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Introduction

Ancestry egimation is an integral part of establishing abiological
profile on unknown human skeletal remains. Ancestry estimation is
accamplished through multiple methods including macromorphoscopic trait
analysis (Hefner, 2009; Plemons and Hefner, 2016). Macromorphoscopic
traits are quasicontinuousmorphological traits of the cranium, which Brues
(1958) describes as reflective of softissue differences in the living.
Macromorphoscopictraits are divided into five classes of observatios 1)
assessingoone shape; 2) bony feature morphology; 3) suture shape; 4)
presence or absence of a feature; and lastly, 5) feature prominence or
protrusion (Hefner, 2009).

Traditionally, these traits were used in a trait list approachRhine,
1990) in which ancestrywas assignedo a cranium through an adhoc
assessment and comparison to an arbitrary type specimen supposedly
reflective of certain ancestralgroups. A statistical approach to
macromorphoscopic traitdata (Hefner, 2009) allows for assessment against
all human variation captured within a given population. Further, this
approach allows for consistency and objectivity in assessing
macromorphoscopi traits across different users.

To complement( A /1 A O 8 Method, thetMM$ data collection
program allows the user to assess and collect macromorphoscopic data from
various specimens. This system is designed to reduce observer error and
increase obgctivity through standardized descriptions of traits and scoring
procedures. Further, the data is designed to be exported and used in different
programs, includingan analytical tool, for future research into ancestry
estimation and macromorphoscopic traitvariation acrosspopulations.

Setup

2.1 Creating a sample

47 AOAAOA A 1T Ax OAiI PI Ah T PAT OEA
AOO6OI 1T O1 AAO OEA 0O4'!'", uwé AT @8 4EEO
advantage data table for the purpose of organizingamples or projectsA
table will house a series of individuals associated with the indicated skeletal
collection.
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2.2  Adding an individual

To add an individual,E ZEEOOO AT OAO OEA OAAT OAAO ET E(
box. Hit the Tab keytomovetotA 1T A@O AT OOU Al @ ypAAAT AA &;
the number assigned to the specimefe.g. a case ID or individual ID for a
collectonET  OEA O# A OrAis$ boxshotldhévérbe hp® as it is
the identifier information for the Macromorphoscopic Datalank. If there are
more than one individual associated with the catalog key, thean individual
EAAT OEEZEAO OEI O1 A AA AT OAOA For&banple, OEA Al ¢
if there were two individuals in a single internment, the burial number would
beb Ol OEAAA AO OEA O#AOAI T C +AUB j A8C8 "o
AA DPOi OEAAA AO OEA O)1 AEOEAOGAI &6 j A8c8 p |1
. 1886 EO OOAA xEAT A OEIT CI A sichaSsEOEAOAI EO
observer error studies, for exanple. The number of each observation should
be entered as the tracking numbewith the first observation being 0;
however, the first observation shouldbe left blank so that all tracking
T 0i AAROO AACET xEOE Opd6 & O OEA OAATTA 1TAC

Once d necessary information is entered into the appropriate text boxes,

press thegreen GEARCEbutton (Figure 2.1). If no recordexistsfor the

NOAT EAUET ¢ ET &£ Of AGETTh A AEAI T COA Al @ xE
found. Would you like to enteranewrd | OAe 6 3 Dhcddnéw A 506 8

created, the MMS interface window willppearwhich signals that the

program is ready to receive macromorphoscopic trait data.

If you would like to return to an existing entry, insert the qualifying

informationintEA &£ 00 OA@O AT A0 AT A POAOGO OEA O
will appear in the table below the search button. You may double click on

row of interest in the table to open the MMS interface with previously scored

traits.
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Type in a unique catalog/Individual/Tracking number to find a record or enter a new one

Initials Catalog Key Individual Tracking No. Table
AMP 101 [

orphoscopic.AD
Morphoscopic2.adt
Morphoscopic3.adt =
MorphoscopicOLD.ADT
MorphoscopicThai_KK.:
Trevino_Learner.adt

New|  csv|

Record saved. Ready for more data entry or editing.
Catkey |Indiv [TrklRecrIEntryDate |Comments|En(ryiMod_0TS |

(I confim

L

=

e No match found. Would you like to enter a new record?

