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The hominin record from Southern Asia for the early Late Pleistocene is scarce.
Presently, well-dated and well-preserved fossils older than ~45 kyr that can be
unequivocally attributed to Homo sapiens are lacking®. Here we present
evidence from the newly excavated Fuyan Cave in Daoxian (Southern China).
This site has provided 47 human teeth dated to more than 80 kyr and with an
inferred maximum age of 120 kyr. The morphological and metric assessment of
this sample supports its unequivocal assignment to H. sapiens. The Daoxian
sample is more derived than any other anatomically modern humans,
resembling middle-to-late Late Pleistocene specimens and even contemporary
humans. Our study shows that fully modern morphologies were present in
Southern China 30 to 70 kyr earlier than in the Levant and Europe®”’. Our data
fills a chronological and geographical gap that is relevant for understanding
when H. sapiens first appeared in Southern Asia. The Daoxian teeth also
support the statement that during the same period, Southern China was
inhabited by more derived populations than Central and Northern China. This
evidence is important for the study of modern humans’ routes of dispersals.
Finally, our results are relevant to explore the reasons for the relatively late
entry of H. sapiens into Europe. Some studies have investigated how the
competition with H. sapiens may have caused Neanderthals’ extinction (for a
revision see Villa and Roebroeks® and references therein). Interestingly, despite
fully modern humans were already present in Southern China at least as early
as ~80 kyr, there is no evidence that they entered Europe before ~45 kyr. This
could imply that H. neanderthalensis was indeed an additional ecological barrier
for modern humans, who could only enter Europe when Neanderthal’s demise

already started.



The Fuyan Cave (25°39'02.7"N, 111°28'49.2"E; 232 m above sea level) is

located in Tangbei Village, Daoxian County, Hunan Province, Southern China (Fig. 1).
It is part of a large multi-genesis pipeline type karst system which contains several
connected and stacked caves (Supplementary Information A) and covers an area of over
3000 m?. The investigation and excavations were conducted at three regions in the cave,
Region I, 1l and Il (Extended Data Fig. 1). From 2011 to 2013, systematic excavations
yielded forty-seven human teeth and an abundant fossil mammalian assemblage (Fig. 2
and Extended Data Fig. 2 and 3).

Four clear stratigraphic layers were consistently identified in the whole
excavated regions (Region I, Il and I11), with a total thickness of more than 250 cm (Fig.
1). All the hominin and mammalian fossils were found in layer 2 of Region |
(mammals) and Region Il (mammals and humans), although three human teeth (DX1,
DX2 and DX6) and a small amount of mammal fossils were found out of context as
surface findings during the first year of excavation. The stratigraphic sequence of
Region 11, from top to bottom, is described as follows: 1) Layer 1: Continuous brown-
grey and brown-yellow flowstone/calcite-cemented deposit with a maximum thickness
of 20 cm; 2) Layer 2: Brown-yellow and grey thin sandy clay of 20-50 cm in thickness
which contains large amount of mammal fossils and the hominin teeth; 3) Layer 3:
Brown and grey sandy gravel of 80-100 cm in thickness; and 4) Layer 4: Grey-yellow
and brown-yellow silt and clay with calcareous breccia imbedded. This layer is over 100
cm in thickness as the bottom has not been reached yet.

To present, no stone tools have been found. The hominin and most of the faunal
elements consist exclusively of teeth, and many of them present root alterations mostly
due to the effects of calcium dissolution and some rodent gnawing (Supplementary

Information B). The mammal fossil assemblage from the Daoxian site is typical of Late



Pleistocene in Southern China and is composed of 38 species including 5 extinct large
mammals such as Ailuropoda baconi, Crocuta ultima, Stegodon orientalis, Megatapirus
augustus, Sus sp. (Extended Data Table 1 and Supplementary Information C). The
radiocarbon age >43 kyr cal BP obtained for one of the faunal remains (see
Supplementary Information D) supports its pre-late Late Pleistocene age.

During the excavations, we collected 9 samples of speleothem fragments from
Layer 2 to Layer 3 (FYS-1 to FYS-9) at Region | and Region IlI, and 2 subsamples
(FYS-S1 to FYS-S2) from a small stalagmite that grew on the top of Layer 1 (Fig. 1,
Extended Data Fig. 1 and Supplementary Information E). These samples were carefully
preprocessed to single out the clean portion for *Th dating and then analyzed at the
Isotope Lab of University of Minnesota using the MC-ICP-MS dating technique®. Eight
speleothem fragments from Layer 2 yielded Middle to Late Pleistocene ages ranging
from ~556 kyr BP to 120.7 kyr BP, and one sample collected from layer 3 (FYS-9)
provided an age older than 600 kyr BP and thus, beyond the limit of °Th dating
method) (Table 1). The two subsamples from the small stalagmite give an age of 80.1+
1.2 kyr BP and 79.5+ 2.8 kyr BP, respectively.

