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The predentary is hooked dorsally and has a bevelled edge as in
basal neoceratopsians. The dentary is massive and bears a small
ventral flange. As in neoceratopsians, the surangular bulges laterally,
but it Jacks the lateral wall to the glenoid present in other members
of the group. The retroarticular process is short.

Weak, incipient primary ridges are present on the cheek .teeth 'of
the holotype, and are less pronounced in the referred juvenile
specimen. Where visible, the roots appear to lack lateral grooves,
and the eruption pattern in the dentary is not as rigidly df-.termmate
as in neoceratopsians althongh more ordered than in psittacosaurs
and Chaoyangsaurus'. Cingula are not developed near the.crgw.vn
bases, and worn teeth display oblique wear facets as in primitive
ornithischians.

The referred juvenile skull is about half as long as the holotype. It
differs from the holotype of Liaoceratops in features characteristic of
juvenile ceratopsians®", including fewer teeth, vaulted frontals, a
weaker jugal horn and a proportionately shorter and narrower frill.
Similar differences are observed in the growth series of other baS?l
ceratopsians such as Psittacosaurus' and Protoceratops’. Compari-
son between the juvenile and holotype specimens shows that the
squamosal contribution to the frill margin increases allon'nen.'lcally
with growth and the squamosals form half the frill margin in the
aduit, This contrasts with Protoceratops, in which the squamosal
contribution to the frill decreases proportionately throughout
ontogeny.
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among
cladogram of two most-parsimonious trees (200 steps; consistency index, 0.69; retention
index, 0.78) derived from analysis of our data set (based in parl on refs 4, 17, 18) placing
Liaoceratops as the most basal neoceralopsian. Inlegers above inlemodes are decay
indices, The strict and Adam's consensus trees have identical topologies. b, Single most-
parsimonious cladogram (190 steps; consistency index, 0.73; retention index, 0.81)
based on phylgenstic analysis of the same dala set with Liaoceratops yanzigouensis

excluded. We note the different ic positions of and
Asiaceratops and higher decay indices refative to a after exclusion of Liaoceratops
yanzigouensis.

Discussion. Cladistic analysis (see Supplementary Infotmation
posits Liaoceratops as the most basal neoceratopsian (Fig. 3a).
Derived characters shared with other neoceratopsians include the
lateral processes of the rostral, an expanded frill with squamasal
participation, a spherical occipital condyle, a deep temp.oral bar, a
triangular postorbital and laterally convex surangular. Liaoceratops
still retains a number of primitive ceratopsian characters, howeve,
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For example, the quadratojugal is flat ralher.than transversely
expanded, the rostral is unkeeled, an epijugal is absent, and‘ the
maxillary teeth have weakly developed primary Fldgf.s and oblique ‘
occlusion angles. Indeed, some character states in Liaoceratops are |
intermediate between those of psittacosaurids and hl_gher neg-
ceratopsians, documenting an incremental evolution for certain
neoceratopsian diagnostic characters. -

We note that Liaoceratops also exhibits characters traditionally
used to diagnose either psittacosaurids or more exclusive clades
within Neoceratopsia. For example, Liaoceratops bears a weak
ventral flange on the dentary and has an infratempo;al fenestra
that is wider ventrally, as in some, but not all, Psittacosaurus
species'. Analysis of the data set with Liaoceratops exc.ludet_i results
in a decrease in tree length of ten steps, and a concomitant
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in the support for nodes near the base of Ceratopsia, 'including
Psittacosauridae, Neoceratopsia and the clade qm unites ‘ﬁhem
(Fig. 3b). The mosaic character distribution in L:aoceratops.u.\tm-
duces homoplasy to the data, which strips away some traditional
psittacosaurid synapomorphies, and repolarizes certain characters

within Neoceratopsia, causing a reversal in the phylogenetic order
between Asiaceratops and Archaeoceratops.

