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ABSTRACT

Skeletal pathology has been largely unexplored from South AfricarPRistocene

cawe contexts. As a result, there is little known about the types of pathology present in

these assemblages or the frequencies at which they occur. This study was designed to
identify and analyze skeletal pathology from two sites in the Cradle of Humankind,

South Africa. Over 7000 postcranial fossils, representing the broad range of
macr omammal i an taxa from the early homini
(Members 13), were examined for evidence of gross skeletal pathology. Frequencies

of pathology wee recorded at order and family levels and the elements were
categorized to skeletal section to identify possible trends in the anatomical location of
lesions. Chisquare and randomization tests for goodiudédg were conducted at

family level and by s&letal section to note any significant disagreement between
observed and expected frequencies of pathology. Pathological fossils were described

and lesions were identified to broad diagnostic categories. In total, thoemty
pathological fossilswereednt i fi ed from Cooperds D and fc
disease, trauma and enthesopathy are the most common disease types from both sites.
For the Swartkrans fauna thasghe additionapresencef neoplasia The frequency

of pathology at order let is similar for both sites, with artiodactyls showing the

lowest frequency, followed by carnivores and primates. Pathology by family occurs at
frequencies of between 0 and 6%. Hominids fall outside of this ragarring at a
frequency ofl00% forCo per 6s D and 16% for Swartkrans
significant disagreement between the observed and expected frequencies of pathology

for bovids, felids and hominids. This indicates that pathology does not occur in equal
proportion throughout # assemblage, but rather occurs at high frequency for felids

and hominids and low frequency for bovids, possibly correlatédettsophic roles of

the different taxa. It was, however, found that pathojoggominantlyoccurred on

the same elements fail families, specifically the vertebrae addtatlimb. Chi

square and randomization tests by skeletal seotioealeda nonsignificant result for
Cooper®s 0.0D0) afd a significant result for Swartkrari® £ 0.03). For

Swartkrans there is a sificant disagreement between the observed and expected



frequencies of pathology fatistatiimb and hindlimb elements. This result may be
due to the high frequency of pathology on hominid distal elements, explained, in part,
by a mechanical stresaetiobgy involving activity related to hominid grip and
grasping.
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Chapter 1. Introduction and Background

1.1 Introduction

As the etymology of the word would suggedisease(dis i ea®) in its iteral sense
meansOo wi t o mt.olt is dore familiar to us in its common usages A an
impairment of the normal state of the living body or one of its parts that interrupts or
modifies the performance 6fh e vi t al f,199%).inithe sesea) it i§¢ deara s e
that disease isnseparable from lifePalaeontology and palaeoanthropology by their
natue are reconstructive sciences, whereliyere isan attempt to reconstrua
comprehensive picture dfie biological history of fossil taxaGiven tke ubiquitous

nature of diseaseits study from the past galaeopathology is integral to the
completeness of this reconstruction. Disease, senescence and trauma are all real and
observable indicators of systemic stress faced by a particular individuahasaime

cases, an entire group. To the extent that heritable factors can play a part in resistance
to disease, disease conditions exert a tenable influence on the continuing process of
evolution(Ortner, 2003).

A study of a fossil accumulation is immplete if it does not takpathologyinto
account consideringone of the goals of such a study is to provide a reconstruction of
the environment at the time the accumulation was being formed (Brain, 1974). In a
trophic system, driven by predatprey redationships, the role of disease cannot be
overstated. The value is implicit, in that by its very definition, disease alters structure
or function, and in a wild context even minor changes in structure or function could
have potentially devastatingffecs on an individual animal, affecting fitness,
fecundity, and ultimately success (in evolutionary terms). Therefore, pathology is part
of the bioecology, and as such, ignoriitg or ratherdismissingit as too scarce,
difficult to interpret,or simply notr el evant t o willHead t®ah engre pi ct ur
aspect of the palaeavironment being unexplored.



It is in large part due to the obvious rarity of soft tissue in fossil assemblages that
palaeontologists and palaeoanthropologist are limited in thederstanding of
diseases suffered by individuals or species in the distant past. Most of the evidence of
disease has deteriorated and decdged agowith the soft tissue. How is it possible
thento observe the crucial interplay between individuala species and this aspect of

the palaeoecology? Fortunately, this gap in ¢benpendiumof palaeontological
knowledge can be bridged by tlsudy of certain types of pathologthat leave

evidence on skeletal remains.

In addiion to the natural changegesulting from normal growth, agand arangeof

other biological factors, bone changes can odouwivo as a result ofdisease

conditions. For instanc@fection degenerative changes and trauma can each leave a
certain (and sometimes distinct) impressthe skeletal tissues. These bone deviations

from the normal biological template can provide direct and indirect information
regarding the individual affected (Baker and Brothwell, 1980; Martin, 198&|aker,

1994; White, 2000). Then, ven the bones and teeth in the dolomitic cave
environment undergo the mineral replacement that is diagetiesyscan retain the

evidence of pathological insults. The field of palaeopathology hinges on this
preservation of evidence of disease from fossilized or wikerpreserved skeletal

tissue (or in certaimare instancessoft tissue). It is this preservation thalows a

researcher the opportunity to observe and interpret pathological conditions tens of
thousands, or even millions of years after the individleal d e at h. Further,
inferences to be made regarding the inddvu al 6 s | i f e amdirdetinoar y , be

palaeoecological context.

The broad survey, description and analysis of pathology specifically from a Plio
Pleistocene assemblageovide information as to the types of disease or traumas
suffered by specific taxa and the assemblage as an aggregate. Many questions can be
explored, for instance: what are the natural levels of disease? Do different diseases

affect different species? Doertain animals show signs of loterm survival



following disease or trauma to a greater extent than others? If so, what conditions
could be responsible for these disparities? If no evidence of pathology is found from a
particular fossil site, this in i#f would be a significant result, especially since skeletal
lesions have been documented as common within modern wild contexts @biaer,
1977), and are well documented from numerous-Pligstocene contexts (Tasnadi
Kubacska, 1962; Moodie, 1967; @hwell, 1969; Baker and Brothwell, 1981; Van
Valkenburgh and Hertel, 1993; Rooney, 1997; Rothschild, 2002; Rothschild and
Martin, 2006). Additionally, by studying skeletal pathology from a Soufitfic#@n
Plio-Pleistocene carnivore accumulatiome may beable to elucidate predatprey

selection preferences and behaviours if the accumulating agent can be identified.

Recent advancedave led to a much wideapplication of palaeopathologyin
interpreting human and hominid disease history. When dealithgRiib-Pleistocene
fossil sites, however, it is important to recognize that hominid fossils are relatively
scarce(de Ruiter, 200l This suggests that hominids were a small part of a much
larger faunal complex, and even though unique and subject teredhtf selective
pressures, were most likely affected by many of the same environmental stresses
affecting other species at the time. Therefaralysis ofpathology in the fossil fauna
may provide importantcluesto reconstructingaspects of hominid biogical history.
Moreover in examiningthe faunalpathology, it might be possible to identify the
precursor of a disease (i.e. the animal carrier) before huoterisaced the condition
(Brothwell, 1969).

There is no questiothat the analysis of thpathology from the fossil siteis an
important step in expanding our database of thekistocene in South Africa. The
lack of information about pathology from this geographical area is likely an artifact of
analysis, whereby pathologyas historicaly gone un- or underrecognized. The
overarching goal of this study is to addréks oversightand to contribute to the

overall body of knowledge of the homiraring sites of the region



1.2 PalaeopathologyBackground

The development and evolom of the science of palaeopathology ran, in many ways, a
predictable course. Mangarly palaeontologists and archaeologists were equipped
with knowledge of vertebrate skeletal function and normal anatomy. Realizing early
on that not all specimens confieed to that normal baseline required theecal
examination, descriptioand interpretation of the abnormal material. It was this need
to interpret skeletal aberrations that led to the genegisedield of palaeopathology.
While the technology, termology and methodology havevolved over time, the

overarchinggoal of palaeopathology has remained much the same.

In the late part of the I8centurymedicalexpertisewas first applied to abnormal and
ancient skeletal material in an attempt to descalcondition and infer a cause of an
observed abnormality. Esperdos 1774 work
femur of a cave beadrsus spelaeu@rothwell, 1969) He attributed the deformity to
osteosarcoma, a diagnosis that was later provearriect, with the lesion being
attributed to a fracture and subsequeilus (ibid. Another notable contribution was
made by Cuvier in 1822, when he described a hyaena skull displaying a healed lesion
on its occipital crest (ibid). Cuvier, although priment in the field of comparative
anatomy, failed to provide a satisfactory discussion of the lesions (Moodie, 1967), with
little or no attempt made to explore the biological or pathological significance of what
was being described (Ortner, 2003).

The earliest phase of palaeopathology was characterized by a focus on fossil (rather
than subfossil) animal remaingRoberts and Manchester, 2005). The cave bear, in
particular, received a great dealioferestregarding pathological conditions (Moodie,
1967 Brothwell, 1969). These first steps in the field (although not considered a
distinct field or given the name palaeopathology until 1913) letivto important
theoretical breakthroughFirstly, it became cleathat disease is not new to animals

and manbut has its history in théistant past.Ackerknecht (19553) in his influential

text on the history of medicinmakes this point, statinfdi sease is ol d, f



manki nd, in fact a b o uSecondlysit wad discowered thai f e on
palaeopathologynay allow alevel of insight intothe relative health of an individual

animalthat died thousands even millionsf years ago

By the mid 19" century the interest in animal palaeopathologmad waned asthe
prevailingfocus shifted tduman archaeologicahaterial Warren in 1822 and Gross

in 1855 both described the artificial cranial deformation of human skulls (Ortner,
2003). The close of thda 8 0 Bréught with it a debate involving the evolution of the
treponemal disease, syphilisThis debate continues to this day, and marks an
important step in the evolution of the field, as it wae ohthe first attempts to reach

beyond a descriptive goal and shed light ecruabiomedical problem (Ortner, 2003).

Sir Mar c Ar mearah onREgyptfare muinsiiesrtgeasn i n t he earl y
Ruffer hasbeen credited with both coining the term dodnally establishing the field
of palaeopathology (Goldstein, 1969; Moodie, 1967; Zivanovic, 1982).

Moodi eds (1923) p u bcdompeehensive text ona @tholbdgical f i r s
conditions in fossil material. In it he addressed skeletal lesions occarrimgth non

human and human remains (Goldstein, 1969). phblication focused on gross
observation and microscopic analysis of disease dondi{Ascenzi, 1969) andas

unmatched athe preeminent text in palaeopatholoigy decadegJarcho, 1966).

The palaeopathological studies conductadoughe ar | y 19006s were u
crucial to the evolution of the field, but remained generally jetsee in their scope.

The most current phase of palaeopathology has been marked by a veering away from

the strictly descriptive methodology and an increased recognition of epidemiological

and demographic implications of pathological conditions (Rolerts Manchester,

2005). Also, there has been an ongoing interest in establishing standardiredsmet

for collecting data (ibid)and markedendeavoursit the synthesis of large amounts of

skeletal data on disease (6Bgnnike, 1985; Roberts and Cox, 208teckel andRose,

2002).



Current @laeopathology research has confirmed that skeletal lesions of various
aetiologies appear throughout taxonomic groupsl aeological time Skeletal
manifestations of pathological processes similar to those seen t@ley Heen
documented in primitive whales (Moodie, 1967), Tyrannosaurs (Rothsehill.,
1997), Plesiosaurs (Hopley, 2001), and Pleistocene fauna (Brothwell, 1969; Rooney,
1997). These studies have shown that although disease processes can and do evolve,
the skeletalmanifestationof disease areonstant anadecognizableghroughout time

and across taxonomic groupings. Mostrentresearch in palaeopathology has been
conducted on human remains from archaeological canteékhese works includie
comprénensive and introductory textsuch asAufderheide and Rodriguedartin
(1998),0rtner (2003), an®oberts and Manchester (2005).

1.21 Human palaeopathology

There are certainpathologies commonly encountered in archaeological human
remains. This section provides an overview otommon pathological conditions,
includinghow they can help us decipher life in the past] in some casegenefit life
today and in the future.An in depth discussion of the pathological processes and

skeletal changes thatarifest as a resulill be presenteéh Section 2.2

Joint diseasehas classically been divided into hypertrophic and atrophic variants
(Ortner, 2003). Osteoarthritis, after dental disease, is the most ubiquitous condition in
archaeological skeletalamples (Weiss and Jurmain, 2007)he mostcommon sites

for osteoarthritis are the distal interphalangeal joints, metacarpophalangeal joints,
knees, hips and vertebraeo@per, 1998).Osteoarthritis has been used adradicator

of activity-relatedor ocapational sress (Wienker and Wood, 1987). Patterning of
arthritis is an important clue in reconstructingspecific behaviour or occupation.
Diffuse idiopathic skeletal hyperostosis (DISH), ankylosing spondylitis, and
rheumatoid arthritis are sexal ofthe many other arthropathiegentifiable in skeletal

samples.



Traumatic lesions occur with frequenay archaetogical samples and can provide
evidence for accidental injury or intentional interpersonal violence. Parry fractures,
fractured hyoid boneral cranial injuriesfor instance have all been used to indicate
interpersonal acts of violencet is important to note thatcaidentalinjury is still the

most common cause of fractufer examplenot all fractures to the forearm represent

parry typeinjuries (Grauer and Roberts, 1996; Judd, 2008).

Inflammatory bone lesions can represent chronic infection. In archaeological samples
inflammatory lesions are most commonly r&pecific and therefore described

according to the parts of the bone or lsi@n that they affect (i.e. periostitis,
osteomyelitis, or sinusitis). Infection was the major cause of mortality in antiquity and

has been referred to as the WAsingle greeé
Infectious bone lesions can indicate @fie infections, including tuberculosis, leprosy,

yaws and syphilis. The identification of these lesions can be an important step in
determining the antiquity and evolution of the diseades. example,he history and

origin of thetreponemal diseaseenereal sypilis, is heavily debated (Ortner, 2003).

Metabolic disturbance or imbalance can create a myriad of gross alterations to normal
skeletal tissue. Most metabolic disturbances indicate a problem in nutrition resulting
from either too much ormb little of a dietary component (Ortner, 2003). Vitamin C
deficiency can lead to scurwyhich results inlesions of the skull and postcrania
Vitamin D deficiency can lead to rickets osteomalaciaboth of which can present
skeletal lesions and prowdevidence foeitherdietary imbalancer lack of exposure

to sunlight Indicators of arrested growth or developmeunich as Harris lines, can
indicate systemic stress suffered during the maturation of the skeleton. Similarly,
enamel hypoplasia can iwdte inadequate or inconsistent nutrition during the

formative yeargAufderheide and Rodriguddartin, 1998)

Bone neoplasms represent essentially uncontrolled new growth of tissue and can be
benign or malignant. While in human skeletal remains lpemignours are most

common, mal i gnant tumour s are perhaps of



(Roberts and Manchester, 2005: 257). Osteosarcoma, which occurs during the growing
period of the skeleton, is the most common malignant tumour in modern dimdes
antiquity (Aufderheide and Rodrigudzartin, 1998). If untreated, it often results in
severe pain and early mortality (Roberts and Manchester, 2005). The rarity of these
malignant tumours from archaeological sites does not diminish from their cayué

in modern cancer research.

Palaeopathological analyses of human archaeological rerhauegeneratec wealth
of information regarding the aforementioned condition§Vhile the analysis of
pathological human skeletons has providethtabasef puldications too humerous to
list, it is worth noting that specific disease condiidmave been identified ithe
archaeologicarecord These include specific cases of metabolic disturbanees (
Ortner and Mays, 1998Vlarcsik et al., 2002 Mays, 2008, neoplasia(e.g. Ortneret
al., 1991; Marks and Hamilton, 20Q7arthritic disorderseg.g.Bourke, 1967Waldron
and Rogers1994 Debonoet al., 2004, trauma(e.g. Roberts, 1991; Lovell, 1997
Dj u etial, 2005 Owens, 200y and infection €.g. Roberts, 2000; Roberts and
Buikstra, 2003).

Analyses, specific t@outhern African human remains have yieldéataon various
types of pathological conditions present in the archaeological ranosduthern
Africa. Signs of arthritic or degenerative changes have HesussedSteynet al.,
2002, L 6 Ab h &losothiavén® 8nd Steyn, 2009 Possible cases ahetabolic
disturbanceand infectious dsease have also been repor{&teyn et al., 2002b).
Disease frequencies have been noted in several instances (Peckm@gn, 20
Mosothwane and Steyn, 200%nd in some casesalpeopathological analyses have
also been used to formulate palapidemiological discussion.(. Steyn et al.,
2002; Steyn,2003).

Pleistocene hominids, although older than the archaeological material mentioned
above, have also shown signs of recognizable and diagnosable conditions @Valker
al., 1982; Trinkaus, 1985; Ripamonti, 1988; Walker and Shipman, 1996; Dawson and



Trinkaus, 1997; Fennell and Trinkaus, 1997; Ripamenél, 1997; Czarnetzket al.,

2003). Some of these conditions have been interpreted as providing evidence of
dietary and behavioural traits for both the individual affected, and the group of which
the individual was a part. Perhaps the most heavily debated behavioural character
attributed to hominids through this research has been the idea of conspecific care
(Walker and Shipman, 1996; Lebatl al, 2001). Although controversial (DeGusta,
2002; Dé&susta, 2003), studies of this type show the potential for palaeopathology to
ascertain group behavioural traits from pathological remains.

1.2.2 Animal Palaeopathology

As discussed abovenformation pertaining to human remains is vasiijle literature

on animal palaeopathology omparativelyscarceand mostly limited todomestic
animals with each case treated largely for its own intrinsic interest (Hesse and
Wapnish, 1985Thomaset al.,2002 Vann, S., 2008 Further it appears that rates at
which diseases occur in wild animals anistorically poorly known Hesse and
Wapnish, 198p While recent years have seen a renewed interest in animal
palaeopathology, the literature is sldfgelyfocused orcases of domestic animals and
defects associatl with domestication (e.g. Highaah al.,1981; Baker and Brothwell,
1980; Baker, 1984; Bartosiewietz. al.,1994; Cuperet. al.,2000;Bathurst and Barta,
2004; Fab®) 2004). There are, howevenany palaeopathology studies pertaining to

fauna that povide an excellerdource of reference.

There are several early monographs that reviewed faunal palaeopattaridgy
therefore provide a good starting point fdiscussion Brothwell and Sandison (1967)
condensednd reprinted 4917 paper by Moodiel967), in which hedocumentedh
broad range of abnormal conditioms prehistoric animal bone He identified
arthropathy and necrasin dinosaur remains, osteomyelitis in a Pleistocene wolf, and
hyperostosis of Paleozoic fish and Mesozoic reptilEss was important contribution

as it clearly demonstratetthe broad range of animals affected by bone pathology.
TasnadiKubacska (1962)also reviewed and documented pathological conditions
affectinga range ofvertebrate and invertebrate fossil faunBrothwell (1969) in a



similar review of palaeopathologyiscussedevidenceof arthritic conditions, injury

and infection in Pleistocene and more recent fauna.

Baker and Brothwell (1980published what remains one of the moshportant
contributions toanimal palaeopathology In the first comprehensive text of its type,
the authors discused the range of abnormalities affectimgecifically animal bone,
including abnormalities of development, traumatic injury, neoplasia, joint disease
inflammation, infectionand oral/dental pathology. It was for many years the

preeminent text in faunal palaeopathology.

