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COMMENTARY

The labyrinth of human variation
Erik Trinkausa,1

Morphological analyses of the human temporal
labyrinth (cochlea and especially the semicircular
canals) have progressed (along with advances in
tomography) from using the labyrinth to orient crania
(1), to document the earlier hominin ancestral pattern
(2), to document an apparently derived “Neandertal”
configuration (3), to establish Neandertal persistence
into the Upper Paleolithic (4), and to infer Late Pleisto-
cene populational interconnections across Eurasia (5, 6).
Through these mostly paleontological analyses, it has
been assumed that recent (and early modern) humans
had a consistent labyrinthine pattern, albeit with individual
variation. Global assessments have been absent, and
the recent human sample has beendominatedbywestern
Eurasian specimens.

The analysis of Ponce de León et al. (7) of global
recent human variation in labyrinthine proportions is
therefore a welcome addition to our understanding of
human variation. It is especially welcome because lab-
yrinthine proportions are established prenatally and
are subject to little or no developmental plasticity
(8). The analysis therefore has the potential to provide
both core data on variation of this morphological fea-
ture and the basis for human populational inferences
in space and by extension in time. However, recent
human labyrinthine variation has implications beyond
its global patterns.

Recent Human Variation
The analysis of Ponce de León et al. (7) is important in
documenting that the variation of labyrinthine pro-
portions is principally within their regional samples
and that only a small proportion of the variation is
between their regions. Moreover, the variation closely
fits an isolation-by-distance model of human variation,
whether it is a remnant of the Late Pleistocene modern
human dispersal from Africa or a product of isolation-
by-distance once modern humans were established
both across Africa and Eurasia and into greater Aus-
tralia and the Americas.

Since the classic study of Lewontin (9), almost half a
century ago, it has been repeatedly documented that

the overwhelming majority of human genetic variation
is within populations or regional clusters of human
populations (e.g., refs. 10–12). In these apparently
neutral or near-neutral genetic markers, there is very
little differentiation across subsets of the living human
species. The features that are commonly employed to
distinguish regional groups of humans are either sec-
ondary dermal features (literally only skin deep) or can
be related to long-term (cumulative and low level)
selective environmental pressures [e.g., solar radiation
on skin pigmentation (13) and temperature plus hu-
midity on body proportions and nasal morphology
(14, 15)]. Two phenotypic complexes that have been
quantitatively analyzed on a global scale, cranial mor-
phometrics (16) and dental discrete traits (17), exhibit
levels of within versus between region variation in line
with neutral genetic variation. Dental discrete variation
should be a direct reflection of the underlying geno-
type, but cranial variation has a component of de-
velopmental plasticity (16); their relative distributions of
variation nonetheless remain well within the range of
values obtained from genetic markers.

In this context, the analysis here of recent human
labyrinthine proportions provides more solid evidence
of what should have been evident from basic com-
parative human anatomy more than a century ago; we
are all basically the same, at a populational level, un-
der the skin. This message was clearly stated by
Lewontin (9), and it needs to be continuously repeated
given the current “racialized” state of the world, both
developed and developing.

Issues of Genetic Sampling
Ponce de León et al. (7) make a strong statement that
the wholesale sampling of temporal petrous portions
from human crania for the purposes of ancient DNA
(aDNA) analyses is a destruction of irreplaceable data.
The authors imply that it is permissible if the temporal
bones have been CT-scanned at high resolution (μCT
levels; 20–40 μm), but that assumes the durability
of digital media, that all relevant information can be
extracted from those digital data, and little or no chemical
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diagenesis from the radiation. I would argue that the current level of
extraction of petrous portions (if not whole temporal bones) for aDNA
analyses is simply unjustified. These crania are an irreplaceable doc-
umentation of past human biology, both population relationships and
especially paleobiology. Native groups globally are increasingly (and
justifiably) demanding at least ethical treatment of these remains, if
not their repatriation and reburial. aDNA preservation is generally
poor for all except in the Arctic, leading to many (already damaged)
specimens yielding little or no usable DNA sequence data, and many
of the others providing very limited reliable aDNA for comparative
analyses.

