tuthor: FP McManamon at NP-WASO-DCA
Date: 9/14/00 10:01 AM
Priority: Normal
"G: Michael.K.Trimble@mve02.usace.army.mil at NP--INTERNET,
Rhonda .R.Lueck@mvs02 .usace.army.mil {Rhonda R. Lueck) at NP--INTERNET
(42: FP McManameon, Jason Roberts

@ubject: RE: final report on Kennewick taphonomy

Soany--I am sending you the final draft of the taphonomy report for
your review and comments. Would you be able to get me any comments by
next Monday, 18 September? I also am sending this to Rhonda for her
information and in case you are out of email touch, she can let you

know about it.
Please let me know if you can de this by Monday. Also, we can include
in any comments a request that Phil provide the information you were

concerned about this summer, related, I think, to accurate captions

for the photes and molds.
Hope all else is well. FPM

Forward Header

3ukject: RE: final report on Kennew:ck taphcnomy

Aathor: "Phillip Walker" <tomal@gte.net> at np--internet
Date: 9/6/00 2:29 PM

11 Frank,

Here is the final version of our report. As you will see, it doesn't
:cntaln any surprises, we simply included a lot of empirical data to
reinferee our previous conclusions. As Clark mentioned in his message, I am
_eaving for twe weeke in Italy on Sunday, so if there are any major changes
:nat you would like us to make, we will need to know what they are right
away. Otherwise, after I leave, Jjust send any changes you want in the report
;2 Clarx and he will make the.

hope you have had a good summer!

"h=ers,

Fhil

Shillip L. Walker
Jepartment of Anthropology
Jniversity of California
santa Barbara, CA 93106
Fax/Veoice: (805} 685-8424
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Final Report on the Physical Examination and Taphonomic
Assessment of the Kennewick Human Remains
(CENWW.97.Kennewick) to Assist with DNA Sam ple Selection

Repott to the Depatment of Justice and the Department ofInterior
Phillip L. Walker, Clatk Spencer Larsen, and Joseph F.Powell

September5,2000

Intro duction

To obtain info mation foruse in selecting bone samples suitab le for DNA
analysis,we conducted a physical examination and assessment ofthe Kennewick
human remains at the Butk e Museum, Seattle, Washington,on April 2526,2000.
Dr. Powell made some additional ob servation s foruse in this report on Apnl 27,
2000. As part of ouranalysis, we examined the entire skeleton and made both
macroscopicand microscopicobservations ofits conditia.

Inthisepon we present a descriptiono fthe methods we used and our
conclusions regarding the taphonomic historv ofthe skeleton with special
referen ce to conditions that are likelv to have affected the suitability of specific
sk eletal clements for DNA analvsis. Qurappmach to the problem ofassessing the
condition of the skeleton involved a careful examination ofeach bone forclues to
its ante-mortem, post-morem,and post-recovery history. This infomation,along
with documentarv evidence and discussions with individuals responsible forthe
analysis and curation ofthe skeleton, provides the basis forourecommendations
concemin g the skeletal elements that are most Hkely to prove useful for
biomolecularstudies. Qurrecommendations are notbased solely on ourjudgments
concemning the potential of specific skeletal elements for DNA analysis. Instead , we
have attempted to balance the research value of specific specimens in non-

molecularstudies (metrical, histo logical, paleo patholo gial, and so on) against

theirpotential as sources of moleculardata.
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Methods and Organization of Research

During the aftemoon of April 24, we met at the Burke Museu m with
represen tatives ofthe Burk e Museum, the Comp of Engineers, the National Park
Service.and otherDepartment of Interiorpersonnel. At the meeting we discu ssed
the goals of the next day's activities and the rules that had been established to
protect the skeletal remains. On the moming of April 25 we amived at the Burke
Museum and began ourtaph onomic analy sis.

First.those ofus who had not previousty worked with the skeleton
examined it to familiarize ourselves with the mnge of varation in its condition.
Based on a discussion o fthese preliminary observations, we created a database
containing the Corp of Engineers designations foreach skeletal clement and fields
forrecording relevant taphonomicvarables. We developed acoding scheme for
each variab le that allo wed us to efficiently record key chamcteristics of each
specimen. These cod es were designed to provide infomation relevant to
reconstructing the taphonomic history ofeach skeletal element and determining its
suitability for DNA ex traction . We recorded the fo llowing taphon omic variables: 1)
deg ree of degradation o fcortical borne, 2)presence ofad herent material. 3 )
divergencco fthe unfractured cortical surfaces ofthe bone from the dominantlight-
brown surface colorthat charcterized most oftheskeleton,and 4 )probable timeof
fractures (ante4nortem, peri-mortem, orp ost4no rtem}based on the chamcterstics of
the fractured surface. The database also includes infomation on photographs we
took ofspecific skeletal elements including comments on the features of special
interest and information on the bone sudaces we replicated forfurther microscopic
analysisusing a high-resolution vinvl polysilo xane dental impression material.

