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Fig. 3. increased interdental spaces suggestive of acromegaly i a 12-year-okd cat Fig 2. Phenotypic appearance of a typical acromegalic cat with owvert diabetes
with hypersomatotropism mellitus and enlirgement of acral segments of the body (Read, paw, e1c @

Fig 4. Radiographs of the carpal joints of an acromegalic cat showing degenerative
arthropathy
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tate shape comparisons (Fig. 1 and fig. S2)
LBI1's shape most resembles that of ZKD XI,
which is typical of classic H. erectus from
China and Java (Trinil) (fig. S3). Both endocasts
are noticeably wider caudally than rostrally
(Fig. 1A), wider ventrally than dorsally (fig.
S2), and relatively long and low in lateral
profile (Fig. 1B). However, LBI lacks the de-

The Brain of LB1,

Homo floresiensis

Dean Falk,”* Charles Hildebolt,? Kirk Smith,? M. ). Morwood,’
Thomas Sutikna,® Peter Brown,? jatmlko,‘ E. Wayhu Saptomo.‘
Barry Brunsden,’ Fred Prior’

The brain of Homo floresiensis was assessed by comparing a virtual endocast
from the type specimen (LB1) with endocasts from great apes, Homo erectus,
Homo sapiens, a human pygmy, a human microcephalic, specimen number Sts 5
(Australoprthecus africanus), and specimen number WT 17000 (Paranthropus
i jous). Morphometric, allometric, and shape data indicate that LB1 is not
1ﬁiﬂ@phalxc or pygmy. LB1's brain/body size ratio scales like that of an
?ﬁstxMhecme but its endocast shape resembles that of Homo erectus. LB1
‘has derived frontal and temporal lobes and a lunate sulcus in a derived position,
'whtdnm consistent with capabilities for higher cognitive processing,

Ml of Homo floresiensis (LB,
\ ! 1 brain size of ~400 ¢m’,
vy m o that of Australopithecus
: ‘M Specimen AL 288-1 (Lucy) (2), who
L ly 3.0 million years ago. Yet
was associated with big-game

represents a new species that was closely tied
to . erecrus (1) and suggest instead that it was
a pathological human microcephalic (4). To
help address this debate, we compared three-
dimensional computed tomographic (3DCT)
reconstructions of the internal braincase (vir-
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— TECHNICAL COMMENT

Comment on “The Brain of LB1,

Homo floresiensis”

Falk et al. (1) presented new data on the
18,000-year-old type specimen LBI of the
dwarf hominin Homo floresiensis (2, 3) with
regard to cranial capacity and its implications
for human evolution. They revised the origi-
nally determined brain size of only 380 cm‘
(2) maasured with mustard seaiﬂ to 417 em®
[esti d by three<di jonal (3D) com-
pulcd tomography] and rejected the hypoth-
esis that LBI was a microcephalic individual
(Fig. 1). We disagree with this conclusion and
Imv sutncqumll) analyzed l') microcephalic
The g bram volume
varies between 280 and $91 an’, with a mean
value of 404 cm’. Thus, the vimual cranial
capacity estmate for H. floresiensis is
well within the mnge of varation for
microcephalic brain volumes, with the
newly determined capacity of LB1
being quite close to the microcephalic
mean value. In addition, similanties or
phenocopies between LBI and micro-
cephalic skulls are evident with respect
to the supraorbital torus (a ndge on the
frontal bone ahmc the cyc socket), the

shown in pnmlhcses bmdth flength =
0.85 (0.86); height/length = 0.68
(0.68); frontal breadth/length = 064

between (A) a micoc

of endocasts with a volume of ~306 cm?®,

and the indices of one of them resamble those

of Paranthropus aethiopicus (/). Furthermore,

previous studies have noted that brain volume
seen in pnmary microcephaly is comparable
to that of carly hominids (4, 5).