In other words, such material damage is unacceptable if the
long-term harm or loss exceeds the short-term gain. This is a
routine consideration in laboratory animal and clinical studies, and
it should be applied to irreplaceable past human remains. This has
become especially critical in human paleontology. There are
several human fossils that currently exist only as images and DNA
sequences (e.g., refs. 18 and 19), having been entirely consumed
by aDNA extraction. The (formerly) most complete nonmodern
human humerus, from the original 1856 Neandertal fossil, is now
partial and in pieces, having been sawed and drilled for DNA (20).
Less invasive but often paleobiologically ill-informed damage to
human fossils is now ubiquitous, given the current preoccupation
(driven by high-profile publishing) with attempting to extract
aDNA from these truly irreplaceable documents of remote hu-
mans. I would argue that the plea of Ponce de León et al. (7) is but
a first step to stop the destruction, whether of Medieval cemetery
samples or Late Pleistocene humans.

It should also be emphasized that, given the scarcity of spec-
imens for aDNA extraction (especially for Pleistocene remains),
independent analyses of the specimens almost never occur. Given
the high level of nonreproducibility of laboratory results (e.g., refs.
21 and 22), what is the level of confidence in these aDNA sequences?

To these preservation-related concerns can be added the
question of what is being gained from these extractions and de-
structions of past human remains. They are overwhelmingly fo-
cused on population relationships, population dispersals, and
hence the drawing of arrows on maps (usually without consider-
ation of geographical features and past ecozonal movements).

Historical linguists in the 19th century were very good at drawing
these maps based on language affinities, and many of their con-
clusions, with refinements, form the basis of our understanding of
Holocene human dispersals. The current large-scale extraction of
Holocene aDNA is therefore damaging specimens found mostly
in the 20th century, analyzing them with 21st century technology,
to answer 19th century questions. Have we not progressed be-
yond these ethnocentrically and racially motivated questions?

Much the same applies to the primary question for which Late
Pleistocene aDNA has been extracted: inferring the population
processes (or who was having sex with whom) involved in modern
human emergence. Despite the high-profile nature of theNeandertal
and early modern human aDNA analyses, they have provided little
insight beyond what was previously known from human fossil
morphology. Late Middle Pleistocene modern human emergence
in east Africa was documented by the late 1960s (23, 24); further
work there (25, 26) has only refined the data. The Interpleniglacial
dispersal of modern humans has long been known from their re-
mains (27), and Late Pleistocene body proportions reinforced their
African ancestry (28). The high probability of a modest level ad-
mixture with modern human dispersal has been inferred from
early modern human morphology, which exhibits variations be-
yond what would be expected from a simple dispersal from Africa
(29, 30; see also ref. 31). It took more than a decade of aDNA
extraction, and moving beyond haploid genetic markers, to
rediscover what was already known. And the fossils suffered in
the meantime.

Conclusion
The detailed and thorough analysis of Ponce de León et al. (7) is
therefore a welcome addition to our understanding of global
patterns of human phenotypic variation, and further documenta-
tion that human variation is principally within regional populations
and patterns geographically. And their concern with the whole-
sale destruction of human temporal bones for DNA extraction is
but a first attempt to stop the irreparable damage being done to
human remains, from the Pleistocene to the near present, to ob-
tain DNA sequences of questionable import.
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2 Spoor F (1993) The Comparative Morphology and Phylogeny of the Human Bony Labyrinth (Cip-Gegevens Koninklijke Bibliotheek, The Hague).
3 Spoor F, Hublin JJ, Braun M, Zonneveld F (2003) The bony labyrinth of Neanderthals. J Hum Evol 44:141–165.
4 Hublin JJ, Spoor F, Braun M, Zonneveld F, Condemi S (1996) A late Neanderthal associated with Upper Palaeolithic artefacts. Nature 381:224–226.
5 Wu XJ, Crevecoeur I, Liu W, Xing S, Trinkaus E (2014) Temporal labyrinths of eastern Eurasian Pleistocene humans. Proc Natl Acad Sci USA 111:10509–10513.
6 Li ZY, et al. (2017) Late Pleistocene archaic human crania from Xuchang, China. Science 355:969–972.
7 Ponce de León MS, et al. (2018) Human bony labyrinth is an indicator of population history and dispersal from Africa. Proc Natl Acad Sci USA 115:4128–4133.
8 Jeffery N, Spoor F (2004) Prenatal growth and development of the modern human labyrinth. J Anat 204:71–92.
9 Lewontin RC (1972) The apportionment of human diversity. Evol Biol 6:381–398.