To document the coding system we used and specific aspects ofthe
Kennewick skeleto n that are relevant to ouranalvsis, we photographed features f

special interests with a 33mm camera using both a 55 mm Micro Nikkormacmo lens
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and an Olvmpus SZ40 dissecting mico scope. These images were subsequently

digitized for inclusion in this epo1t.

Tapho nomic History

Strictly speaking,the taphonomic history ofthe Kennewick skeleton
encompasses all events fromthe death ofthis person to the discovery ofhis
sk eleton. Owing to theirrelevanceto DNA preservation and the research value of
sp ecific skeletal elements. we expanded thescope ofourtaphon omic analysisto
encompass antenortem changes such as those associated with pathological
conditions,.and the post-recovery treatment o fthe skeleton during curation and

research activities.

Ante-Mortem Changes

The Kenn ewick skeleton exhibits several minorosseous changes that are
clearly of antc4nortem origin. These have been discussed in considemble detail
elsewh ere (Chatters. 2000: Powell and Rose. 1999 and we will only brefly
mention them here. Although the skeleton shows some evidence oflocalized
infections and traumatic injuries (Figure 1), there is nocleareviden ce of
osteoporm sis oroth ersy stemic conditions that affect bone density and thus might
influence the preservation of DNAA fewb ones showindications ofosteo arthritis
but.forthe mo st part, these changes are very minor. Traumatic injuries include a
projectile wound in the right ilium that res ulted in a secondary infection ana
small, 6mm in diameter, well-healed depressed fracture to outer table of the
left frontal bone (Figure 1). The left radius shows evidence of localized trauma
and the olecranon fossa ispartially filled with reactive bone indicative of an
inflammatory process (Figure 1). There is also a 15mm in diameter area of

abnomal bone in the external surface of the greater wing of the left sphenoid.

Some changes in the ribs that have previously been described as
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well healed, antemortem factures appear to us b be post-mortem changes

in the skeleton. Chatters (Chatters, 2000)identified at least seven fractures of
at least six ribs on both sides of the sternum that he believes resulted from a
single antemortem traumatic episode. He argues that at least three and
possibly fourribs failed to heal together, and formed pseudarthrose ¢false
joints). Although Powell and Rose (1999) concurred with Chattersdiagnos s

of ante-mortem rib fractures resulting in pseudarnthmses, they only identified
two right ibs as having this condition.

Wecarefullv examin ed all ofthe b frmgments with a dissecting
microscope. Based on this examination we conclude thatno clearevidence ofrib
pseudarthoses is pesent in the Kennewick skeleton. Several ofthe rib frag ments
haveends that appear.based on cumsory visual examination, to showin vivo
remodeling (97.112a.1.97112a3,97112a.7,971.12a9) butupon closer
examination with a dissecting microscopeshow no evidence o fnew bone
fomation along the edge of the fracture (Figures 2 and 3 ). These broken ribs d iffer
markedlv from those seen in mod em forensic cases with undoubted pseudarthro ses
(Walkeretal.. 1997; Figure 4). The differences between the Kennewick 1b fractures
and the pseudarthroses in modem foren sic cases include: 1)the absence of any
evidence of subperiosteal newboneorcallus formation, 2)thefact that the fracture
is perpendicularto the rib, instead ofhinged as & ty pical forin vivo fractures, 3)the
con trast b etween the straight fracture line of the Kennewick ribs and the“frayed™
edges often seen in in vivorib flactures, 4)the presence of what appears to be
calcite along the edge and within the fractured edge ofthe Kennewick ribs.5)the
fact that the cortical surfaces ofthe Kennewick rib s have an unusual “pinched’
configumtion that cau ses them to closely app roximate each otherwithoutany
reduction in the thickness ofthe cortex. Healed i# vivofractures that have fonmed
pseudarth roses. in con trast, tvpically have cotical surfaces that approximate each

otheronly through the add ition ofnewbone within the callus.and 6)there are

DOI 09763




lJongitudinal cracks in the cortical bone ad jacent to the fracture lines, whth
suggests the ends o fthe ribs were deformed by a mechanical post-mortem process
that pinched theirends tog etherafterthe loss o fconsiderable collagen. Basedon
this evidence, weconclude that the cond ition previously diagnosed as rib
pseudarth oses in the Kennewick skeletonis a esult ofa post-mortem process
perhap s resulting from ground pressureorsome othermechanical process o perating

within the dep ositional envionment.