Rothschild published several informative papers regarding joint disease in wild
samples. Rothschildt al. (2001) document spondyloarthropathy as beingntiost
common form of arthritis from both fossil and extant groups of the Order
Perissodactyla. Rothschild (2003) documents erosive arthritis, osteoarthritis, diffuse
idiopathic skeletal hyperostosis (DISH), joint eburnation and dental injury from a wild
sanple. Interestinglyit was suggested that pathogen may predispose bovidsato
erosive arthritic condition. The research also makes behavioural inferences based on
pathological evidence which suggest that a IRemthera atroxwas forced to adopt a

scavenging lifestyle due to a joint disease.

An invaluable contribution to animal palaeopathology was made with the
establishment of the International Council for Archaeozoology (ICAZ) Animal
Palaeopathology Working Group (APWG) in 1999. The APWrovidel a forum for

the multidisciplinary discussion of the challenges and advancements made in the field
of animal palaeopathologyDavieset al.(2005), in a synthesis of sessions presented at
the ICAZ conferencan 2002, provide a valuable resource regagitiomestic animal
health and diet from a range of archaeological e&dst In this volume, Murphy
(2005), in a survey of animal palaeopathology from disarticulated assemblages from
prehistoric and historic Ireland, noted a marked increase in the freqoéhesions

from prehistoric (0.3- 0.7%) to historic period sites (0.160.81%). The author

proposes that the difference in the prevalence of pathology may be explained by
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changes in livestock husbandry practices. Also in the same volume, Daugnora and
Thomas (2005) in an analysis of horse burials from Lithuania, noted pathology to
occur at a frequency of 12.5%. The lesions were focused on the head, vertebral
column and distal extremities. Most of the observed lesions involved ossification of
metapodialigaments and were considered likely caused by mechanical strain during

use of the animals for traction or riding.

As with human palaeopathology, there has beeneasinginterest in establishing
standardized recording methods for faunal palaeopatholoBgpitosiewicz et al.
(1997) established a method for scoring deformations on the metapodials and
phalanges of cattle. Levitan (1985) similarly established a methodology for recording
pathology in ungulate mandiblesWhile valuable, these recording poobls were
createdto answer specific research questions and address specific path@lagies

and Thomas, 2006) Vann and Thomas (2006) stress the importance of establishing a
common language and methodolodyfforts to standardize data collection faunal
palaeopathology are ongoinyann (2008) for instance,has made an important
contribution by creating a standardized recording method for cranial and postcranial
faunal pathologywhich will allow for intersite comparisons Amongst other
concerns she addressed the major issue of ambiguous and confusing terminology by
suggestingtandardasic descriptive terms when first recording pathology.

1.2.3 Southern African faunal analyses

Site specific faunal analyses and faunal population studiesdprpossibly the best
insight into the type and frequency of pathology from past animal populations.
Southern Africararchaeologicalaunal assemblages have historically been analyzed to
ascertain the types of animals present, any information regardingrdi economy of

past human populations, environmental conditions present at the time the assemblage
was being formed, and any other incidental information that can be extrapolated from
the analysis of the faunal material. Several publications mentatholpgical
individuals or condibns, although this is nevéne mainthrustof the research. When

mentioned, these analyses give information on the types of faunal skeletal pathology

11



encountered in domestic and wild assemblages. Many faunal analyseseh, make

no mention of pathology, as pathology may either not be present, may not be within
the scope of the project, or may simply be overlooked or unidentified (e.g. Plug and
Brown, 1982; Voigt and Plug, 1984, Plug and Keyser, 1994; Badergi@kt2002).

Several faunal analyses that do mention pathology, conducted on southern African

archaeological sitewill be discussed below

The faunal assemblage from Rose Cottage Cave, South Africa, was analyzed by Plug
and Engela (1992). The sedimentsyraroa period from recent times to the late

Pleistocene. Pathological specimens were noted as being scarce. The phalanx of a
bovid showed an exostosis. A phalanx of a springhare showed a healed but misaligned

fracture. Both abnormalities were attributedrauma.

Faunal remains from Nanda, an Early Iron Age site in Natal, were analyzed by Plug
(1993). The sample contained 8000 specimens including domestic and wild species.
Pathological changes were noted on the rib of a sheep/goat and on ancestble ilt

was noted that the rib had been fractured, resulting in abscess formation and
encapsulation of the lesion by newly formed reactive bone. The cattle incisor showed
very heavy wear, a pathological damage that was noted by Plugaj1&93eing
common among aging bovids. Both cases of identified pathology from the sample of
8000 specimens belonged to domestic animals, and no pathology was noted on the

wild faunal remains.

The site of Magonqo Shelter is located in KwaZhlatal. The faunal remas were
analyzed by Plug (1996). The main occupation phase of the site is dated to between
9000 and 3500 BP. The assemblage is heavily fragmented and although it exceeds 300
000 specimens, only 1.7% were identifiable to species or animal size catégoige

variety of wild species were present. Pathological changes were identified on only one
specimen. A proximal phalanx of a small bovid shows an abnormality occurring on

the medial facet of the facies proximalis.
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Faunal remains from uMgungundlovthé military headquarters of the Zulu King
Dingane) were analyzed by Plug and Roodt (1990). This fauna represents a
comparatively recent assemblage dating from 1B23. The vast majority of
animals present were domestic. Interestingly, exostosesappaent on 13 cattle
phalanges. The authors propose that aging or draught use may account for the

frequency of the abnormalities. No pathology was noted on wild faunal remains.

The macrofaunal remains from Abbotows Cave
Valley were analyzed by Plug (1993 Most of the deposits at both sites were dated

to between 700 and 300 BP. Pathology is noted on the proximal metatarsus of a
mediumsize bovid, in the form of an exostosis on the plantar side near the articular
suface. The distal radialna of a springbok shows a similar exostosis. A rib of a
mediumsize bovid shows a healed fracture. The author suggests that the cases of
pathology represent trauma rather than illness, possibly attributable to trampling and

kicking encountered in herd animals.

The faunal remains from mMatshetshele, a Late Iron Age site in the Rustenburg

district, were analyzed by Badenhorst and Plug (2001). Of the faunal assemblage,
60.1% of the bones were attributed to domestic animals. t&Sesswere noted on the

first phalanx and metacarpal of a cow. Both bones may have belonged to the same

individual.

Several other studies demonstrate faunal assemblages with elements that show some
evidence of pathological changes (see Plug, 2000, 200#gse studies do shed light

on the types of skeletal pathology encountered in wild and domestic animal
assemblagefom specific sites, however, in most cases the abnormal specimens are
mentioned as a subheading under taphonomic changes, and treatedsate aather

than an integral part of the findings.

13



1.3 Taphonomic Considerations

Taphonomy, as defined by Lyman (1994: 1)
detail s, of organics from the Dbiosphere
Faossil bones have undergone extensive mineral replacement in order to have survived

to the present. They have also undoubtedly been subjected to other taphonomic
processes, often complicating their gross appearance. Whereas palaeopathology
strives to intgpret all antemortem skeletal changes, taphonomy has, as a focus peri

and postmortem phenomena, including-paed postourial histories of preserved
remains. This requires both sciences to have as a comparative baseline a model of a
specific living speenen (Lyman, 1994). As such, each weighs heavily on the other,

due tothe factthatnet| | f ossi | i z endrmabgueng themeatusal liflger e 0
and not all changes seen in preserved remains are the result of pathological processes.

In order to m&e inferences on the one, one must first have a grasp of the other.

True taphonomic processes begin with the death of the individual (Lyman, 1994),
however, perimortem structural disturbances are difficult to distinguish from
postmortem changes to freshgreen bone. As such, perimortem events are included

in taphonomic results, and more often than not, excluded from pathological studies.

Gross examination of fossils is extremely important in distinguishing between
pathological and taphonomic changeThis can often prove difficult as certain
taphonomic traces, and disease or traumatic processes can appear grossly similar.
These include erosive foci, fractures, disturbances of shape, and projections from the

bone surface (Baker and Brothwell, 19805. due to postmortem conditions, these
phenomena are referred to as pseudopathold@eds, 1967) and are classified by
Ortner (2003: 45) as being the result of t
environment and (2) problems during oreaft excavation. O Theref
confidently assess pathological conditions, the first step is to determine whether the

aberration is in fact antemortem.
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1.3.1 Taphonomic fracturing of bones

The same basic principal underlies both aated postrortem bone breakage. When
loading exceeds tensile strength (the property allowing a material to resist rupture
under tension)bone fractures. Fresh bone is viscoelastic and, as such, able to
withstand great amounts of pressure before failure (Lymar)199ry bone, on the
other hand, behaves more like an inorganic material, and is stronger when subjected to
static loading, but more likely to fail under smaller forces during dynamic loading
(ibid). Although the type of fracture will rarely identifyghagent of that breakage, it

can often indicate whether the injury was suffered while the bone was still fresh (at or
around the time of death) or dry (sometime after death and decomposition of soft
tissue). This is complicated by the fact that fractstdtered at or soon after the time

of death appear grossly similar to fractures suffered while the animal was still alive.
The appearance of active bone repair at the point of injury remains the primary way of

distinguishing between fractures occurringeaand postmortem.

1.3.2 Taphonomic modification of bone surfaces

Proliferation of bone tissue is always the result of antemortem events. Any evidence
of bone deposition resulting in abnormal morphology can be considered pathological.
The burial envionment can, however, complicate matters. Sedimentary calcretions
and mineral deposits, e.g. manganese dioxide, can attach to bone surfaces to give the
appearance of projections of abnormal bone tissue. Fossils can become embedded in
matrix which can fuher obscure the anatomical morphology of the specimen and give

the appearance of an abnormal shape.

Whereas all bone proliferation is the result of antemortem processes, bone erosion can
be caused by a multitude of postmortem agents. Sedimentarjoabrater erosion,
carnivore damage, fungus, plant roots and damage incurred at the time of excavation
can all mimic antemortem erosive lesiondMechanical stresses can also cause
postmortem warping or erosion of the cortex (Wells, 19@GVlpst antemorten Iytic

lesions lave a depositional component, sadence of active repair and deposition is

the best indicator that the insult was suffdaredivo.
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1.3.3 Quantification of assemblages

It is important to understand thatollected fossil sample is noiréctly representative

of the living animal community in their natural proportiofislein and CruzUribe,
1984). There is an inevitable loss of information in the transition from the life
assemblage to traeath assemblage and eventually to the collesdetple assemblage
(Klein and CruzUribe, 1984 Lyman, 1994 We are studying, as Roberts and
Manchester (2005: 12) refer to It fAa sampl
l i vi ng p o pAunuraberi od teghonomic variablasfluence the eventula
assemblage. The fossil sites in South Africa are generally thought to represent
carnivore accumulations (Brain, 1981; de Ruiter and Berger, 2000; Pickering, 2002),
whereby prey selection would have clearly influenced dbmposition of thefossil
sample The preservation of the individual bones within the assemblage would also be
affected by the structural architecture and densftyndividual elementgLyman,
1994). Br ai n 63 piohekrth@ Qudy suggested that the survival rate of bones in
carnivae accumulations correlated to the structural density of the eleménksas
sincebeencorroboratedhat bones with greater structural density laetter preserved

in fossil contexts (Brain, 1981; Schiak al., 1989; Carlson and Pickering, 2003).
With thesevariables inmind, it becomes clear that the quantification of an assemblage

is acomplicated, yetritical step in any analysis of fossil bones.

The most commonly used units of quantification in the analysis of faunal assemblages
are the number ofidentified specimens (NISP) and the minimum number of
individuals (MNI). The most readily obtainable index of species abundancesis th
NISP (Klein and CruzUribe, 1984 Lyman, 2008. The NISP is an observational unit
and can be directly easured (Lyman1994), andsimply represents a count of
specimens identified to element and taxd®deveral authors (Klein and CHuribe,
1984; Lyman, 1994; Lyman, 2008) hadiescussed the inherent shortcomings of the
NISP, including the following:

e The NISP ignores théact that some species have more skeletal parts than

others.
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e The NISPignores specimen interdependence and treats every unit counted as if
it comes from a different animal

e The NISP is not sensitive to bone fragmentation.

The MNI is a determination ofhé minimum number of individuals necessary to
account for all the identified bond¥lein and CruzUribe, 1984). The MNI is
traditionally calculated by separating the most abundant element of a taxon into left
and right components. Then the side thagégithe greatest number is used to calculate
the minimum number of individual animals (White, 1953)he calculation by its
nature, overcomes thekey issue of specimen interdependence because it avoids
counting the same animal twice (Lyman, 200B)e MNI is also not additive, and
therefore not affected byoderateébone fragmentation, dyy the number of bones in
the skeleton. The MNI, however, does have its own shortcomiriggnan (2008)
discusses some of titherent problemsncluding the following:

¢ MNI values will tend to exaggerate importance of rarely represented taxa.

¢ MNI valueswill increase as the intensity of bone fragmentation increases.

1.3.4 Taphonomic variables of pathology

Pathological conditions present their owmquetaphonomic variales. Diseases that
affect bone metabolism, for instance, can result in decreased bone mass and can
counteract bone preservation (Bartosiewicz, 2008). Fractures and infections can also
lead to decreased bone density and increase the likelihood of iphroadanic loss.

Age is a critical variable which can affect postmortem survival of elements and can
influence the rate of expression of bone pathology (ibid). Older animilhlend to

exhibit a higher bone mineral content and have a greater chancestatogem
preservation. Also, with increasing age there is an increase in the likelihood of an
individual to suffer illness or injury, which can increase the frequency of observed

pathology.
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14 Surveyed Sites

The two sites surveyed forthissjud ar e Cooper 6s D and SwartKk

sites fall within a large complex of fosdéikaring dolomitic cave deposits critical to
unlocking the mystery of hominid evolution in southern Africa (Brain, 1981). There
are dozens of sites from this arsat are currently undergoing, or have at one time
undergone excavation, and many more yet to be surveyed or actively researched.
Collectively, these dolomitic cave deposits have been recognized for their scientific
value, and the area in which they #weated has been designated a World Heritage
Site, The Cradle of Humankin@Hilton-Barber and Berger, 2002).
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Figure 1.1. Map of the Cradle of Humankind, Witwatersrand, South Afrateowing the sites
of Co ang BwaildksmnsAdaptedafterBackwellet al.,(2009).

141 Cooper ds D
TheC o o p e r i6 ane @ the lesser known sites adjacent to Swartkrans, Sterkfontein

and Kromdraai Although only recently recognized for its fossil richness and potential
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as a hominid bear i rdigcovdredpandsfirst excavtedarpl®386 s wa
(Bergeret. al.,2003). The initial surveys yielded a substantial faunal collection and a
tooth described as fAhumand by Middleton S
third molar, was further analyzed by Broom @chepers in the years that followed,

and determined to be attributable Awstralopithecus africanus A cast of the

speci men was again studied in the 19906s,
itself. The researchers further corroborated BroohartSc heper sdé det er mi n
taxonomic classification ohustralopithecugf. africanuswas proposed (Berget al.,

1995).

Al t hough broadly considered to be one sit
three spatially dj sCooger dnfB,] |l and COopre 10¢
respectively) (Bergeet al., 1995). Following the initial excavation in the 1930s,
Cooperb6s B was &extensively sampled during
Brain. Brai nds e x c avfessils foom thgseollectedawkenty a st |y
years earlie(Bergeret al, 1995). This, and the fact that primates were uncommon in

the excavated material, led to the longstanding belief that the hominid material
attributed to Cooper 6fomamather shea(ibidd. Withthe act o
Cooperd6s hominid coming from what some con
the site waned until further hominid material was discovered in 1989. The specimen,

(COA 1, a right central incisor) was found in tfainal collection of the Transvaal

Museum. Its morphological signature suggests that the specimen did indeed come

A

from Cooperodos and not one of the neighbour

The discovery of this specimen led to the resumption of excavations, aogehiag

of an entirely new deposit, Cooper 6s D.
almost immediately yieldingn situhomi ni d r emai ns, confir mi)|
amongst the hominid sites of South Africa. Based on the faunal-upaké CD and

its gamilarity to Sterkfontein and Kromdraai, a date of 1.6 to 1.9 Ma has been allocated
(Bergeret al., 2003). Recent Wb testing hasdjusted andonstrained the dates to

1.526 to 1.413 Ma (de Ruitet al.,2008).
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The initial e X ¢ a voa €A aodchCB orésult€lanotipeedisadwery oft h a t
homi nid fossils as wel/ as a fhsubatanti al
1995) . The more recently excavated depos
material and the collection has been desdribeas fiabundant @&nd di ve
al., 2003). The CD collection in 2003 numbered xteass of 9000 specimend.he
recovered fauna includes numerous pri mate
usually common in the Witwatersrand PRteistocenezve r ecorefld., ( Ber ge
2003).

CD shows, in particular, an abundance of suids and canids. Cercopithecids, felids, and
hyaenids are also well represented. Equids and giraffids are present but rare. As with
most sites found within th&radle of Humakind, bovids dominate the faunal

assemblage (Berget al.,2003).

14.2 Swartkrans

The University of California conducted an African expedition in 1948, searching for
australopithecine fossils in what was then the Transvaal region in South (&fran,

1981). Robert Broom, then of the Transvaal Museum, was approached by the research
team and offered the opportunity to excavate a new fossil locality in close proximity to
the ongoing excavations at the Sterkfontein deaif, 198). Within one week of
beginning excavation at the site of Swartkrans, an australopithecine mandible was
discovered. @ The mandible appeared to belong to a new form of robust
australopithecine, named at the time by BroBawanthropus crassider(gid). Many
valuable finds woul follow; including remains attributed to a new type of hominid
referred to agelanthropus capenstsy Broom, but later attributed to the gertismo
(Robinson, 1961; Clarket al.,1970)

Excavations continued throughout 1949 until financial constratoutailed the
excavation in November of that same yéRrain, 198). As the cave was rich in

travertine, it was extensively mined and blasted for the next two years. As a result of

20



the blasting sever al As pe(BrainlOMPRAY Ummp e ci men
Robert Broombs death in 1951, Robinson, W

continued the excavation of Swartkrans until 1957 (idem).

The following years saw the publication of two important Transvaal Museum
Memoirs, The Dentition of théustralopithecindRobinson, 1956) an@iransvaal Ape

Man Bearing Cave Deposi(Brain, 1958).

Excavations resumed in 1965 with the explicit aim to restore order following the
destructive and Achaoti c o (BrainmMndan gin 1981 sode s
the University of the Witwatersrand acquired the Swartkrans farm and cave site.
During this next chapter in the story of Swartkrans, further significant discoveries were

made including evidence for the contemporaneous existenidernband the robst
australopithecinesBfain, 198). Upon clearing the overburden, the next phase of

activity included the excavation of thesitus edi ment s under |l ying th
(Brain, 1993)

Swartkrans has, since the onset of the excavations, become synenywith
palaeoanthropology in South Africa, noted as being among the richest hominid fossil
deposits in Africa (Grine, 1993). A staggering amount of work has been conducted on
all facets of the site. A monograph published by the Transvaal Museum, di¢vote
the site of Swartkrans was edited by Brain (1993) and included research on the
geology (Brain, 1998, composition of the faunal assemblage (Watson, 1993),
description of hominid crania (Grine, 1993) and postcrania (Susman, 1993), and
description oflhe carnivores (Turner, 1993). These and several other lines of research
were addressed in the monograph which was mriateecond time (Brain, 200with

added chapters on theufaal assemblage (de Ruiter, 2D@4d new evidence regarding
bone tool uséBackwella n d d §2B09r \Whemas previous studies had suggested
that the bone tools were used By robustusto dig up tubers (Brain and Shipman,

1993) experimental bone tool utilization and microscopic analysis of wear patterns by
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Backwel I ricam@0D1 200) fprovided evidence for termite foraging by the

hominids from Swartkrans.