We also found great variability with re-
gard to the overall microcephalic brain shape,
with some specimens showing small frontal
and tempoml lobes relative to the paricto-
occipital region and some displying extremely
wide temporal lobes (brachyencephaly). Thus,
no typical diagnostic brain shape and convolu-
tion patern was obvious. Therefore, we agree
with Thomne [cited in (6)] and others (7) in

D €

T 10em

Fig. 1. Occipital comparison of size and brain momphology
alic H. sapiens, (B) H. erectus, (C) H.
neanderthalensis, and (D) a normal H. sapiens. The brains of
microcephalics are as a rule entirely reduced in size. with only
the cerebellum sometimes being disproportionately large.

has been suggested that the Flores hominids
may well have been capable of craating the
stone tools that were found near them. How-
ever, compared with other brain regions, area
10 is ako relatively enlarged in seven of our
microcephalic bram specimens. (Five of the
sceven are shown in Fig. 3.) Generally, the brain
function and life expectancy of individuals with
microcephaly vary depending on the underlying
cause of the condition (/7). We know from our
reconds that a male individual with an intma-
crnial volume of 485 cm® and a prominent arca
10 was able to walk but could not speak even a
few words or a short sentence. He showed
profound mental retardation and, thus, could not
plan or perform complex actions. The presence
of an uwusualy prominent wen 10 therefore
does not necessanly imply advanced cogni-
tion. We also stress that brams of both adult
micocephalics and haalthy humans no longer
ocaupy the entire aumial cavity (/ /). Therefore,
deducing correct brain size/proportions
from endocasts is widely naccumte
because brain-endocast relations have
not been determined yet. Because
Falk er al evaluated only one mi-
crocephalic endocast (/), itis premature
to exclude LB1 from any pathological
anatomy. Analysis of other skulls from
the Indonesun island of Flores will
help address the correct taxonomy of
the small-brained hominid.

Jochen Weber

Department of Newraswrgery
Leopoldina Hospital

97422 Schweinfurt, Germany
E-mail: jweberi@leopoldina de
Alfred Czamerzhi

Department of Paleoanthropology
and Osteology

University of Tiubingen

72074 Tabingen. Germany
E-mail: alfred czametzki@
wni-tue hingen de

Carsten M. Pusch
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%‘, 2. Comparison of modem microcephaic endocast (left) with

) e 3D reconstruction of the H. ensis endocast (r
S Views: (A) frontal; (B) ocapital; (C) verticak (D) nght atera
Note the similarities in morph , proportions, and shape

between the modern migocephalic and the hominid endocast
of LB1. [Blue images taken from Falk et al. ()]
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— TECHNICAL COMMENT

Response to Comment on

“The Brain of LB1,

Homo floresiensis"

Weber er al. (1) focus on one specimen of
19 microcephalics that they amlyzed and
provide six indices that, indeed, are essen-
tially identical to those of LBI1 (2). Unfor-
tunately, Weber ¢f al. faled to provide the
length, breadth, height, and frontal breadth
measurements used 10 calculate these indices,
and we are unable 1o denve these values from
the indices, which can be reduced to three
unique equations with four unknowns (Le.,
the model is underspecified). One would ex-
pect this microcephalic’s endocast to closely
resemble that of LBI, but it remains unclear
whether any of the unages shown in (/) in-
clude views of this key speamen. Figure 2 in

panded Brodmann's area 10 simular 1o LB,
but none of the five microcephalic endocasts
in their figure 3 reproduce the two distinct,

enlarged convolutions seen in the region of

area 10 in LB1 (arows, Fig. 1A). Contrary 10
Weber e al, nonmal gyral patterns are be-
heved to be typical of true microcephalics
whereas simple gynficanon typifies some
kinds of secondary microcephaly (4, 5). LBI
s estimated o have been an ~3-year-old
female, an age by which 78% of female mi.
crocephalics have died (6). Brain weight
microcephalics reaches its maximum in ecarly
childhood and thereafter reduces through

a sample of 19 microcephalics, we suggest
that the awhors reconsider their position on
the microcephalic hypothesis regarding Homo

foresiensis,

Dean Falk®

Department of Anthropology

Florida State University

Tallahassee, FL 32306, USA

Charles Hildebolt

Kirk Smith

Mallinchrodt Institute of Radiology
Washington University School of Medicine
St Lowds, MO 63110, USA

M. J. Morwood

Archaeology and Palaeoanthropolo gy
University of New England, Armidale
New South Wales 2351, Awtralia
Thomas Sutikna

Jatmiko

E. Wayhu Saptomo

adulthood, which results in the bmmns of el
derly microcephalics fitting loosely within their
crania (6). To a lesser degree, brains of nommal
people also shrink with advanced age, which
accounts for the relatively poor reproduction of
convolutions on their endocasts compared with
younger individuals (3), as is typical for other
anthropoids (7). For these reasons, one would
not expect to obtan a highly convoluted endo-
cast like LB1's from the bmincase of a 30-
year-old female microcephalic.

