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TOWARD A NON-CONTRADICTORY EXPLANATION OF THE
CLIMATE-RELATED VARIATION OF THE NASAL CAVITY
AND MID-FACE

Introduction. While the "Thomson-Buxton rule" describing the association between climate and the
shape of the nasal aperture, and the nasal cavity in general, has been consistently confirmed at the global
level, more detailed analyses at lower geographic scales reveal somehow contradictory results. The aim of
this review was to summarize published data on the ecogeographic trends for the external and internal parts
of the nasal cavity and mid-face in order to formulate a set of non-contradictory principles of the climate-
related variation of these structures.

Materials and methods. All the publications on the subject written in English and Russian languages
were considered with an emphasis on the recent works on North Eurasian samples that employed uniform
protocols and were concerned with both external and internal aspects of the respiratory part of the facial
skeleton.

Results and discussion. Proportions of the anterior nasal cavity are more important than its height
and width separately. An increase in the total length of the nasal cavity might be achieved by both increasing
nasal protrusion and by sagittal lengthening of the maxilla, but a strong nasal protrusion is a disadvanta-
geous trait in frosty climates. The shape and surface area of the internal nasal cavity are more important
than its total volume.

Conclusion. Most of the apparent contradictions between different studies on the ecogeographic vari-
ation of the facial skeleton can be reconciled by applying the concept of homoplasy, or convergent evolution:
similar functional outcomes in morphologically distinct populations might be achieved via different morpho-
genetic mechanisms.
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"Thomson-Buxton rule" formulated more than a
hundred years ago has been consistently con-
firmed: populations from colder and drier climates
demonstrate a relatively taller and narrow nasal ap-
erture and/or nasal cavity in general. This apparent
Davies, 1932] at various geographical levels [Ev-  cqrreiation finds very sound support in the laws of

teev et al., 2014, 2017; Bernal et al., 2014; Fukase respiratory phySlO'Ogy [Cole, 1982 and Franciscus,
et al., 2016; Menendez et al,, 2017] but mainly us-  1995; Maddux et al., 2016 for a review]. In fact,
ing worldwide samples [e.g., Roseman, 2004; Har-

vati,Weaver, 2006; Noback et al., 2011; Maddux et
al., 2016, among many others]. At a global level, the

Introduction

The association between craniofacial mor-
phology and climate has been studied for over a
century [Thomson, 1913; Thomson, Buxton, 1923;

even the earliest works were based on the theoreti-
cal background quoted from physiology, compara-
tive anatomy and medicine [Thompson, Buxton,
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1923, p.92; Davies, 1932, p. 349]. Briefly, a narrow
nasal aperture decreases the velocity of inhaled air-
stream providing more time for air-conditioning inside
the nasal cavity, or for retaining heat and water
during expiration. A narrow and "tight" cavity, in
turn, facilitates the contact between the air and the
mucosa which leads to better warming and moisten-
ing. A compromised ability of the nasal cavity to
condition the air leads to severe health outcomes
[Franciscus, 1995].

But more detailed analyses at lower geo-
graphic levels reveal somehow contradictory re-
sults. For instance, the worldwide studies convinc-
ingly describe the inhabitants of high latitudes as
displaying large, wide and flat faces [e.g. Roseman,
2004; Noback et al., 2011; Stansfield et al., 2021]
while the works limited to West Eurasia and Africa
show that populations from relatively cold-dry cli-
mates display a narrower face and a strongly pro-
truding nose [Carey, Steegmann, 1981; Franciscus,
1995]. Relatively little is known about the ecogeo-
graphic variation of the internal part of the nasal
cavity playing the most important role in air-
conditioning [e.g. Cole, 1982; Keck et al., 2000].
Most previous studies were either employing limited
samples or only indirectly assessing form of the in-
ternal cavity [Yokley, 2009; Butaric et al., 2010; Hol-
ton et al.,, 2013; Butaric, 2015; Butaric, Maddux,
2016; Maddux, Butaric, 2017]. During the last years,
substantial samples of CT scans of modern and
some ancient Eurasian populations have been stud-
ied from the point of view of the ecogeographic var-
iation of the size and shape of the internal nasal
cavity employing a uniform protocol [Evteev,
Grosheva, 2019; Manakhov, 2022].

Thus, the aim of this review is to summarize
published data on the ecogeographic variation of
the external and internal parts of the nasal cavity
and mid-face with an emphasis on North Eurasian
groups and to formulate a set of non-contradictory
principles of the climate-related variation of these
structures.