An important contribtion was made by de Ruiter (200vhen acomprehensive study

was conducted on the faunal assemblaget@pitonomy of SwartkransdHe addressed

the longstanding belief that hominids occurred in relativelghhabundances, as was
proposedby Brain (1981, 1993). It was postulated that a specialized predator of
primates operated at the time the cave was being formed or that the cave was used as a
shelter forthe hominids (Brain, 1981 It was suggested by de Ruiter (2001) that the
high relative abundance may have been fan
breccia weighing 709kg became detached from the hanging remnant and was prepared,
with the anticipation of similar frequencies. The vast majority of the bones were
unidentifiable (81.2%) and only 7.4% of bones were identifiable to taxon while 8.9%
were identifiable to element alonde( Ruiter, 200l Primates and hominids were not
discoveed in the expected relative frequency. After including thousands of specimens
not included in previous analyses, de Rui@®QJ) concluded that the assemblages

could be attributed mainly to leopard with some involvement of hyaenas.

The site of Swartkans is divided into 5 Members. These represent contextually and
possible temporally discrete deposits. Member 4 is a largely uncalcified deposit rich
in Middle Stone Age tools which has not yet been excavated (Braing19®8@mber

5 is a lightly calcifed deposit dominated by remains of an extinct springbuck form
Antidorcas bondiand has been radiocarbon dated to 11000 years B.P. (ibid). The
three Members relevant to this study are Members 1, 2 and 3. After a comprehensive
study of the fossil bovidd/rba (1975) suggested an age of between 2 and 1 Ma for the
Hanging Remnant of Member 1. This date range was later refined to between 1.8 and
1.5 Ma (Vrba, 1982). The fossil fauna from Members 1, 2 and 3 do not significantly
differ and it is possible thall three Members are of similar age (Brain, 18938le

Ruiter, 2003). The range of 1.8 to 1.6 Ma has been generally accepted for Member 1.
Recent UPb datingof fossil enamel has, howevetielded dates of 1.83 + 1.38, 1.36 *
0.29, and B3 + 0.21 Madr Members 1, and 3 respectively (Baltet al.,2008).
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1.4.3 Site specific relevance

This study will address a relatively unknown facet of the South AfricdPlio
Pleistocene This research provides a novel approach to the study of fossil
accumulationfrom the area, as it ighe first study devoted to identifying and
calculating the frequency of skeletal pathology from {Plieistocene sites in the
Cradle of Humankind, South Africa. Although pathological fossils have been
documented ttm South African ises (Hendey, 1974; Ripamonti, 1988; Ripamaatti

al., 1997), most research has focused one or two specimens of one taxon (in
paricular, hominids)Wh i | e b o ts D an@ Swapkeansbare hominrkaring,
both assemblages are dominated by-hominid fossils. This indicates that an
intensive palaeopathol ogi cal survey of
fall short if the focus was solely on hominid pathology. This research, therefore,

focuses on macromammal remains across taxonomic QIgaIpi

As the first study of its typéocused orthe region, this research has the potential to
expand oudatabasef thefossil faunafrom the PlicPleistocene in southern Africa. It
can provide information regardingrequencyof pathologyat site aggegate level
frequeng of pathologyby taxa,pathology typesenvironmental stresséisat may have

affected the fossil fauna, and possibly individual life history traits.
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1.5 Hypotheses

Six main hypotheses were formulated and tested duringptivse of this research.

1. There is evidence of pathology, in the form of skeletal abnormalities, present in the
Cooperb6s D and Swartkrans fossil assembl
Different types of pathology occur in the fossil assemblages

Pathologyoccurs ordifferent skéetal elements at a similar frequency.

Thefrequencyof skeletal pathologyariesbetweertaxa

a k~ w0N

The rate of pathology for hominids will be comparable to the rates of pathology for
carnivores and other primates.
6. Individual animal lifehistory traits can bextrapolated bynterpretingpathological

fossils.
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Chapter 2. Bone Biology, Pathologyand the Conceptof6 Nor mal i t y 6

This chapter will serve to outlineey conceptselevant topalaeopathology The first

section will serve as lbrief overviewof bone Ilology with a discussion of the cellular

activity responsible for normal skeletal remodellinghe next section will provide a

discussion of skeletal pathology with emphasis omagitélogyand cellular activities

responsible for different types of skiklesions. The final section will provide a
definition for the c¢onc aplamerd quéstooineng!| i t y 6
pal aeopathol ogical study Awhat is nor mal ?0

2.1 Basic bone biology

Fundamental to any attempt at studying patholdgicanges in skeletal material is the
basic understanding of the cellular activities of skeletal remodelling. It is this
remodelling that gives bone its remarkable reparative ability, that adapts it to changing

physical strain, and that, if disturbed,Jea evidence of past diseases or trauma.

Bone tissue is a composite of two materials, collagen the organic component, and
hydroxyapatite an inorganic mineral that impregnates the collagen matrix (White,
2000). This combination is what gives bone itsdhaigid, and flexible properties, also
giving bone strength greater than either of its two constituents (Smith, 1985). Bone
functions to support the body and protect the organs, and it serves as a site of
attachments for ligaments and muscles. Bone plags a crucial role in mineral
homeostasis (Hall, 2005).

The three primary cells involved in bone remodelling are osteoblasts, osteoclasts and
osteocytes. Osteoblasts are responsible for formation of the unmineralized portion of
bone tissue (osteoid).Once embedded within bone matrix, osteoblasts become

osteocytes, the most abundant cell in lamellar bone (Ortner, 2003). While osteoblasts

25



are active in the production of new bone tissue, osteoclasts conversely act to break
down old bone tissue (Ortnef,991; Martin, 1991; White, 2000). Osteoclastic
resorption of bone involves both mineral dissolution and enzymatic degradation, firstly
acting to lower the pH levels which solubalizes the apatite crystals, exposing the
organic component which is furthergeisted by enzymes (Ortner, 2003). The
interplay between the osteoblasts and osteoclasts on a cellular level is what gives bone

its inherent plasticity. It is a finely orchestrated relationship resulting in the constant
change of bone tissue throughout a or gani smés | ife (remodel
loading and stress by new bone being deposited and resorbed to achieve a balance
bet ween strength and weight (Wol ff, 1986)
(Pearson and Lieberman, 2004). It has bexolear that a variety of phenomena other

than (or in addition to) mechanical stress can play a role in the cycle of bone
deposition and resorption (ibid). Bone remodelling is crucial for the maintenance of
normal bone structure and is such that the emtitult human skeleton is replaced, on

average, in 10 years (Martin and Rodan, 2001).

The abovementioned remodelling occurs throughout the adult skeleton in response to
mechanical load and metabolic influences (Sims and Gooi, 2008). The mechanism
respondole for this ongoing remodelling of skeletal tissue is known as the basic
multicellular unit (BMU) (Parfitt, 2002; Martin, 2002; Ortner, 2003; Parfitt, 2004),
which is simply the coordinated activity of osteoblasts, osteoclasts and osteocytes.
The princi@l behind the coupled cellular activity within each BMU is that the amount

of bone destroyed by osteoclasts is equal to the amount of bone created by osteoblasts
(Sims and Gooi, 2008). Osteocytes play a role in this cycle as well, with increasing
evidencesuggesting that osteocytes may sense changes in mechanical loading and
send chemical or hormonal signals to the other cells (Ortner, 2003). The cycle of
resorption and formation has been shown to take between three months and one year
(Frost, 1967).

Different bones throughout the skeleton display different rates in turnover, and

cancellous and cortical bone also vary in their turnover rates, all of which are the result
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of responses to different needs. Cortical bone, for instance, appears to undergo
renodel |l ing in response to microdamage wit!l
microcracks (Martin, 2002; Parfitt, 2004). Cancellous bone turnover rates, on the

ot her hand, are | argely affected by the I
2002). It has been suggested that high rates of bone turnover can lead to a greater

chance of future bone structural failure in the form of fractures (Parfitt, 2004).

Should the fine cellular balance between the osteoclasts and osteoblasts be disrupted
for any reason, the result is either abnormal bone formation or abnormal bone
resorption. All abnormal skeletal morphology associated with pathological processes
is the result of disturbances in the cell populations between these two cells @&chinz

al., 1952 Ortner, 2003).

2.2 Skeletal pathology

It is important to understand the cellular activity responsible for normal skeletal
remodelling and conversely, the processes responsible for skeletal pathology. While
veterinary texts can be helpful, they are ggafly clinical in scope, with a focus on
animal productivity. As a result there is more information available regarding the
pathogenesis of skeletal pathology common to humans. While it is clear that different
specific disease conditions may affect #rmman animals, the same broad categories
can affect all animals. Therefore, as an analogue, the discussion below will provide
examples of the pathogenesis and manifestations of diseases affecting one species,
Homo sapiensHumans are not always an ideal agale group because of their
distinct form of locomotion, very specialized behavior and medical intervention in
times of illness or injury. The discussion is meant less as a review of specific
pathological conditions, and rather, to allow a better undeistg of the range of

pathological processes and how they can affect skeletal tissues.
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2.21 Joint disease

There are a number of forms of joint disease, and distinguishing between them proves
difficult in dry bone samples (Roberts and Manches2605). The most common

form in modern humans is osteoarthritis, and after dental disease, it is the most
ubiquitous pathological condition found in human skeletal collections (Weiss and
Jurmain, 2007). Osteoarthritis occurs as a result of the grada#tdoren of cartilage
between two adjoining bones, allowing the articular surfaces to come into direct

contact.

The term, osteoartitis implies an inflammatory condition, and because inflammation

was not considered a primary aspect of the pathogenesiseotondition, other
terminologies, such as osteoarthrosis or degenerative joint disease (DJD), have been
commonly used (Weiss and Jurmain, 2007). The term osteoarthritis is, however,
gaining more acceptance as current research has shown infammai@mrritcal to

the pathogenesis of the condition (Puetial.,2005). Theaetiology although long
considered the result of nor mal aging and
1994; Ortner, 2003), is now considered multifactoral with geneditatomy, weight

and mechanical influences all playing a role in its development (Weiss and Jurmain,
2007).

A common characteristic of osteoarthritis is the buildup of bony projections
(osteophytes) around the joint surfaces. These osteophytes represemt b ody 6 s
attempt to spread the load and compensate for stress at the affected joint (Roberts and
Manchester, 2005; Waldron, 2009). If the bones make contact for an extended time,
the result can be eburnation, a polished appearance of the articulacesurfa
Eburnation can be considered pathognomic of osteoarthritis (Waldron, 2009). Areas of
bone rarefaction (increase in porosity) can occur beneath the eburnated surfaces
(Lipowitz and Newton, 1985). Although osteoarthritis is common, it is often-over
diagnosed in archaeological remains, with any bone displaying osteophytes around the

periphery of the joint being classified as osteoarthritic. In fact, many conditions can
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cause these projections and Baker and Brothwell (1980) suggest that three of the

following four criteria be met before making a diagnosis of osteoarthritis:
1) Grooving of the articular surface of the bone
2) Eburnation
3) Extension of the articular surface by new bone formation

4) Exostoses around the periphery of the bone

2.22 Enthesopathy

Abnomal osteogenic responses can occur at entheses, sites of ligamentous or
tendinous attachment. These are broadly considered enthesopathies and include
osteophytic (enthesophytes) and osteolytic expressions (Maaicdti, 2004). While
enthesophytes areowsidered multifactoral imetiology they are also considered to

best correlate with senescence. These musculoskeletal markers imicement

using specific muscles or muscle groups (Roberts and Manchester, 2005), and
therefore have been used to iptetin vivo muscle activity in human archaeological
samples (Kennedy, 1989; Hawkey and Merbs, 1995). There is little evidence linking
enthesopathy with specific activities (Jurmain, 1999; Robb, 1994), however, repetitive
loading has been shown to redaltchronic injury to muscle and tendon tissues (Cutlip

et al, 2006). Research has shown that age may impair the ability of skeletal muscle to
adapt to this chronic exposure to mechanical loading (Degens and Alway, 2003; Cutlip
et al., 2006), suggesting & age and trauma may, in tandem, contribute to the

development of enthesial pathology.

2.23 Trauma

Trauma is categorized as any physical wound or injury, and can result from either
intrinsic or extrinsic forces. This includes various types ottine as well as
dislocation. Bones can break when subjected to abnormal pressures or when

weakened by pathological processes. Healing following a fracture is a complex event,
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and is typically characterized by four overlapping stages: an initial inflaonynstage,

soft callus formation, hard callus formation, and remodelling (Schindekdr,2008).

The repair process begins immediately after the injury. Local soft tissue integrity and
normal vascular function are often compromised as a result ohshé&. The blood
vessels in the periosteum and Haversian canals are usually ruptured during the fracture
(ibid). Blood flows into the fracture zone coagulating into a haematoma (Robbins,
1974). Bone tissue adjacent to the fracture becomes necrotitdestaldsts activate,
forming a fibrous union. This formation of the cartilaginous splint is crucial to the
repair process since most fractures result in some level of mechanical instability. This
primary callus of fibrous connective tissue is, on a cellldael, dominated by the
paired activity of chondrocytes and fibroblasts (Schindefeal.,2008). Within days

blood supply to the fracture develops and fibroblasts transform into osteoblasts and
osteoclasts (Roberts and Manchester, 2005). At this,stagénitial fibrous splint is
converted to immature or woven bone when calcium salts are deposited within the
osteoid (ibid). This woven bone splint is what is known as the primary bony callus.
Given sufficient time, the callus of immature bone is @sted to lamellar or fully
formed mature bone. This process is driven by the coupled phenomena of osteoclastic
resorption and osteoblastic formation of lamellar tissue. The time it takes for the
fracture to heal completely depends upon various factachjding the bone element
involved, the type of fracture, the severity, and the stability during healing (ibid).

Mechanisms of fracture include flexion, shearing, compression, rotation and traction
(Aufderheide and Rodriguedartin, 1998). Flexion fracires are the most common

and occur when force is applied perpendicular to the long axis of the bone (ibid). The
maximum stress often occurs at a discrete site and can result in a transverse break
(Ortner, 2003). A shearing fracture occurs when two oppgoirces are applied to a

bone, perpendicular to the long axis of the diaphysis (Aufderheide and Rodriguez
Martin, 1998). Compression fractures occur when force is applied in an axial direction
and are the result of sudden excessive impaction (ibid}atiBo or torsion fractures

occur when force is applied in a twisting or spiral direction (ibid). Since the force is

rotational, the fracture line follows the same natural spiral plane (ibid). Tension
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fractures occur when an excessive or violent musmiraction causes the avulsion of

a piece of bone at the site for tendinous insertion (Aufderheide and Rodkigutz,

1998). A sharp injury that breaches the periosteum (or penetrating fracture) can
similarly cause a subperiosteal haematoma whialosaify in time, forming a solitary
exostosis (Mohannat al., 2000). All fractures can be classified as either open
(compound) or closed (Roberts and Manchester, 2005). In compound injuries there is
an open connection between the bone and the skirchwgriovides an inlet for
infectious agents (ibid). Apart from infection, several complications can arise
following fracture, including joint degeneration or osteoarthritis, shortening of the
limb, neuropathy, poor alignment or ranion, and avascular mesis (Aufderheide

and RodriguedMartin, 1998; Roberts and Manchester, 2005). The mechanical
induced ischemia as the result of trauma is, in fact, the most common cause for

osteonecrosis (Abraham and Malkani, 2004).

The second major category of traumteeting the skeleton is dislocation. Dislocations
occur when a bone is forced out of its normal articulation within a joint. A complete
dislocation, or luxation, involves the complete displacement of the articulating joint
surfaces (Ortner, 2003). A suBhtion is a less severe injury and is characterized by
the partial displacement of the articular surfaces (ibid). Dislocations are primarily soft
tissue injuries and the only skeletal evidence of their presence are the bone lesions that
accompany eithea chronic or permanent injury (Roberts and Manchester, 2005). If
the dislocation remains unreduced, distinct morphological changes can become
present, creating, in some cases, new articular surfaces (Ubelaker, 1994). When a joint
is disrupted, the arti¢ar cartilage cannot obtain nourishment from the synovial fluid,
resulting in accelerated arthritic damage (White, 2000). It has been suggested that
posttraumatic arthrosis may be an inevitable consequence of musculoskeletal injury
(Browneret al.,2003)whereby the articular cartilage damage occurred as the result of

either sudden impact or repetitive trauma.

Occasionally soft tissue trauma can also produce skeletal changes obvious in dry bone.

Acute soft tissue damage is similar to bone fractureanitlalso creates a haematoma.
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The haematoma is usually dissolved in time, but in certain instances the damaged
tissue will respond by producing bone directly within the soft tissue. The condition is
known asmyositisossificans traumaticaand is genally seen as bony projections
arising from a site of tendon or ligament origin or insertion (Ortner, 2003; Roberts and
Manchester, 2005). These lesions usually present as irregular bone growth, larger in

comparison to the more common enthesophytes (ar bpurs).

2.24 Infection

Infectious diseases are caused by biological agents ranging from microscopic viruses
to large structurally complex parasites (Inhorn and Brown, 1990). Most infectious
diseases affect only the soft tissue, leaving no anatbrenedence on the skeleton,

and those that do affect the skeleton generally overlap morphologically (White, 2000;
Ortner, 2003; Roberts and Manchester, 2005). Infectious agents can enter the bone in
three primary ways: through direct exposure due tddracthrough adjacent tissues,

or through the circulatory or lymphatic systems (Baker and Brothwell, 1980;
Brothwell, 1981; Ubelaker, 1989). Infectious diseases affecting the human skeleton
tend to be fAsubacut e, chrodiatdi saases oan
(Ortner, 2003: 181).

Infection generally promotes an inflammatory response, and terminologies associated
with these responses have become broadly used to describe infectious conditions.
Osteitis is the general term for an inflantioa of compact bone tissue, and is non
specific as to cause (White 2000; Ortner, 2003). Should it be caused by an infectious
agent, a term like suppurative osteitis would be most accurate (Ortner, 2003).
Periostitis is a similar term, broadly referritm the inflammation of the periosteum.
Again, suppurative or infectious periostitis would be used to describe bone response to
an infectious disease (ibid). Osteomyelitis refers to an infectious condition that begins
in the marrow spaces affecting thedesteal surfaces (ibid), often resulting in an
enlarged and deformed bone (Roberts and Manchester, 2005). The most common
infective organism isStaphylococcus aureu®belaker, 1994; Ortner, 2003). In a

severe case, it is possible for an infection tceagrto other bones throughout the
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skeleton. The result of severe infection is often a disruption in the blood supply
resulting in tissue necrosis, whereby the dead bone is removed by pus and discharged
through openings known as cloacae (Ubelaker, 1994te\2000; Ortner, 2003).