The calcitic floor (Layer 1) is encrusted on Layer 2, and is continuous across the
excavated regions, preventing younger material from being introduced into the
underlying deposits (see Supplementary Cave Tour.ppt file). The abundant and
extensive distribution of the fauna and the human teeth across the cave makes re-
deposition of Layer 2 highly unlikely. In addition, paleo- and rockmagnetic analysis of a
sample Layer 1 at Region IIA confirms that the flowstone that caps the fossil-bearing
Layer 2 remains in situ (Supplementary Information F and Extended Data Fig. 4). It
means that the dated stalagmite was formed after the fossils were buried and it provides

a minimum age constraint (~80 kyr) for the fossils below. Since the associated fauna is



sample 1D Rli-:'gion/ 238 2827 23°Th_ /232T2 528U 230Th_ /_238U zz;:;:] Q%e 524U, ™™ (;z:rg P'A)\gf*
ayer (ppb) (ppt) (atomic x10™) | (measured) (activity) (uncorrected) (corrected) (corrected )
Fys-s1 | lID/layerl | 1333+0.3 | 91174183 | 176.5#3.6 | 353.1+4.5 | 0.7326+0.0033 | 81.5+0.7 44316 80.1+1.2
Fys-s2 | lID/layerl | 2859+0.4 |55026+1102| 64.0+1.3 | 356.2+3.2 | 0.7467+0.0026 | 83.4+0.5 44615 79.5+2.8
Fys-1 | NA/layer2 | 4282+0.7 [98699+1976| 59.4+1.2 54.3+2.1 | 0.8302+0.0017 | 164.7+1.2 85+3 158.3+4.6
Fys-2 | HA/layer2 |10747.9+69.1 | 275644552 | 7463.3+149.9 | 633.0+4.2 | 1.1609+0.0077 | 121.0+1.5 891+7 121.0+1.5
Fys-3 | IC/layer2 126.0+0.2 | 8675+174 | 2635#53 | 75.6+2.5 | 1.1000+0.0027 | 558.3+62.8 364467 | 556.8+61.9
FYys-4 | IB/layer2 | 16085+55 | 889+18 | 292374588 | 401.0+3.5 | 0.9800+0.0035 | 120.7+0.9 56445 120.7+0.9
FYys-5 | 1B/layer2 260.0+0.4 | 41356828 | 122.7+25 | 173.3+2.7 | 1.1837+0.0026 | 351.5+8.1 463+13 | 348.38.2
FYs-6 | IA/layer2 120.6+0.2 |81358+1629| 22.6+0.5 | 171.4+2.7 | 0.9236+0.0027 | 158.5+1.4 256+10 | 141.8+12.1
Fys-7 | ND/layer2 87.4+0.1 | 123024246 | 120.3+2.5 | 187.85.1 | 1.0276+0.0055 | 196.1+3.8 324+10 | 192.9+4.3
Fys-g | D/ layer2 78.4+0.2 |20571#413| 552+1.1 | 157.4%7.7 | 0.878620.0044 | 147.1+2.7 234412 | 140.745.2
FYs-9 | lIC/layer3 | 267.6+0.4 |20907+419 [10618.9+226.1| 147.6+3.2 | 2.5165+0.3707 > 600 - -

*§2U = ([P*UFP%U]activity-1) x1000. ** 823U, Was calculated based on °Th age (T), i.e., 8 Uinitial = 8”**Unneasurea®€XP(h234XT). ***Corrected **°Th ages assume the initial 2°Th/?*Th

atomic ratio of 4.4 +2.2 x10°. Those are the values for a material at secular equilibrium, with the bulk earth >*2Th/>*8U value of 3.8. The errors are arbitrarily assumed to be 50%. BP stands for
“Before Present” where the “Present” is defined as the year 1950 A.D



typical of the Late Pleistocene we conservatively assume that fossils are not older than
~120 kyr, and the presence of hominins at Daoxian can be bracketed between 80-120
kyr.