Liaoceratops is the oldest known neoceratopsian, and representsa
significant stratigraphic range extension for this clade, whgse other
members are Albian® or younger. Ligocerataps co-occurs with speci-
mens of Psittacosaurss in the lowermost part of the Yixian Forma-
tion, whereas Chaoyangsaurus is known from the underlying,
probably Late Jurassic' Tuchengzi Formation. T}{e basal ceratop-
sian split between psittacosaurids and neoceratopsians occul_'red 0
later than the earliest part of the Cretaceous, and both lineages
appear to have acquired some of their diagnostic features rapidly
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within the latest part of the Jurassic and possibly the earlies.t parl_of
the Cretaceous. The combination of these temporal constraints with
the previously unsuspected mosaic evolution imroducefl by
Liaoceratops indicates a more rapid rate of character evolupon al
the base of Ceratopsia and its major subclades than was hltherg
recognized*.
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le genesis, evolution and fate of Homo erectus have been
lored palaeontologically since the taxon’s recognition in the
t nineteenth century. Current debate' is focused on whether
ly representatives from Kenya and Georgia should be classified
4 separate ancestral species (‘H. ergaster’)*™, and whether
' erectys was an exclusively Asian species lineage that went
inct’®, Lack of resolution of these issues has obscured the
ke of H. erectus in h lution. A hominid calvaria and
icranjal remains recently recovered from the Dakanihylo
r of the Bouri Formation, Middle Awash, Ethiopia, bear
ttly on these issues. These ~1.0-million-year (Myr)-old
§ di in abundant early Acheul stone
" and a diverse vertebrate fauna that indicates a predomi-
ftly savannah environment. Here we report that the ‘Daka’
"ria's metric and morphological attributes centre it firmly
iin H. erectus. Daka’s resemblance to Asian counterparts
icates that the early African and Eurasian fossil hominids
tsent demes of a widespread palaeospecies. Daka’s ical
"mediacy between earlier and later African fossils provides
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evidence of evolutionary change. Its temporal and geographic
position indicates that African H. erectus was the ancestor of
Homo sapiens.

The Early Pleistocene Dakanihylo (‘Daka’} Member comprises 22
to =45 m of sediments unconformably atop the Pliocene Hatayae
Member of the Bouri Formation’ (Fig. 1). These deposits contain
abundant archaeological and palacontological remains embedded
in primarily alluvial deposits relating to lakeside beaches or shallow
water deposits in distributary channels®. Initial interpretations
identified Daka sediments as postdating hominid remains and
Acheulean artefacts from Bodo®. However, the Daka artefacts clearly
antedate those at Bodo, and single-crystal **Ar/*Ar dating of a
pumiceous unit at the base of the Member gave an age of 1.042 =
0.009 Myr (ref, 8). The entire Dakanihylo Member is of reverse
magnetic polarity, so the minimum age of its palacoanthropological
contents is ~0.8 Myr.

An extensive vertebrate fauna was recovered from the Daka
Member. Faunas of this age are rare in Africa. Of 713 identified
specimens (see Supplementary Information for faunal list), 377 are
bovids, including three new species and two new genera. The
bovid assemblage is dominated by alcelaphine diversity and abun-
dance not recorded at older African sites. Widespread open grass-
land habitats are thereby indicated. Adjacent water-margin habitats
are evidenced by three Kobus species and abundant hippo fossils.

Daka Member archaeological sites are abundant. Bone modifica-
tions characteristic of the butchery of large mammals by hominids
scar several equid, bovid and hippo postcrania. Lithic assemblages
closely conform to African early Acheulean analogues. Handaxes
and cleavers are ubiquitous elements, with invasive flake scars and
fewer flake removals than later Acheulean counterparts®.

A hominid calvaria (BOU-VP-2/66) was discovered in situ in
Daka Member silty sand by W.H.G. on 27 December 1997. The
specimen was orientated base-down, without associated artefacts,
encrusted by fossilized root casts. Surface detail is well preserved,
with no sign of fluvial transport or surface weathering. Its vault and
supraorbitals exhibit perimortem scraping damage; the frontal and
parietals bear multiple sets of subparallel striae, each with internal
striations. The patterning and morphology of these marks is
unusual and inconsistent with cutmarks made by hominids engaged
in defleshing activities. We tentatively attribute this damage to
animal gnawing.

The calvaria preserves a largely intact base and is only slightly
distorted (plastic deformation skews the vault slightly to the
individual’s left (Fig. 2)). Endocranial capacity is 995cm’ (meas-
ured repeatedly with teff seed). The thick supraorbital tori are
strongly arched, with markedly depressed glabellar and supragla-
bellar regions. Radiographs reveal an asymmetrical frontal sinus
extending to the left midorbital level. The frontal squama is bossed
at midline and there is weak sagittal keeling there and on the
parietals. The mandibular fossa is deep and anteroposteriorly
short. Suprameatal and supramastoid crests and angular tori are
weak. The damaged mastoids are small. There is no true occipital
torus demarcated superiorly by a supratoral sulcus. Rather, the
occipital squama rises vertically and curves anteriorly. Viewed
posteriorly, the undistorted parietal walls would have been vertical.
The cranial vault is smaller and shorter than Olduvai hominid
OH-9 and is phenetically similar to the partly described Buia
cranium from Eritrea". Three isolated hominid femora and a
proximal tibia were recovered from Daka deposits far removed
from the calvaria (Fig. 1). No femur is complete, but all display
the marked platymeria and extremely thick midshaft cortex char-
acteristic of H. erectus.