We stress that it is smportant 10 use similar
landmarks when comparing indices obtamed
by differemt workess, and we do not believe
this was done by Weber e al If one of thew
specimens is virually identical 1o LB in shape
as they assert, they should provide its absolute
measurements, 1llustrate fs vanous views (in

Indonesian Centre for Archaeology, JI
Rayva Condet Pejaten No. 4
Jakarsa 12001, Indonesia

Barry Brunsden

Fred Prior

Mallinckrodt Institute of Radiology
*To whom correspondence should be
addressed

E-mail; dfalki@fswedu
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e— f a migomphalic we described (2), microcephalichs) described by Weber et o
& k‘ ) posterior: (C) dorsal (D) right lateral Blue images are virtual endocasts (2):
; same st 1o facllitate thape compartson. The bralngem was used to algn
" , occipital pole; 5 sigmodd sinus; T, ransverse sinus. Stippled areas represent
pint 10 two distinct convolutions on the frontal lobe of LB1 that are not seen
f? view provided by Weber et ol (D, middle) sppeans truncated on the inferior
A! the frontal view (A, midd el which points down in the region of the olfactory
-‘ posterion views of o microcephalic’s endocast are amilar, which & also true
-

»
e
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o 00 WAL
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We also found great variability with re-
gﬁ to the overall mlcrocepﬁailc brain sﬁape,
“With some specimens showing small frontal
and temporal lobes relative to the parieto-
ocanlal region and some Eﬁazms extnemelz
wide temporal lobes (brachyen ly). Thus,
no typical %Egnosuc brain s%ape and convolu-

tion pattern was obvious. Therefore, we agree
with Thome [cited in (6)] and others (7) in

0cn

Fig. 3. Exﬂgz‘ frontal
Views 0 promn

mann's ares 10 (with or

without % ) in_five
microcephalic indivi S,

Note the degree of mor-

RN phclogicil varabilty T
microcephalics. AR of the

10 cm migocephdy patents were

oloundly or men-
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Causes

Microcephaly is a type of cephalic disorder.

It has been classified in two types based on the onset:

1. Congenital
Isolated

1. Familial (Autosomal recessive) microcephaly

X 2. Autosomal Dominant microcephaly
3. ¥-linked microcephaly

4. Chromosomal ( balanced rearrangements & Ring chromosome)

Syndromes

e Chromosomal
1. Down syndrome
2. Edward Syndrome
3. Patau Syndrome
4. Unbalanced rearrangements

« Contiguous gene deletion

2. 5p deletion (Cr-du-chat)
3. 7q11.23 deletion (Williams syndrome)
4, 22q11 deletion (DiGeorge syndrome)
« Single gene defects
1. Smith-Lemli-Opitz syndrome
2. Seckel syndrome
3. Corneha de Lange syndrome
4. Holoprosencephaly
Acquired
e Disruptive injuries
1. Ischemic stroke
2. Hemorrhagic stroke
3. Death of a monozygotic twin
« Congenital Infections
1. Congenital cytomegalovirus infection
2. Toxoplasmosis
3. Congenital rubella syndrome
e Drugs
1. Fetal hydantoin syndrome
2. Fetal aleohol syndrome
Other
1. Radiation exposure to mother
2. Maternal Malnutrition
. Maternal Phenylketonuria
. Poorly controlled Gestational diabetes
Hyperthermia
Matemal Hypothyroidism
Placental insufficiency

Nonsw

1. 4p deletion (Wolf-Hirschhom syndrome)