Daoxian teeth were compared to large dental samples of Late Pleistocene
hominin fossils from Europe, Africa and Asia (Extended Data Table 2 and 3 and
Supplementary Information G and H). The Daoxian teeth are small and they
consistently fall within H. sapiens variability (Fig. 3 and Extended Data Fig. 5). They
are generally smaller than other Late Pleistocene specimens from Africa and Asia and
closer to European Late Pleistocene samples and contemporary modern humans. Both
the crown and the root of Daoxian teeth show typical morphologies for H. sapiens (Fig.
2 and Extended Data Fig. 6) with simplified occlusal and labial/buccal surfaces and
short and slender roots. The presence of moderate basal bulging as well as longitudinal
grooves in the buccal surface of canines, premolars and molars from other Late
Pleistocene samples like Xujiayao, Huanglong Cave, Qafzeh or Dolni Vestonice make
Daoxian teeth morphologically closer to middle-to-late Late Pleistocene and even
contemporary human samples (Extended Data Fig. 6). Canine and molar roots are
gracile and barely divergent, differing from the stout and robust root systems of Tubo or
Xujiayao localities'® where radicals do not narrow towards the tip (Extended Data Fig.
6). Indeed, the convergent apices of the molar buccal roots appear as a typical feature in
contemporary H. sapiens. M's are also typical of H. sapiens and unlike the rhomboidal
contour displayed by H. neanderthalensis'! or the buccolingually elongated shape of
Asian H. erectus'®**. The relative cusp and occlusal polygon areas of the Daoxian M's
follow the H. sapiens pattern and they only differ from 0.6% to 1.1% from modern
Chinese populations (Extended Data Table 4). Interestingly, Qafzeh M's are

comparatively less derived than Daoxian, showing a departure from the typical H.



sapiens pattern of cusp proportions and angles as it was previously noticed by
Bailey**.The occlusal morphology of Daoxian M? and M°s is also simple, and both the
metacone and the hypocone are strongly reduced as it is typical of H. sapiens. The lack
of labial convexity, shovel shape and tuberculum dentale, as well as the gracile root of
the Daoxian 1, resemble that of contemporary and Late Pleistocene H. sapiens and
differs from Neanderthals. However, Dolni Vestonice specimens display higher labial
convexity, and Qafzeh and Huanglong Cave l,s present a more prominent basal
eminence, making Daoxian I, closer to contemporary humans rather than other Late
Pleistocene samples. The two Daoxian P3s show a slightly asymmetric oval contour due
to the disto-lingual projection of a small platform-like talonid without accessory cusps.
Overall, the crown morphology together with the expression of a slender single root of
Daoxian Pss is closer to H. sapiens and differs from the typical Neanderthal
conformation, with compressed and centered occlusal polygon and lingually displaced
metaconid™. Lower molars lack the typically Neanderthal combination of a pit-like
anterior fovea with a continuous mid-trigonid crest!*!’. This, together with the
reduction of the hypoconulid and the expression of an X-pattern in all the M, and M3
where this feature could be recorded make Daoxian lower molars morphologically
closer to anatomically and contemporary modern humans®®. In addition, no signs of
taurodontism are present. Finally, the occlusal morphology of the two dm?s from
Daoxian is simple, and the occlusal outline relatively squared and unlike the typical
skewed contour of Neanderthals. Roots are thin and diverge as it is typical in deciduous
teeth and similar to the patterns usually found in fossil and contemporary H. sapiens.
Thus, the morphological and metric comparison of the Daoxian dental sample allows its
unequivocal attribution to H. sapiens, and they present particular resemblances to late

Late Pleistocene samples and contemporary modern humans.



Currently, the earliest unambiguous evidence of H. sapiens fossils east-ward of
the Arabian Peninsula would come from Tianyuan Cave, in Northern China'®, Niah
Cave in Borneo* and Lake Mungo in Australia®® dated to ~40-50 kyr. The retention of
primitive features in Qafzeh and Skhul, has been interpreted by many as evidence of a

121,22

“failed” dispersal“““and several studies have recently suggested that an earlier and

southern route may have been indeed more favorable for hominin expansion®*2.
However, these and other related hypotheses were lacking the support of clear evidence
of modern human occupation outside Africa (excluding the Levant) during the early
Late Pleistocene. The fragmentary nature and/or the mosaic of modern and archaic
features of remains like those from the Zhiren Cave have prevented a unanimous
acceptance of its taxonomic status™. This, together with the contested chronological-
stratigraphic frame of some of the Asian hominin findings (see Dennell? for a review),
make the Daoxian teeth the earliest and soundest evidence of definitely modern humans
in Southern China at least 80 kyr ago. The Daoxian evidence may finally break the
“quarantine” which most hypotheses considering the presence of H. sapiens in the early
Late Pleistocene in China have been subjected to.