Cx=] No

Figure 2.1. Entering a nev casein the data entry window.

2.3 Recommended Tools

We recommend two tools to aid in the collection of
macromorphoscopic trait data: a clear ruler and a contour gauge. Contour
gauges can be purchased at most hardware stor@efer to Figure 5.9 to view
a cantour gauge).

The clear rule can be used to assess two traits, Malar Tubercle (MT)
(Section 5.4) and Posterior Zygomatic Tubercle (PZT) (Section 5.13). These
traits focus on the degree of expression of bony projections. The ruler is used
to create a horizontal line at the root of the projections to aid in examination.
The ruler need not exceed 6 inches in length.

A contour gauge is primarily used to assess Nasal Bone Contour (NBC)
(Section 5.7), but can also be used for Postbregmatic Depression (PBD)
(Section 5.12). This tool is useful to examine curvature of bony features that
may be difficult to detect with the naked eye.

MMS data entry:
3.1 MMSInterface window

The MMSprogram allows for the scoring ofup to 17
macromorphoscopictraits on an individual cranium. The MMS interface
window is composed of various sections (Figur8.1). The name of the trait
appears in the center of the s@en, highlighted in blue. A radio button box,
called the® 4 O A E @ the figkx 6ide of the screen lists all
macromorphoscopic traits, with the current trait being evaluatedhighlighted

as a dark, filledin circle. The definition of the trait is provided in theO 4 OA E O
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$ A £E1 E Gricthellower figgtportion of the screen. This definition
describes the trait and any special requirements, such as tools or comments
useful for assessment. The largest box, in the center left of the scretrg

03 A1 A A O A Ashow©ah En@ge bfith@ érdnium with the traiof focus
denoted. Below, in asmallerbox)4 EA  # @ ADA A @A chardc@id h
state, shown in the above image, is described.

L Trait List
Selected Trait Box 0001-004

v JTH 202412017

Traits

€ Anterior Nasal Spine

" Inferior Nasal Aperture

" Interorbital breadth

* Malar Tubercle

" Nasal Aperture Shape

" Nasal Aperture Width

€ Nasal Bone Contour

" Nasal Bone Shape

" Nasal Overgrowth

" Nasofrontal Suture

" Orbital Shape

¢ Postbregmatic Depression
" Posterior Zygomatic Tubercle
" Supranasal Suture

" Transverse Palatine Suture

" Palate Shape

2 " Zygomaticomaxillary Suture Course
Trait Definition Box Comments |
Character State Box
The malar tubercle (MT) is a caudally protruding ~
_Malar Tuhercle_ tubercle located on the inferior margin of the maxilla
and zyg ic bone in the region of the
2= A medium protiusion below the ruler's edge [roughly 2 to 4 mm) y i illary suture. The p Sk tanlar
tubercle is scored by placing a transparent ruler at the
il ion of the zyg i illary suture with
TESTTefyrgTaTow the inferior margin of the malar to the deepest point
keys to choose a score or 2 __ on the curvature of the maxilla. An assessment is then
press ENTER to accept the " ava made on the extent of protrusion beyond the ruler’s
score. Press DELETE to =} edge. In instances where the suture is directly on the
B e he stora Blonk and tubercle, the ruler is Placed from the deepesl'
U e i (1) c1 2 Ci3 Cancel curvature of the maxilla to the deepest anterior v

Figure 3.1 MMS interface labeled.
3.2 Moving through the list and collectingrait data:

The user carmove through the & 4 O A Eitttwa wayd; @1 moving the
cursor and sekcting the radio buttonswith the computer mouse or (2) using
the computer keyboard shortcut <ENTER>. Below the OHaracter ate Boxd
the user can select the character statebservedfor a trait by selecting the
corresponding numerical denotation for the character state with the mouse,
or by using the right and left arrow keys on lhe keyboard.As a note, he
computer shortcut is helpful for moving back and forth to considetthe full
range of variability for each trait. Once thebserved character state is
selected,the usercanpress ENTERon the keyboardto record the trait and
advance to the next screen.

