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Figure 1 A.L.28&8.m shownmext to equid
humerus A.L.3383a said to'show similar

breakage. (See Fig. 9 here fofour coding.), ‘end specific codes (Figure 3)_

fractures consistent with injuriesiin accident victims who suffer a vertical deceleration event

these'fractures'led Kappelman'et al.|(2016) to hypothesize that other skeletal fractures are

whether the articular damageit@ A.L: 288 IS distinctive, or a common occurrence in Hadar
specimens;our recent work emphasized damage to ends of the bones in our sample of 431

COMMONFOSSILIZATIREAKAGE AT HADAR?
It wasirecently hypothesized that A.L.1288 6 W[ dzO& QU0 LINB & SNIWS a

a0 s INPlicAtiONSsfor AssessinGause of Death of A.L. 28@

Matthew Hillt, John Kappelmat) LawrenceTodd?, Fantahun Zelelew

1 lowa State University? University of Texas, Austirt, ARCCH

Abstractty wSOSY (G Lzt AOIF A2y 2F | KeéLRIKSaAra OGKIFG oNBI I 3 lopithledusiafaredss) indidatesidSadh blkiced byza FertigaK S
deceleration event caused by a fall from height (Kappelman et al. 2016). This has generated a number of comments abtiuttiiierdiss of articular end/adjacent shaft damage ascribed to
_ _ -l o compressive impact. Results of documentation that targeted Al1288g bone end fragmentation along with a variety of speftm® 141other Hadar localities (N 431 specimens with emphasis on
alsolcansistent with/a: VDE. The initial description of A.L.-288ohanson et al., 1982) KdzYSNA FyR FSY2NI 0O RSY2yaAGNI GSa GKI
RSOV At SRIYIEyYye | &@dNFIT OS 4dONIF Ol aé Ay 20KSNJ St Sardstyupipart forlih dpegiific cauSeNT8eatt ol AURBER 0 HARSR RIGERI KRR ABIMBK G | GIKS 2 geyliotietes andshdbdttert tikSbsediativn tBaNtyereakabe phattermsi
processes. Althoughlother aspécts of the project (Ruff et al. 2016) now lend support to the on[ dzOmresrepresent forces other than the normal formational dynamics of carnivore damage, weathering, depositional loadossjlenation cracking that alter many of the other specimens.
suggestion that Lucy, spent a goad deal of time in the trees with the concomitant likelihood Commqn fractures of articular surches iInclude cracking and horizontal displacement with limited numbers of vertlcatl@roqb&pxtas. _Compresfspn an_d displacement of broken fragments a_tlong the
. . ) . long axis of the long bone as described by Kappelman et al. for AL 2&8an extremely rare feature of the Hadar Pliocen@&aand point to a distinct difference between the fracture dynamics
of falls also being :supported, reactions to the VDE hypothesis have been varied. On the one <

5 Y Fit- g > ol va i L, A LOUAY3 2y [dz0eQa, o602y Sa, I LR 0UK23S NBIftSOUSR Ay, UKS Y2NB RAYSNES NBIAZYIlIt FLaaSyofl3aso
KFEYVRZEZ UKS Y YAURKazZyAlIlyQa wAO]|l t2ulua Aa ljdzZ2uSR |a aleAy3d aluUKS audzRe Qa a |
convincing case for how Ludy Al Sand | - NIJ | NRRiBeans HasshidRthat the

(VDE) (Kappelman et al., 2016). Certain fractures, e.qg., afpaut fracture of the right
proximal humerus, and a dislacative\campressive distal epiphyseal fracture of the left femur,
suggest a high velocity impact following a fall frooonsiderableheight. The severity of
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breakagec mainly.a fall from considerabl& S A 3 ®nithe ©ther hand, discoverer Donald

JohansonASU) iNB L2 NUISIRfU2 KIS adl SR aLYy Yé 2LAYAZ2ZYXGKS ONBF{1IF3IS yR LIXIFadAaO0
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the result of geologi¢ forces acting on' the bones during the fossilizatidN2 C%oé & £