Material and methods

The main aim of the present inquiry is to rec-
oncile some contradictions existing in the field and
to formulate some simple and universal principles
applicable to explaining most of the apparent cli-
mate-morphology associations observed in ancient
and modern hominins. Thus, all the publications on
the subject written in English and Russian lan-
guages were considered [see Evteev, 2021 for a
review] but mainly those displaying apparent con-
tradictions in their outcomes. The core of the study
is the recent publication of the author and his col-
leagues based on North Eurasian samples, employ-
ing uniform protocols, and concerned with both ex-
ternal [Evteev et al., 2014, 2017] and internal [Ev-
teev, Grosheva, 2019; Manakhov, 2022] aspects of
the respiratory part of the facial skeleton.

The concept which inspired the search for
such universal principles is homoplasy or conver-
gent evolution: the achievement of a similar func-
tional effect via different morphogenetic mecha-
nisms [Severtsov, 2005].

Results

Proportions of the anterior nasal cavity are more
important than its height and width considered separately

This conclusion may seem ftrivial as the very
first works on the subject revealed the highest cor-
relations with climatic variables for the nasal index,
not single dimensions of the piriform aperture
[Thomson, Buxton, 1923]. But as modern analytical
techniques (e.g. partial least squares analysis, PLS)
treat separate variables rather than their indices,
apparent controversies might emerge. In fact, nu-
merous studies have revealed very stable negative
correlations between nasal height and temperature
[see Franciscus, 1995 and Maddux et al., 2017 for a
review], including our own recent work on Asian
data [Evteev, Grosheva, 2019]. Thus, the absolutely
low nasal aperture and cavity in cold-adapted
Northeastern Europeans [Evteev et al.,, 2017,
Manakhov, 2022] was a finding apparently contra-
dictory to the bulk of existing knowledge. But it is
worth noting that very similar proportions of the na-
sal cavity (or piriform aperture) can be achieved
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despite completely different absolute dimensions
(fig. 1). In this example, the Yakuts from Siberia
exhibit a substantially taller (6.5%) and wider (10%)
anterior nasal cavity than the Finns, but the ratio
between the width and height of the anterior nasal
cavity displays only a difference of 3.3%. Thus, in
some human groups (e.g. modern North Asians or
European Neanderthals [Franciscus, 1995]) the an-
terior nasal cavity can remain absolutely wide while
relatively narrow due to an increase in height. In
Neanderthals, narrowing is further emphasized by
characteristic outgrowths at the internal margins of
the nasal aperture [Schwartz et al., 2008]. But in
other populations (e.g. the Paleolithic modern hu-
mans [Stansfield et al., 2021] from Europe or West
Eurasians [Manakhov, 2022] from cold climatic
zones) the same effect is achieved through a sub-
stantial absolute narrowing of the cavity accompa-
nied by a decrease in height [see Hubbe et al., 2009
and Butaric, Klocke, 2017 for a similar discussion].
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Figure 1. Differences (in percent) between the
Yakuts and Finns in the anterior width and
height of the nasal cavity and their ratio
PucyHok 1. Omnudus (8 npoueHmax) mexoy
sKymamu u ¢puHHaMU ro WupuHe U 8bicome
nepedHel yacmu HOO80U nosiocmu, U rno ux
COOMHOWEHUK

An increase in the total length of the nasal cavity might be
achieved by both increasing nasal protrusion and by
sagittal lengthening of the maxilla

Numerous studies show the association be-
tween the total anteroposterior length of the nasal
cavity with climatic conditions in various regions and
at various geographic scales [Franciscus, 1995;

80

Noback et al., 2011; Evteev et al., 2014, 2017; Fu-
kase et al., 2016; Evteev,Grosheva, 2019]. But,
clearly, two different morphogenetic phenomena
can contribute to the total elongation: an increase in
the nasal protrusion and an increase in the sagittal
length of the body of the maxilla, the bone housing
the main part of the functional nasal cavity. An ex-
ample is given in Figure 2. The Buryats from South
Siberia and Ossetians from the North Caucasus
display nearly identical total lengths of the cavity but
the contribution of the nasal protrusion to the length
is almost twice as large in the Ossetians. Selection
in various populations might operate on either of
these mechanisms, or both. The increase in nasal
protrusion is typically observed in West Eurasians
[Carey, Steegmann, 1981; Franciscus, 1995], ex-
cept Northeastern Europe, while lengthening of the
maxilla is mainly found in North Asia. In some
groups, both mechanisms might be operating, e.g. in
European Neanderthals exhibiting a large facial skel-
eton in combination with a strong nasal protrusion
[Franciscus, 1995], or the Bronze age sample from
Ginchi [Manakhov 2022] in which both components
of the total length of the cavity are fairly developed.

M Nasal protrusion

W Sagittal length

Ossetians

Buryats

Figure 2. Partitioning of the total length of the
nasal cavity in the samples of the Buryats
and Ossetians.

PucyHok 2. KomnoHeHmbi obweli 05riuHbl HOCO80U
rnornocmu y 6ypsim u ocemuH

Notes. Y-axis represents the values of the vari-
ables in mm.