Tuberculosis is an infection of soft or skeletal tissues that can affect human and non
human animals. The Mycobacterium tuberculosis complex (MTBC) includes the
following speciedM. tuberculosis, M. bovis, M. africanum, M. cé#neM. caprae, M.

microti andM. pinnipedii(Stoneet al.,2009) All of these can cause human and non
human tuberculosis. The organisms most commonly responsible for tuberculosis in
humans ard/. tuberculosior M. bovis. It has been suggested (Gutexret al.,2005)

that an M. tuberculosis progenitor species and human ancestors began their
coevolutionary pathway 2.5 to 3.0 mya. The reservoM.dbovisis animals whileM.
tuberculosisusually begins as a respiratory infection, acquired by inhétiedpacteria

laden moisture coughed into the air by an infected human (Aufderheide and
RodriguezMartin, 1998). Tuberculosis spreads throughout the body via the lymphatic
system and bloodstream (Roberts and Manchester, 2005). The tubercle baciii settle
areas of hemopoietic marrow, which are the areas of cancellous bone. Over 40% of
skeletal lesions from tuberculosis affect spinal elements, specifically the lower thoracic
and upper lumbar vertebrae (Aufderheide and Rodriflezin, 1998; Roberts and
Manchester, 2005). The lesions spread and take hold and lead to local destruction and
cavitation in the cancellous tissues. The process in the long bones tends to only affect
the metaphyses or epiphyses (Ortner, 2003). The five most common clinical
expressions of osteoarticular tuberculosis are spondylitis, peripheral arthritis,
osteomyelitis, tenosynoviti ®tal.,2008).si ti s and

The treponematoses are another category of infectious disease that can affect the
human skleton. This category is composed of venereal syphilis and theemamneal,
endemic diseases, yaws, pinta and endemic syphilis. All four diseases are caused by
bacteria of the genuBreponema.There is some question as to whether the different
diseasesare caused by different species within the genera or are simply different

manifestations of infection by the same speciegponema pallidunfRoberts and
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Manchester, 2005). All four diseases share in some basic characteristics, i.e. initial
lesions, folowed by a disease free latent period, and extensive secondary lesions
(Aufderheide and Rodriguddartin, 1998; Meheus, 2005). The primary stage of
yaws involves initial skin lesions at the site of infection. Osseous involvement can
occur early, specifally osteitis and periostitis (Engelkens, 1999). The early stage skin
lesions usually spontaneously disappear, and a latent period follows. For the majority
of people the latent period is lifeng, however, for 10% it is followed by a destructive
phase,which results in irreversible lesions of bone, cartilage and soft tissues (ibid).
Pinta similarly begins as a primary skin lesion, followed by a latent stage, and late
(tertiary) changes resulting in severe and disfiguring skin lesions. Skin appéars to
the only organ affected by pinta and the skeletal tissues are spared (ibid). The skeletal
expressions of endemic syphilis are almost identical to yaws (Aufderheide and
RodriguezMartin, 1998). The early stages of endemic syphilis can involve pesostiti
often followed by a latent period, and then severe tertiary lesions, including
destruction of the nasal area and palate (Roberts and Manchester, 2005). Humans are
the only reservoir for venereal syphilis, which is spread by direct contact, through
sexwal intercourse. It manifests initially as an ulcerative lesion, followed by a
secondary rash, and several severe manifestations in its later, tertiary stage
(Aufderheide and Rodriguedartin, 1998). Bone lesions are thought to occur in only

10 to 20% of mfected individuals, and it is probable that the prevalence of the
condition in the past may be underestimated by as much as 90% (Roberts and
Manchester, 2005). The osseous lesions include osteitis, periostitis and osteomyelitis.
The tibiae are the mostommonly affected long bones, followed by the fibulae,
femora, ulnae and radii. The condition can also lead to destructive joint diseases,
specifically affecting the knee (ibid). In long bones, the lesion usually begins as
periosteal inflammation at thenetaphyses, sometimes creating a thickened and
deformed bone appearance (Aufderheide and Rodrglaeidn, 1998). The most
characteristic lesions occur on the plate bones of the cranial vault. These lesions,
caries siccaare considered pathognomic oineeeal syphilis and are frequently seen

as ARj agged, radiati ng, and stell ate scar
borderso (Virchow, 1896, Martineld98). n Auf der he
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Other specific infectious conditions that can affect efladltissues are brucellosis
(caused by any species of the geBuscelld), leprosy (closely related to tuberculosis
and caused byMycobacterium leprae several fungal infections and some viral
infections. The specific expressions of the skeletal lesiang from condition to
condition and from host to host depending on the specific pathogen and the individual

immune response.

2.25 Neoplasia

The term neoplasm |Iiterally means &Oédnew gr (
localized tissue whoseellular proliferation is no longer affected by normal growth
regulating mechanisms (Aufderheide and Rodrigdertin, 1998). This unregulated

growth of bone, cartilage, fibrous tissue, or blood/marrow can leave a lasting impress

on skeletal tissues. Nplasms are categorized as either benign or malignant. Benign
growths refer to a localized mass incapable of destroying surrounding cells or
migrating to other parts of the body (ibid). Malignant tumours, on the other hand are
characterized by a greateggtee of autonomy (Roberts and Manchester, 2005). As a

result they create space for their own expansion by destroying the normal surrounding
cellular tissues. Mal i gnant cells can al
from the primary site throumgthe bloodstream or lymphatic channels to distant cells or

organs throughout the body (ibid). The tumour is said to have metastasized if it
flourishes and forms a new growth at a secondary site (Aufderheide and Rodriguez
Martin, 1998). Although tumoursarely have bone as a primary target there are over

40 different types of tumours that affect the skeleton (Ortner, 2003).

2.26 Metabolic disturbances

Bone is susceptible to an array of dietary or metabolic disturbances (Ubelaker, 1994).
Most metabolic tturbances indicate either too much or too little of a food component
(Ortner, 2003), and as such can indicate systemic stresses faced by an individual
during growth. The skeletal response to metabolic imbalance can be varied. Scurvy,

(the prolonged indequate intake of vitamin C), for instance, results in a decrease in
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osteoblastic activity and continued osteoclastic activity. The cellular imbalance results
in cortical thinning and transverse fractures of the ribs (ibid) and wb&dring

bones. Rickts, which results from inadequate intake of vitamin D, is considered a
disease of childhood. The condition generally arises in children between the ages of
six months and four years (ibid). Worldwide today, rickets is the most common form
of metabolic ésease in children (Dimitri and Bishop, 2007). Vitamin D is necessary
for the mineralization of osteoid and cartilage. Therefore, in rickets, the skeletal
manifestations first occur at the rapidly growing areas of the skeleton and result in the
excess famation of unmineralized cartilage and osteoid (Ortner, 2003). Rickets
affects the newly formed trabecular and cortical structures and in time the -weight
bearing bones of the limbs can become bent or deformed (Roberts and Manchester,
2005). Osteomalacia icaused by a defect in phosphate and/or vitamin D metabolism
(Parfitt, 1990). The disease affects adults and leads to a generalized weakening of the
skeleton following an accumulation of unmineralized osteoid replacing the bone
(Brickley et al., 2005). Beudofractures (zones of increased radiolucency) are
pathognomic of the condition and are possibly the result of stress fractures which have
failed to heal (ibid). Other metabolic imbalances that can result in abnormal
modification of the skeleton are esporosis, flourosis, localized and generalized
hyperostosi s, h y p e rdipease aahdh severali hypewitaminosBsa g et 0
(Brickley and Ives, 2008).

2.27 Congenital and developmental defects

Developmental defects are the result of pathologicahghs in normal development
during intrauterine life (Aufderheide and RodrigtMartin, 1998). These conditions

can either be hereditary or acquinedutera They are therefore grouped as either
genetic or environmental. Sometimes the manifestationsonfenital defects are
obvious at birth and sometimes only years later. Developmental defects can occur in
any body tissue and many affect the skeleton itself. They can result in skull or cranial
deformations in the cases of macrocephaly, microcepaagncephaly and cleft palate
(ibid). The conditions vary in severity, but in the most extreme cases, like

anencephaly, are incompatible with independent life (Roberts and Manchester, 2005).

36



The postcranial axial skeleton can similarly be affected bgnge of developmental
disorders. Conditions, including cranial or caudal shifts of the lumbar vertebrae, atlas
occipitalization, spina bifida occulta, spina bifida aperta manifest differently and range
in severity. Spina bifida occulta, for instance,adlwes the incomplete fusion of the
neural arch of sacral segments, without the neural structures protruding through the
defect. The condition is common, and has been seen to occur at rates of 22% (Boone
et al.,1985) and 23% (Fidest al.,1987) for studed samples. The condition is usually
asymptomatic, and often only diagnosed during a routine radiological examination
(Aufderheide and Rodriguddartin, 1998). Spina bifida aperta (open) is much more
insidious. In most instances the spinal cord andrteringes are extruded through the

defect and the condition is often fatal.

2.3 Terminology

The basis for descriptions of skeletal specimens, with regards to anatomical element,
osteological landmarks, parts preserved, structures of bones, asttbdakterms, will

always rely on osteological and anatomical terminology. More precise terminology
regarding gross appearances of lesions, pathological processes, broad category
diagnoses, or specific diagnoses rely languageadopted from medical fids of

study. Consequently, the commuacabularyused in palaeopathology literature is
comprised largely of medical and specialist terminology. A list of commonly

encountered terms included in AppendiA.
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2.4 Defining Normality

A T mermal anatomy, radiology, and histology of bone at all its developmental stages provide
the baseline for interpreting abnormal conditions that are encountered in archaeological human

skel et al remainso (Ortner, 2003).

AfGenerally, one srtlareves if the truehnataréhoé thecabnsrmatity is hod

evident, one can at least separademalityf r om t he rest o (Baker and
iDi sease, as the term is used in this study,
normal state o f the body which has l eft a vVvisible

(Moodie, 1967).

The most important definition to any study of pathology is unfortunately, also the most
ambiguous. | refer to the abawentioned quotes and the wordsormab or
aormalityd Any study of palaeopathology hinges on the idea of normal morphology
inasmuch as all deviations from this anatomicedde (in the statistical sense) are
abnormal, yet not all gross drmalities are pathologicallf pathology is the study of
structural and functional changes due to abnormal conditions, the question arises, what
are abnormal conditions? Even though palaeopathology studies structure themselves
around this idea of normal vs. abnormal morphology action, the ¢ r mermab

and 0 a bareseadaonadlaborated upon. These terms are most often intuited rather

than defh e d . So, the question arises, Owhat

Normal can be defined as what is statistically prevalent, or what is optimal for health
(Murphy, 1972). Both dfinitions are correct yet sometimes conflict, and in the scope
of a survey of pathology it would be assumed that the latter would provide the best fit.
Normality is, however, largely contextual and is inherently a consequence of
population genetics antieé environment. For exampl®@, certain instances (primarily

in clinical contexts) things that negatively impact health are so prevalent that they are

considered clinically normal.The degenerative bone changes that accompany
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senescencare often deemed knically normal, inasmuch as all individuals surviving

to an old age will develop skeéde changes indicative of agingn a palaeontological
context,however,where survival depends ditnessand old age is neither guaranteed

nor necessarily expectedgerelatedchanges are contextually abnormal. Another
important consideration is that, although age is not a disease, it can and does weaken
an individual and allow the ingress of future disease (Moodie, 1967), and with
advancing age, immunity is ofterormpromised and nutritional status is often poor
(Charlotte Roberts, personal communication, 2008)is is one instance in whidhe

opinion ofthe clinician and palaeopathologist wiievitably differ.

Conversely,postmortemalterationscan appeargrosly abnormal and even mimic
certain charaeristics of skeletal pathologyThey must be considered, nomeless,
normal, unless other more obviously antemortem changesbaegved This proves
to be complicated when dealing with fossils, as many havedergone severe
postmortem structural changes associated with heeag, carnivore accumulation

and diagenesis.

Perhaps the best method of defining normality is to straddle the line between the two,
sometimes contrary, definitions; firstly by developingclaar idea of prevalence

through the examination and scrutiny of an extensive comparative collection, and
secondl vy by considering t he i mpact of a
regardless of the commonality of the patholoddone production and d&uction are

normal cellular processes that occur throughout the life of an orgarBeme, as a

living tissue, responds to stress in a predictable way. Put simply, bone is deposited
and resorbed in response t o <ithieisherent hr oug
plasticity of the skeleton, a degree of variation is to be expected within each species

due to the different stresses and stressors faced by individu@isly through the
examination of a wideanging comparative skeletabllection canone approach a
comprehensiorof an acceptableange ofinter- and intraspecies variation anthus

normal skeletal morphology.
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With this baseline research done and a mental templathealthy skeletal anatomy
establishedone is able taeterminethe chaacteristics of anormal range of variation,

anddefinethe concept of normality for each particular study.

For this studyall fossil material was compared to normal modern analogous elements.
Those fossils displaying grossdeviations fromthe otherwisenormal conparative
skeletons of the same family, genus, peceswere selected for further study
Changes that appear to be skeletal responses to locomotory and-lesighg
stresses, such asinor changes in cortical thicknessere regarded as noripanless
similar changes did not appear with frequency in the rest of the fossil sample or the

modern comparative analogues.

Traumaticskeletal changes were considered abnormal. This included isolated areas of
bone deposition or resorption, and casewhich the bone has adopted an abnormal

shape compared to a normal modern analogous bone.

Any otherdisease condition leaving an impress on the bone was considered abnormal.
Manifestations of disease processes include cases of isolated bonediorondtss,
cases of diffuse formation or loss, or the adoption of an abnormal shape or abnormal

size of the element in comparison to a normal modern analogous bone.

Age-relatedconditions, in particular, osteoarthritic and degenerative changes were als

broadly considered abnormal. Bone development associated with joint structures and
sites of enthesial attachment were considered pathological. Any changes to the gross
appearance of a joint structure, in comparison to a normal modern analogous element,

were included as abnormal.

Any fossil displayingan abnormal gross morphology that could not confidently be
ascribed to antemortem processes was considered taphonomic and not pathological. If
there were no clear signs afhtemortenbonelossor formation, the element was not

included in this study.
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In sum, any fossil with a grosmorphology (determined as having resulted from
antemortem processes) that deviated from the normal comparative template was
considered abnormal. If a case arose whereby a tawmdvas extremely common

(like the case of osteoarthritis in modern human populations) a determination was
reached as to whether the condition would haneelified or impaired functianlf so,

regardless of commonality, it was regardegathological
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Chapter 3. Materials and Methods

This chapter is divided into three sections. The first sed#gnwill describe the
materials used in the study, including the fossil sampmlemparative samples and
equipment. The next section (B) will outline theethodology used in identifying,
recording and analyzing the pathological fossils. The final section (C) will provide an

analogous pilot study conducted loone accumulations fromodern hyaena dens.

A. MATERIALS

3.1 Rationale for sampling

This study $ a comprehensive survey of pathological hominid andhaoninid fossils
from the sites of CoopeRlestwcene casensies Bithia r t kK r a
the Cradle of Humankind, South Africa. Both collections are extremely large, each
containing over20,000 preliminarily sorted and catalogued specimens. [ahje
guantity required that certain limiting factors be applied in order to better define the
project and narrow its scope to allow for time and resource limitations. Nevertheless,
all identifiable postcranial macrnammal material was examined grossly. Micro
mammalian and small mammal remains, generally considered to be those belonging to
mammals less than 5 kg (Andrews, 1990), were not considered in this resdéarsh.
understood that crardental pathology can be valuable in reconstructing animal health
and behavior (e.g. Van Valkenburgh and Helit@993 Van Valkenburgh, 2009 he

materal studiedfor this analysisvas limited to postraniadue to the large sample size
from both sites ard the limited time available in which to conduct meaningful
research.It should not be assumed that cranial and deatiologies are absentthe
assemblagesAll pathological specimens studied had to be idixitie to skeletal
element and d@mily so & to allow comparisons with a normal baseline of that

particular bone for that particular taxon.
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For Cooperds D the frequency of pathology
a reduced sample of 176Bostcranial fossil specimens, comprised of bones
preliminarily sorted to dmily, or more precisely to genusnd species. Time
constraits prevented the analysis ofidentified fossil specimens in the collection.
Considering that the entire collection was examined for potential pathology, while
only those already sorted were used in the calculation of disease and pathology
frequencies, therezasan inherent bias in the intrand interspecies rates of disease

and abnormal conditions. In order to lessen the bias, the contents of each unsorted box
yielding a pathological or potentially pathological specimen were identified and added
to the identified baseline sample. In view thie fact that each box contained
geographically and contextually intermingled specimensagreasonable to assume

that eah boxwastaxonomically representative of the collection as a whole.

For Swartkrans, the second site examined for this study, the frequency of pathology
was calclated using the identified pastnial assemblage of 5336 fossils. Thesilos
samplewasdrawnfrom Members 1, 2nd 3. Swartkrans is one of the larger amm$im
extensively studied hominibdearing cave sites in South Africa. The fossil sample is
extremely large and very well sed. A large number of the postnia, the focus of

this researe, have been previously identified to skeletal element and taxonomic
affinity and therefore no attempt was made to survey unidentified elements. Elements
affected by taphonomic adhesion of matrix or extensive taphonomic erosion, whereby

the gross morpholfy was obscured, were not included in this study.

3.2 Comparative Collections

Firstly, an extant normal baseline of faunal and human specimens was neectkst in
to become familiawith normal morphology, and morphological intricacies of various
speci es identical or similar t o t hose fr

comparative collections housed at the University of the Witwatersrand Bernard Price
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Institute (BPI) as well as those from the Transvaal Museum (TVM) were used for this

purpose.

Fawal collections containing pathological material were also used for morphological
and pathological comparison. These samples were not used for a population
comparison, but simply to demonstrate the range of osteological changes associated
with different disease or traumatic conditions. The BPI modern faunal comparative
collection and the Transvaal Museum collection each contain animal bones exhibiting
pathology. These collections are limited and do not contain bones representative of all

of the potentibbone pathology found in extant species.

In order to become better acquainted with the gross appearance of a wider range of
pathological conditions, as well as to serve as a pilot study for this research, a sample
of 50 human skeletons was selectethatdtom from a particular population group from

the Dart Collection, Department of Anatomical Sciences, University of the
Witwatersrand Medical Schaol The skel et on popldagdngraug t o
with a pre1960 date of death. The idea being thath a population would have had
limited medical intervention in the ea®f disease or traumand would therefore be

more likely to display a broad range of skeletal pathology.

3.2.1 Normal modern comparative collections

Nonhuman fauna

Faunal colletions housed at the University of the Witwatersrand @& School of
Anatomical Sciencgsand Transvaal Museum included a variety of taxonomically
diverse skeletal specimens, with little or no obvious signs of pathology. The number
of faunal comparatis investigated was extensive due to the high degree of anigla
inter-species variatianwhat may be mistaken as pathological for one species, may in
fact be a normal developmental characteristic of anothé&ver 200 faunal
comparative specimens wergadable. Table 3.1shows the number of different
families and genengepresented in the comparative samplée completeomparative

sampldist is given inTable 3.3 Appendix B
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Table 3.1.The number of families and genera represented by the faunpbcative sample.

Order Families Genera
Artiodactyla 4 19
Carnivora 6 15
Perissodactyla 2 2
Primates 3 4
Rodentia 2 2
Tubulidentata 1 1
Total 18 43

Modern human

All but one of thehuman skeletons from the Darbl&ction, examined in the pilot

study, displayed some signs of pathology ranging from minor osteoarthritic or
otherwiseagerelatedchanges to more diffuse, severe, or diverse anomahies.the

sake of having a 0 nue thosadkdetormsaliepmygng avidenges a n a |
of minar solitary or polyarticular osteoarthstivereconsiderednormaf The changes

of senescencwere noted; howeverwithin the context of the samptais pathology

was common on otherwise healthy skeletons. These skeletens used as the

modern normal hman comparative sample and are listedabgession number, age

and sex (see Table43 AppendixB).

3.2.2  Abnormal modern comparative collections

Nonhuman fauna

The faunal collections housed at the University of the Witwatersrand (BPI) and the
Transvaal Museum includg a number of abnormal specimens. The abnormalities
present weresolitary or diffuse. Some bones displaying abnormal featue®
housed in these collections, not as part of an entire skeleton, but as a solitary skeletal
piece. The sgcimens are listed according to accession number, taxonomic
identificaion, skeletal elements presesatd nature of the anomaly (see Tablg, 3
AppendixB).
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Modern human

All modern human skeletons from the Dart Collection displaying conditions different
from, or more severe than, a mild degenerative arthropatite included as the
abnormal modern human comparative sample. They are ligtadcession number,

age, sexand nature of the pathology (see Tahk BppendixB).