2. Postnatal onset
Genetic

e Inborn errors of metabolism

1. Congenital disorder of glycosylation

Mitochondrial disorders
Peroxisomal disorder
Glucose transporter defect
Menkes disease
Amino acidopathies
7. Organic acidemia

o0sWN

Syndromes
« Contiguous gene deletion
1. 17p13.3 deletion (Miller-Dieker syndrome)
« Single gene defects
1. Rett syndrome
Nijmegen breakage syndrome
X-linked lissencephaly with abnormal genitalia
Aicardi-Goutigres syndrome
Ataxia telanglectasia
Cohen syndrome
Cockayne syndrome

NOOsEWN

Acquired
« Disruptive injuries
1. Traumatic brain injury
2. Hypoxic-ischemic encephalopathy
3. Ischemic stroke
4, Hemorrhagic stroke
« Infections
1. Congenital HIV encephalopathy
2. Meningitis
3. Encephalitis
« Toxins
1. Lead poisoning
2. Chronic renal failure
e Deprnivation
1. Hypothyroidism
2. Anemia
3. Congenital hearnt disease
4. Malnutrition
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few words or a short sentence. He showed
profound mental retardation and, thus, could not
plan or perform complex actions. The presence
of an unusually prominent area 10 therefore
does not necessarily imply advanced cogni-
tion. We also stress that brains of both adult
microcephalics and healthy humans no longer
occupy the entire cranmial cavity (/7). Therefore,
deducmg correct brain size/proportions

“from endocasts 1s _widely inaccurate
because brain-endocast relations have

not been determined yet Because
“Falk ef al. evaluated only one mi-

:ephalic endocast (/), 1t 1s premature
o exclude LB1 from any pathological

anatomy. Analysis of other skulls from
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One More Homo Species? 3D-Comparative Analysis Confirms Status of
Homo Floresiensis as Fossil Human Species

July 10, 2013 — Ever since the discovery of the
remams in 2003 scientists have been debating
whether Homo floresiensis represents a distinct
Homo species, possibly originating from a dwarfed
island Horno ereclus population, or a pathological
modern hurnan. The small size of its brain has been
argued to result from a number of diseases, most
importantly from the condition known as microcephaly

Based on the analysis of 3-D landmark
Share This: data from skull surfaces, scientists from

Stony Brook University New York, the

Senckenberg Center for Human
Evolution and Palaecenvironment, Eberhard-Karls Universitat
Tabingen, and the University of Minnesota provide compelling
support for the hypothesis that Homo floresiensis was a distinct
Homo species

. o ) The Liang Bua 1 (LB1) cramurm, shown in nght side
The study, titled "Homo fioresiensis contextualized: a geometric ~ag [Cre 0 COUesy O OV

morphometnc comparative analysis of fossil and pathological
human samples,” is published in the July 10 edition of PLOS Related Topics
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Frontal Brain Expansion During
Development Using MRI and Endocasts:
Relation to Microcephaly and Homo
floresiensis
ROBERT C. VANNUCCL'* TODD F. BARRON,?

Anp RALPH L. HOLLOWAY?

'Department of Science, Lynn University, Boca Raton, Florida

y | *WellSpan Neuroscience, York, Pennsylvania
; “Department of Anthropology, Columbia University, New York, New York

ABSTRACT
A major hall of hominid brain evolution is an expansion of the frontal
lobes. To determine if a similar trajectory occurs during modern human
development, the MRI scans of 118 living infants, children, and adoles-
cents were reviewed and three specific measurements obtained: frontal
width (FW), maximal cerebral width (MW), and maximal cerebral length
(ML). The infantile brain is uniformly wide but relatively short, with
near equal FW and MW. The juvenile brain exhibits a wider MW than
FW, while FW of the adolescent brain expands to nearly equal MW, con-
current with an increase in ML. The preferential frontal lobe expansion
during modern human development parallels that observed during the
evolution of Homo. In 17 microcephalic individuals, only 6 (35%) exhib-
ited preferential frontal lobe hypoplasia, presumably a reflection of multi-
ple etiologies that adversely affect differing brain regions. Compared to
79 modern human adult endocasts and 12 modern microcephalc
endocasts: LB1 (Homo Eorestens:s) clustered more conx-nstenth" with the
MICTOC: ¢ sample than wit € normoce ic_sample. t

’
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In a previous investigation, we analyzed two ratios
that incorporated a cerebral and cerebellar dimension to
distm sE the endocast of LB1 from those of either nor-
moce E%lcs or microcephalics (vannuca et al.. mﬂa).

ur hn mﬁs were consistent with the results of the
present study, w emphasizes frontal lobe expansion.
Specifically, LB1 clusters to a greater extent with micro-
cephalics than With normoce é:ﬁlcs supporting—but not

roving—the contention that LIB]1 represents a modern
patﬂologxcz-ﬂ mlcrocepﬂmlc mdividual.

