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1.0 INTRODUCTION

One of the most controversial hominins in adaptational research are the
Neanderthals (Homo neanderthalensis). Many argue that Neanderthals were cold-adapted
hominins (Wroe et al., 2018; de Azevedo et al., 2017; Steegmann et al., 2002; Condemi,
1998), while skeptics argue against this presumption (Rae et al., 2011).

Given that adaptive systems exist in extant taxa that allow for selective forces to
reshape organisms for maximal fitness suggest that extinct taxa operated under same basic
principles. However, one of the most difficult parts about research on adaptations,
especially when dealing with extinct taxa, is choosing an ‘“appropriate” model for
comparative research. The first instinct one has is to select a model that is close enough to
the taxon of interest to yield results — but that is a problem in itself because close
representatives may be few and far between. Other pitfalls of research on adaptation are
that it is either A) hard to understand the adaptive purpose of some novel configurations or
B) some configurations are not adaptive, but a form of neutral variation. In the world of
paleoanthropology and the study of human evolution, adaptive modules are even trickier
and further restricted due to the fact that there is only one hominin species alive today and
only a handful of extinct hominins that can be used for comparative studies, restricting
adaptative research in this relatively small clade. The purpose of this study is to examine
if convergent phenotypes exist elsewhere within mammalian phylogeny that are
comparable to Neanderthals and Homo sapiens of different latitudes.

1.1 Adaptation
The interactions between environments and the species that inhabit them have long

been a central aspect of adaptation — along with the incidental by-products and noise that



occur when interactions take place. The idea of adaptation has been acknowledged since
antiquity by some of the most revolutionary minds, providing advocacy for natural
selection as proposed by Charles Darwin (1859) and adaptive landscapes as proposed by
Sewall Wright (Wright, 1932). Note however, that some (Gould and Lewontin 1979) have
urged caution in use of the term “adaptation” as it is empirically difficult to demonstrate
that a trait has evolved via natural selection. The term will be used in the broad sense
throughout this thesis with this caveat recognized.

With the attempt to better understand humanity’s place in the world led to
Anthropology — a discipline seeking to explain human experience, culturally, biologically
and linguistically. While the origins of these thoughts are based upon the haves and haves
not, I would be remiss if I did not speak on the scientific racism that plagued the field of
Anthropology in its formative years, categorizing humans into gamut’s, ranging from the
pinnacle of civility to being analogous to primitive human ancestors. However, with the
desideratum on re-structuralizing a discipline rooted in a dark past, evidence within recent
years show that humans, like other species, operate under the same biological principles as
the rest of the natural world. Adaptation, many would argue, is why H. sapiens are such a
diverse, polytypic species.

1.2 Biological Adaptations in Humans: Case Studies

The processes that allow humans to adapt to diverse environments are highly
complex in that there is a unique coaction between cultural and biological adaptations.
Humans are the only species that have conquered every niche on earth, and can even be

argued, space. Adaptational research regarding feedbacks between humans and their



environment has led to specific adaptations that assist in lessening the effect of
environmental burdens.

It is known that some modern human populations exhibit climactic or
environmental signatures associated with ecogeographic provenance. The Tibetan
highlanders provide an illustrative example of such local adaptation (Beall et al., 2010).
They live at an elevation where the oxygen level is only 60% that at sea level. This
constraint has led to the Tibetan highlanders evolving to have a weaken erythropoietic
response to hypoxia at high elevations (Beall et al., 2010). This biological consequence is
ultimately due to a single nucleotide polymorphism (SNP) at the hypoxic-inducible
transcription factor, HIF2(a.), that results in a change in overall hemoglobin concentrations
(Beall et al., 2010).

Another example of a proposed molecular adaptation is a key mutation in the gene
PDE10A of the Bajau people, a hunter-gatherer society of the Banda Sea, that has led to an
increase in the size of their spleen. This altered genetic variant creates a larger reservoir for
oxygenated blood cells. This mechanism ultimately allows them to dive deeper and longer,

holding their breaths for an average of 13 minutes per dive (Ilardo et al., 2018).
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Figure 1: Bajau adaption to the sea. Illustration from Ilardo et al., 2018

1.3 Behavioral Adaptations in Humans: Case Studies

As modern humans left Africa, expanding their ranges in areas that were otherwise
uninhabited by modern humans, they adjusted to extreme environments through material
innovations and complex behavioral changes. The idea of cultural adaptation has led to
well-developed cognitive abilities that have led to the success of our species. Such
behavioral adaptations include those of the Chaamba Arabs who live in the Sahara Desert
and wear clothing that traps cool air between the skin and clothes to prevent high ambient
temperatures from reaching the skin (Frisancho, 1993). Alternatively, to keep warm from
the cold, humans developed furnaces and specific type of clothing or housing for living at
higher latitudes (Frisancho, 1993). This in turn has led me into investigating cold
adaptations.
1.4 Adaptation to Cold Environments

Understanding that biological and cultural adaptations have led to humans adjusting

to their environment forces an examination into understanding how specific environments,



like cold climates, have impacted not only humans but other organisms as well. “Cold
adaptation” is here defined as morphological, molecular, and/or physiological responses in
organisms that inhabit low temperature environments (e.g., at high latitudes) that allow for
thermoregulation and temperature compensation— a form of homeostasis.

In modern-day humans, examples in support of cold adaption can be seen in the
metabolic rate of indigenous populations such as the Kawesgar, Sami and Aboriginal
Australians (Frisancho, 1993). In populations of East Asian ancestry there exists a higher
frequency of the derived LEPR gene variant rs/ 137101 that is implicated in non-shivering
thermogenesis (Sazzini, M., et al. 2014). In extinct animals, evidence suggesting
convergent cold adaptation exist in genomic data ([leptin receptors (LEPR gene; Kislev
and Barkai, 2019) and keratin of the woolly mammoth and Neanderthals — two species that
evolved from African ancestors. Both species co-existed in similar geographic and
environmental landscapes during the Pleistocene and went extinct roughly around the same
time (Higham et al., 2014; Kislev and Barkai, 2019; Lynch et al., 2015). In other primate
models, adaptation to the cold can also be seen in torpor. Torpor is the most effective means
of energy conservation in some primates in that it temporary decreases the body
temperature and metabolism. In the case of gray mouse lemur (Microcebus murinus),
torpor allows it to survive the energetic costs of cold temperatures when it decreases its
metabolic rate by 80% (Wu et al., 2015).