The new ‘Daka’ hominid fossils afford unique insights into
unresolved spatial and temporal relationships of H. erectus. Most
fossils attributed to this taxon came to light in Java, China, Europe
and Africa during the twentieth century. Additional genus and
species names were proposed before the application of modern
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systematics united them under H. erectus in the 1960s. The dxs-f
covery of older Kenyan fossils in the 19705 and the application of
cladistic methods in the 1980s produced a variety of phylogenetic
and taxonomic assessments of Early and Middle Pleistocene Homo.
In his 1985 distillation, Delson' identified two basic {esearch
problems involving H. erectus: whether the Afncan fossils L
conspecificwith the Trinil holotype and other 551an representatives;
and whether the species showed stasis or phyletic change throughits
1.5-Myr span. Both problems have persisted, and‘at ~1.0 Myr in the
Horn of Africa the new Daka fossils now bear directly on'them.

It has been proposed that the name H erectus be'restncyed toa
purported Asian clade (species) exemphﬁe.d by fossils of dlsgf r;t,e
antiquity from Trinil, Sangiran, Zhoukoudian and Ngqndo ng'". We
examined the hypothesis that H. erectus was 2 specifically Asian
clade by metrically and cladistically analysing the Daka calvaria. Tts
cranial metrics (see Supplementary Information) gverl?p with both
Asian and African sample ranges and fail to distinguish the fossil

i istently from either sample. -
mgsrl:\:i:usy applications of cladistics to H. erectus have been criti-
cized on the basis of issues of character indepe:ndence and varia-
tion", as well as the potentially comfoundu'lg e‘f;fﬁct of gene
flow's16. We agree with these and other valid cautions ™. However,
to examine the hypothesis that H. erectus was a distinet African
clade, we experimented with Hennigian patsimony analyses to
investigate potential clustering of relevant crania. From recent
published literature we compiled the 22 characters most widely
and appropriately used in the cladistic analysis of f;alvanal anatomy
in H. erectus and close relatives. We divided Farly anfl Middle
Pleistocene Homo fossils into operational taxonomic units on the
basis of the palaco-demes defined by Howell (these are sets of
fossils representing spatially and temporally bouniled ‘commu-
nities’ below the species level; specimen-by-specimen palaeo-
deme content and details of our analysis are presented in Supple-
Information).
me!;‘:;:rdlesg of the software parameters used, or the rempval of the
later Asian demes, the hypothesis of a deep cladogenesis beEween
African and Asian H. erectus is unsupported by our ana]yses'(Flg. 2).
Previous cladistic efforts have noted difficulty .wnh the A'frlcan QH
9 specimen because it consistently aligned with the Asian fossils,

and the exposure of Bouri Formation sediments. The 1.0-Myr Daka Member of (his

i ial photographic imagery
Figure 1 Maps and generalized sections. a, LandsaEand ?enal ph : er
showing the location of the Middle Awash study area, its major hominid-bearing focalities,

formalion is shown in while. b, Measured straigraphic sections of this Member shaw the

being interpreted as a sort of Tanzanian outpost of ‘Asiay’
::;liuyo]og; or asrgn evolutionary inte.rmediate’“. The recovery of |
the Buia and Daka fossils, almost certainly fr_om the same eastery
African deme, compounds such problems. Like OH 9, ghesc new
African specimens share many derived characters vf'nh Asian
and European specimens. As a consequence, the .clad.ls.mc method,
regardless of serious questions concerning ns.apphcablht'y here, fails
to support the division of H. erectus into Asian and African clades,

Whether viewed metrically or morphologically, the Daka cranium |

revious suggestions'™¢ that geographic subdivision of
gg;?ln;.selr’mus into chparate species li{mages is bmlpglcal_ly mli,;.
leading, artificially inflating early Pleistocene species diversity,
Rather, the Daka calvaria is consiste_nt with the hyPO(hcms. of a
widespread, moderately polymorphic and polytypic species a
~1. refs 21, 22). ; .
;igohaduy;e(it is fro;n apoorly sampled period®, the pewly d lscrwert.d
Daka calvaria is also important for assessing e\ruluunna.ry maode and
tempo in H. erectus. A key barrier to such assessn}ent is the }arfk of
chronological control for many Pleistocene Eurasian hormnids—a

of the H. erectus lineage should be recognized taxonomically as a
dhrano-subspecies (H. erectus ergaster). Suggestions that H. ergaster
juself contains multiple species, even in a single locality”, seem
wmpletely unsupported by the data®,