3.2.3 Fossil comparativenaterial

Fossil comparatives from other sites within the Cradle of Humankare also used,
not only for familiarization with normal morphology of fossilized bones, disib for
familiarization with abnormal morphology of some pathological fossils. eCidins
containing one or more identified pathological specimevere Makapansgat,
Drimolen and GladysvaleOnly severidentified pathologicalossils wergound in the

collections housed at the BPI.

The bones displaad a range of pathology andelonged to different taxonomic
groupings.  Although théossils have been identified as abnormal or pathological,
none havébeen further described. Theyere however, helpful in familiarization with

the gross appearance of pathological fossilized spesime

3.3 Equipment

e Data from the Cooperdés and Swartkrans
formatted database, designed specifically for this project.

e A magnifying lamp was used for both normal and abnormal specimens to
examine the intricacies dfi¢ bone appearance.

e A dissecting microscope was used to further magnify skeletal abnormalities.

e A Phillips Brilliance 16 CT scanner was used for SK 7923.

e Digital pictures of the bones displaying abnormal morphology were taken
using a Nikon Coolpix 990 camee
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e All data, including photos, were entered into the aforementioned database and

processed on a lapp (Sony Vaio) computer.

B. METHODS

Interpretation of data in palaeopathology depends on accurate differential diagnosis.
While clinicians (e.g. physians or veterinarians) have at their disposal a multitude of
data sources with which to make a diagnosis and structure a treatment,
palaeopathologists are at a distinct disadvantage. The palaeopathologist is seldom left
with soft tissue material in Hob@ne deposits, and practically never in more ancient
Plio-Pleistocene accumulations. They do, however, in some well preserved
archaeological burial contexts have an entire skeleton at their disposal, which
facilitates in correct diagnosislt is benefical to have a complete skeleton for an
accurate differential diagnosis because distribution patterns of lesions are often
necessary to accurately diagnosis a condition based on modern clinical criteria
(Roberts and Manchester, 2005). Because of preservatidactors and methods of
analysis, there will always be incongruities between what a clinician and an

archaeologist observe @neservedemains (Ortner, 2003).

3.4 Examination of comparative collections

3.4.1 Modern noshuman fauna

The first gep in a palaeopathology studys the familiarizat:i
morphological baseline for the particular species being investigated. In the case of the
fossil assemblages, with their taxonomic diversity, the baseline needed to include
normal compaative material for all extant maamammalian groups represented by

t he Cooperds and Swartkrans fossils.
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comparative material listed in the Materials sectiomasnal modern comparative
collections Most fossilsf r om Cooper ds D and Swanidyt kr ans
level, with a low percentage being confidently identified to either genus or species.
Given the time and resources available, an exhaustive examination of all extant species
found in the fossil agsnblages was not possible. In the cases where a species was not
represented by modern comparatives, the morphological sineitaribetween

mammals of the samearhily or genus were considered sufficient to identify normal
morphology. In the case of extingpecies, examination of a modern comparative is
impossible, and an extant comparative as similar as possible was utilized. Descriptive
literature pertaining to extinct fauna was used in conjunction with the examination of

an extant analogue species mder to establish a framework of osteological normality.

Each comparative, normal and abnormal, was examined grossly under harsh
incandescent light to highlight topographic detail. =~ Those comparative specimens
determined to be pathological were also exeu using a magnifying lamp to better
see the intricacies of the abnormality.

3.4.2 Modern human material

A database was created specifically for this project for the sample of human material
from the Dart Collection. It had as a focus the postatahkeleton. The database was
designed to note skeletal abnormalities by skeletal element and location within that
element (e.g. epiphysis, metaphysis, diaphysis). Using human palaeopathology
referenceliterature, in particular Roberts and Manchest&08), Ortner (2003) and
Aufderheide and Rodriguadartin (1998) particular attention was paid to the gross
descriptions of the lesions. Some of the more interesting pathological bones were
photographed in order to use in grassnparison with the fossilslt is clearthat
findings on a modern human collection cannot be transposed to apply to wild fauna,
but the fact thatisease trauma,and degenerative processes affect skeletal tissues
similarly in all mammals make & goodanalogue In addition, thegross appearances

of conditions within broad descriptive categories (e.g. fracture, infection,
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inflammation, neoplasm) are similar even though the spee#itology may be

different.

3.5 Examination of fossil assemblages

3.5.1 Preliminary exannation

Having familiarized myself with the normal osteological morphology of a broad range

of mammalian taxa, as well as the abnormal morphologies associatediisetse

conditions, the identifiable postcranial macra mma | assembl ages from
and Swartkrans werexamined. Micrmammalian, reptilian, avian fossils, as well as
unidentifiable bone flakes or fragments as categorized by Watson (1993) were not
included in the examation. The identifiable maamammalian fossils were studied

under the ame harsh incandescent light as the comparative collectidhgstmortem

or potentially pathological deviations from normal morphology (as determined by the

extant sample study) were separated for further study.

The CoopmrSé@astkrabs samplegere entered into a database specifically
designed for this project. The data fields inchidaxonomic affiliation, skeletal
element and part identification, side information, presence/absenpesthortem
modifications, and presence/absence of pathodbiesions This database praled

the frequency of pathological skeletal remains within taxonomic categories and by

skeletal element.
3.5.2 Bones displaying gross abnormalities
Those bones displaying abnormal morphology were initially examimedsky to

separate postmortem processes from-amBerimortem processes.

Bones displaying abnormal morphologyged as having occurred during the life of
the individual constitutel the sample relevant to the study. The lesions or
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abnormalities hawig occurred at or around the time of death of the individual, or
sometime after the death of the individuaérenot included. If a process responsible
for abnormal gross appearance of a bone could not be confidently ascribethto an
vivo cause that spemen was not included in the sample.

3.5.3 Descriptive criteria
The ultimate goal of the descriptive analysis of a pathological specimen is the
identification of the disease or traumatic process responsible. It is important to note,
however, thathere is often difficulty in arriving at the identification of the specific
cause of an almmmality evenin modern dry bone specimens. This difficulty is
generally compounded in fossil samples due to the fragmentary nature of the bones.
The descriptiorof the abnormal material has, therefore, become critically important
even where diagnoses cannot be reached. An accurate description, where no
diagnosis can be discerned, can allow for:

¢ information on frequencies of cases within specific descriptivegoaies

e differential diagnosis

e future input and contributions

3.5.4 Identification of skeletal element

A typical pathology description begins with the identification of the location of the
abnormality. The abnormal bone in this stwdysfirst described to anatomical part
after Ortner (2003). The descriptive criteria used here, as set forth in Roberts and
Manchester (2005), Ortner (2003), Ubelaker (1994), Aufderheide and Rodriguez
Martin (1998) were intended for human archaeological remains. d¥oations to

terminology weranade to include nehuman animal material.

To identify the skeletal part, the bone was first categorized as belonging to either the
axial or appendicular skeleton. The specimen was then identified as to specific
skeleal element. Each fossil was then identified more precisely as representing either

the entire element (complete) or a fragment of the element (e.g. proximal, distal, or
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shaft fragment). The fossils were subsequently sided if such a determination was

possble.

3.5.5 Determining taxonomic affinity
Once identified to anatomical part, the fossils were compared tootimeal modern
comparative collectioo determine taxonomic affinity. Each fossil was examined in
conjunction with the same skeletal eksmh for a number of modern species to
facilitate a close or exact match. The fossils were then confidentlyocated to
family, and where possible, to genus or species. Elements belonging to a member of
the Family Bovidae were placed into body weiglatsskes following Brain (1981):

e Class I: 4.5 kg 18 kg of body mass.

e Class ll: 18 kg 84 kg.

e Class Ill: 84 kg 223 kg.

e Class IV: over 223 kg.
Elementshelonging to Felidae, anotharhily marked by a higdegree of variation in
intra-family body size, wee relatively sized for this particular study as follows:

e Small (African wild catFelis silvestris lybicy

e Medium (leopardPanthera pardus

e Large (lion;Panthera led.
The rationale behind such relative sizing was to allow for comparison between

individuals of anilar size within a particulaamily.

3.5.6  Determining the nature of the anomaly
Solitary versus diffuse lesions
In practice, once identified as abnormal, lesions are ideally categorized after Ortner
(2003) to see if they represent
e a soltary abnormality with one focuis
e a bilateral and multifocal abnormality with abnormal bone visible in two or
more sites within the skeletpn
e arandomly distributed multifocal patholagy

o adiffuse reduction of bone mass throughout the skeleton
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e alocal orgeneralized disturbance in size or shape

Unfortunately, the fragmentary nature of the fossil assemblages studied here made
such a step impossible. Most fossilized bowese fragmentary, with only some of

the smaller or sturdier specimens being compldteerewerefew fossilsthat readily
articulatel.  Although many pathological bones mémave belong to the same
individual (based on personal observation of pathological bones from hyaena den
accumulations in Mashatu, Botswanajvasimpossible to detenine whether disease
conditionswerepresent on multiple bones of the skeleton, and such assumptions might
havelead toa misrepresemttion of disease presence. Abnormal fosségegorizedo
animals of the same taxon and size category, although podsilbly the same

individual, were treated as solitary lesions unless the bamasuslyarticulated.

Part of fossil exhibiting pathology
Once the fossil had been identified to skeletal element and taxa, the next step involved
the identification of the digtsution of the abnormality on that elemenDetailed
systems have been developed for recording parts of fragmented bones in
archaeozoologal samples (e.g. Dobney and RRgi1988). This analysis, however;
used descriptive terminology to identify thadmented boneThe same methodology
used in the pilot study, as adopted from Ortner (2003), was adhered to for the
description of the fossils. Long bones were subdivided into:

e proximal joint surface

e proximal epiphysis

e proximal metaphysis

e diaphysis

o distal metaphysis

e distal epiphysis

e distal joint surface
Other bones were similarly subdivided, and the abnormal part described in relation to
osteological landmarks (e.g. vertebral body, articular facet). If the abnormal feature
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appeared to be associ@teith soft tissue attachments, the ligament or muscle involved

was identified and named in the description.

Type of abnormality
As mentioned earlier (see Chap?2), it is the imbalance between the cell populations
of osteoblasts and osteoclasts thatdéedo all abnormal skeletal morphology.
Determination of the cellular activity that accounted for the abnormal gross
morphology in a specimen can be helpful in reaching a general, or more specific,
diagnosis. The first step in such a determination is tyipeng of the abnormal
morphology. For the data in this study, abnormal bones were classed according to
Ortner (2003) as representing either:

e abnormal bone size

e abnormal bone shape

e abnormal bone formation

e abnormal bone loss
Although abnormal bone siznd shape are functions of abnormal bone loss and/or
formation, theywere included as separate categories, as is standard praltiese
general categories give insight into the possible cellular imbalances that may have
occurred. In cases where fossitBsplaycharacteristics of more than one category (e.g.
a lytic focus with marginal new bone formatioreabnormal bone loss and abnoima

bone formation)all abnormality types were listed.

Diagnosing or classifying the abnormal morphology

After collecing the aforementined datapalaeopathology reference literature and
modern comparative materialere usedo broadly classify the diseases and disorders
encountered. The accuracy and precision of diagnosis depends heavily on the strength
and experienceof the individual conducting the study, the comparative material
available for use, and the congruity of reference literature with the sample in question.
The difficulty in arriving at accurate diagnosis in modern clinical contexts, has led
some to recomend the use of broad categories of disease rather than specific
diagnoses (Waldron, 1994; Millet al, 1996). This study focused primarily on the
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identification and descriptiorof abnormalities. Following that, several potential

causes of the abnormskeletal conditions were given. The author understands that
even broad category diagnosis has a potential for error. One goal of this project was to
determine whether different pathological processes were responsible for the abnormal
morphologies encoueted in the fossils. Pathological processes are not mutually
exclusive, and two or more abnormal processes can be present in one individual and
can be evident on one bone. Joint disease, for example, can be the primary pathology,
or can appear secondanytrauma. Therefore, an attempt was made, in every case, to
classify theprimary abnormal process that potentially resulted in the abnormal gross
appearance of the fossil. The possible abnormal processeslassedor the project

as follows:

¢ Abnormdity of developmeni Any abnormal size or abnormal shape of a bone

resulting from developmental error.

e Joint disease(including spondylosis)i Any bony manifestation of an
arthropathy.

e Enthesopathy Any bone proliferation at an area for ligamentous ndit@us
attachmen(including the fibrocartilaginous attachment for the joint capsule

e |Infectioni Any areas of bone destruction accompanied by sequestration of
dead bone and variable bone production.

e Metabolic disorderi Any condition of diminished bonenass or marked

mineralization of connective tissues.

e Neoplasmi Any new and abnormal growth of bone or soft tissue resulting in

changes to the bone.

e Traumai Any bone changes that appear to be the result of physical injury.

e Unknowni Any condition that aanot be confidently assigned to a category.
Ideas regarding disease pathogenesis shaoldbe constrainedby these broad
diagnostt categories The categories were intentionally broad to avoid misdiagnosis,
however, if tle lesionconformed tamore tharone of the abovementioned categories,
differential diagnoses were attempted and after consulting clinical reference literature

the most likely diagnostic category was suggested, with an explanation as to why.
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If a condition closelyconformed toa more preise aetiology mention of that

possibility was made. The diagnoses made are not considered definitive; they do,
however, provide several possible (in some cases probable) causes for the abnormal
conditions based on the authoroés most sinc

It was also important to note whether the lesion appeared healed or unhealed. This
was done by gross and microscopic examination of the borders of the lesion to see
whether the edges were sharp and unremodelled (unhealed) or smooth and rounded
(healed) (Rberts and Manchester, 2005). Porous and disorganized bone with sharp

borders indicates that the disease process was active at the time of death, and the

disease may potentially have played a role in the mortality of the individual.

3.6  Descriptive format for recording pathology

It is important to reiterate that the specific cause of an abnormality cannot always be
extrapolated from even the most complete specimens. The recognition and subsequent
description of pathological remains becomes increasimgportant to any study of
fragmentary bones displaying abnormal morphology. Therefore, in the descriptions
that follow, particular carevastaken in making the analyses as uniform as possible,
maintaining the same format throughout. Also attempting, whmossible, to
principally adhere to a set descriptive terminology. A data form was designed
specifically for the descriptive analysis in this research, although it is adaptable for

future studies. The format is outlined briefly here in order of appeara

Taxonomic classification
Provides information on:
1) Order

2) Family

3) Genus

4) species
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5) relative sizing

Skeletal element

Information includes:

1) The anatomical identification of the skeletal element

2) The identification of the part of tHeone preserved (e.g. complete, vertebral body
fragment, diaphysis)

3) Side preserved (right or left)

Taphonomy

Section includes a brief description of the postmortem changesréhaisdle during

gross inspectionThe specific recording of taphonomy includes postmortem fractures,
carnivore damage, insect damage, adhesion of matrix, or bone weathering/exfoliation.
Elements were not included in the study if the gross morphology sigmificantly

obscured. Fracture types followed those proposed by Marshall (1989: 14).

Abnormal morphology
1) The type of abnormalityas categorized as abnormal bolwss abnormal bone
formation, abnormal bone size, or abnormal bone shape. Pattablpgcesses do not
always conform solely to one category and can sometimes leave traces that overlap
these type categories. Such caseseindicated by listing all the abnormality types
present separated by a slash (e.g. destruction / formation).
2) Distribution of abnormality within affected boneas included here adhering
principally to the methodology of Ortner (2003). Long boneseseparated into parts
on a longitudinal axis as follows:

e proximal joint surfacp

e proximal epiphysis

e proximal metapisis

e diaphysis

e distal metaphysis

e distal epiphysis
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e distal joint surface
Lesions on irregular bonegeredescribed in relation to osteological landmarks.
3) The authordéds description of trdiemlonabnor ma
terminolog/ consistent with normal anatomical positioning of the specimens. The
terminology (see Chapter 2) use@s as unambiguous as possible, although aertai
terms might need clarification
e The terms hypertrophior osteoblastiavere used interchangeably througut,
and refer to any instance where a disease (or otherwise abnormal condition)
resulted in théormationof bone tissue.
e Abnormalprojections of bonextending away from thbone surface can be
described aspurs orenthesophytes (if occurring at an aref ligament or
tendon attachmentgxostoses (if noarticular) or osteophytes (if occurring
around the joint margin).To standardize the desciipb n s , the term 0
wasused as suggested by Vann (2008).
e The terms osteolytic, erosive, or destruetcan beused interchangeably to
refer broadly to any case in which the lesion has restibea the destruction
of bonetissueTo st andardi ze the deasased, gti ons,
suggested by Vann (2008).
e The terms osteoarthritis and degertee joint disease (DJDyvere used
interchangeably throughquthile the term6j oi nt odi Yeaadend opat

wereusedbroadlyto refer to any condition affecting a joioit joint structures

Diagnosis

A descriptive paragraptvas provided,in which the author attemptetb identify the

specific cause of the patholagy This includedt he aut hor 6s i mpr es ¢
abnormality using veterinary, anatomy and pathology texts, as well as palaeopathology
reference material. Common characteristics of certamoranalitieswerelisted in the

descriptions (e.g. osteophytes as a characteristic of osteoarthritis) without elaboration,

more comprehensive discussions of the skeletal abnormalities and the manifestations

of each are made in Chapt2r The reference matal provided the basis for the

identificaion of the cause of the anomahgwever,somespecimens were also shown
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to a veterinary pathologist (Dr. Emily Lane) whose impressiwese included as
personal communications. Differential diagnosese made vihenever possibldt is

important that all possible diagnoses be explored.

Classification

Based on the description and the information derived from the reference literature and
personal communications, each abnormaligisclassified to one athe eight pssible
diagnostic categories

Life history interpretation

In each case a commewntas included regarding possible life history implications
occurring as a result of, or in tandem with, the pathological insult. These comments
werebased on the gross appmace of the lesion(s), the broad category diagnosis and

clinical literature.

Photographs

Photographs are included at the end of Chapters 4 and 5 to highlight, particularly, the
pathological or abnormal morphology of each specimen. There are ofteralseve
photographs of the same specimen shown, either to show different views of the
element or to detail the abnormalifjhe fossilswerenot necessarilphotographed in
anatomical position, but rather by the bestlartg highlight the pathoorphology.
Thescale bar is always 1 cm (10 mm) for all figures. The figures appear in the same
sequence as the descriptions, and are displayed under the heading of the relevant

family.

3.7 Data Analysis

Thereis an important concephat need to be understoogrior to dataanalysis, i.e.
frequency of pathologwill always be affected bysamplesize Bartosiewicz (2008),

for instance, notes the ngmoportionate correlation between the size of the sample
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and the likelihood of encountering pathology. This empresumably holdsrue in
assessment of pathology between sited betweentaxonomic groups withira site

Within a carnivore accumulated assemblagey@e sizeof different taxawill always

vary due to differential prey selection, differences iméalensity and preservation,
and the difference in the number of bones in different animals. There is little that can
be done to overcoménhese potential issues of analysisompletely; however the

methodologyoutlined below attempted to addrélsse conerns.