2.0 MORPHOLOGICAL AND PHYSIOLOGICAL FEATURES OF
THE NASAL CANAL

2.1 Nasal Morphology, Development and Embryology
The nose is a complex structure consisting of a nasal skeleton that houses the naval

cavity and external landmarks comprised of nasal bones and soft tissue. Externally, the



nasal profile consists of a columella, root, dorsum and tip, ala, alar sulcus and the nostrils.
During the fourth week fetal development, the nose develops from neural crest cells and
mesodermal cells from mesenchymal tissues known as ectomesenchyme of the pharyngeal
arches. The nose begins to develop from the first pairs of pharyngeal arches from five facial
processes: the frontonasal process, and two mandibular and maxillary prominences (Sadler,
2006). During the late 4®-5" week, the maxillary prominence increases in size forming the
nasal placodes. These features later invaginate and form oval-shaped pits and a raised ridge
of tissue that later becomes divided between the ridges. By the sixth week, the bridge of
the nose is formed by the unpaired frontal process, while the tip and the crest of nose are
formed by medial nasal processes. The sides of nose are formed by lateral nasal processes
becoming prominent, allowing for the nasal placodes to deepen, forcing them to sink below
the surface as a nasal grove (Som and Naidich, 2013). Extending farther ventrally and
caudally, the medial nasal process become more prominent than the lateral nasal process
forming large caudal ends called the “globular process of His”. The last part of the
chondrocranium to become cartilaginous is the nasal capsule (Maier and Ruf, 2014). This
capsule develops as two separate masses; a medium mass that is a progenitor for the nasal
septum and a lateral mass that becomes the lateral nasal wall structures. Cartilage from the
developing sphenoid bone extend into the nasal septum by mid-sixth week forming the
primary cartilage of the nasal septum. The nasal turbinates and the paranasal sinuses are
formed by the nasal capsule around week seven (Georgakopoulos, 2019; Som and Naidich,
2013). Tissues folds and pre-turbinals begin to appear on the lateral wall of the nasal cavity.
Among the nasal turbinates, the maxilloturbinates develop first followed by five

ethmoturbinates that later formed to create the middle and superior turbinates. Later in fetal



development, the maxilloturbinates separate from the lateral wall and become independent

bones (Figure 2) (Som and Naidich, 2013).
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Figure 2: Development of the Face and Palate. Illustration from Teachmeanatomy.info
The closing of the nasal canal occurs by the formation of the bucconasal groove

between the medial nasal and maxillary prominence (Figure 2). This closure is not caused
by fusion but by growth of the bucconasal membrane, also known as the nasal fin, that

separates the primitive nasal cavity from the primitive oral cavity — which in turn is



separated by the palate. It is around this time that anteriorly, the future nostril is separated
from the developing oral cavity. By the seventh week, the nasal cavity is open to the outside
through the nostril and thus communicates posteriorly with the pharynx via the primitive
choana (Som and Naidich, 2013). By end of the seventh week, the anterior lumen becomes
filled with proliferated epithelial cells forming the epithelial plug. The epithelial plug
dissolves between the 131-15" week of development, allowing for a complete and open
nasal passage by the mid-16" week. The region occupied by the plug becomes the nasal
vestibule and future limen nasi. By the eighth week, the lateral nasal wall is well developed,
and cells differentiate into muscles, bones and cartilage (Sadler, 2006; Som and Naidich,
2013). At weeks 17-18 the nasal capsule begins to ossify along with the inferior turbinates
followed by the superior turbinates at week 21 (Georgakopoulos, 2019). The development
of the nose and its soft tissue profile continue to grow long after the hard tissue has stopped.
Genecov et al. (1990) report on the antero-posterior growth of the nose using cephalometric
radiographs of 64 untreated persons to determine the amount and direction of soft tissue
development for the nose. It was found that after skeletal growth had subsided
anteroposterior growth and subsequent increased anterior projection of the nose differed in
both males and females. Females continued a large portion of soft tissue development by
age 12, whereas males continued until age 17 (Genecov et al., 1990).

The nasal skeleton consists of nasal bones and frontal processes of the maxillae.
The anterior nasal spine projects from the medial superior border of the maxilla in the nasal
cavity floor. The nasal spine is variable in length and shape. Internally, the nasal cavity is
formed by the nasal bones, maxillae, vomer, ethmoid bones that are used to support the

nasal cartilaginous skeleton. The ethmoid bone articulates with paired bones such as the



nasal bones, maxillae, lacrimal, palatine bones and inferior conchae as well as unpaired
bones such as the frontal vomer and sphenoid bones. Structurally, the vomer, the septal
cartilage, and the ethmoid plate combine to form the nasal septum. The nasal septum
divides the nasal cavity into two cavities while strengthening the nasal framework and
supporting other cartilages and soft tissues (Anderson et al., 2008). The two nasal cavities
are limited by the septal and lateral wall, while are constrained internally by inferior,
middle and superior turbinates (Figure 3) (Mygind and Dahl, 1997).

2.2 Physiology of the Nose Associated With Cold Climates

The previous sections present the nose during fetal development as well as its
general morphology with respect to skeletal and soft tissue. As this thesis pertains to cold
adaptations associated with the nose, I would be remiss if the physiological reactions of
insufflating cold air were not included, as they are indispensable for this analysis. The key
functions of the nose consist of warming and humidifying inspired air and removing and
trapping pathogens and particulates. The nose is responsible for the sense of smell as well
as drains and clears the paranasal sinuses and lacrimal ducts. Evidence on upper airway
reactions to inspiring hyperboreal air is very slim. While there are only a few studies fixed
to thermal regulation and heat exchange of gelid air entering the nasal cavity (Negus,
1952).