The origins of the widespread, polymorphic, Early Pleistocene
H. erechis lineage remain elusive, The marked contrasts between any
potential ancestor (Homo habilis or other) and the earliest known
H. erectus might signal an abrupt evolutionary emergence some
ome before its first known appearance in Africa at ~1.78 Myr.
{incertainties surrounding the taxon’s appearance in Eurasia and
sutheast Asia make it impossible to establish accurately the time or
place of origin for H. erectus. Available evidence is insufficient to
jetect the direction of its geographic dispersal. Given new perspec-
ives afforded by the discoveries at Dmanisi in Eurasia, the assump-
fion that the earliest H. erectus populations emigrated from Africa to
Burasia'**“%, rather than invading Africa from Eurasia®, is pre-
mature. Whatever its time and place of origin, and direction of
jgread, this species dispersed widely, and possibly abruptly, before
5Myr. The Daka calvaria indicates that by | Myr the taxon had

istent problem that confounds attempts to doct p .
g;r:f)treph(ﬁogical change across time. Chr‘onomet{lc p]a(.:cmmt it
superior in eastern Africa, where the earliest fossils attributed to
H. erectus (Nariokotome deme) date to ~1.?8 Myr (r.ef. 2). These
fossils have smaller braincases than later African species represen-
tatives, including Daka. This pattern could also chztractenze Fi:mm'
where the earliest hominid fossils _frg;n Sangiran, Java 5 and
Dmanisi, Georgia’, might be more primitive than younger regionl
counterparts (although the chronological plax':ement of rvos; E.|;r-
asian fossils is inadequate relative to what is now available for

rica®). ] ’
eas(t;xt:oﬁ:logicz)\l and anatomical seriation of the African Iqss.uis
from KNM-ER3733/3883 (Koobi Fora) to OH 9? to DaszEu:afn
Bodo®, is now available. In many features, including :mlmal
capacity and its extensive developmental correlates, homi

crania in this eastern African succession comprise & maorphoclin

X q . il
consistent with the hypothesis that they samplfz a 5113gle &

lineage. To recognize the bagal fossils representing E}us apparen
evolving lineage with the separate specics name ‘H. cryast
therefore doubtfully necessary or useful’. At most,

= Clay/claystone
B Hereya purnice unit

§ Archaegiogical CaMY
24 Vertobrate fosafl lociffy

d much of the Old World without speciating—a finding of

onsiderable biogeographic and behavioural significance. Through
me and across its eastern hemispheric range, the technologies

imployed by this taxon ranged from Oldowan to Acheulean.

the basal members

2 Views of the Daka calvaria and cladograms representing majority rule (a) and

Ll
0@ Paleomag, asmples
« A/ sample

" [
polarity determinations (normal potarity in section 3 and cap of section 4 ovarli e

Member).

placement of Acheulean arlefacls, hominid fossits, radiometric dates and IJM"*F" L

(b of the 75 most parsimonious phylogenies generated by PALIP 4.008
The Daka cranium is in the "Cldwvai/LLK® deme. See the text and

smentary Information for analytical delaits. Cladogram b is more conservative,

g he nodes (hat are slable across all equally parsimonious phylogenies, These
iling diagrams are presented only to iflustrate the limitations of a cladistic approach
"fhgeny among tis set of lossils, and the lack of calvarial evidence for a deep
Menatic division between the African and Asian fossils.
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The resemblance of the Daka calvaria to Asian representatives of
H. erectus, and its morphological intermediacy between earlier and
later African specimens, provide strong evidence that it samples a
widely distributed lineage that evolved during the million years after
its Pliocene origin. The phylogenetic unity of H. erectus did not
persist indefinitely. By ~0.5 Myr, very different hominid crania in
Africa and Asia (Bodo versus Zhoukoudian) indicate that a homi-
nid speciation event might have occurred in circum-Daka times?.
Further sampling of the Daka to Bodo transition in Africa is needed
to examine the rate of morphological change, as well as the
hypothesis that the fractionation of H. erectus might have been

related to the ~0.95-Myr onset of large magnitude global climatic
oscillations. O
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