The two predominant quantitative units for analysis of faunal assersbigethe
NISP and the MNI (Lyman, 2008 Due to intrinsic shortcomings of each quantitative
unit in isolation(seeChapter 1.3.4it was decided that the analysis of the freggy of
pathology would take a twpronged approach. Frequency of pathology was
calculated as a percentage of the NISP and the minimum number of pathological
individuals was calculateédis a percentage dhe cMNI by taxon The rate of
pathology by NISP was the principalinit of analysishowever theate of pathology by
cMNI provided a level of perspective taddresghe inherent probles of the NISP,
specifically: the problem of specimen interdependenbe; fact that the NISP may
exaggerate sample sizasross taxa; and the fact that the NISP is affected by bone
preservation/fragmentationA statistical analysis of goodnessfit (outlined kelow)

also served to address tth&erential sample sizes.

3.7.1 Determining frequency of pathologyy NISP

Each pathological specimen was treated as a discrete unit and entered into the database
with the faunalaggregate The sample was then analyzed to determine frequency of
pathology by taxon. These frequencies were calculated using the quantitative unit
NISP. NISP is defined by Lyman (1994) as the number of identifiable specimens per
taxon. Beginning with the broadest category, the number of pathological bones for
each assemblage was calculated as a percentage of the total NISP for that assemblage.
Similar calculations wereconductedfor progressively lower taxonomic categories,

always calculating the number of pathological bones for a category as a percentage of
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the NISP for that category (P/NISP). All percentagesecalculated according to the
samemethodology for each taxonomic category whether it be the entire assemblage,

order,family, or relative size within aamily.

3.7.2 Expected Frequencies

Expected frequencies of pathologyff)Ewere determined damily level, assuming a
random distribtion of pathology acrostamilies. This was calculated using the total
cases of pathology (P), the NISP for edamily (NISR) and the total NISP for the

assemblage (NISP) as follows:

NISPf X P _ >
nisp P

As an example: thengerel 2 6 9 bovi d speci memwereRdrtatam Coop e
cases of pathology, and a total NISP of 1763 for the assemblage. The calculation

would be written as follows:

1269 X 24

— 1728 =FE
1763 fp

Given arandomdistribution of pathology across the assemblage, one would expect
17.28 cases of pathology for bovigsppationate tothe sample size in relation to the
total NISP. Actual observed frequency of pathologyf{Ovas analyzed against this

calculated expected frequency of pathology for all families:
Ofp— Efp

Other analyses were performed in order to discern trends negards to which
skeletal elements were represented by pathological bones and frequency of pathology
by skeletal part.For this analysis the pastnial skeleton was divided into 5

categories:

60



1. Vertebral (vertebral columnjecvicali caudal)

2. Sternal (ribsand sternebrae)

3. Forelimb (scapula, humerus, radius and ulna)

4. Hindlimb (pelvis, femur, patella, fibula and tibia)

5. Distatlimb (carpals and distal elements and tarsals and distal elements)
All surveyed specimens were entered into a database for this anahgsiexpected
frequencies of pathology {§} were calculated for thieve skeletal categories at family
level again assuming a random distribution of pathology for skeletal section. The
calculation was done using NISP for the skeletal section {NIg# total cases of

pathology (P) and the total NISP for the assemblage (NISP) as follows:

NISPs X P
NISP

=Efp

These analyses were calculated in order to determinkeit was a discrepancy
betweenthe expected frequency of pathology and the actbhaémwed frequency of
pattology. Thisserved tacorrect for different sample sizes awdighlight trends.

3.7.3 Chi-square test for goodnesgf-fit

Goodnes®f-fit tests are conducted toevaluate the relationship betweenwo
independenvariablesand to determine whether theseloved frequencies deviate from
the frequencies expected if a giieypothesis were true (Zar, 1999 chi-square test

of goodnes®f-fit was conducted using the expected and observed frequencies of
pathology by family and skeletal section for both site&.significance level of 0.05

was used. The clsquare statistic is expressed by the following formula:

. (ofp —efp)”
* _Z( pefp : )

A P-value less thaor equal tahe 0.05 significance level would result in the rejection
of the null hypothesis (§). The following null hypothsis was tested at family level:

e Ho: Pathology occurs at a frequency proportionate to the NISP for each family.
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e H;: Pathology occurs at a frequency nptoportionate to the NISP for each

family.

Thefollowing null hypothesisvastestedor skeletal section
e Ho: Pathology occurs at a frequency proportionate to the NdEPachskeletal
section.
e H;: Pathology occurs at a frequency nptoportionate to the NISRor each

skeletal section.

3.7.4 Randomization test for goodnes®f-fit

Due to limitations bthe chi-squareanalysis resulting from small expected frequencies
(Zar, 1998; McDonald, 2008)a randomization test for goodnexsfit was also
conducted. A randomization test begins by calculation of the test statistic, i.e.-the chi
square statistic. Using significance level of 0.05, the randomization tést
goodnesf-fit works by running a series of replicate randomizations. If the chi
square of the randomizations islasge as oftarger than the cksquare statistic (for

the observed data) more th&% of the time, the null hypothesis is rejected
(McDonald, 2008). For this analysis, 10,000 randomizations were run for each test.

The proposed null and alternate hypotheses are the same as above.

3.75 Frequency of pathology bycMNI

The minimumnumber of individuals (MNI) is defined as the minimum number of
individual animals necessary to account for a specified set of faunal specimens
(Lyman, 1994: 100). The MNI is traditionally calculated by separating the most
abundant element of a taxonaneft and right components. Then the side that gives
the greatest number is used to calculate the minimum number of individual animals
(White, 1953). For example, if bovid humeri were the most abundant element found in
an assemblage and 13 were left &@dwere right, it would mean that a minimum of

17 individual bovids were represented by humeri (MNI=17). The MNI method for

calculating relative abundance has been widely criticized (Grayson, 1979) although it

62



still remains one of the most extensively sed methosl for quantifying faunal

assemblages.

The comprehensive minimum number of individuals (cMNI) method adopts a
specimen by specimen comparative approach of all elements for each taxon to
compare morphological features. A cMNI, while still cddted using the most
abundant element and side, also takes into account factors such as size, dental attrition,
developmental age, as well as other morphological features, which in turn works to
avoid the skewed estimations of the traditional MNI calcofeti(de Ruiter, 2004). A
cMNIwasc al cul ated for the Cooperds D (de Ruli
and Swartkrans (de Ruiter, 2004) assemblagssg postcraal and cranidental
material derived from the same reduced sample surveyed for ttis stlieeth were
generally the most abundant elements from the site and also most diagnostic for
assigning a taxonomic identity, therefore most cMNI calculations were calculated

using teeth (de Ruiter, personal communication, 2005).

The cases of pathologyere analyzed against the cMNI to highlight the relationship
between the minimum number of individuals represented by pathological bones
(MNlpay and the minimum number of individuals for each relevant taxonomic
grouping. The pathological fossils wengbgected to a similar specimen by specimen
comparison for each taxonomic grouping, using size and other morphological
characteristics to determine whether unmatched skeletaénts for eachaimily, and
relative size within admily, could have potentigllbelonged to the same individual.
Comparative faunal material was used to determine taxonomic affinity and allow for
specimen by specimen examination and comparison. A calculatismeached in
much the same way as an MNI. Two matched skeletal eler{refiésring to same
element and side) for one particular taxon were considered as belonging to a minimum
of two individuals. If, however, several fossils could potentially have belonged to one
individual (as determined by taxonomic identity, age, sizej amorphological
similarities) they were, for the purpose of this section, considered as belonging to a

minimum of one individual. This particular quantification of the pathological
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specimens is subject to many of the same criticisms as an MNI count,eaadttal
number of individuals represented by the pathological remains could fall anywhere
between the calculated minimum number of pathological individuals and the actual
number of specimens (Klein and C+uzibe, 1984). The rate of pathology by cMNI

wascalculated by taxon with the following formula:

MNIpath

NI WMNIpath

C. Modern Analogous Assemblage

3.8 Mashatu, Botswana

Various carnivore taxa have beproposedas collecting agents for the sites in the
Cradle of Humankind. These include leopapaiithera pardus(Brain, 1968, 1968

1981 de Ruiter and Berger, 2000)ydenas (Pickering, 2002; Carlson and Pickering,
2003) as well as other large felids (Vrba, 1976; Brain, 1981). Hyaenas have been
posited as a possible collecting agent for several sitiésin The Cralle of
Humankind, Swartkrans (Pickering, 2002), gussiblyCoopers. Due to the paucity

of information regarding rates of pathology from modern southern African carnivore
accumulations, a modern analogous assemblage was studied for comparison with the

fossil results, and to add a measure of taphonomic perspective.

Over a period of two weeks faunal remains were collected from four hyaena dens in
the Mashatu Reservation, Botswana, for a taphonomic study of spotted hyaena
(Crocuta crocutqa accumulations anducted by Kuhn (2006). The resulting
assemblages were seged for pathologyFranklin and Kuhn field notes, 2005). All
elements idenfiable to skeletal part ancamily were téulated and entered into a
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datdbase for this comparative study. The majownf the assemblage was highly
fragmented and unidentifiable. The results were tabulated by site and then as an
aggregatgTable 32). The purpose of this comparative sample was not the specific
identification or description of pathology but the caltiola of relative rates of
pathology by taxon. The methodology followed was the same as the fossil sample,
however, no attempt was made to describe or identify the pathological condition, the
simple fact that an element displayed a lesion was sufficignthf®o study. It is
understood that the selective behaviour of hyaenas today may be vastly different from
those in the Plid°leistocene. The selective behaviours, however, of extant hyaenas
provide possibly the best analggwith which to compare the fassssemblages. The
selection of young, sick or old prey by carnivores has long been posited as a
fundamental facet of prey selection criteria. Dad@ebeen collected for age at death

of carnivore prey, but data regarding health of prey animals dreuttito ascertain. It

has been observed by Schaller (1972), however, that poor health in hyaena prey can be

prevalent, accounting for as much as 30% of their kills.

3.8.1 Sitel

Site 1 had a total of 118 maonammalian postcranial remains identifiabdefamily.

The families present were Bovidae and Equidae, along with the bovithrsily,
Caprinae. Bovids were further classed according to size. A total of 113 bovid
elements or identifiable fragments of elements were collected, 41 of dlsplay
skeletal lesions. Size classing the bovids revealedfags 1,all of whicharenormal,

28 class Il, one ofvhichis pathological, and 86lass IIl, 40 of whicharepathological.

Only one caprine bone was found and this elensgathological.

It became clear, during the data collection, that the majority of the pathological
elements belonged to a kudlragelaphus strepsicerosyith a diffuse pathological
condition affecting multiple elements throughout the skeleton. The vertebrae posterior
to C3, the ribs, long bones, andistatlimb bones are affected by the same
proliferative condition. At least ongass Il bovid, unidentifiable to specieBsplaysa

skeletal lesion. This shows the potential for a diffuse condition in one individual to
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lead to the overestimation of pathology from assemblage, as high as 50% dlarss

[l bovids. It also further highlights thealue of palaeopathology imdentifying
discrete elements sharing @mmon pathanorphologyas likely belonging to one
individual, and thusallowing thereconstruction of a skeleton that otherwise would

have been impossible.

3.8.2 Site2
Site 2 had a total of 28 elements from the families Bovidae, Cercopithecidae, Equidae,

Hyaenidae and Suidae. No pathology was noted in the remains.

3.8.3 Site 3

Site 3 had a total of 45 elements belonging to the families, Bovidae, Cercopithecidae,
Elephantidae and Equidae. Bovids account for the majority of the assemblage,
followed by equids, cercopithecids and finally elephantids. One bovidinspe

shows evidence of pathology (3%). Bovid size class Il and Il are the only size classes
represented and each accounts for 50% of the bovid sample. Only 1 element from the
15 specimens in bovid size class Il is pathological. All other families tiom

assemblagarefree from observable skeletal pathology.

3.8.4 Site4

A total of 224 elements from Site 4 were identifiable to the following families,
Bovidae, Cercopithecidae, Equidae and Suidae. Bovid elementber 185 and
accountfor the majoriy of the sample. Twelve (6.4%) of the 1880w evidence of

skeletal pathology. All four bovid class sizes were represented by the sample.
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Table 32. Normal and pathological elements from Mashatu spotted hyaena dens.

Site Family Normal Pathologica | Total %path
1 Bovidae 72 41 113 36.28
Caprinae 1 1 100
Equidae 4 4 0
2 Bovidae 22 22 0
Cercopithecidae 0
Equidae 1 1 0
Hyaenidae 0
Suidae 0
3 Bovidae 29 1 30 3.33
Cercopithecidae 0
Elephantidae 1 1 0
Equidae 12 12 0
4 Bovidae 173 12 185 6.49
Caprinae 5 5 0
Cercopithecidae 1 1 0
Equidae 23 23 0
Suidae 11 11 0
Total 361 55 416 13.22



Chapter4. Cooper 6s D Pathol ogy

This chapterserves to present thmathological assemblageofm ¢ o o p eBacdhs D.
fossil is listed by its catalogue accession num{@E@D) under order andafmily
subheadings. The information given includes the identificataescription and
classification of each pathological fossilThe format follows the methodmdy
previously described (see Chapter 3.6). Figures highlighting the pathological
morphologyare provided at the end of the chapter.

4.1. Order: Artiodactyla

Family: Bovidae

4.1.1. CD 16967Figure 4.1)

Taxonomic classification:
Order: Artiodactyla
Family: Bovidae
Genusindeterminate
Speciesindeterminate
Bovid size class: Il
Skeletal element:
Element Metacarpal
PreservationProximal 1/3
Side Right
Taphonomy:
Postmorteniractureat proximal metaphysis
Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bonéroximal joint surface
Description There is abnormabone localized to the proximal joint margin

extending away from the joint surface. The lesions are seen as small rounded
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lamellarnodulesprimarily on the mdial aspetextending medially. fie entire
joint surface appears to have simmadulesto a lesser degree.
Diagnosis
The bone nodules are confined to the joint margin. There is no visible
abnormal bone growth associated with the entheBese prgections arising
from joint margins (osteophytegye notedas being manifeationsof several
arthropathies. Osteophytes can occudegenerative joint diseasBgker and
Brothwell, 1980), wherebylegeneratiorof the articular cartilage results in
abnomal abrasion of the bone and eventually the growth of cartilage and bone
around the affected joirdgtructuregKahn and Line, 2005 The periarticular
osteophytes can develop as the bodyods
instability that occurs whetie cartilage degenerates and the ligaments become
lax (Williams, 2003. While the osteophytesn CD 16967/may represent DJD,
there are no signs of eburnation, pitting or sclerosis, making the broad
di agnosis of O6joint diseased6 most fitti
Classification: Joint disease

Life history interpretation: Some in andpossibly aralteredfunction

4.1.2. CD 7695Figure 4.2)

Taxonomic classification:
Order: Artiodactyla
Family: Bovidae
Genus: Indeterminate
Species: Indeterminate
Bovid size class: Il
Skeletd element:
Element Thoracic vertebra
Preservation80% complete
Side N/A

Taphonomy:
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Postmorteniracture and possiblearnivore damage

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bon@ranial articular facet joit margins
Description Normal bovid thoracic vertebrae have a notch at the junction of
the transverse process and cranial articular facet. In CD 7695 the space
between the left cranial articular facet and the left transverse process (where
the anteriornotch would be in a healthy anail@y is filled by an area of
abnormal bone marked by a sessile, roughly triangwdduleof lamellar bone
inferior to the articular facet and projecting inferomedially for 3mifirhe right
cranial articular facet and traregsse process have been sheared poi$t
depositionally although the abnormality may be bilateral it is described here as
solitary and isolated to the left side. There are mstatedareas oihew bone
associated with theargins of thdeft costalfacd.

Diagnosis
The projection of bone appears associated with an enthesis, areteforts
considered an enthesopathyhe basic aetiology for enthesophytes is
considered multifactoral. Either age or conformation related changes can be
responsible for th proliferation of bone at #meses (Jurmain, 1999 Acute
trauma canresult in ossification atsites for ligamentous or tendinous
attachment to bon&he conditionmyositis ossificans traumaticaesults from
a single traumatic event and bone growghisually extensive (Ortner, 2003).
In CD 7695, however, the lesionasmall spurwith no other signs gbhysical
injury, suggesting that thé&esion may be the result of accumulated micro
trauma resulting fromlong-term mechanical straimather than aisgle event.
The marginal osteophytes around the cofdakt suggestgain that age or
chronicmechanical stregsay have resulted in thmathology

Classification: Enthesopathy

Life history interpretation: Asymptomatic.
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4.1.3. CD 9808Figures 4.3 and.5)

Taxonomic classification:
Order: Artiodactyla
Family: Bovidae
Genusindeterminate
Speciesindeterminate
Bovid size class: Il

Skeletal element:
Element Metacarpal
PreservationDistal epiphysis
Side Indeterminate

Taphonomy:
Postmorteniractureat distal metaphysis

Pathology:
Type Abnormal bone formation / abnormal bone loss / abnormal shape
Distribution of lesion within affected bon®istal epiphysis / distal joint
surface
Description A sharp anterior angulation of tredement occurs at ¢hdistal
condyle at the juncture of theliaphysis and distal epiphysisThere is a
relatively large bulbous growth damellar bone on thedorsalaspect of the
metaphysis. The abnormal bone has a length of 15mm and a breadth of 5mm.
The distal joint stface has adopted an unusual shape in comparison to a
healthy analogue. The condyle is squared instead of rounded with abnormal
angularnodulesextending from the inferior border of the joint surfacEhere
is also a roughly ovahapedsubchondralcavity. The subchondrallesion
measures 5mm by 4mm ahds closed over with a thin layer of bone.

Diagnosis
The bulbous growth of bone on the dorsal surface occurs at the
fibrocartilagnousenthesis of the joint capsule. While enthesophytes tend to be

small and discrete, the lesion lgrge and likelyindicative of something other
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than ageelated or chronievear enthesopathyThere are also nodules of bone
extending from the joint marginThe extent of the abnormal growth and the
sharp abnormal angulatiat the metaphysisf the metacard suggest a more
severepathologythan simplyjoint diseaseor enthesopathyand bring to mind
secondarylesions as a sequel to trauma or possibly another pathological
condition. As noted in theveterinary literature (Dum, 1999 severe or
repeated traumi thejunction between two bones can create dramatic changes
to the bones involved, often indistinguishable from degenerative joint disease
(DJD). A sudden trauma to a joint can facilitate or hastegenerative joint

conditionsresulting injoint-surface fting and osteophytes

The subchondral lesion appear$ensteochondrosidissecanfOCD), which
is considered multifactoral iaetiology(Ytrehuset al.,2007), although there is
someconsensus thatauma isa contributingfactor €kman and Carlson998;
Ortner, 2003). Ekman and Carlson (1998) note that local ischemia is a key
factor in the initiation of the lesion®©ne of the most common sites for
octeochondrosi dissecangs the fetlock (metacarpophalarad)ejoint (Aiello,
2007). O6 Co n n o:r175] rbt@Dadsimilar lesicattributed to OCDon a
cow phalanx.

Classification: Trauma(with enthesopathy and arthropathy)

Comments: CD9808 articulates with the*phalanx (CD10427 & CD10461)

Life history interpr etation: Pain and altered gaiinimals with OCD usually present

with synovial effusion and varying degrees of lameness (Kafoh Line 2005).