10 Barbujani G, Magagni A, Minch E, Cavalli-Sforza LL (1997) An apportionment of human DNA diversity. Proc Natl Acad Sci USA 94:4516–4519.
11 Rosenberg NA, et al. (2002) Genetic structure of human populations. Science 298:2381–2385.
12 Hunley KL, Cabana GS, Long JC (2016) The apportionment of human diversity revisited. Am J Phys Anthropol 160:561–569.
13 Jablonski NG (2004) The evolution of human skin and skin color. Annu Rev Anthropol 33:585–623.
14 Ruff CB (1994) Morphological adaptation to climate in modern and fossil hominids. Yearb Phys Anthropol 37:65–107.
15 Maddux SD, Yokley TR, Svoma BM, Franciscus RG (2016) Absolute humidity and the human nose: A reanalysis of climate zones and their influence on nasal form

and function. Am J Phys Anthropol 161:309–320.
16 Relethford JH (1994) Craniometric variation among modern human populations. Am J Phys Anthropol 95:53–62.
17 Hanihara T (2008) Morphological variation of major human populations based on nonmetric dental traits. Am J Phys Anthropol 136:169–182.
18 Krause J, et al. (2010) The complete mitochondrial DNA genome of an unknown hominin from southern Siberia. Nature 464:894–897.
19 Prüfer K, et al. (2014) The complete genome sequence of a Neanderthal from the Altai Mountains. Nature 505:43–49.
20 Krings M, et al. (1997) Neandertal DNA sequences and the origin of modern humans. Cell 90:19–30.
21 Sweeney TE, Haynes WA, Vallania F, Ioannidis JP, Khatri P (2017) Methods to increase reproducibility in differential gene expression via meta-analysis. Nucleic

Acids Res 45:e1–e14.
22 Ioannidis JP (2016) Why most clinical research is not useful. PLoS Med 13:e1002049.
23 Day MH (1969) Omo human skeletal remains. Nature 222:1135–1138.

Trinkaus PNAS | April 17, 2018 | vol. 115 | no. 16 | 3993

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
6,

 2
02

1 



www.manaraa.com

24 Butzer KW, Brown FH, Thurber DL (1969) Horizontal sediments of the lower Omo valley: The Kibish Formation. Quaternaria 11:15–29.
25 White TD, et al. (2003) Pleistocene Homo sapiens from Middle Awash, Ethiopia. Nature 423:742–747.
26 McDougall I, Brown FH, Fleagle JG (2005) Stratigraphic placement and age of modern humans from Kibish, Ethiopia. Nature 433:733–736.
27 Wolpoff MH (1980) Paleoanthropology (Knopf, New York).
28 Trinkaus E (1981) Neanderthal limb proportions and cold adaptation. Aspects of Human Evolution, ed Stringer CB (Taylor & Francis, London), pp 187–224.
29 Frayer DW (1992) The persistence of Neandertal features in postNeandertal Europeans. Continuity or Replacement: Controversies in Homo sapiens Evolution, eds

Bräuer G, Smith FH (Balkema, Rotterdam), pp 179–188.
30 Trinkaus E, Zilh~ao J (2002) Phylogenetic implications. Trabalhos Arqueol 22:497–518.
31 Trinkaus E (2007) European early modern humans and the fate of the Neandertals. Proc Natl Acad Sci USA 104:7367–7372.

3994 | www.pnas.org/cgi/doi/10.1073/pnas.1804794115 Trinkaus

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 D
ec

em
be

r 
6,

 2
02

1 

www.pnas.org/cgi/doi/10.1073/pnas.1804794115

