors 
utilized various limb bone data belonging to modern humans from around the world, which 
includes, but is not limited to Inuit, Yugoslavians, Lapps, Amerinds, Melanesians, 
Egyptians, etc. In addition, they used fossil remains belonging to H. erectus and European 
H. neandertalensis. While their study did show whole-body and whole-limb heat loss 
estimates were consistent with the thermoregulation hypothesis, the limb segment heat loss 
estimates were not consistent with the thermoregulation hypothesis. They concluded that the 
general consensus of thermoregulatory significance influencing the size and shape of H. 
erectus and H. neandertalensis may need some reexamination. Moreover, Collard and Cross 
(2017) suggest that activity patterns (mechanical loading, wind resistance, and locomotion) 
could be partly responsible for some postcranial features. 
 
Conclusion 
 
 Neanderthal anatomy differs from modem humans in that they displayed more robust, 
shorter bodies, and an array of unique morphological features. Their morphology poses a 
unique challenge to the understanding of human evolution. Explanations of lifetime 
behaviors or alleles passed from generation to generation that were influenced by 
evolutionary pressure have been put forth by numerous researchers interested in deciphering 
the meaning of Neanderthal skeletal morphology utilizing a variety of methods. The 
consensus seems to be that Neanderthal cranial features are the result of genetic drift that 
occurred after Neanderthal and modem human populations were isolated (>350,000 years 
ago) . The body proportions of Neanderthals may be influenced by adaptations to cold 
climates, though there may be other factors at play. Future research could illuminate other 
factors such as locomotion, mechanical loading, and wind resistance and their effect on the 
unique skeletal morphology of Neanderthals. 
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