Peri-Mortem Changes

A few features ofth e Kennewick skeleton may possibly be the result of
processes operating around the time o fdeath. Based on a similanty in surface
app earance to the sumounding boneb one, Chatters Chatters, 200 0) sug gests thata
defect in the glenoid fossaoftheright scapula is aperi-mortem fracture in which
a small chip of bone was driven off the postenor edge of the glenoid fossa.

A left ib fragment is the only s pecimen with surface modifications
poss ibly resulting from carnivore activity around the time of death (Figure 5).
The surface of this bone has two roughly tiangular dents in it with about 1Tmm
of intervening cortical bone that has been depressed into the meduliary
cavity. Although thedents res emble damage seen in bones chewed by
camivores, other features such as the straight edges of the fractured cortical
bone are more consistent with a post-mortem process operating after the
collagen content of the bone had been significantly reduced. Theres ervation
of almost every element of the Kennewick skeletomnd the fact that no other
bones exhibit similar damage further reduce the likelihood that these are
camivore tooth marks. Although conceivable, it also seems unlikely, based
on scavenging behavior studies (& Andrews and Femandez, 1997,
Selvaggio, 1998) that camivores who had access to the bodywould leave an

essentially intact skeleton with tooth marks on onia single rib.

Lh
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Our research reinforces Chatters’ (Chatters, 2000) conclusion that,
given the currently available evidence, the issue of whether or not this
individual was intentionally buried remains unresolved. Since the skeleton
eroded out of the riverbank, we do not know the details of its onginal
stratigraphic context. The fact that the skeleton was es sentially complete
(only the hyoid, part of the stemum, and a few s mall additional bones are
missing) suggests twoalternative scenarios :1) either this person was
intentionally buried, or 2) the body was incomporated into the fluvial deposit
through s ome catastrophic hydmlogic process at the time of, or very soon
after, death. If camivores were present in the area at the time of burial, which
seems likely, such a rapid burial would be necessary to prevent the damage
and loss of skeletal elements through scavenging (Andrews and Armour
Chelu, 1998; Carson et al., 2000; Milner and Smith, 1989)

Of these alternative explanations, intentional bunal seems tous tobe
the most likely simply because intenfional burial of deceased individuals is an
exceedingly common cultural practice and rapid burial though catastrophic
hydrologic processes is exceedingly rare. On the other hand, althcugh the
data are somewhat ambiguous, the match between a singie fluvial stratum
and the soil associated with the Kennewick burial is consistent with the
hypothesis of rapid bural in a fluvial enviornmenChatters, 2000).

One of the issues we were asked to explore concems the origin of the
reddish stain observed on some of the Kennewick bones (Powell and Rose,
1999). 1t has been suggested that this stain might be of cultural ongin,
perhaps resulting from the application of a red ochre pigment to the skin of
the individual before burial. Although such pigments might be used for body
painting in contexts unrelated to death, red ochre is commoglused in
mortuary rituals and its pres ence would add some credence to the theory that

this person was intentionally buried. Most of the Kennewick sk eletal elements
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had a light tan color and no indication of staining by ared pigment. Four
bones had dark brown stains on more than 10% of their surface (Figure 6) and
five bones had small areas with a reddish stain. The brown staining only
affected cranial and hand bones, while the reddish stain was confined to one
of the os coxae (hip bones)and a few hand bones. We carefully examined
these stained areas and concluded that they are unlikely to be of cultural
origin. Instead, they appearto be the result of natural pmcesses operating
after this person's burial. This conclusion is suggested by the absem of any
evidence of superficial deposits of pigment and the dendritic pattern of some
of the stained areas. In our experience, patteming of discolored areas in this
way is often ass ociated with the decomposition of mots thahave come in
contact with a bunal.

Algal staining on some of theelements is probably due to exposure of
the remains in shallow water just prior to their recovery along the Columbia
River. This interpretation is reinforced by the fact that many of the bones with
algae adhering to them also have bleached aras indicating s everal weeks or

more of exposure to the sun.