Mpumeyarmsa. Mo ocn Y OTNoOXeHbl abcontoT-
Hble 3HaYeHNs NPU3HAKOB B MM.
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A strong nasal protrusion is a disadvantageous trait
in frosty climates

Of the two mechanisms of lengthening the
nasal cavity outlined in the previous section, the
increase in the nasal protrusion plays a minor role
in high latitude groups, in other words, in the popu-
lations inhabiting areas experiencing long frosty
periods during winter. Moreover, a flattening of the
nasal bridge and external nose (or at least an ab-
sence of an increase in nasal protrusion) is consist-
ently observed in the groups from boreal areas of
Europe [Evteev et al., 2017; Manakhov, 2022], Asia
[Woo, Morant, 1934; Evteev et al.,, 2014], and the
Americas [Hrdlicka, 1910; Hylander, 1977; Hernan-
dez et al., 1997; Menendez et al., 2021]. As it has
been demonstrated for West and East North Eura-
sians [Evteev et al., 2014, 2017; Evteev, Grosheva,
2019; Manakhov, 2022], this is compensated by an
increase in anteroposterior length of the maxilla
through which a total lengthening of the cavity is
achieved. A possible explanation for this observa-
tion is the higher risk of freezing of the external
nose in those regions [see Franciscus, 1995 for a
review of related medical literature].

The alternative mechanism of lengthening of
the nasal cavity is present in the populations of the
temperate zone of Europe, the Mediterranean, and
the Caucasus that exhibit a strong nasal protrusion
and, as a result, a long nasal cavity despite a rela-
tively anteroposteriorly short maxilla. Such a combi-
nation contrasts them with both populations from
the south (i.e. Sub-Saharan groups) and north (i.e.
Northeastern Europe).

The shape and surface area of the internal
nasal cavity are more important than its total volume

The trends for the volume of the nasal cavity
in West [Manakhov, 2022] and East [Ev-
teev,Grosheva, 2019] North Eurasia are directly
opposite, thus corroborating the previously ex-
pressed idea that the shape of the nasal cavity
might be more important from the ecogeographic
point of view than its total size [Noback et al., 2011;
Fukase et al., 2016; Maddux et al., 2017]. The role
of the nasal mucosa and turbinates in determining
the functional volume of the cavity [Heuzé, 2019;
Marks et al., 2019; Marechal et al., 2022] should not
be overlooked, and this cannot be directly assessed
in skeletal specimens.
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Figure 3. Linear regression of the surface area
to volume (SA/V) ratio on nasal cavity volume.
A — West Eurasia; B — East Eurasia and Arctic
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Notes. Blue squares — cold-adapted groups,
red crosses — temperate climate groups. Volume of
the nasal cavity — in cm3.

Mpumevanusi. Mony6ble kBagpatbl — obuTa-
TENU XONOAHOro KnumaTa, KpacHble KpecTbl — o6u-
Tatenu ymepeHHoro knumata. O6bem HocoBoK no-
NOCTK yKasaH B cM3,

The total volume might be to a substantial
degree a function of the total size of the facial skele-
ton [Butaric et al., 2010; Fukase et al., 2016; Ev-
teev, Grosheva, 2019]. At the same time, the sur-
face to volume ratio of the cavity (SA/V), as was
expected as well [Franciscus, 2003; Yokley, 2009],
display more interpretable associations with climatic
conditions. According to the results of our recent
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research, cold-adapted groups from West Eurasia,
both modern and ancient, displays a higher SA/V
ratio than the groups from warmer climates (fig. 3a).
The trend is less straightforward in populations of
Asian descent [Evteev, Grosheva, 2019; fig. 3b].
Most of the cold-adapted groups display enlarged
volumes and reduced SA/V, but at a given volume
this ratio in the North Asian and Arctic populations
is higher than in the East Asian groups: compare
the Koreans and Japanese vs. Greenlandic Eskimo,
and the Chinese vs. Mansi, Mongols and, in particu-
lar, Alaskan Eskimo. Thus, a decrease in the vol-
ume of the nasal cavity in high latitudes of North
Eurasia is not accompanied by a proportional de-
crease in its surface area due to the changes in the
shape of the cavity.