In conclusion, the present findings demonstrate a dif-
ferential expansion of the frontal ioEs during modern
Ruman development that arallels the ntial
enlargement ol these structures especially dun. eHomo
evolution. Modern mlcmceBBchs 50 nd unﬂo%z ex-

1t fron e hypoplasia, presum a retlection o
multiple etiologies that adversely altect different brain
regions. Bases on endocast matenal, LB1 clustm's more
consnstently with modern mxcrocepsmm than with nor-

mocephalic individuals.
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Homo floresiensis Contextualized: A Geometric g P
Morphometric Comparative Analysis of Fossil and f#g
Pathological Human Samples g
’--0

Karen L. Baab'*, Kieran P. McNulty?, Katerina Harvati®

1 Department of Anthropology and Interdepartmental Doctoral Program in Anthropological Sciences, Stony Brook University, Stony Brook, New York, Unied States of
America, 2 Evolutionary Anthropology Laboratory and Department of Anthropology, University 6f Mimesota, Minneapalis, Minnesota, United States of America,
3 Depantment of Early Prehistory and Quaternary Ecology, Senckenberg Center for Human Evolition and Paleoacology, Eberhard Karks University of Tabingen, Tubingen,
Germany

Abstract

The origin of hominins found on the remote Indonesian island of Flores remains highly contentious. These specimens may
represent a new hominin species, Homo floresiensis, descended from a local population of Homo erectus or from an earlier
(pre-H. erectus) migration of a small-bodied and small-brained hominin out of Africa. Alternatively, some workers suggest
that some or all of the specimens recovered from Liang Bua are pathological members of a small-bodied modern human
population. Pathological conditions proposed to explain their documented anatomical features include microcephaly,
myxoedematous endemic hypothyroidism (“cretinism”) and Laron syndrome (primary growth hormone insensitivity). This
study evaluates evolutionary and pathological hypotheses through comparative analysis of cranial morphology. Geometric
morphometric analyses of landmark data show that the sole Flores cranium (LB1) is clearly distinct from healthy modemn
humans and from those exhibiting hypothyroidism and Laron syndrome. Modern human microcephalic specimens
, t0 some extent, on crania of extinct species of Homo. However in the features that distinguish these two groups,

ities lie with archaic Homo.

recognizing the Fores hominins as a distinct species, H. fioresiensis,

Citation: Baab KL McNulty KP, Harvati K (2013) Homo floresiensis Contextualized: A Geometric Morphometric Comparative Analyss of Fossil and Pathological
Human Samples. PLoS ONE 8(7) ¢69119. dot10.1371/journal pone.0069119
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sl humans and from those exhibiting hypothyroidism and Laron syndrome. Modem human microcephalic specimens
converge, to some extent, on crania of extinct species of Homo. However in the features that distinguish these two groups,
LB1 consistently groups with fossil hominins and is most similar to H. erectus. Our study provides further support for
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TABLE 2
Observed and Adjusted Cranial Capacities (cm?) for Six Populations

Observed Ad '!usted

Men Women Men Women

East Asians 1.381 1.191 1.371 1.244
Europeans 1,422 1.199 1,215
Africans 1.339 1.083 1.337 1.144
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Data were also acquired from 30 crania identified as
microce phdlu modern humans in catalog records at ten institu-