Johnsoret al. (2008) in their description obsteochondrosis dissecamsa juvenile

roan antelope, noted swiay and a limited range of motion to the stifle joint.
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4.1.4. CD 10427 / CD 1046(Figures 4.4 and 4.5)

Taxonomic classification:
Order: Artiodactyla
Family: Bovidae
Genus: indeterminate
Species: indeterminate
Bovid size class: Il

Skeletal element:
Element 1% phalanx
Preservation Complete
Side Indeterminate

Taphonomy:
Postmortemtransversefracture at middiaphysis and weathering at distal
epiphysis

Pathology:
Type Abnormal bone formation / abnormal shape
Distribution of lesion within affectebone Proximal joint margin / proximal
metaphysis / diaphysis
Description There is a bulbous area of irregular bone on the dorsal surface
stretching from the proximal epiphysis to the diaphysis. The lesion measures
7mm by 12mm and has a rough amitted surface appearance. The proximal
articular surface of the pfmin x has adopted shmpe wghx agger
areas of marginalosteophytes The $aft, although obscured by pest
depositional fracture, shows signs of abnormal shape. The diaphysis displays
two abnormal crestsf lamellar bonegunning the length of the palmaromedial
and palmarkateral borders Most of the distal articular surface has been
sheared off taphonomically; although they may be present, no changes to the
distal joint surface can kseen.

Diagnosis
The articulation between CD 9808 (distal metapodial) and CD 10427 and CD
10461 (proximal phalanx) and the severe abnormalities present on both fossils
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suggest that the individual suffered either a multifocal or generalized
pathology,mog likely, a traumaticinjury that altered the joint. Abnormal
degenerative changes are commansitesof either unreduced or poorly
reduced luxatin. The thickness of the cartilage depends on the weight being
borne by the joint. Thin or erodecartilage can result from an injury in which

a portion of the joint surface no longer weight bearing (Emily Lane, personal
communication, 200p The pathogenesis dDsteochondrosi dissecanss
generally thoght to be multifactoralincluding rapid growth, owvenutrition,
mineral imbalance and trauma (Kahn and Line, 200%)e OCD compounded

with the distorted shape and angle of the epiphysis of the metacarpal and the
secondanarthritic changes suggesaumaasbeing the principal cause for the
observed lesins. The two crests of bone on gremarsurface of the diaphysis
represent an enthesopathyAn injury to the metacarpophalange@int may
have created functional alterations
biomechanical stress, necessitating stmatt responses byhe associated

elements

Classification: Trauma(with enthesopathy and arthropathy)
Comments: Articulation with CD9808

Life history interpretation: Pain and altered gait.

4.1.5. CD 7653 / CD 753@Figures 4.6, 4.7 and 4.8)

Taxonomic classification:

Order: Artiodactyla
Family: Bovidae

Genus: cfConnochaetes
Speciesindeterminate

Bovid size class: Il

Skeletal element:

Element Metacarpal
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Preservation Proximal epiphysis
Side Left

Taphonomy:
Longitudinal fracture to proximal epiplsys andtransverse (diagonal) fracture
to proximal metaphysis

Abnormal morphology:
Type Abnormal bone formation / abnormal bone loss
Distribution of lesion within affected bonBroximal joint surface / proximal
epiphysis / proximal metaphysis
Descripion: There is extensive periosteal bone formation onditrsaonedial
surface of the proximal metaphysis extending proximally to, auealapping
the epiphysis. The lesion begins, at its distast extent, as a large oveid
shapedcoduleof abnormal bon€lOmm at its thickest) with a rough angtted
surface. A the lesionextends proximally twards the epiphysis ihins to
5mm. Dorsal to this lesion are two small circular lesi@me anoduleand the
seconda small cavity. Adjacent to these lesions asharpcrest oflamellar
bone running parallel to the long axis of the elenfentilOmm. The entire
remaining epiphysis is covered with a layer of woven and lamellar bone. The
woven bone tissue at the periphery of the le@gorous andhas astriatedand
latticed appearance There are also signs of subchondral eburnation, seen as
shallow parallel grooves and some periosteal reactive bone on the joint surface
itself. The subchondral suda displays two small cavitiesA longitudinal
postdeposiional fracture allows for the examination of the trabeculae and
cortical structures. There appears to be a sclerosis of the trabeculae underlying
the joint surface. The medial facets of the proximal articular surfaces of bovid
metacarpals have a smallntel fovea of varying size for different species.
The fovea in CD 7653 is deeper than those noted in the comparative sample for
bovids of comparable size. Suckliaparitymay be attributable to intraspecies
variation or aging; however, in the area surrding the fovea in CD 7653 are

clearareas of reactive bone. The epiphysis is also covered in an irregular layer
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of raised bone and small margimadulesextending proximally and teling to
0 | towaéds the junction with the articular surface.

Diagnosis
The elurnation, osteophytessclerosis of the trabeculae, and subchondral
pitting are commonly noted as being concomitant with jdiseas€Baker and
Brothwell, 1980; Aufderheide and Rodrigu®lartin, 1998; Ortner, 2003).
Extensive bone hypertrby can also be symptomatic of some tumsoas well
as metabolic disturbanceBhe bone formation is unlikely a neoplasm because
it is not a discrete lesion, typical of benign tumours or the large and irregular
lesion typical of malignant tumourslnfection is unlikely as there are is no
evidence of swelling of the bone and no visible cloadaaumais another
possibility, withsecondary osteoarthritend enthesopathfpllowing either an
injury specifically to the joint or to the surrounding soft tissuéche primary
lesions are consistent with joint disease, asdpar guidelines established
regarding the diagnosis gbint disease(see Baker and Brothwell, 1980;
Rogers and Waldrori,995; Waldron, 2009) CD7653 meets the criteria for the
more specific dignosis of osteoarthritis.

Classification: Joint diseaséwith enthesopathy)

Life history interpretation: Pain and alteredaitfunction.

4.1.6. CD 03@Figure 4.9)

Taxonomic classification:
Order: Artiodactyla
Family: Bovidae
Genus: Indeterminate
Speces: Indeterminate
Bovid size class: llI

Skeletal element:

76



Element Lumbar vertebra
PreservationLaminae and spinous process
Side N/A
Taphonomy:
Postmorteniractureat the lamina
Pathology:
Type Abnormal bone formation
Distribution of lesion withiraffected boneCranial articular facets
Description CD 036 exhibits noduleson the dorsal margin of the anterior
articular facets. The abnormality is present bilaterally and extensive, with
several millimeters of abnormimellarboneextendingover thearticulation.
Smaller nodules project from the anterior margin of the anterior articular
surfaces.
Diagnosis
The hypertrophic changes, including marginbbne development and
osteophyteson CD 036, appedo indicate a joint diseaséOsteoarthritis fothe
diarthrodial joints of the spine is similar to joint changes associated with other
synovial joints of the appendicular skeleton (Ortner, 2003). Osteophyte
development can be severe and substantial around the interakrte
articulations Stress, agand trauma may be responsible for spinal arthritis.
Classification: Joint disease

Life history interpretation: Possiblgoint pain.
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4.2. Order: Artiodactyla

Family: Suidae

4.2.1. CD 159Figure 4.10)

Taxonomic classification:
Order: Artiodactyla
Family: Suidae
Genus: Indeterminate
Species: Indeterminate

Skeletal element:
Element Metacarpal
PreservationProximal 1/3
Side Left

Taphonomy:
Postmorteniracture and carnivore damageproximal metaphysis

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bornferoximal joint margin
Description There is a smalhoduleextending from thelorsalsurface of the
proximal joint margin of CD 159. Three millimeters distal to the first lesion is
another, slightly larger, rouled nodule Both appear lamellar although the
surfaces of both abnormalities are rougiteand irregular Both lesions have
sharply defined borders with the original cortex.

Diagnosis
The bone nodules are isolated to the joint mardihe presencefabnormal
bone outgrowths at the joint periphergs{eophytes) is indicative gbint
disease Marginal osteophytes are commonly correlatdath wlegenerative
joint diseaseand occur after a breakdown of the articular cartilage allows for
irritation of the joint surfaces, stimulating an osteogenic response. The rest of
the bone appears unaffected.

Classification: Joint disease
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Life history interpretation: Possible pin and altered function

4.2.2. CD 3997Figure 4.11)

Taxonomic classification:
Orde: Artiodactyla
Family: Suidae
Genusindeterminate
Speciesindeterminate

Skeletal element:
Element Hindlimb 1% phalanx
PreservationComplete
Side Left

Taphonomy:
Minimal

Pathology:
Type Abnormal bone formation
Distribution of lesion within affeted boneDistal epiphysis
Description CD 3992 displays a rounded sessitedule extending from the
medial surface at the distal metaphysis. [Hmeellarprojection is triangular in
shape with a basal breadth ahdh and a heigt from the medial surfacef
2mm. The projection is smooth isurfacetexture and appearance and is
rounded at its apex. The borders of the lesion are smooth and continuous with
the surrounding cortex, suggesting a condition that was quiescent at the time of
death. There are nsigns of other bone changes, with the proximal joint
surface, distal joint surface, and bone shatft all appearing normal.

Diagnosis
The lesion seen on CD 3992assessilexostosis; a benign outgrowth of bone
arising from the bone surface. One posgipik that this abnormality may be
the result of a benign turap beginning during the growing period the

skeleton The neoplastic condition, osteochondromastéocartilaginous
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exostosiy begins close to the growth cartilage. The cartilage undergoes
endbchondral ossification activating the periosteum and creating exostoses
which enlarge, but stop when the growth plate terminates its growth (Ortner,
2003). The lesions grow perpendicular to the plane of the diaphysis and

frequently contain a rounded capufderheide and Rodriguddartin, 1998).

Although osteochondroma can be considered a true neoplasm (learper
1998) there are several other osteochondslkeamimics which can range in
aetiology (Richardson, 2005). It has been suggested thattasoli
osteochondromas, as seen in CD 3992, likayy be caused by trauma to the

periphery of tle growth plate (ibifd

Classification: Trauma

Life history interpretation: Asymptomatic.

4.2.3. CD 7874Figure 4.12)

Taxonomic classification:

Order: Artiodatyla
Family: Suidae
Genus: indeterminate

Species: indeterminate

Skeletal element:

Element 1% phalanx
PreservationComplete
Side Right

Taphonomy:

Minimal

Pathology:

Type Abnormal bone formation

Distribution of lesion within affected bongpiphysis
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Description There is a small roundeldmellar nodule of bone extending
laterally from thelateral margin of thelistal metaphysis of the phalanx. The
projection begins at the metaphysis and ends proximal to the distal joint
surface. On themedial surfae at thesame locatiorthere is a circumscribed
area of periosteal new bone. The lesion appears as a small raised projection of
lamellar tissue A third lesion, acrest of abnormal bon@ppears associated
with the enthesis on the plantéateralaspecobf the phalanx.

Diagnosis
The small exostosis is not associated with the joint periphery and therefore, not
an osteophyte.The lesion is rounded and not spiculated like a typical
enthesophyte; dwever, he crestof bone does occur at the ehess and

represergan enthesopathy.

The two Suidae first phalanges (CD 7874, CD 3992) display abnormalities
associated with the distal articular structures. Both bones belong to adult
individuals with complete epiphyseal fusion Aside from the abnormal
exostogs atthe growth platethere are few other visible abnormalities.
Exostoses magtevelopas the result of a dexamental dysplasia or neoplgsia
however, solitary exostoses can result from localized trauma to the bone itself.
CD 7874 and CD 3992 displapunded sessile projections arising from the
distal metaphysegxtending perpendicular to the long axis of the elements. In
the case of CD 7874, the enthesopathgossiblya conformation response to
the principal abnormality (possibly the large laterabstosis), resulting from
mechanical stress caused by eithealtered gait or function.

Classification: Trauma(with enthesopathy)

Life history interpretation: Possible altered fuation.
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4.3. Order: Carnivora

Family: Felidae

4.3.1. CD 1076%Figures4.13 and 4.14)

Taxonomic classification:
Order: Carnivora
Family: Felidae
GenusPanthera
Speciesleo
Felidae relative sizing-arge (lion sized)

Skeletal element:
Element Radius
PreservationDiaphysis 2/3
Side Left

Taphonomy:
Postmortenfractureat proximal and distal metaphysé€arnivoredamage to
the lateral surface and thie proximal break

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bonBiaphysis
Description A sessilenoduleof lamellar boneextends fronthe medial aspect
of the radius. The lesion extends inferomedially for 5mime projection is
spiculated; being roughly triangular in shape and widest at its base. The bone
is continuouswith the original cortex. Theoduleis small with a basal breé#d
of Bmm, extending to a height of 2.3mm from the bone surface

Diagnosis
The smallspur appears to be associated wittsige of enthesial attachment
The lesion is an enthesophyte and represents an osteophytic form of
enthesopathy.Acute trauma can selt in ossification at sites for ligamentous
or tendinous attachment to bone. The conditiygsitis ossificans traumatica,

results from a single traumatic event and bone growth is usually extensive
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(Ortner, 2003). In CD 10765, however, the lesionssall spur with no other
signs of physical injuryEnthesopathies are thought to havenultifactoral
aetiology with age being the prevailing correlate. There is evidericat
enthesophytesanreflectin vivo muscle use and can be stimulatedchyonic
traumaor mechanical stress

Classification: Enthesopathy

Life history interpretation: Asymptomatic.

4.3.2.CD 9909(Figure 4.15)

Taxonomic classification:
Order: Carnivora
Family: Felidae
GenusPanthera
Speciesleo
Felidae relative sizind-arge (lionsized)
Skeletal element:
Element 3 metacarpal
PreservationProximal 1/2
Side Right
Taphonomy:
Postmorteniractureat distal metaphysis
Pathology:
Type Abnormal bone formation / abnormal bone loss
Distribution of lesion within affected bornBiaphysis
Description T h e r shapedsmass ofsrdadidimellarbone located on
the palmapmedial aspect of the metacarpal, distal to the proximal metaphysis.
The lesion is thickest at its proxirmadost point and trails off distally,
becoming both tmner and less raised as it encircles a relatively l&me
depression The cavityis irregular anduttedin surfacetexture and appearance

although it appears covered over with a thin layer of cortical bone.
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Diagnosis
The lesion involves periosteabibe formationand associated osteolysighe
rest of the bone has a normal gross appearance. The solitary nature of the
lesion sggests a response to trauntamily Lang personalcommunication,
2005. In the case of a penetrating injury to the postesioface of the foot
there would be a proliferative response with callus formationnarthe injury
The lesionmight represent an enthesopatiwgwever, it appears larger and
more irregular than an enthesophytepossible ligament avulsion could also
cause proliferation of bone at the area of injuryth@ case of either a ligament
avulsion or penetrating injurythe lesion represents a trauma aagpears
longstanding andjuiescenat the time of death.

Classification: Trauma

Life history interpretatio n: Pain and altered gait.

4.3.3. CD 20657Figure 4.16)

Taxonomic classification:

Order: Carnivora

Family: Felidae

Genus: cfDinofelis

Speciesindeterminate

Felidae relative sizingledium (leoparesized)
Skeletal element:

Element 5" metatarsal

PreservationComplete

Side Right
Taphonomy:

Postmortem transverseeakat mid-diaphysis
Pathology:

Type Abnormal bone formation

Distribution of lesion within affected bonBiaphysis
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Description There is a smooth and rounded abnormal deposition allEam
bone on the plantanoedial aspect of the diaphysis. The lesion extends from
distal of the proximal articulation to distal of the rsidaft.

Diagnosis
The fossil displays, what is most likely, inflammationtbé periosteum A
number of conditios can result in periostitis. Periosteal inflammation can be
caused by trauma to the bone itself, resulting irematomawhich can be
ossified in time or by inflammation ofthe adjacent soft tissue resulting in
proliferation of bone at the area of injurBaker and Brothwell (1980) show a
metacarpal of a rabbit displaying an injury similar in gross appearance to CD
20657, attributing it to an inflammatory response. Periosteal inflammation can

alsooccur in response tovariety of infectious conditions

The roundedcircumscribed areaf new boneappeas most similar to an
ossified haematomdollowing localized trauma. The fact that the abnormal
bone formatiorappears isolated to the plantaedial surface might suggest a
remodelled chip fracture and associated repaifEmily Lane, personal
communication, 2005

Classification: Trauma

Life history interpretation: Pain and altered gait.

4.3.4. CD 6051Figure 4.17)

Taxonomic classification:
Order: Carnivora
Family: Felidae
Genusindeterminate
Spedes:Indeterminate
Felidae relative sizingledium (leoparesized)
Skeletal element:

Element Axis vertebra
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Preservation Odontoid process and cranial articular facets
Side N/A

Taphonomy:
Postmorteniractureseparating cranial surfaces from the verébody

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected ban€ranial joint margins
Description There are two bilateralodulesof compact bone on the ventral
surface, lateral to the odontoid process. Almost uniform malrgiypertrophic
raised bone encircles both cranial articular surfaces. There is an area of
abnormal raised bone on the superior aspect of the odontoid process; as well as
a line of raised bone extending from the tip of the odontoid process to its
margin wth the cranial articular surfaces (present bilaterally but more
pronounced on the right side)The lesion is primarily lamellar with areas of
woven bone at the periphery and sharply defined borders.

Diagnosis
CD 6057 shows signs of a periarticulaypbrtrophic condition.The bone
growth is localized to the joint peripheryhere are no other obvious lesions.
Marginal hypertrophic growths are commonly noted as ba&ing of the
manifesations of an arthropathy Irritation from vertebral contact cas a
proliferative response at the joint margins and the development of osteophytes
(osteophytosis). The cartilaginous areas would be left unaffected, allowing
marginal changes but leaving the interjoint surfaces unchangederhily
Lane per®nal communcation, 200%. Vertebral arthritis is present or
common in wild animals (Great al, 1977; Rothschilet al, 2001) and man,
and appears to be correlated with both longevity and boaks(Greeret al.,
1977). Degenerative spinal disease is noted b&sng a frequent and
Ai mportant p r o {domesnofelids (Kolinstettegt eal., 20@0n
Apart from the marginabsteophyte there are no signs of eburnation, pitting,
or sclerosis of the underlying bone.

Classification: Joint disease
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Life history interpretation: Pain and altered functiorClinically, the pain may affect

mobility and decrease activity (Kolmstettgral.,2000).

4.3.5. CD 3843Figure 4.18)

Taxonomic classification:
Order: Carnivora
Family: Felidae
Genus: cfDinofelis
Speciesindeterminate
Felidae relative sizing: Bdium (leoparesized)
Skeletal element:
Element Patella
PreservationComplete
Side Left
Taphonomy:
Minimal
Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bonéateral border,nferior to the
articular surface
Description CD 3843 is a complete left patella of a medisized felid,
similar in morphology tdPanthera leobut more similar in size t®anthera

pardus In posterior view there is a large triangypaojectionextendirg away

from the lateral surface of the apex, just below the patellar facet for articulation

with the lateral condyle of the femur. The projection is triangulah@&pe with

a basal breadth of im anda height of 1inm from the normal bone surface.