The nose’s physiological reactions staunchly correspond to the nasal mucosa and
internal nasal morphology. As cold air flows into the nose, the mucosa is cooled by
evaporation and the transfer of heat to the air. As cooling rates increase, flow rates become
higher and temperature and water content of inspired gas become lower. When flow rates

are high, the distal mucosa becomes cooled more quickly to lower temperatures penetrating



cooler air deeper into the nose, increasing the number of receptors exposed to lower
temperatures. When flow rates are high and inspired air is cold and dry, the exposed
mucosa and its receptors are desiccated and become cool (Burgess and Whitelaw, 1988).
Proctor et al. (1977) reports on 16 healthy human volunteers that were exposed to air
temperatures ranging from 7 to 39°C where nasal mucus, nasal airflow resistance, rectal
and body surface temperatures, and air temperature in the nasal canal were measured. The
results demonstrated that nasal airflow decreased in warm air and increased in cold air.
When volunteers were exposed to experimental temperatures, nasopharyngeal inspiratory
air temperatures at 23°C averaged 32.6°C. When volunteers were exposed to
environmental temperatures ranging from 15 and 31°C, nasopharyngeal inspiratory air
temperatures averaged 28.1 to 32.8°C. Anything over the range of 32°C were of only minor
significance (Proctor et al., 1977).

Within the nasal cavity there are three pairs of separate thin bones: superior, middle
and inferior conchae (Figure 3). The superior and middle conchae are also called
ethmoturbinates and the inferior conchae can be referred to as maxilloturbinates. These
structures are on the lateral wall of nasal cavity. The inferior turbinate is independent of
the superior and middle turbinates that extend to the ethmoid bones. The turbinates are
classically known for assisting in warming inspired air as well as to assist in water retention

and filtration (Georgakopoulos, 2019).
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Figure 3: Nasal conchae. Illustration from Gray’s Anatomy.

3.0 THORAX MORPHOLOGY

The functions of the thoracic cage include protecting the thoracic and abdominal

organs; resisting the negative internal pressures caused by elastic recoil of the lungs;
providing attachment sites for muscles; and providing support for the upper limbs. The
basic components of the thoracic cage include the sternum (manubrium, body and a
xyphoid process) and 12 pairs of ribs anchored posteriorly to the thoracic vertebrae. Seven
of which are vertebrosternal ribs and five vertebrochondral ribs (Biga et al., 2020). The
sternum is an elongated structure that anchors to the anterior portion of the rib cage. The
manubrium is the superior portion of the sternum with a U-shaped border called the
suprasternal notch (Biga et al., 2020). Located on both sides of the of the superior-lateral

margins of the manubrium is a shallow depression called the clavicular notch where the
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first two ribs attach. The central portion of the sternum is called the body. It is elongated
and joins the manubrium together at the sternal angle connecting to ribs 3-7 of the thoracic
cage. Located inferiorly at the tip of the sternum is a cartilaginous xiphoid process that
becomes ossified later on in development. Each rib is a flattened, curved bone that creates
the wall of the rib cage. The ribs articulate posteriorly with the thoracic vertebrae. The
posterior end of the rib is called the head. Lateral to the head is the neck of the rib. There
exists a small bump on the posterior end of the rib called the tubercle of the rib. The
remainder of the rib is called the body.
3.1 Thoracic Development

During human prenatal development, internal and external morphological features
go through dramatic modifications. The development of the thoracic cage consists of a
complex series of events involving metabolic and signaling pathways, and genes (Canavese
and Dimeglio, 2013). Hox genes contribute to the anteroposterior patterning differences of
the axial skeleton resulting enormous diversity in vertebrate body plans. During early
thoracic development, the somitic mesoderm forms the vertebral bodies and the ribs of the
thoracic skeleton and the lateral plate mesoderm forms the sternum. (Mclntyre et al., 2007).
By the fourth week the cartilaginous coastal process has formed on the vertebral bodies
where they will eventually elongate to form the ribs. During the sixth week, costovertebral
joints develop, separating the ribs from the vertebrae. Later during the fetal stage, the ribs
go through a process called endochondral ossification where they ossify and ribs 1-7 fuse
to the sternum, 8-18 attach to the coastal cartilage of the seventh rib and 11-12 have no

anterior attachment.
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The development of the thoracic cavity is complex in humans. Openshaw et al.
(1984) reports on the first study to understand changes in rib cage geometry as humans
advance in age. Chest radiographs of people between one month to 38 years of age and CT
scans of children from three months to 18 years of age show that in infants and young
children, the ribs are more horizontal with sternal clavicular heads and diaphragmatic
domes higher than older children and mature adults. Cross sectional shape changes from
the rounded, infantile form to a more ovoid shape in adults (Openshaw et al., 1984). Bastir
et al. (2013) report on the differential growth and development of the upper and lower
human thorax showing that besides increases in the antero-posterior portion of the thoracic
cavity there is an increase in mediolateral dimensions of the upper thorax compared to the
lower thorax. Similar to Openshaw et al. (2019), Bastir et al. (2013) cites changes in the
thorax from infanthood to adulthood, stating that the former is more pyramidal before
becoming barrel shaped as humans mature. In adolescent males, lung and thoracic
development occur from birth until the end of puberty in males, whereas in females is
finished following menarche (Neve et al., 2002).

3.2 Thorax and Lung Physiology Associated with The Cold Climates

While not as obvious as the nasal cavity and its physiological properties for
insufflating cold air, there does appear to be a relationship between thorax size and lung
volume in modern humans (Lundsgaard and Van Slyke, 1918), which, when considering
that cold-dwelling humans have larger chests than non-cold-dwelling ones (Churchill,
1994), may suggest that that there may be an advantage in having larger lungs in colder
climates. Hassi et al. (2005) suggest that the reason why spirometry values are higher in

Finland populations compared to a pan-European reference models could be due to Finnish
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populations having larger lung volumes. Larger lungs in cold climates could help offset

burdens that are often associated with inspiring cold air.