tions in the United States and Europe, inc luding CT scan data

provided by D. Falk and K. Smith (sce Table I and [4] for

additional details). To distinguish between primary and secondary

microcephaly in specimens with known endocranial volumes (EV),
we used a threshold of 650 cm” as a conservative upper bound for
primary microcephaly [47]. A comparable threshold was also
calculated for neurocranial size based on a regression of
log{neurocranial centroid size) on log(EV) within this subset
(R°=0.90, p<<0.0001). gpv('iuu'm' for which EV was unknown
Jwere thereby assigned to the primary microcephaly group if their
negroeranial size vielded an EV estimate below 650 em”. Based on
known.or estimated EVs, then, 14 crania were probable cases of
prumuy microcephaly (AMNH: 99.7/2601 and Jakob Moegle
cast-PM: 7200, 7387; MLU: 131, 140, 141; UM: 96-11-128A;
Willicast; MH: 27422, 6288, 30‘21‘2, 3486; UV: 5385), while the
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Conclusions

Our analyses corroborate the previously suggested link between
LB1 and fossil Homo and support the attribution of this specimen to
a distinct taxon, . floresiensis. Furthermore, the neurocranial shape
ol I, floresiensis closely resembles that of H. erectus s5.. and
particularly specimens of early Eurasian /. erectus, although it is
unclear whether this latter affinity is best attributed to a close
phylogenetic relationship or to a size-related convergence in shape.
These tesults also counter the hypotheses ol pathological
conditions [2,43.45] as the underlying cause of the LBI
neurocranial Phen()wl)e, with the l)(‘).\sil)le t'xcel)li()n of Poswri()r
deformauonal plagiocephaly, a conditon without significant
adverse health effects [i
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Fig. 4. Scatterplots of endocast ratios. (a) Frontal width/maximal
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against MW/ML. Open circles represent normocephalic endocasts.
Closed circles represent microcephalic endocasts. Triangles represent
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"fﬁ morphometric analyses of landmark data show that the sole Flores cranium (LB1) is clearly distinct from healthy modern

§ humans and from those exhibiting hypothyroidism and Laron syndrome. Modern human microcephalic specimens
@’ converge, to some extent, on crania of extinct species of Homo. However in the features that distinguish these two groups,
= LB1 consistently groups with fossil hominins and is most similar to H. erectus. Our study provides further support for
_n recognizing the Flores hominins as a distinct species, H. floresiensis, whose affinities lie with archaic Homo.
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Abstract
The origin of hominins found on the remote lr\dor\e;lan Island of Flores remains highly contentious. These specimens may
represent a new hominin rHomo ded from a local population of Momo erectus or from an carlier
(pre-M. erectus) migration of a small-bodied and smoll—brdned hominin out of Africa. Alternonvlrly some workers swqest
that some or all of the specimens recovered frorn Liang Bua are pathological rr s of a modern hum
popL v lain their documented anatomlcal 1caturcs include rnh:rocephary

o © demic b thyroldism ( eretinism ) and Laron syndrome (primary growth hormone Insensitivity). This
study evaluates cvolullonary and pathological hypotheses through comparative analysis ot cranial morphology. Geometric
morphometric analyses of landmark data show that the sole Flores cranium (LB1) is clearly distinct from healthy modern

humans and from those exhibiting hypothyroidism and Laron syndrome. Modern human microcephalic _specimens
converge, to some extent, on crania of extinct species of Homo. However in Ihe—'_eax_m_rures That dist n__l'u e e
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One More Homo Species? 3D-Comparative Analysis Confirms Status of
Homo Floresiensis as Fossil Human Species

13 — Ever since the discovery of the
ramams Tn 2003, scientists have been debating
whethet -omo floresiensis represents a distinct
Homa species, possibly onginating from a dwarfed
island Homo erectus population, or a pathological
modem human The small size of its brain has been
arguedto result from a number of diseases, most
imponantly from the condition known as microcephaly,

Astudy led by Dr Katerina Harvati from Tebingen University, Germany.
suggests the small-bralncd Indosesian heminin was & distinct species of
human. rather than Homo saplens suffering from » developmental disorder.

T T Based on the analysis of 3-O landmark
Shate This: data fom skl sufaces, scientists from

Stony Brook Unwerstly New York, the

Senckenberg Center for Human
Evolution and Palaeoermronment, Eberhard-Karls Universitst
“Tobingen, and the Uniersity of Minnesota provide compelling
suppart for the hypothesis that Homo fareasonsis was a distinct
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