It is rough and irregular in both texture and appearance. The lesion itself

appears to be lamellar and the borders are continuous with the surrounding

cortex suggestg that the condition was lostanding and quiescent at the time
of death.
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Diagnosis
CD 384 shows an enthesial reaction. The stifle jgkmtee) is stabilized by
numerous ligaments maintaining the alignment of the femur and tibia, as well
as providing the joint with both strength and integrityhe knee is, however,
particularly susceptibleotligament avulsionnjuries caused by running, swift
turning, jumping, or any activity resulting in forward compressive or rotational
forces on the tibigKahn and Line, 2005) There are no signs of arthritic
changes andhe lesion is solitary and isoét to one border of the patella
This might suggesthat the individual suffered acupdysicalinjury, perhaps a
partial avulsion of the patellar ligament, which might have caused bleeding into
the soft tissues, resulting in the proliferation of bon¢hatarea of injuryi.e.
myositis ossificans traumatica

Classification: Trauma(with enthesopathy)

Life history interpretation: Pain and altered gait/function. Traumatic dislocation of

the patella is often associated with a sprain or sqgaision facture (Farrow, 2003)

which would result in swelling, tenderness and a degree of lameness

4.3.6. CD 797XFigure 4.19)

Taxonomic classification:
Order: Carnivora
Family: Felidae
GenusPanthera
Speciespardus
Felidae relative sizingledium(leopardsized)
Skeletal element:
Element Two consecutive lumbar vertebrae
Preservation (cranial) body and lamina / (dorsal) body fragment
Side N/A

Taphonomy:
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Postmortenfracture / carnivore damage, with total obliteration of the spinous
and transverse presss of the posterior vertebra

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected bonéertebral bodies
Description The fossil, CD 7971, is actuallgomposedof two lumbar
vertebrae. The vertebrae have ankylosed, esserfaityng one bony unit.
The fusion occurs between the two vertebral bodies; visible on the ventral
aspect as a sheath of striated hypertrophic bone overlaying both vertebral
bodies and bridging the intervertebral space. On the dorsal aspect there
appeardittle evidence that the specimen was ever two separate elements, with
the vertebral foramen appearing undisturbed, and the abnormal bone having a
smooth appearance and texture. The soft tissue constituents of the
intervertebral space appear to have badirely ossified. The striated bone on
the ventral aspect maintains the appearance and position of the ventral
ligament. The anterior vertebra at its anterior articulation appears completely
normal in comparison with modern leopar®afthera pardus lumbar
vertebrae. It is only at the mbint of the body that the abnormal bone
deposition begins.The lesion appears to be entirely composed of lamellar
bone. The cranial and caudal surfaces of the vertebral bodies are normal with
no signs of pathologyAlso, another specimen, CD 6079, appears to have
belonged to the same individual based on spatial proximity and size, and
articulates anteriorly with CD 7971. This suggests that the condition, if not
isolated, did not continue immediately up or down {hea column.

Diagnosis
CD 7971 displays evidence of a spinal arthropathy. The resulting lesions are
consistent with a condition that had as a factor enthesopathy, and are visible
here as the ossification of the ventral ligament andulus fibrosis The
regularity of the lesions implies an inflammatory response rather than

infectious agent. The localization of the lesions and the normal morphology of
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the ventral surfaces of CD 7971 suggest perhaps a conformation response

rather than aagerelatedarthiopathy.

Congenital fusion (synostosis) of vertebral elements is another possible cause
of the abnormal morphologyDiffuse idiopathic skeletal hyperostosis (DISH)
might also be considered. DISHd a joint condition in which there is a
tendencyto crede excessive bone at joint margins and entheses (Ortner, 2003),
particularly under the anterior longitudinal ligament in modern humans
(Roberts and Manchester, 2005). Other spondyloarthropathies, in particular
spondylosis deformansesults in productionf syndesmophytes and fusion of
vertebrae(Rothschild, 2005) Spondylosis deformans a nonrinflammatory
degenerativaliseasethat correlates with senescence (Kahn and Line, 2005).
The condition occuras a result of the gradual bkeawn of the outerilbers of
the annulus fibrosis and stretching of the longitudinal ligament (ibid).
Classification: Joint diseaséwith enthesopathy)
Life history interpretation: The ankylosis of spinal elements is commowcats but
although the lesions appear dramatic dry bone they can in fact be clinically
insignificant in modern dogs and catSojuteur and Grandy, 2008ahn and Line,
2005. This is especially true in the lumbar vertebrae where the original range of
motion is anatomically limited and further redioo in the range of motion may not

cause a dramatic change in the life of the animal affected.
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4.4. Order: Carnivora

Family: Hyaenidae

4.4.1. CD 668XFigure 4.20)

Taxonomic classification:
Order: Carnivora
Family: Hyaenidae
Genusindeterminate
Speciesindeterminate

Skeletal element:
Element Pelvis
Preservation Acetabulum / partial ischium / partial iliymmissing pubis
Side Left

Taphonomy:
Postmorteniractureat ischium and ilium

Pathology:
Type Abnormal bone loss
Distribution of leson within affected boné\ cetabulum / lunate surface
Description There is a relatively largenticularcavity on the lunate surface of
the acetabulum at the external margin. Tdawity is oval in shape and
measures 10mm byn¥m. The inside of the cavityas an irregular roughened
texture and rounded borders. An area of isolated periosteal thickening occurs
on the periphery of the acetabulum.

Diagnosis
While pitting within the acetabulummay be associatealith arthritic conditions
affecting the hip,the lenticular lesionseen in CD 668Imay more likely
represent an osteochondrosis or OCThe pathogenesis @steochondrosis
dissecangs generally thought to be multifactoral, includifertors such as
rapid growth, ovenutrition, mineral imbalance dntrauma (Kahn and Line,

2005). In a wild animal it is unlikely that ovautrition orrapid growthwould
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be contributing factors. The most likely cause of @@D is possibly trauma
during the growing period of the skeleton.
Classification: Trauma
Life history interpretation: Possible pin and altered gaitAnimals with OCD
usually present with synovial effusion and varying degrees of lameviesganet al.,
2000; Kahn and Line 2005). Johnsoret al. (2008) in their description of
osteochondrosis digcansin a juvenile roan antelope, noted swelling and a limited
range of motion to the stifle joint.

4.4.2. CD 13301Figure 4.21 and 4.22)

Taxonomic classification:
Order: Carnivora
Family: Hyaenidae
Genus:indeterminate
Speciesindeterminate
Skeletalelement:
Element 2" phalanx
PreservationComplete
Side Indeterminate
Taphonomy:
Minimal
Pathology:
Type Abnormal bone formation
Distribution of lesion within affected boneroximal joint surface
Description CD 13301exhibits hypertrophic boneextending away from the
periphery of the proximal interphalangeal joint surface. Adaulesflare from
the medial, dorsal, and volaorders creatingwidenedarticular facets. The
shaft and distal articular surface of the bone appear normal with deneei of

abnormal remodelling.
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Diagnosis
The osteophytesare isolated to the proximal interphalangeal joint periphery.
The entheses appear normBhe lesion is indicative of a form of arthropathy.
There are several types of arthropathy that carctaffieimals, including DJD
traumatic arthritis and septic arthritiBuring the course of the pilot study
conducted for this research, similar lesions were seen on thengbalaf
modern faunal comparativesoncomitant with other signs of polyarticular
osteoarthritis. Although there is no evidence of grooving or eburnation, the
lesions seen on CD 13301 are interpreted as the result of an arthropathy,
possiblyosteoarthritis.

Classification: Joint disease

Life history interpretation: Possible @in.

4.4.3. CD 9985Figure 4.23)

Taxonomic classification:
Order: Carnivora
Family: Hyaenidae
Genusindeterminate
Speciesindeterminate
Skeletal element:
Element Terminal phalanx
PreservationComplete
Side Indeterminate
Taphonomy:
Minimal
Pathology:
Type Abnormal formation / abnormal shape
Distribution of lesion within affected bongrticular surface
Description CD 9985 is a complete terminal phalanx. The abnormal

characteristics appear on the interphalangeal articular surface. There is
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extensive boa remodelling on and around the joint surface. Abnormal
lamellar bone depositions flare from the lateral, medial, and dorsal margins,
resulting in a mediolateral widening of the joint surface. The result of both
lytic and blastic processes is the complebliteration of the normal joint
appearance. The rest of the phalanx, however, appears normal.

Diagnosis
The pathology represents a joint disease, whereby the entire morphology of the
joint surface has changed. The severity of the abnormality nsighgest
trauma rather than chronic mechanical streAsdislocation (luxation) is the
complete and persistent displacement of the articular surfaces of bones within a
joint. It occurs with either partial or complete capsular and/or ligament rupture
(Aufderheide and Rodriguedartin, 1998). Its persistence produces long term
changes and accelerated degenerative joint disease. The skeletal alterations
depend on survival and are secondary to the bone displacement (ibid).
Arthritic degeneration and secomgebone formation in response to shifts in
biomechanical loading following such an injury create gross changes similar to
those seen in CD 9985. Although the changes to the terminal phalanx are
possiblysecondary to trauma, the broad classification gf @t drersags s e 6
the most fitting.

Classification: Joint disease

Life history interpretation: Pain and altered gait
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4.5. Order: Primates

Family: Cercopithecidae

4.5.1. CD 7363Figure 4.24)

Taxonomic classification:
Order: Primates
Family: Cercopithecidae
GenusPapio
Speciesindeterminate

Skeletal element:
Element Lumbar vertebra
Preservation ¥2 body / pedicle / one transverse process / spinous process /
intervertebral articulations on one side / costal facets
Side N/A

Taphonomy:
Postnortembreakthrough the vertebral body

Pathology:
Type Abnormal bone formation
Distribution of lesion within affected ban€entrum/ spinous process
Description A portion of CD 7363 has been sheared off in such a way that
only one costal facet remain3here is marginalosteophyte development
circling the costal facet and extending away from it. There iscdtmphyte
developmentextending from the costal facet and continuing around the
remainder of the vertebral body. The cranial surface of thgpiprocess is
covered in a layer ofvoven periosteal bone, oriented ventrodorsaligear in
appearance. The caudal surface of the spinous process is covered in the same
periosteal linear bone growth.

Diagnosis
The marginal hypertrophic bone aroune trertebral body and costal facets is
similar to that seen during the pilot study and in the palaeopathology literature
(e.g. Aufderheide and Rodriguedartin, 1998 Roberts and Manchester,
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2005. Reactive bone formation around the amphiarthrodial joirmd a

associated entheses is commonly correlated with spinal arthropathy (Ortner,

2003). The bone proliferation at the area of attachment for the interspinous

ligament on both the cranial and caudal surfaces of the spinous process

suggests an arthritic cortidin with enthesopathy ascantributingfactor.
Classification: Joint diseaséwith enthesopathy)

Life history interpretation: Possible pin and altered function.

4.5.2. CD 7261(Figure 4.25)

Taxonomic classification:
Order: Primates
Family: Cercophecidae
Genus: cfPapio
Speciesindeterminate

Skeletal element:
Element 1°' ray metacarpal
PreservationDistal 1/3
Side Indeterminate

Taphonomy:
Postmorteniractureat proximal metaphysiand carnivore damage

Pathology:
Type Abnormal bone fornteon
Distribution of lesion within affected bonBistal joint surface
Description The abnormal bone appears on the distal joint surface of the
met acarpal . The t hr epamarsurfatey haeessmatl n
roughly circulamodulesof bone (no lager than 2mm in diameter), abnormal in
comparison with a healthy analogue. The lesions are irregularly shaped
lamellar pr oj ecti ons occurring at each
osteophyteshave a roughened and irregular texture and appearance and

protrude outwardly from thealmarsurface.
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Diagnosis
Abnormal bone projections extending from the joint surface are commonly
noted as corresponding with osteoarthritis. In certain instarasé@sylar
cartilagedegenerateto such an extent that cellstizate to form new cartilage
and bone at the joint surfaces. This happens, in particular, at the periphery of
the joint surfaceproducing marginabsteophytes. Thesteophyteseen on
CD 7267 correspond closely to documented cases of osteophyte deseiopm
in osteoarthritis of modern human metacarpals examined during the course of
the pilot study.

Classification: Joint disease

Life history interpretation: Pain and altered function.

4.5.3. CD 3334Figure 4.26)

Taxonomic classification:
Order: Primates
Family: Cercopithecidae
GenusPapio
Speciesindeterminate
Skeletal element:
Element 1*' ray metatarsal
PreservationComplete
Side Left
Taphonomy:
Minimal
Pathology:
Type Deposition / abnormal shape
Distribution of lesion within affected bornBiaphysis
Description Just prximal to the metatarsophalangeal joint surfage, the
met at ar s adspestis @ bumge of aboarmally remodelldene. The
bump is 4nm long and runs the width of the digysis, Gnm. The periosteal
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lesion has a latticedppearance and is composedirely of woven bone. The
margins are sharply defined which indicates that the condition was unhealed at
the time of death.

Diagnosis
The bump of bone is circumscribed area ahflammation This could be
caused by a localed trauma and breach of the periosteum resulting in the
abnormal bona@levelopment The lesion could also result from inflammation
of the adjacent sotissues (e.g. skin ulcer). There are no cloacae or involucrum
to indicate chronic infectionThe fact that the lesion is composed woven
bone indicates that thesult was suffered shortly before death, in a time frame
long enough to allow for an osteogenic response but not long enough for the
boneto heal. A severe infection may have resulted in matyabefore more
dramatic bone changesnd the small periosteal reaction may be an indicator of
a more insidious conditiomhan the lesion would suggest. The lesien
however a small and circumscribed area of periostitis on a subcutaneous
distatlimb element andfor that reasons classified here as trauma.

Classification: Trauma

Life history interpretation: Initial pain and possibly altered function

98



4.6. Order: Primates

Family: Hominidae

4.6.1. CD 528§Figures 4.27 and 4.28)

Taxonomic dassification:
Order: Primates
Family: Hominidae
Genusindeterminate
Speciesindeterminate

Skeletal element:
Element Lumbar vertebra
PreservationVertebral body and base of laminae
Side N/A

Taphonomy:
Postmorteniractureat both pedicles

Pathology:
Type Abnormal bone formation / abnormal bone loss
Distribution of lesion within affected bonéertebral body
Description There is marginal osteophyte development on both the superior
and inferior margins of the vertebral body extending away fronbdlay and
towards the intervertebral space. On the superior surface theplogED
extend approximately-2mm from the original body, beginning adjacent to one
pedicle, running the length of the anterior surface, and ending at the opposite
pedicle. $mnilar osteophyte developmeist present on the inferior margin of
the vertebral body, also running the length of the anterior surface. There is also

anterior erosion of both joint surfaces.

Both the superior and inferior endplates are eroded and aredrarkeporous
appearance. The vertebral body is marked by four largelikgserosions
(2mm in diameter with a depth of approximately 2mm) on the inferior surface

and 3 similar cyslike erosions on the superior surface. There is a raised
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periosteal lagr of abnormal bone on the anterior surface of the body running
supereinferiorly at the approximate location of attachment for the anterior
longitudinal ligament.

Diagnosis
The lesions appear similar to osteoarthritic lesions encountered during the pilot
study. The changes represent both destructive and hypertrophic processes
primarily associated with the amphiarthrodial joints. The fact that both the
superior and inferior joint surfaces are affected suggests a polyarticular form of
vertebral arthritiswith at least several vertebrae involved. Although the
pathogenesis is not entirely understood, vertebral osteoarthritis is most likely
the result of degenerative or traumatic changes to the intervertebral disk
(Ortner, 2003). The fossil also displayso®ve areas on the superior and
inferior surfaces of the vertebral body, a condition,tiancurredin vivo, may
be pathognomic of herniated cartilage (Rtdbend Manchester, 2005). The
erosion may alseimply be the result of extensivpostmortemercsion. The
endplates are eroded to such an extent in CD 5288 that there is difficulty in
determining whether the erosions occurred antemortempastmortem
However, in a case whereby a disk herniates through thelate] it results in
similar cystlike lesions (Ortner, 2003) and the possibility should be considered
of the erosions representing Schnhiopd node s .

Classification: Joint diseas€¢spondylosis)

Life history interpretation: Pain and possibly altered function.
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4.6.2. CD 5773Figures 429 and 4.30)

Taxonomic classification:
Order: Primates
Family: Hominidae
Genus:indeterminate
Speciesindeterminate

Skeletal element:
Element Thoracic vertebra (T2)
Preservation Fragment of the vertebral body
Side N/A

Taphonomy:
Postmorteniracture at both pedicles

Pathology:
Type Abnormal bone formatiohabnormal bone loss
Distribution of lesion within affected bon@ostal facet
Description There is osteophytic development around the right costal facet.
The osteophytes extend primarily fradhe anterior margin, although the entire
facet exhibits arthritic changes. The surface of the facet displays several small
osteolytic foci and a small nodule of hypertrophic bone. The inferior surface of
the vertebral body is preserved and exhibits axprately 2mm of marginal
lipping associated with the right posterior surface, adjacent to the right pedicle.
The area of lipping displays a small lytic focus measuring 2mm by 1mm. A
second localized area of osteophyte development occurs on the matigen of
superior surface of the vertebral body 6mm anterior of the costal facet. This
localized deposition also shows sign of associated lytic activity. The vertebra
is noticeably anteriorly wedgedThere appears on the left anterior margin of
the inferioraspect of the vertebral body a posteromedial pinching giving the
centrum an asymmetrical appearance when viewed anteriddigst of the
cranial surface of the vertebral body and the majority of the left side of the

element are missingmaking it difficut to determine the extent of the
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abnormality, or whether the arthritic changes to the costal facet are present
bilaterally.

Diagnosis
The vertebra, CD 5773, shows some degenerative changes. Spondylosis is
seen, in the form of osteophyte developmemownd the vertebral body.
Arthritic changes are apparent on the right costal facet. Osteoarthritis can be
responsible for bone proliferation around the costovertebral joints.
Osteoarthritic changes can result from both subchondral hypertrophic and
destructve processes (Ortner, 2003). The sclerotic area on the costal facet may
indicate calcium pyrophosphate deposition dise@&PDD (Bruce Rothschild,
personalcommunication 2005). CPDD is ararthropathycaused by the
deposition of calcium pyrophosphate stals in and around joints.

The anterior pinching of the centrum appears to have occurred perimortem,
with no obvious signs of bone repair at the area of deformity, and only minor
osteophyte development associated with the anterior surface of theralerteb
body. The abnormalities on CD 5773 appear to be the result of a degenerative
joint disease, possibly osteoarthritis, resgitfrom either age or mechanical
use.

Classification: Joint diseas€¢spondylosis)

Life history interpretation: Pain and possiplaltered function.
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Bovidae

Figure 4.1. CD 16967ovid metacarpal (a) posterior iew showing marginal osteophytdarrows); (b) detailed view of
posterior surface; (c) detaiteview of proximal joint surface

Figure 4.2.CD 769%ovid thoracic (a) cranial view; (b) detailed view of the lesion, a roughly triangular se:
projection of abnormal bone extending from inferior of the left cranial articular facet (arrow).
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Figure 4.3. CD 980&ovid metacargl: (a) lateral view; (b) view Figure 4.4 CD 10427bovid 1% phalanx (a)

of distal joint surface showintine subchondral lesion. lateral view; (b)volar view showing crests of
bone extending from the palmaromedial an

palmarolateral borders

Figure 4.5.CD 9808 / CD 10427 / CD 104&ficulated bovid distal metacarpl and £'

phalanx notice the bulbous growths of irregulaone on the anterior susfces of both the
distal metacarpl and £' phalanx(A); the squareddistal condyle of the metacagp(B); the

sharp crat of abnormal bone on the paln surface of the phalanf©).
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Figure 4.6CD 7653 CD 753%roximal metacapal: (a) dorsal view showing the extensive periosteal react
bone on the metaphysis and epiphysis compared to a normal bovid analogue specimen (b); (c) proxim
showing the subchondral joint changes including eburnat®)nafd pitting O and margial osteophytesX)
compared to the normal bovid analogue specimen (d).

Figure 4.7.CD 7653/ CD 7532proximal metacarpal: (left) detailed proximal view of the
subchondral surface showing the lytic pitting and eburnation; (right) detailed view of
subdondral eburnation.
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Figure 4.8.CD 7653 CD 7532ovid proximal metacarpaldetailed dorsal view
showing the reactive bone on the proximal metaphysis.

Figure 4.9.CD 036bovid lumbar vertebra (a) lateral view; (b) anterior view; notice the extensi\
osteophyte development over the cranial articular facets and marginal osteophytes on the ani
margin of the articular surfaces.
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