Conclusion

Most of the apparent contradictions between
different studies on the ecogeographic variation of
the facial skeleton can be reconciled by applying
the concept of homoplasy, or convergent evolution:
similar functional outcomes in morphologically dis-
tinct populations might be achieved via different
morphogenetic mechanisms. Thus, a particular
shape of the nasal aperture and anterior nasal cavi-
ty can be the result of various combinations of their
height and width, and additional structures of the
lateral walls should be taken into account as well.
The length of the nasal cavity can be determined by
both the degree of nasal protrusion and the size of
the body of the maxilla. The surface area to volume
ratio is increased in high-latitude populations of both
West and East Eurasia but this increase can be ei-
ther absolute or relative.
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OIIBIT OBOBIIEHUS JAHHBIX OB DKOT'EOI'PA®UYECKON
W3MEHUYMBOCTHU HOCOBOM NOJIOCTHU U JTULEBOT'O YEPEIIA: CY-
IECTBYIOIIMUE MTPOTUBOPEYUA U UX
BO3MOXHbBIE PEHIEHUSA

BBeneHune. OCHOBHbIE 3aKOHOMEPHOCMU 83aUuMOCBs3U Mex0y ¢hopmMol HOCo8020 omeepcmusi (U HO-
coeoli nosiocmu 8 UesioM) U KiumMamu4yeckuMu riokazamesisiMu, uHozoa Ha3bleaembie «rpasuriom ToMcoHa-
bakcmona», 6biriu ycmaroeneHsl 6onee 100 nem Ha3sad. [Nocnedyrowue uccredosaHusi, 0CObeHHO rpose-
OeHHble Ha 2r10b6anbHOM ypoeHe, Heu3MeHHO nodmeepxdanu amo rpasusno, oOHako bonee demaribHble pa-
60mbI Ha KOHMUHEeHMasnabHOM UsU JI0OKaslbHOM ypO8HsIx Oasasiu 8 HEKOMOPbIX Crly4asix npomueopedusbie
pe3ynbmamsbl. Llenbto 0aHHO20 0630pa 6bII0 «MPUMUPUMbBY 3MU Pomugopeyusi, U cqhopmynupogams pso
MPUHUUNo8, yHUsepcasibHO NMpUMeHUMbIX Orsl 06bsiCHeHUs1 HabnodaeMbix Koppensayul mopghosioauu uuye-
8020 Yepena u Kiaumama.

MaTtepuanbl U meToAabl. [lpusriekanuch 8ce uMeoujUue OMHOWEHUE K paccMampueaemMoMy 80rpocy
UCMOYHUKU Ha pycckom u aHenutickom sisbikax. Ocoboe eHumaHue bbiio ydeneHo daHHbiM o CesepHol
Espasuu, rony4yeHHbIM 8 riocriedHue 200bl a8MOPOM U €20 KosisiezaMu C NMpuMeHeHuUeM edOUHO20 Mpomokorna
uccrnedosaHusi Kak Hapy>kHbiX, maK U 8HymMpeHHUX CMpPyKmyp 1uye8oeo vYeperna.

PesynbTatbl n obcyxaeHune. Mponopyuu nepedHeli yacmu HOcogol nosiocmu umerom 6onbuwee
3HavyeHUe, HeXeru ee 8bicoma U WUpPUHa, paccMampusaembie 1o omoesibHocmu. YeenuvyeHue obwel ca-
eummarnbsHoU OnuHbl HOCOB0U MosIocmu MoXem docmuaambCs Kak 3a c4em YCUJIeHUsI 8bICMYynaHusi Hoca,
mak u 3a c4em ygesniudeHuUs1 OflUHbl HENOCPEOCMBEHHO mena g8epxHedyerocmHol kocmu. OOHaKo curibHoe
8biCmyrnaHue Hoca, ro ecel sudumocmu, He siensiemcsi alanmueHo br1a2onpusimHbIM NMPU3HakoMm 8 obria-
cmsix ¢ Xono0HbIM Kiiumamom. @opma u rniowadb No8epxHOCMuU 8HymMpeHHel HOCO80U No10CMuU S18JISII0MCS
bornee 8aXkHbIMU roKasamerssiMu, 4yem ee obuwull obbem.

3akntoveHune. 601bWUHCMBO KaXyWwuxcs npomusopeyquli Mexoy pe3ynbmamamu 0moesibHbIX UC-
cnedosaHuli aKozeoepaguyeckol u3MeH4UsocmU ruyeso20 omdena 4deperna moaym 6bimb cpasHU-
mesibHO J/1e2KO yCcmpaHeHbl C MOMOWb rnocriedoe8amesibHO20 MPUMEHEHUS MPpUHUUna KOH8ep2eHMmMHOoU
agosroyuU: hopmuposaHue 00UHAKOBO 3GhhEKMUBHBLIX C MOYKU 3PeHUsT pecrupamopHol yHKUUU
CMPyKmMyp MoXem npoucxodumb 8 pa3sHbIX MOMyasayusix ¢ MOMOWbI0 pasiudyHbIX MOpgho2eHemuYecKux
MexaHuU3Mos.

KnioyeBble cnoBa: knMmaTudeckas ajantauus; Mop(bonorvm yepena, CeBepHaﬂ EBpa3VIFI;
(*)VI3I/IOJ'IOFI/|FI AbIXaHnA
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