Effects ofthe Depo sitional Environment

After burial, the Kennewick skeleton was subjected to several very
significant post-depositional processes. Many of the bones are semi-
fossilized with calcite deposits adhering to their surfaces (Figure 7). Most of
the bones (82%) also have fractures that appearto have occurred in the
depositional environment after a substantial amount of the collagen had been
lost from the skeleton. Theseold fractures were diagnosed based upon two |
criteria: 1) the angle of the fracture (perpendicular to the cortical surface
instead of at an acute angle) and, 2) the presence on the fractured surface of

discoloration and, in many cases, adherent calcite indative of long
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residence in the depositional envimonment (Figure 7).

Thes e ancient fractures are easy to differentiate from recent fractures
produced during the erosion of the bones from the rverbank and through
handling of the sk eletonduring and afterrec overy; recent fracture surfaces
are devoid of adherent calcite, have sharp edges, and a clean, white
appearance that contrasts with the dark er coler of the bones cortical surface.

It is important to note that the current absence of calcite deposits on a
bone is not necessaiily an indication that such deposits were not originally
present. Some skeletal elements, such as the cranium, undemwent extensive
post-recovery cleaning in preparation for casting that involved calcite
removal. Additional calcite deposits exfoliated from the bones as they dried in
the laboratory (Chatters, 2000).

The current dis tribution of the calcite in the Kennewick skeletonis
heavily biased in favor of specific skeletal elements. More than 40% of the
long bones, foot bones, and os coxae have heavy calcite deposits (>10% of
the surface covered), while many of the hand bones, ribs, and vertebrae are
little effected by calcite deposits (< 10% of the surface covered).

Ancient post-mortem factures are also unevenly distibuted within the
skeleton. Most of the Kennewick bones have one or more ancient, pre-
recovery fractures. The only notable exceptions to this are the bones of the
feet and especially the hands, which are remarkably well preserved with less
than 20% of the skeletal elements showing pre-recovery fractures.

A few bones have tooth marks on their surfaces produced by rodent
gnawing (Figure 8). These bones show the classic signs of mdent activity;
namely, dents produced when the maxillaryricisors were used to anchor the
bone and long gmoves that converge toward these dents that were produc ed

by the gnawing movements of the mandibularinciscrs. These gnawed areas

are clearly of considerable antiquity since the color of the gnawed area in
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most cases closely approximates the coloof the rest of the bone’s surface

(Figure 8).

Recent Pre-Recovery Changes

Clues to the process through which the Kennewick skeleton eroded
from the riverbank are provided by differences in the condition of speaif
skeletal elements. These differences suggest that the erosion of the skeleton
from the riverbank was a two-s tage process. Twenty-seven of the bones are
either bleached white through sun ex posure, have algae growing on them, or
exhibit both of the se conditions (Figure 6). Some of these bones also have
somewhat abraded fracture surfaces (Figure 9). . This is an indication of
greater expos ure to abrasion in the riverside environment than bones with
sharp breaks lacking rounding.These signs of recent prerecovery exposure
to sunlight and abrasion are unevenly dis tributed within the skeleton and this
provides evidence of the sequence of emsion episodes that redeposited the
skeleton on the riverbank

In comparison to the other identifiable bonesthe vertebrae and os
coxae show significantly less evidence of pmlonged pre-recovery exposure
than the other identifiable skeletal elements (x2 = 4.3, p= 0.04). This
suggests that they ernded from the riverbankafter the iong bones. A
reasonable interpretation of this pattern is that the skeleton onginally rested
on its side in a flexed position and that an initial epis ode of e sion resultedin
the collapse of the portion of the riverbank that contained most of the
appendicular skeleton. This initial episode mapave been followed within a
period of several weeks or months by a second riverbank collapse that
deposited the remaining portions of the axial skeleton on the shore dhe
river.

The Kennewick remains were all recovered along the shore of the
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Columbia River at the base of the rives bank. Although none of them were
recovered in situ, all of the larger fragments oc cured within a 12m area
(Chatters, 2000a). This suggests recent exposure. Bones rapidly become
sorted thmugh fluvial trans port (Aslan and Behrensmeyer, 1996) with lighter,
more porous bones, (e.g., vertebrae, patellae, and phalanges) being

trans ported farther than heavy bones (e.g., limb bones and mandibles).