FEWSNY | OADGSTE e AY UKS a4lYS AYUSNIASSG GLISNKIF LA [dzO0é gl a UGN YL SR o6& | adl YLISRS 2F I NHS

I AR Y3} ahcBifrom)’ / SINJ IS iSRRI ¢ARZ | FUOSNI a0FGAy3 GKFG OGKS LI LISNI Aa alb Oflaaiao

example of paleontological starytelling being used as clickbait for a commercial journal

SHAIASNI'T2NJ YSRA | O2ASNJF 3S7T¢ -&Iﬁté‘dé:)re&@ge mugh likedza3 3 S 4 i 0K 0 AF23a3AfAT I GA2 YA Figure?. lllustration of numerous tiny fragments of A.L.2ZB& proximal humerus

segmented from CT scans compared with photos demonstrate the compressive natlﬁéQUVGS-_ Compressive
shear displacement of

A.L.2881m proximal shatt.

[ \dzOg@in@ldding éxtensive shouldejoint damagec appears on bones of a variety of
nonclimbing animals, including gazelles, hippos ad& A Y(Biguel).

of this proximal humerus break (Kappelman et al. 2016).

Documentation and interpretation of fracture patterns to long
bones are one of the staples of taphonomic, zooarchaeological,
and forensic studies. However, most systems for recording have
emphasized shafts rather than articular ends. To compare the
A.L.288 compressive breaks described by Kappelman et al.
(2016), we developed at coding protocol that recorded type and
anatomical direction of articular end fragments (Figure 9) as
well as a more general set of articular surface condition class
codes (Figure 10). The goal of this approach was sime
assess the frequency of compressive articular displacement
breaks described on A.L. 288 specimens (Figures 7, 8, 9) in
relation to a more comprehensive Hadar sample.

Inlight of this diverse set of comments, and with
LIF NI A Odzf F NJ NBFSNBYOS (2
that the focal breaks in the VDE hypothesis (e.g.,
proximal humerus and distal femur) were not out of the
ofdinary in the context of other Hadar fossils, in October,
20160ur team conducted research ithe National
Museum in Addis Ababa rexamining Lucy, other Hadar
hominins, and other specimens from a range of Hadar
localities (Figure 2).

Lo
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Figure 4 Other materials
Figure 3 Surface weathering of A.L.288 and other specimens in our breakagecovered from A.L.288

sample is minimal with the majority falling into Stage 0. include small, fragile
rodent bones.

Figure 10 Protocol for
coding articular surface
condition.

In addition to standard attributes such as weathering,
dreakage morphology, presence/absence of carnivore
madification or other forms of postmortem damage that
Wweare currently using in our taphonomic documentation
of the fauna from theHomo erects site at Trinil, Java
(Hilketal. 2015), we also developed a series of articular

In the past, most studies of bone\breakage have focused on long bone shafts, and there has
been little comparative study of articular end speciftamage. Given the guestions about

Figure 5 The majority of all bones are in near perfect surface condition as represented by distal end of
A.L.2881m; only three of the specimens from the locality show even slight surface modification such as
the shallow surface cracking exemplified by A.L-288

[ dzOé Qa NBYIFAya 6SNB._RAaAO2USNBR |a adz2NFIF OS FTAYRA
out of a mediumgrained sandstone near the base of the Kada Hadar Member;

Figﬁre 11 Compressive
break (code 2.2) of A.L.137

Axial/Compressive

Hadar fossils/from 142 collection localities and several with no locality designation (see 0 dzi 6 SNb

breakage sample list at left).
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i e Vi T R T Ty B T subsequent processing and sereening of this unit produced numerous skeletal
By P8 R S e s e St SySyia Gkl RSY2yaidN) SR [dz0eQa SEFOG adGNIGAINILKAO LINRPGSYASYyOS
RN m&’ LN . e ST ENR e e produced crocadile and turtle eggs and crab claws (Johanson & Taieb 1976). The
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s, Lol < T, discovery unit, KHLs, is 0.5 m thick at'the Lucy site but varies considerably in

thickness across theandscape. Surface condition on most the material
recovered from A.L.288 is excellent, with most of the collection, both Lucy and