4.0 GENETIC FEATURES ASSOCIATED WITH COLD
ENVIRONMENTS

4.1 Heat Shock Proteins

Present in many taxa is a set of highly conserved proteins called heat shock proteins
(HSPs) that assist in the regulation of environmental stress (e.g., the cold temperatures)
(Thieringer et al., 1998; Fujimoto and Nakai, 2010; Bardwell and Craig, 1988). Insects
have evolved strategies for surviving at sub-zero temperatures such as super cooling their
body fluids, concentrating solutes of body fluids by desiccation, anti-freeze proteins,
tolerating ice formation in extracellular spaces to avoid freezing, to even up-regulating
HSPs (Kostal and Tollarova-Borovanska, 2009). HSPs are upregulated during
overwintering in insects to prevent detrimental effects of protein misfolding during
diapause. Diapause is a period of suspended development that vertebrates and invertebrates
experience during unfavorable conditions like the cold. In general, the upregulation of
HSPs in relation to diapause or any other unfavorable condition continues until a more
favorable one returns. Under stressful conditions, HSPs bind to the hydrophobic side chains
of the thermally sensitive proteins as they unfold to help them refold to their native
conformation (Tomanek, 2008). When a favorable condition returns, downregulation
occurs preventing deleterious effects such retardation or cessation of development from
happening (Rinart et al., 2007). Upregulation of HSP70 mRNA in response to low
temperatures has been reported in the fruit fly, Drosophila melanogaster; the adult potato
beetle, Leptinotarsa decemlineata; pupae of the onion fly, Delia antiqua; the adults of the

fly Liriomysa huidobrensis; the European firebug, Pyrrhocoris apeterus (Kostal and
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Tollarova-Borovanska, 2009); the Antarctic clam, Laternula elliptica (Park et al., 2007);
and in three penguin species: the chinstrap penguin, Pygoscelis antarctica; the gentoo
penguin, Pygoscelis papua; and the adelie penguin, Pygoscelis adeliae (Barbosa et al.
2007). HSPs have also been found to be upregulated in humans during open heart surgery

(Schmitt et al., 2002) — a time when the heart begins to “cool down”.

5.0 PROPOSED NEW RESEARCH APPROACH

Claims that Neanderthals were cold-adapted hominins have been an ongoing debate for
the past few decades (Ruff, 1994; Holiday, 1997). We know that Neanderthals occupied a
cold Eurasian landscape between multiple glacial and interglacial periods and have no
evidence from the archaeological record that Neanderthals used clothes to buffer the
environment. Now, this is not to say that clothes to survive the cold did not exist, it instead
gives us an opportunity reexamine Neanderthals like we do any other biological organism
in respect to their niche. To date, the only analogs and thus only proxies used to understand
Neanderthal’s ability to survive under arctic conditions include circumpolar modern human
models and the Japanese Macaque (Macaca fuscata) — the only northern living non-human
primate (Buck et al., 2018; Rae et al., 2011; Rae et al. 2011: Butaric and Maddux, 2016;
Steegmann et al., 2002; Garcia-Martinez et al., 2018; Churchill, 1998: Gavin 2018).
Neanderthals, like with many other taxa, ectotherm and endotherm alike would have
responded to inescapable biological pressures from their environment by either staying
still, hibernating or migrating across the landscape. With this understanding should allow
us to step outside of the primate order and compare Neanderthals with other mammals that
inhabit similar environments to see if there exist any potential in there being a cold-adapted

hominin, or at least, a “cold-suited hominin™.
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In order to investigate any link between the environment, morphology, and the
possibility of genes having a role in phenotypic characteristics, it is useful to examine pairs
of closely related taxa — one that lives in a colder environment and another that lives in a
warmer climate. The species chosen for this research question were chosen on two
conditions: (1) having a similar time of divergence as indicated by Neanderthal and H.
sapien phylogeny and (2) having an obligate arctic or cold-adapted species to compare to
Neanderthals and a species more dispersed at warmer ranges to compare to H. sapiens. To
approach question, a cross-comparative analysis of the thorax and nasal morphology in two
groups of living animals, bears (Ursus maritimus and Ursus arctos) and horses (Equus
caballus and Equus przewaslkii), with the extinct hominin Neanderthals (H.
neanderthalensis) and H. sapiens will be examined. Since H. sapiens and E. caballus are
highly domesticated and widely distributed species, representatives from high (circumpolar
modern humans and the yakutian horse) and low latitudes (equatorial modern humans and
thoroughbred horses) will be considered to account for any intra-species variation
occurring in response to latitude. Furthermore, since the brown bear had an expansive range
expanding into the arctic and into southern Mexico during historical times and is currently
confined to the United States, Europe, Canada and Russia, distinct ecotypes of brown bears
will be considered when necessary to understand intra and inter-species variation in
response to high latitudes.

While the earliest archaeological evidence of Neanderthals comes from seventeen
Middle Pleistocene crania found at the Sima de los Huesos (SH) site in Atapuerca, Spain
dating to 430 ka (Arsuaga et al. 2014), molecular evidence points to Neanderthals as an

independent species from modern humans at 500 ka (Green et al., 2006); 765-550 ka
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(Priifer et al., 2014); ~588 ka (Mendez et al., 2016) and 631-789 ka, (Beerli and Edwards,
2003). Similarly, molecular data shows that the polar bear (U. maritimus) and brown bear
(U. arctos) recently diverged 479-343 ka (Liu et al., 2014); ~600 ka (383-934) (Hailer et
al., 2012) and the domesticated horse (E. caballus) and the Przewalski horse (E.
przewaslkii) horse diverged around 500 ka (Figure 4). The yakutian horse is a breed of
domesticated horse that has evolved a suite of morphological and genetic traits over the
course of 800 years that has allowed it to survive subarctic conditions. It is the only horse

whose range is within the arctic circle (Librado et al., 2015).