While Daoxian would testify the presence of fully modern populations in
Southern China during the early Late Pleistocene, the Xujiayao'® and Denisova
evidence®’ points to significantly more primitive hominins in the northern latitudes.
Similarly, the dental morphology of the late Middle Pleistocene hominin from Panxian
Dadong, in Southern China already exhibits some derived features?® that are absent in
other roughly contemporaneous Asian populations of higher latitudes like those from
Zhoukoudian, Hexian or Chaoxian®. This evidence could support different origins

and/or routes of dispersals for the humankind across Asia®*?*.



Finally, while fully modern humans succeeded to disperse throughout Asia
during the early Late Pleistocene, they failed to do so in Europe until 35 to 75 kyr later.
Thus, we should not rule out the possibility that H. neanderthalensis was for a long time
an additional barrier for modern humans’ expansion, who could only settle in Europe

when Neanderthal populations started to fade.
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Main legends

Figure 1. Geographical location and stratigraphy of the Daoxian site. (a) Location of
the Daoxian site. Late Middle Pleistocene and Late Pleistocene localities with human
remains that have been included in the morphological and/or metric comparison with

Daoxian are also marked in the map; (b) General view of the interior of the cave and the

13



spatial relationship of Region 1A, 11B and I1C with some of the layers marked. (c) Plan
view of the excavation area; (d) Detail of the stratigraphic layers of Region Il of the
Daoxian site. All human fossils come from Layer 2. 2: Tianyuan Cave; 3: Huanglong
Cave; 4: Liujiang, 5: Zhiren Cave, 6: Tubo; 7: Xujiayao; 8: Luna; 9: Chuandong; 10:
Malu Cave, 11 Lijiang, 12: Longlin; 13: Huli Cave, 14: Xintai. Map is adapted from the
original Chinese map from National Administration of Surveying, Mapping and

Geoinformation of China (http://219.238.166.215/mcp/index.asp).

Figure 2. Daoxian human teeth (selection). Please refer to Extended Data Table 2 for
detailed information about each tooth (o: occlusal, b: buccal, I: lingual, m: mesial, d:

distal). Credits: X. S., X-J. W.

Figure 3. Metric comparison of Daoxian teeth. Bivariate plots of the MD and BL

dimensions of the Daoxian P?, lower cannine, P3 and M,.

Table 1. The Z°Th dating result of the Daoxian site.

Methods

Description of the morphological features of the Daoxian hominin teeth follow the
terminology usually employed in dental studies 2%, To assess the morphological
affinities of Daoxian teeth we compared them to other Late Pleistocene samples from
Africa, Asia and Europe (including Neanderthals), as well as a large contemporary H.
sapiens sample (see Extended Data Table 3). Apart from both the descriptive
comparative anatomy and the mesiodistal (MD) and buccolingual (BL) comparison, in

the case of the M* we also calculated the relative cusp and occlusal polygon size.
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http://219.238.166.215/mcp/index.asp)

For the metric comparison, the crown MD and BL dimensions of the Daoxian
teeth were measured with a standard sliding caliper and recorded to the nearest 0.1 mm.
Bi-variate plots of the MD and BL diameters will be provided for the metric comparison
of Daoxian with other hominin samples. In order to explore the Daoxian hominins in the
context of the Middle to Late Pleistocene evolutionary changes in China, some Middle

Pleistocene hominins from China were also included.

In addition, the total crown area and relative cusp area, and relative polygon
areas for upper first molars were also measured and compared to a modern Chinese
population. These features are considered to be taxonomically discriminative,
particularly between H. sapiens and H. neanderthalensis **. The protocols for the
measurement and calculation of the relative cusp areas of M* can be found in Bailey

(2004)™.

Extended Data references
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Extended Data Figure 1. The Daoxian site. Entrance to the Fuyan (Daoxian) cave (a).
Image of the intact flowstone in an unexcavated area (b). Detail of the excavation at
Region Il C (c): Pink flags point to in situ human findings. Detail of the stratigraphy of
Region 1A (d), 1IB (e), IIC (f) and 1ID (g). In the center, plan view of the excavation
area at the Daoxian Cave. The enlarged area shows the individual location of each
human finding. Each picture provides a detail of the location of each dating sample.
FYS: speleothem fragment samples. FYS-S: stalagmite samples. For more details on the

U-series results see Table 1 and Supplementary Information E.