PostRecovery Changes

The treatment of the Kennewick remains since their recovery from
Columbia Park has substantially decreased the value of some skeletal
elements for DNA research. A total of 54 transverse fractures hae no soii
adhering to them and are clearly of recent origin. These fractures either
occured at the discovery site a short time before the skeleton was recovered
orin the laboratory after the recovery of the skeleton. Additional longitudinal
cracking of long bones occurred in the laboratory during the drying process
(Chatters | 2000). These changes included the loss of adherent calcite through
cleaning and exfoliation as a result of drying. Additional alterations occurred
because of the removal of material for mdiccarbon analysis. One of the os
coxae was treated with dilute hydmchlornc acid to remove concretions that
enclosed the projectile point embedded in it (Chatters, 2000jThe
neurocranium and some of the teeth were also treated with a diluted water-
based acrylic polymer, and Eimers giue was used to repair the cranium and
mandible. During the process of producing a mold of the skull, it was treated
with arelease agent and then covered with a palyurethane mold. Finally, as
part of Dr. Chatters’ study, radiographs were taken of the right ilium and both
distal femora and teeth (Chatters, 2000) Computed tomography (CT)scans
were also made of the right ilium, right femur, and both humeri. Subseguent to

this, Drs. Powell and Rose (1999) radiographed 31 bone fragments using
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standard clinical cassettes, film, and procedures. Additional CT scans were
also made of the point in the right pelvis, the calvarium, maxilla, left proximal
femur, and left distal tibia.

Thes e radiographic procedures have significant implication for the
recovery of DNA owing to the wellknown, destructive effects that x-ray s have
on genetic material. This & especially significant in ancient DNA work owing
to the highly degraded state of ancient biomolecules. X+ays havthe
potential to further degrade whatever residual DNA remains irand ancient
bone and thus reduce the chances forits recovery. On the other hand, both
radiography and DNA extraction are routinely done on modem sk eletal
remains from forensic contexts, soitis clearthat, at least in situations where
DNA is well preserved, radiography does not preclude the subsequent

retrieval of well preserved DNA

Selection Criteria

Based on the observations discussed above. we developed a set ofselection
criteria forrmanking skeletal elements relative to theirsuitability foruse in DNA
analvsis. Althoug h few svstematic studies have been done to provide an empincal
basis fordeciding what tvpes of skeletal matenal are likely to con tain well
preserved DNA . anecd otal data from various laboratories working in the area of
ancient DNA analvsis.along with common sense, sugg est thatbones with evidence
ofdegradation thmugh exposur to sunlight, weathering, fragmentation ,and
unstable en vironmental conditions are less likely to contain well-preserved DNA
than intact bones from a stable depositional environment. Dr. David Glenn Smith
an expett in anthropological genetics and analvsis ofancient and mod em human
DNA participated in the discussion and selection process. Also involved in the
selection and ranking fromthe perspectives o fconservation and curation were Drs.

Mich ael Trimb lc. Vicki Cassman ,and Nancy Odegaard.

|
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Considerning the full mnge ofavailable information, we ranked sun-b leached
bones and bones with significant cracks orotherevid ence of cottical bone
deterioration as poorcandidates for DNA an aly sis. Bones we considered tobegood
candid ates for DNA analvsis, in contrast, were those with well-preserved cottical
surfaces lacking evidence ofhaving been exposed to the elements forlong periods
oftime durin g the process through which the Kennewick skeleton eroded from its
original location.

A second important selection criterion was the type ofskeletal tissue present
ina specimen. Someskeletal elements havethin cortical layers with a high surface-
tocortical-bone~volume mtio and are thus less likely to provide a stable
environment favorable to DNA preservation than otherbones thathave dense,
thick . cortical lav ers. Although DNA has been successfully extracted from
cancellous bone and bones with thin cortical lavers such as ribs, most DNA an aly sts
believe that long bones with dense cortical lavers and thedentin ofteeth providea
stable environment that is most favorable to the preservation o f DNA.

The potential that a skeletal element has foryielding well preserv ed DNA
needs to be balanced ag ainst the value thatelement has as a sourceofothertypesof
bioarchacological in formation. Forexamp le, because of theirlowd iag nostic value
inmosttvpes ofosteological analvsis,nbs are often used as DNA sources,even
though their thin cortical lavers make them less desirable than otherbones as
potential sources ofancient DNA. Teeth on the other hand. are bo th excellent DNA
sources and ex tremely valuable owing to the detailed information they can provide
on growth pattems.disease history,age.and otherattributes. The final
determination of which skeletal elements should be subjected to destructive
analysis requires a careful balancing ofsuch potential conflicts between different
tvpes ofanalvses.