9 Equus caballus

9 Homo sapicns

Homo neanderthalensis @

Figure 4: Phylogeny of Bears, Horses and Hominins under investigation with Neanderthals as a reference
(Highlighted). Blue squares indicated cold/ high latitude taxa and Red are not cold adapted.
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6.0 HOMININ NASAL CANAL

6.1 Neanderthal Nasal Morphology

Neanderthals had a unique nasal morphology unlike any extant or extinct primate.
Schwartz et al. (2008) reports on a preliminary study of a novel configuration of the lateral
wall in the nasal cavity of Neanderthals. In hominoids, the maxilloturbinates emanate from
the lateral wall of the nasal cavity. In humans, the body of the maxilloturbinal is essentially
horizontally oriented and is anteroposteriorly longer than it is superoinferiorly tall. It partly
covers the meatus of the maxillary sinus that opens into the nasal capacity. The human
maxilloturbinate makes contact with a portion of the inferior edge of the ethmoid and
lacrimal bones via a superiorly distended process that is more modestly long
anteroposteriorly. The human inferior nasal concha is more inferiorly situated, articulating
with the maxilla while the palatine is notably longer. In humans, the maxilloturbinal can
either be pneumatized or externally rugose. In Neanderthals, the same nasal region is
vertically oriented, often being described as terminally superoinferiorly crest-like structure
that swells medially midway along its vertical access (Schwartz et al., 2008).

The region of the maxilloturbinates in Neanderthals, like in the case of specimen
Gibraltar 1, displays a medial projection that is posterior to the margin of the nasal aperture
with a thick crest rising lateral to the base of the anterior portion of the nasal spine (Figure
5). The crest intrudes into the nasal cavity until its vertical length progressively diminishes
superiorly about midway in the cavity. In the cases of La Ferrassie 1, La Chapelle-aux-
Saints and juvenile Neanderthals Roc de Marsal, Peche de L’ Aze, La Quina and Subalyuk

medial projections are too bilaterally present, emanating from the later walls (Figure 5). In
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the case of the adult La Chapelle-aux-Saints and the child Subalyuk, the medial projection

can be interpreted as a large maxilloturbinate (Figure 5 and 6).

i /) 3 \ %
%7 4id'® @A A
Figure 5: Specimens of adult Neanderthals. Top left and middle: Gibraltar 1. Top right and bottom right: La

Chapelle-aux-Saints. Bottom left and middle: La Ferrassie 1. MP, medial projection. Not to scale. Illustration
from Schwartz et al. (2008).

A

‘. ¢ .,‘ { J
Figure 6: Specimens of juvenile Neanderthals. Top left: Roc de Marsal. Top middle and right: Engis. Bottom
left: Peche de 1'Azé. Bottom middle: La Quina. Bottom right: Subalyuk (internal aspect of left maxillary
frontal process). Note the verticality and lack of anteroposterior length of the MP. Not to scale. Illustration

from Schwartz et al. (2008).

Schwartz et al.’s (2008) analysis consisted of comparing the nasal cavity of extinct
and extant primates. The configurations of the maxilloturbinates relative to the lateral wall

of the nasal cavity in extant primates are as followed. In Pongo and Pan, the
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maxilloturbinal is anteroposteriorly longer than tall. It is essentially horizontal. The
maxilloturbinate of Gorilla differs from other large bodies hominoids in that it is taller
superoinferiorly in its length with a more vertically oriented and rapidly descending
anterior margin. Swelling does occur medially into the nasal cavity, however it is not
caused by the thickening of the bone on the maxilloturbinal like the Neanderthals but from
a smoothed curved flexure of the superior portion of the maxilloturbinal. (Schwartz et al.,
2008)

In regard to Plio-Pleistocene hominids, Taung 1, Drimolen DNH 7, Makapansgat
MLD 6, Sterkfontein Sts 5, Sts 71, StW 505, StW 53b and Swartkrans SK 12, Sk, Sk 52,
the anterior nasal cavity of Sterkfontein StW 183a, left maxilla Al486-1 from Hadar, Koobi
for a KNM-ER 406, OH5 and Lomekwi KNM-WT 17000 show no evidence of a
maxilloturbinal crest of a medial swelling of any kind (Figure 7 and 8). For specimens,
OH24, KNM-ER 1470, KNM- ER 3733, SK 847 that have been assigned to H. habilis,
Kenyanthropus, H. erectus/H. ergaster and H. erectus, respectively, there is too no
evidence of a maxillary conchal crest or a medial swelling of any kind (Figure 8) (Schwartz
et al., 2008). In review of maxilloturbinal configuration of extinct and extant hominids,
except for the Neanderthal, all species conformed to the pattern of H. sapiens in that they
are absent of medial projections. Early publications from Schwartz and Tattersall indicate
that other autapomorphies that make the Neanderthal nasal cavity unique amongst other
primates is the medial swelling of the lateral nasal wall into the posterior of the nasal cavity
and the lack of an ossified roof extending over the lacrimal groove (Schwartz and

Tattersall, 1996). Whether or not these adaptations relate to having a higher fitness at
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higher latitudes is an open question, but one thing is certain — the Neanderthal had a unique

nasal morphology among hominins.

Figure 7: Various australopiths. Top left: Hadar AL 486-1. Top middle: Taung 1. Top right: Makapansgat
MLD 6. Bottom right: Swartkrans SK 12. Bottom middle: Swartkrans SK 4. Bottom right: Sterkfontein Sts
71. Note absence of morphology on the internal side of the maxillary frontal process, MFP. Not to scale.
Illustration from Schwartz et al. (2008).