Figure 9 Coding protocol used in Hadar breakage study emphasizes the
identification of compressive, axially oriented displacement of articular

upper limb bones (humeri and femora).for_basic taphonomic and specific articular
dreakage (Figure 9) coding. All coding was conducted with a-pgcson team with a
third team member available to helpreach a consensus on difficult to assess

spatial association of perimortem fractured pieces to be high. The generally
unweathered condition of the majority of specimens in the rest of our breakag
sample may be reflective of selective collection bias of the better preserved

L AR the other species, exhibiting no surface weatheringhe generally unweathered =~ Suraces and ?ﬂaieﬁééhifﬁg;éﬂeﬁ?'rstoéem"t/i'f'L“{S;MK AuSQa
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PR e 2 breakage sample (Figures 3, 5) argue for rapid burial, with the potential for orking with curatorial staff at the National Museum in Addis Ababa we assembled
b

fractures to be common at Hadar and in other assemblages. \We have+eollected data to
address these concerns that focus on two key questions:

L http://www.smithsonianmag.com/scienceature/did-anthropologistsjust-solvemillionsyearold-mysteryLucydeath-180960276/

2 http://news.nationalgeographic.com/2016/08/luelyee-fall-humanancestor/

3 http://www.csmonitor.com/Science/2016/0829/Hahe-mysteryof-Lucys-death-beensolvedMaybe-Maybenot?cmpid=push013s
4 https:// www.sciencenews.org/article/fossiutopsyclaimslucy-fell-tree
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Figure'2 Comparative documentation of*Hadardreakagesexamined all accessible major limb bones (fecus on humeri,and
femora) fromweoellections accessible in the Ethiopian NationaklMuseumy(breakage list to left). In addition to articular,end
specifie’breakage coding, data on other-attributes such.as weathering and“abrasion were documented.

the range in bodysizes represented in the Ethiopian National Museum
collections (Figure 4) suggest the attempt at full collection at A.L.288.

1
40:38'0°E

Table 1.Summary of specimens included.in single other example (Figure 11). was specimen A.L-48&, which exhihits.slight

Hadar breakage study. - ,
= " compressive displacement.

Table 2.Summary of articular breakage coded.specimens (Figure 9) from A.L.288
and other Hadar localities demonstrates the rarity.of compressive damage.

To date, a key criticism of the Kappelman et ak.researchshas been that the,compressive

breaks.described as being permeortem. and.indieative of a VDE are suspect because there is

no.comparisen-te-etiner.specimens and that such ecemparison would,show compressive
Figure 6 Larger bones from all Hadar specimens

included in our sample tend to be more weathered
than.smaller, which may be a function of rate of

T How does other taphonomic information from the loeality contribute to the evaluation of burial.
A.L.2881 breakage?

T Are the types of compressive breaks to several A.L.288 specimens, particularly to both
proximal humeri (A.L.288.m and A.L.284), left distal femur (A.L.283ap), and right
proximal tibia (A.L.288lag) common in the Hadar collection or elsewhere? References
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Notes:
Noneof these comments have appearadpeer reviewed publications, just as comments to memhaerage:

Breakage Patterns of Lori8pne Articular Ends, Hadar, Ethiopia:
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specimens. Although other.attributes such as weathering, abrasion/rounding, and
¢an be reflected in assemblage properties). Both the published accounts, anc,carnivore modification were recorded on a_lll 431 §pecimens, articu_lar breakage cquld (e.g., seizures, fluvial transpont;, bluntiforce trauma
be coded ononly 376 bones (Table 2). -Within this sample, the rarity.ef'Compressives large animallinduced fractures), none\provide'the
fractures’is cleag only 1.3% (N=5) fell into'our 2.2 breakage category.(Figure 9).and . degree’of interpréetive-consistency and parsimony as
four of these were specimens described by Kappelman et al. (2016) from’A«L. 288." Thae interpretation of fracturessesulting from a veftical