Extended Data Figure 2. Daoxian upper teeth. Please refer to Extended Table 2 for

detailed information (o: occlusal, b: buccal, I: lingual, m: mesial, d: distal).

Extended Data Figure 3. Daoxian lower teeth. Please refer to Extended Data Table 2

for detailed information (o: occlusal, b: buccal, I: lingual, m: mesial, d: distal).

Extended Data Table 1. List of faunal composition at Daoxian and other Late

Pleistocene localities of South China. Extinct species are marked in bold.

Extended Data Figure 4. Paleo- and rock- magnetic analysis of Daoxian flowstone.
(@) Location of the orientated handsamples. White arrow indicates sample D1, black
arrow indicates sample D2. (b) Zijderveld diagram of alternating field (AF)
demagnetized specimen D1A. Numbers next to the graph denote AF step in mT. (c)
Isothermal Remanent Magnetization (IRM) acquisition curve up to 1T for specimens
D1A and D2D (d) Progressive stepwise thermal demagnetization of an IRM up to 1T of

specimen D1A (e) Projection of virtual geomagnetic pole (VGP) of sample D1 with
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associated a95. (f) Table I summary table of Thermal (TH) and alternating field (AF)
and hybrid (both AF and TH) palaeomagnetic results. ID#: sample identification;
Demag Type (AF, TH or hybrid); NRM natural remanent magnetization; Dec:
Declination of characteristic remanent magnetization (ChRM) direction; Inc: Inclination
of ChRM direction; MAD: Maximum Angular Deviation; Q: quality index of ChRM
direction, with 1 the highest quality and 2 the lowest; AF/Tinf. lowest AF level or
temperature step of ChRM in mT/°C; AF/Tsup: highest AF level or temperature

step of ChRM in mT/°C; Dir: ChRM direction Not anchored (NA) or anchored

(A);VGP: Virtual Geomagnetic Pole latitude.

Extended Data Table 2. List and measurements of Daoxian teeth. List of the
Daoxian dental remains by tooth class with the degree of occlusal wear (following
Molnar,1971%) crown measurements, and region and stratigraphic position (L: left; R:
right; MD: mesiodistal diameter; BL: buccolingual diameter; Measurements are given

in millimeters).

Extended Data Table 3. Comparative material. Detailed list of the samples included
in the morphological and metric comparison. “*” means that we examined the original

fossil. For the rest, we employed high resolution casts.

Extended Data Figure 5. Metric comparison of Daoxian teeth. Bivariate plots of the

MD and BL diameters of UC, P3, M1, M2, M3, 12, M1 and M3 of Daoxian and

comparative samples.
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Extended Data Figure 6. Morphological comparison of Daoxian teeth. Comparative
morphology of the Daoxian human teeth with other Pleistocene hominins and modern
humans. Upper left: Upper canines) I, V: Daoxian (DX37); 1l, VI. Xujiayao (PA1480);
I11, VII: Huanglong Cave; IV,VIII: modern human. Lower left: Upper third premolars)
[, Il, 1I: Daoxian (DX13, DX 29, DX42); IV: modern human, V: Chaoxian, VI:
Changyang (PA76); VII. Panxian Dadong (PA1577); VIII: Xujiayao (PA1480). Upper
right: Upper first molars) I: Daoxian (DX28); 1l: Neanderthal (Petit-Puymoyen Mx6);
I1I: Qafzeh 5; IV: Tubo (PA1471); V: Hexian (PA836); VI: Chaoxian, VII: Xujiayao
(PA1480); VIHI: modern human. Middle right: Lower second molars) I: Daoxian
(DX30); 1I: Dolni Vestonice (DV37); Neanderthal (Hortus 1V); IV: Huanglong Cave,
V: Xintai; VI: modern human. Lower right). Upper third molars: 1,IV: Daoxian (DX17),
I, VII: Xujiayao; I, VIII: Huanglong Cave; IV, IX: Tubo (PA1476); V, X: modern

humans.

Extended Data Table 4. Upper first molar relative cusp and occlusal polygon
areas. Data for Qafzeh and Late Pleistocene H. sapiens are taken from Bailey et al.,
2008%% and Quam et al., 2009%. Late Pleistocene H. sapiens (LP HSAP) sample is
composed by Dolni Vestonice, Fontechevade, Laugerie Basse, Les Rois, Madeleine,

Mladec, Patud, St. Germaine-la-Riviére and VVachons.
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