Figure 8: Various australopiths and specimens allocated to Homo. Top left: Koobi Fora KNM-ER 406. Top
middle: Olduvai OH 5. Top right: Lomekwi KNM-WT 17000. Bottom left: Olduvai OH 24. Bottom middle:
Nariokotome KNM-WT 15000. Bottom right: Koobi Fora KNM-ER 1813. Note absence of morphology on
the internal side of the MFP. Not to scale. Illustration from Schwartz et al. (2008).
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6.2 Nasal Cavity Variation in Modern Humans:

The link between nose morphology, environment and the variation that exists in
modern human populations is a well-studied area. Compelling evidence exists
demonstrating that the nose and its cavity are responsive to various climatic demands. For
example, the distance between the nasal alare is significantly smaller in individuals of
European ancestry when compared to those of West African, South Asian and East Asian
ancestry as well as the nasal index (width/height of the nasal aperture) among various
populations (Zaidi et al., 2015; Farkas et al., 1986; Franciscus and Long, 1991). Guo et al.
(2014) demonstrate that the nose, brow area and cheekbones exhibit strong signals of
differentiation between Han Chinese and Europeans. Morgan et al. (1995) demonstrates
that there are differences in the cross-section size of the of the nasal cavity between sub-
Saharan African, Asian and European groups. More recently Yokley (2009) showed that
there are differences in the nasal cavity surface/volume ratio between African Americans
and Europeans. With current averments pointing out that there are differences in the shape
of the nose between various populations forces the question, will these distinctions align
with ecogeographic variation and morphofunctional units of the human nose across various
landscapes?

Shea (1977) reports of eight northern circumpolar indigenous populations, one
Mongolian, and one American Caucasian population investigating maxillary sinus
differences amongst population of various clines. Statistical analysis revealed that not only
were there significant correlations between mean maxillary sinus volume and the
temperature of the coldest month but, at least in the case of circumpolar indigenous

communities, there is an increase in the nasal volume. Shea (1997) speculates that a
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reduction in the maxillary sinuses in people of high latitudes could be causative of a larger
inferior concha and an inferior meatus. With the consideration of increased nasal aperture,
studies raise the possibility that circumpolar indigenous peoples have a highly efficient air-
conditioning system. Marks et al. (2019) examines the nasal turbinate morphology in two
human populations with contrasting climates. Computed tomography (CT) scans of 23
linear measurements of the inferior turbinate, air passages, and the walls of the nasal cavity
were taken of indigenous African and Arctic peoples. Results showed that differences in
morphology existed between the two modern humans. The individuals living at high
latitudes had mediolateral and superoinferiorly larger inferior turbinates than those of
equatorial latitudes (Marks et al., 2019).

The projection of the nasal bone in Japanese peoples decreased between the
agricultural period the Yayoi and the Tokugawa Shogunate, about a century ago. Since the
restoration period of 1868, the nasal root projection has increased (Miyashita and
Takahashi, 1971). In circumpolar indigenous Americans and peoples of Northeast Asia
there is a narrowing of the piriform aperture and overall larger mean in nasal height among
populations. Alternatively, for Northern Europeans while they exhibit the smallest mean
nasal breadth, their nasal cavity exhibits a narrowing of piriform aperture and an increase
in nasal projections — both result in overall smaller nasal indexes (Hubbe et al., 2009;
Marquez et al., 2015).

Similar to the nasal cavity, climate-related variation is detected in the nose shape
of humans in that nasal proportions do vary between ethnic groups. Carey and Steegmann
(1981) demonstrate that nose protrusion increased with decreasing absolute humidity and

increasing latitude. Within populations of the Niger bend area (Sahelian and Sudanian)
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Sahelians have narrower noses compared to peoples of the Sudanian climate zones, 200
km away. (Froment and Hiernaux, 1983) Partial Mantel tests show that nostril size is
correlated with projected temperatures from the Last Glacial Maximum (Mantel’s r =
0.0632, p-value = 0.002) and that nostril size is highly heritable (Zaidi et al., 2016).

6.3 Hominin Respiratory Performance.

With the understanding that Neanderthals indeed had unique nasal cavity
morphology prompts the question, how did this impact function? Physiologically, air
conditioning of inspired air requires temperature modification to or near core body
temperature and must provide 100% humidification for the proper exchange of gasses to
occur in the lower respiratory tract (Marquez et al., 2015). Utilizing three-dimensional
models Wroe et al., (2018) applied finite-element analysis (FEA) and computational fluid
dynamics (CFD). For the purpose of this synthesis to help determine if the Neanderthal
face was more effective at conditioning cold and/or dry air Wroe et al. (2018) has
pertinence. Models for this experiment consisted of CT scans of archaic and modern
humans, Neanderthals and Homo heidelbergensis as an outgroup. Using the La Chapelle-
aux-Saint 1, not only did Wroe et al. (2018) report that the internal morphology of the
Neanderthal nasal passage is extremely different to modern humans and Broken Hill 1
(Homo heidelbergensis), but it appears nasal passage shape compared overall total nasal
volume demonstrates higher ventilatory demands — a trait seen in Neanderthals and by
lesser extent Broken Hill 1 when compared to modern humans. The Neanderthal nasal
passage is 29% larger (18723 mm?) than modern humans (14487mm?). In humans, the
nostril and nasal valve are a strong determinate of flow rates. Based on predicted nostril

sizes their analysis concludes that under laminar conditions Neanderthals could move twice
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as much air though their nasal passages at 25pprox.. 501min' compared to modern humans
at 271 min"'. This, coupled with high energetic demands, the authors suggest may represent
and adaptations to the cold (Wroe et al., 2018).

Further respiratory performances for Neanderthals are reported in de Azevedo et al.
(2017) where convergence is suggested to occur between Neanderthals and modern
humans at higher latitudes. De Azevedo et al. (2017) reconstructed the nasal cavity to
include mucosal surface and simulated respiratory cycles in modern humans of southwest
European (SWE) and northeast Asian (NEA) ancestry to compare to La Ferrassie and La
Chapelle-aux Saint 1. Among the three groups, simulations show that when air arrives at
the posterior regions of the tract it is fully conditioned, showing that the most anterior part
of the nose is central in air-conditioning. However, simulations on the anterior tract show
that NEA achieves air uniformity at a faster rate followed by Neanderthals and the SWE.
De Azevedo et al. (2017) suggest that the general craniofacial shape of modern humans as
they settled in northeastern Asian could have an impact on enhancing respiratory function.
To test for evolutionary divergence driven exclusively by stochastic factors among and
within populations, de Azevedo et al. (2017) used Lands test for the overall proportionality
of population variation relative to genetic drift and stabilizing selection. Among the 255
skulls and belonging to 11 different human populations, genus Macaca and composite
samples of Australopiths, Paranthropus, and Homo genera show that the crania appear to
have evolved under stabilizing selection while the nasal cavity by stochastic forces. Among
modern humans, the only time that noses show signals of stabilizing selection and neutral
evolution is when Arctic indigenous populations are removed from the analysis, suggesting

derived nasal traits for occupying the cold, and a convergent adaptation in Arctic