13+l B2017 Annual Meeting
‘1 Haleoanthropology Society
Vancouver

BROADER COMPARISONS

Compressive'breaks are demonstrably uncommon in the Hadar collections, and none
A, S NJ
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(KS O2YLINB & a A O ShaseliNg bezdkege Batte2n$ of ptidHadagfosisiz Wil diot proyidig R A & G lof a Gomprdsdsive fdeture ts@éarokiingager AThérafgre) dve hdv@ lsegirkréexamination o
a LIS §thef &s6éiblages using thé same,compressive fracture identification coding system.

Examples from cading a sample of/bison‘bones from a Laté Holocene Buffalo Jump
(Glenrock, Wyoming) and the reexaminatiaon/of our taphonamic documentation of the
Pleistocene/Irinil sitel (Java), confirms that A.L. 288 compressive breaks are rare.
Physical examination of ajsample,of limb bones from Glenrock (Figures 12, 13, Table
yielded no compressive fraCtures. Although weihave hotvigited the Trinil collections
In Leiden and Berlin (Hill et al. 2015) using the articular fra€ture coding (Figure 9), sce
of photos of limb bones (Figure 14) have'not indicated any likely candidates for
compressive,fracture designation.

Figure 12 Although breaks to long bone shafts are commonmin a faunal assemblages such as
those from the Late ,Holocene Glenrock Buffalo Jump shown here, are common and indicative of
causes of breakage such a carnivore damage and marrow processing impacts, no compressive
breaks'(cade 2.2) were observed in a February 2017 documentation’(Table 3).

Table'3.Summary of articular
fractures of Glenrock Buffalo
Jump specimens.

Figure 14 Morphologies of
brokenfbones from Trinil Suggest
a diversesset of breakage
dynamics, but naone that
produced compressive breaks.

Figure 13 Horizontal
displacement of articular
fragments (code 2.0)
observed on Glenrock
Buffalo Jump bones was
associated with percussive
Impact fractures to shafts.
Impacts as part of marrow
pracessing can sometimes
praduce enough force to
cause horizontal

~ displacement of adjacent
u% 15 Series of'hovid distal;humeri from Trinil shawing likely perimortem articular surfaces.
breaks likely related to rotational forces associated withrentrainmentin lahar.

CONCLEUSIONS

Py R B aTﬁis breakageaypesspecific study documentsithat assertions‘that'compressive

fractures arefcomman acrgss species andgat multiple localities at'Hadar is not
supported. These are not otncountered hreakage mogphalogies., Evaluating
specific alternative formational scenanios’such as breakage'totrampling, which
Q2dzt R 200dzNJ RAzNA VF /IF /ddul YILISRS h || KS
analysis ofcortigal ace markings (e.q., Thampson, 204€5one ofiwhich have been
of\aﬂsg:fveé (yr? AL. or evaluation of spatial relationships of fragments (Figuté)c
none-~afswhich were recorded at A.R238.

Oftherange offpotential breakage gdynamics suggested
by“Kappelman et al.{2016) as potential sources ofithe
long-axis @riented compressive fractures at’/A.L.288

deceleration.event from.ednsiderable.héight, ~Such 'F'9ué 6 Example oflang bene.shatt
fragmentsilikely caused bystrampling (eacly

events arerarenife histories of most species, and “Hoioeene bison'site, 25SX115, USA).
therefore"nhot commenly encountered-in
paleontelogical-erzooarchaeological research.
5LYA3S (.2 [ dzee Qa o02y.Sa Ol y¥
dzya/0zLILI2 NIFS-R-G-a-S.S Y A Ufreer | pye i
autheritative assertions.but.should-instead.be, tested.
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