Finallv, there is evidence that the exposure of bones to x-rays can

substantially degmde any DNA that & preserved within them. Our
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recommendations are predicated in part upon the recognition that much of the
Kenn ewick skeleton has been subjected to radiogrmphic analysis. Owing to this we
eliminated most of the teeth and a numberofotherskeletal elements that otherwise

mighthave been considered forourlist of good candidates for DNA analysis.

Skeletal Elements Recommended for Use in DNA Analysis

Based on the selection criteria discu ssed above. in consultation with Drs.
Smith. Trimble. Od egaard, and Cassman, we compiled a ranked list o fskeletal
elements that should be considered for DNA an alysis (Table 1). This list was
assembled considerng thelikelihood of intact organic material and thep otential
diagnostic chamcteristics of each element. With the exception o fspecimens
97.R.75a.9 7R 50a.97.R.16MCc). micro-samples were tak en from all of these
bones. In addition. the data on the organic constituents of these micro-samples
obtained by Dr. Tavlorwill obviously be ofgreat value in determining which
samp les are finally selected for DNA an aly sis.

The third nght mand ibularmolar(97.R.75 a)and the third left maxillary
molar(©®7R.16 MCc))have not been microsampled and deserve special
considemtion ifitis detemined that they are the skeletal elements that should be
subjected to DNA analv sis. First, all sources of information rgarding the
radio graphy that has been performed on theskeleton should be consulted to insure
that these specimens have notbeen x-rayed. Second, ifitis detemined th at these
molars should be subjected to destructive analysis, a samplin g strategy should be
devised thatensurcs the preservation ofhistolo gical. trace element.and

chronological information present in the micro structure ofthe tooth.

Summary

During our visit tothe Burke Mu seum we cond ucted macro scop ic and

microscopic examinations ofth e Kennewick skeleton to detemin ethe suitability
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of specific skeletal elements for DNA analysis. As part ofthis work we consulted
with otherspecialists working on the skeleton. Basing work on thisresearch, we
developed aselection criteria that were used to create a ranked list of skeletal
elements th at sh ould be considered for DNA analysis (Table 1).
Ourobservations confirmthe conclusion of Powell and Rose (1999 ¥he
prepond emance ofthe evidence indicates that these are the remains ofa single
individua! whowas in terred at th e site in stead of being left to decompose on the
surface ofthe ground. orin corporated into the deposit throwgh some catastrop hic
hvdrologicevent This conclusion is consistent with the completeness ofthe
skeleton and the absenceofany clearindications of camivore activity Our
taphonomic analvsiscleady shows thatthe skeleton had been exposed on the

riverban k fora relativelv short period o ftimepriorto discovery.
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Table 1 Sk eletal Elements Recommended for Use in DNA Analysis

DNA | Specimen Skeletal Element Micro-sample

Sampl | Number

€

Rank

1. 97 R.73a 3rdright mandibular not micro-sampled due to

molar diagnostic value.

2. 97 R 30a 3rd left maxillary molar | not microsampled dueto
diagnostic value.

3 97 L.16(MCa) 3rd left metacarpal Sample #1,piece fromthe
distal end .

4. 97.112d(13) Right 8th rib Sample #2: vertebralendof
rib fragment; Samp le #3:
sternal end ofnb fragment

3, 97 U4C2.m 2nd cervical verteb ae not microsampled due to
diagnostic importance.

6. 97 R 16(MCa) 3rd right metacarpal Sample #4: proximal end
piece; Sample #5: distal end
piece.

7. 97 R 16(MCc) 2nd right metacarpal notmicro-sampled due to
othermicro samples alread v
taken ofneighbonng bone.

8. 97.L.16(MCb) 2nd left metacarpal Sample #7.piece from distal
end.

9. 97A125¢ 2nd right metatarsal mid -sh aft metatarsal, Samp le
#6. piece frommidshaft.

10. 97 L.20b Left tibia Sample #8,piece from
proximal end adjacentto arca
from which oneofthel 999
C 14 samp les was taken.
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Figure 1: Examples of pathological conditions present in the Kennewick skeleton
Upperleft: Reactive area in the olecranon fossa ofthe left humems; Upper right,
Close-up view of eactive bonein the ara o fthe septal ap erture o fthe o lecranon
fossa o fthe left humerus: Lo wer left, Area o fthe head ofthe left radius showing
evidence of localized traumaLower Right, A 6mm in diameter, weli-healed
depressed fracture to outer table of the left frontal bone. The photographis of
a highresolution epoxy cast of the lesion ¢he black baris 2mm long).
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