25



populations and Neanderthals. Butaric et al. (2015) demonstrates that among modern
human populations, those from cold-dry climates have larger maxillary sinus volume
(MSV) and narrower nasal cavity breadth (NCB) compared to those in hot-humid climates
where populations have smaller MSVs and wider NCBs.
7.0 NASAL CAVITY IN HIGH LATITUDE MAMMALS

Similar differences in nasal morphology in modern human populations can be seen
between polar bears and brown bears. The turbinates are a complex scaffold of paper-thin
bones that assist in conditioning inspired air, reducing water loss and improving olfaction.
Green et al. (2012) report on the allometric relationship between olfactory and respiratory
turbinates size among canid and artic carnivores and their sister taxa. For the purpose of
this analysis, only the respiratory turbinates will be considered. The specimens chosen for
this analysis consisted of CT scans of 38 skulls of 20 species spanning a range of body
size, diet, and latitude. In most cases the specimens consisted of adult representatives, one
male and one female. The polar bear exhibited larger respiratory turbinates when compared
to its temperate sister taxa, the brown bear suggesting that ecological parameters may have
some sort of an impact. To further prove a correlation between high latitude and respiratory
turbinate size, Van Valkenburgh et al. (2011) suggest similar evidence when comparing
aquatic adaptation in the nose of carnivorans. Where the polar bear is considered to be
semi-aquatic, the polar bear exhibits a larger respiratory turbinate surface area than its
terrestrial temperate sister taxa, brown bear and black bear (Ursus americanus). This
ideologically makes sense given that water conducts heat away from the body at a faster

rate than air (Pozos and Born, 1982). To prevent hypothermia and damage to the lungs,
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larger turbinates would need to be present in order to warm greater quantities of cold air as

the body loses heat to water.

8.0 Hominin thorax morphology in relation to high latitudes

Neanderthals had a capacious ribcage. They had shorter, deeper and wider thoracic
cavities than modern humans (Holliday and Trinkaus, 1991; Ruff, 1994; Holliday, 1997).
Even in populations hypothesized to be cold adapted, like Alaskan Inuit’s who have longer
ribs relative to humeral length than Euro-Americans (Gémez-Olivencia et al., 2009).
Humans that live in high latitudes have larger and wider trunks than those at low latitudes.
This is demonstrated in Garcia-Martinez et al. (2018) where hypothetical cold-adapted
populations (e.g., Greenland, Alaskan Inuit and Tierra del Fuego) include longer ribs
compared to equatorial populations (e.g., South African and Sub-Saharan). Greenland
Inuits had the largest ribs presented with less curvature and torsion than indigenous
Alaskan or Tierra del Fuego populations. Garcia-Martinez et al. (2018) associates this trait
to the fact that Greenland Inuit populations reside at higher latitudes than the latter two
populations. Karapetian and Makarov et al. (2019) share similar findings of large barrel-
shaped thoraxes in skeletal samples of ancient circumpolar populations in Siberia and in
modern arctic groups such as the Chukchi. Interestingly enough they suggest that some
populations are predisposed to caudal shifts which may be associated with larger thorax

size.

9.0 Candidate Genes

Vast comparative studies show that morphological differences between taxa are

associated with the spatial regulation of gene expression during species development.
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(Jeong et al., 2008) Genes have been found to dictate breed-specific differences in ear
morphology in domesticated dogs (Webster et al., 2015; Shearin and Ostrander, 2010) and
in horse and human height (Makvandi-Nejad et al., 2009). In Neanderthals, genes HBAI,
HBA2, PEX11A and PEXI3 have been shown to be implicated in the development of the
supraorbital ridge in Neanderthals (Colbran et al., 2019). For the purpose of this synthesis
are genes that have either been experimented on in modus lines or genome wise association
studies (GWAS) that have been identified to be associated with variation in nasal and
ribcage morphology.

Colbran et al. (2019) report on a pipeline comparing modern human and Neanderthal
DNA to understand the gene regulatory effects of Neanderthal and modern human
sequences to identify genes associated with variation in diverse clinical phenotypes.
Colbran et al. (2019) test for genes and identifiy genes (GNPTG, HBA1, HBA2, MYH1 1,
ORC4, SOSI, and TNFRSFI11B) that cause pectus carinatum, a clinical phenotype in
modern humans that causes an overgrowth of the ribs and forces the sternum to protrude
outwards. In modern humans PRDM16 affects nose hieght and width while a SNP,
rs6555969 close to CSORDF50 is associated with naison posistion (Liu et al., 2012), while
(DCHS2, RUNX2, GLI3, PAX1 and EDAR) affect overall nose morphology (Table 1)
(Adhikari et al., 2016). In modus lines, Burgio et al. (2012) showed that in mice the nasal
complex is under complex genetic control and changes with respect to crossing donor and

recipient strains. For this analysis the possible candidate genes are as listed in Table 1.
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Table 1: Candidate Genes (provided by GeneCards.org)

Gene Chromosome Detail
Location
TNFRSF11B | 8q24.12 This protein is an osteoblast-secreted decoy

receptor that functions as a negative regulator
of bone resorption. This protein specifically
binds to its ligand, osteoprotegerin ligand, both
of which are key extracellular regulators of
osteoclast development. Studies of the mouse
counterpart also suggest that this protein and its
ligand play a role in lymph-node organogenesis
and vascular calcification.

GNPTG 16p13.3 This gene encodes the gamma subunit of the N-
acetylglucosamine-1-phosphotransferase
complex. This hexameric complex, composed
of alpha, beta and gamma subunits, catalyzes
the first step in synthesis of a mannose 6-
phosphate lysosomal recognition marker. This
enzyme complex is necessary for targeting of
lysosomal hydrolases to the lysosome.
Mutations in the gene encoding the gamma
subunit have been associated  with
mucolipidosis  IIIC, also known as
mucolipidosis III gamma. Diseases associated
with GNPTG include Mucolipidosis  Iii
Gamma and Mucolipidosis.

HBA1/HBA2 | 16p13.3 This gene encodes the gamma subunit of the N-
acetylglucosamine-1-phosphotransferase
complex. This hexameric complex, composed
of alpha, beta and gamma subunits, catalyzes
the first step in synthesis of a mannose 6-
phosphate lysosomal recognition marker. This
enzyme complex is necessary for targeting of
lysosomal hydrolases to the lysosome.
Mutations in the gene encoding the gamma
subunit have been associated  with
mucolipidosis  IIIC, also known as
mucolipidosis III gamma. Diseases associated
with  GNPTG include Mucolipidosis  Iii
Gamma and Mucolipidosis.
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Gene

Chromosome
Location

Detail

MYHI11

16p13.11

The protein encoded by this gene is a smooth
muscle myosin belonging to the myosin heavy
chain family. The gene product is a subunit of
a hexameric protein that consists of two heavy
chain subunits and two pairs of non-identical
light chain subunits. It functions as a major
contractile protein, converting chemical energy
into mechanical energy through the hydrolysis
of ATP. MYHI11 (Myosin Heavy Chain 11) is
a Protein Coding gene. Diseases associated
with  MYHI11 include Aortic Aneurysm,
Familial Thoracic 4 and Familial Thoracic
Aortic Aneurysm and Aortic Dissection.

ORC4

2q23.1

The origin recognition complex (ORC) is a
highly conserved six subunit protein complex
essential for the initiation of the DNA
replication in eukaryotic cells. Diseases
associated with ORC4 include Meier-Gorlin
Syndrome 2 and Meier-Gorlin Syndrome 1

SOS1

2p22.1

This gene encodes a protein that is a guanine
nucleotide exchange factor for RAS proteins,
membrane proteins that bind guanine
nucleotides and participate  in  signal
transduction pathways. GTP binding activates
and GTP hydrolysis inactivates RAS proteins.
The product of this gene may regulate RAS
proteins by facilitating the exchange of GTP
for GDP. Mutations in this gene are associated
with gingival fibromatosis 1 and Noonan
syndrome type 4.

PRDM16

1p36.32

The reciprocal translocation t(1;3)(p36;q21)
occurs in a subset of myelodysplastic
syndrome (MDS) and acute myeloid leukemia
(AML). This gene is located near the 1p36.3
breakpoint and has been shown to be
specifically expressed in the t(1:3)(p36.,921)-
positive MDS/AML. The protein encoded by
this gene is a zinc finger transcription factor
and contains an N-terminal PR domain. The
translocation results in the overexpression of a
truncated version of this protein that lacks the
PR domain, which may play an important role
in the pathogenesis of MDS and AML.
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Gene

Chromosome
Location

Detail

DCHS2

49313

This gene encodes a large protein that contains
many cadherin domains and likely functions in
cell adhesion. Genome-wide association
studies suggest that this gene may be important
in Alzheimer's disease, compressive strength
index, and appendicular lean mass.

GLI3

Tpld.1

This gene is a member of the RUNX family of
transcription factors and encodes a nuclear
protein with a Runt DNA-binding domain.
This protein is essential for osteoblastic
differentiation and skeletal morphogenesis and
acts as a scaffold for nucleic acids and
regulatory factors involved in skeletal gene
expression. The protein can bind DNA both as
a monomer or, with more affinity, as a subunit
of a heterodimeric complex. Two regions of
potential trinucleotide repeat expansions are
present in the N-terminal region of the encoded
protein, and these and other mutations in this
gene have been associated with the bone
development disorder cleidocranial dysplasia
(CCD) diseases associated with RUNX2
include  Cleidocranial ~ Dysplasia  and
Metaphyseal Dysplasia with Maxillary
Hypoplasia with Or Without Brachydactyly.

PAX1

20p11.22

This gene is a member of the paired box (PAX)
family of transcription factors. Members of the
PAX family typically contain a paired box
domain and a paired-type homeodomain.
These genes play critical roles during fetal
development. This gene plays a role in pattern
formation during embryogenesis and may be
essential for development of the vertebral
column. This gene is silenced by methylation
in ovarian and cervical cancers and may be a
tumor suppressor gene. Mutations in this gene
are  also  associated  with  vertebral
malformations.

EDAR

2q13

This gene encodes a member of the tumor
necrosis factor receptor family. The encoded

31




transmembrane protein is a receptor for the
soluble ligand ectodysplasin A, and can
activate the nuclear factor-kappaB, JNK, and
caspase-independent cell death pathways. It is
required for the development of hair, teeth, and
other ectodermal derivatives. Mutations in this
gene result in autosomal dominant and
recessive forms of hypohidrotic ectodermal
dysplasia.

PAX3 2q36.1 This gene is a member of the paired box (PAX)
family of transcription factors. Members of the
PAX family typically contain a paired box
domain and a paired-type homeodomain.
These genes play critical roles during fetal
development. Mutations in paired box gene 3
are associated with Waardenburg syndrome,
craniofacial-deafness-hand syndrome, and
alveolar rhabdomyosarcoma.

10.0 FUTURE RESEARCH

As it stands, for this research to be effective in investigating cold adaption in
comparative models, morphometric and comparative genomics will need to be conducted.
CT scans of the nasal canal and thorax will need to be executed on hominin, ursid and
equid models as outlined above. To see if there is any correlation between morphology and
genetic variation, comparative genomics will be conducted using computational methods
to investigate if any of these anatomical composites have genetic signatures of positive
selection in cold-adapted taxa. After identifying if particular loci show signatures of
selection, it would be ideal to verify their causative link by investigate these genes via

functional assays (e.g. through mouse models).
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