If the trait in question is unobservableor obliterated or the cranium is
damagedor pathological, it is best practice to leavéhe data box BLANK and
adda note can in thecomments box.
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4.0

3.3  Deleting acharacter state entry

To delete a trait, as in when a trait is accidentally recorded whe 06 O~
actually unobservabAh  OAOAT AAO OEA OGAEAN A 1Tb@EARO O
DELETE key. This will lave the score blank and automatically advance to the
next trait.

Macromorphoscopic trait location s:
4.1  General macromorphoscopic trait location

All traits are pictured in line drawings and described in detail below.
Figures 3, 4, and Slepicts anterior, lateral, and inferior views all traits and
their location on the cranium.Figure 4.4 demonstrates location and
variations of palae shape as this is the newest addition to the
macromorphoscopic trait list. These traits are included as line drawings
the MMS program.

4.2 \Where to make an observation

Bilateral traits should be observed and recorded from th left side of
the cranium with the exceptionsof PZT and MT. These two exceptions should
be recorded forgreatest expression of the trait betwen the two sides. If
remaining traits are unobservable on the left portion of the cranium du¢o
postmortem damage or pathology, the right side should be scoredhen
1T AEOEAO OEAA AAT MA OAACA @GA DET @F A OADAED
the usercan progressto the nexttrait .
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Figure 4.1. Anterior views of a cranium to demonstrate approximate location of macroscopic traits
(Image taken from Plemons and Hefner, 2016).
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Post-bregmatic
depression

Posterior zygomatic
tubercle

Nasal overgrowth

<«—— Anterior nasal spine

Figure 4.2. Lateral views of a cranium to demonstrate approximate location ehacroscopic traits
(Image taken from Plemons and Hefner, 2016).
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Figure 4.3. Inferior views of a cranium to demonstrate approximate location of macroscopic traits
(Image taken from Plemons and Hefner, 2016).
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Figure 4.4 Inferior views of a craniumto demonstrate palate shapevariations.

Macromorphoscopic traits and definitions:
5.1  Anterior nasal spine(ANS):

Anterior nasal spine isa small bory feature located at the inferior
border of the nasal aperture This trait exhibits the following three character
states:slight, intermediate, and markedwith corresponding scores of 1, 2,
and 3. Photographs of ANS for each character state and corresponding score
are shown in Figure5.1.

To score this trait, the craniumshould be viewedlaterally to assess
the degree of projection of ANS.

1 =slight; indicates a minimal tono projection of the anterior nasal
spine beyond the inferior nasal aperture.

2 =intermediate; indicates a moderate projection of theanterior
nasal spine beyond the iferior nasal aperture.

3 =marked; indicates a pronounced projection of thespine beyond
the inferior nasal aperture.

**Note: Do not score if the individual is edentulous.
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Figure 5.1: Various character states of ANScores: a) 1 = slight; b) 2 = intermedite; c) 3 =
marked

5.2 Inferior nasalaperture (INA):

Inferior nasal aperture assesses the shape of the inferior border of the
nasal aperture. Specifically, this trait aims to assess the transition from the
nasal floor to the vertical portion of the mailla. The left portion of the
inferior nasal aperture should be assessed.

This trait exhibits five character statesscored asl, 2, 3, 4, and, and
ranges in morphology from a gentle slope with no delineation of the inferior
border (1) to a sharp, prorounced vertical ridge, commonly referred to as a
nasal sill (5). Photographs of INA for each character state and corresponding
score are shown inFigure 5.2.

1 = A score of 1 is given to an INA that exhibits a sloping of the nasal
floor which starts inside of the nasal cavity and terminates on the
vertical surface of the maxilla. This gradual slope is a smooth
transition between the two anatomical areas of bone.

2 = With this score, INA again exhibits a slope from the floor of the
nasal cavity to the verical surface of the maxilla. However, to
differentiate from the previous state, the slope begins more anteriorly
in the nasal aperture and exhibits more angulation at the opening of
the nasal aperture.

3 = This state exhibits a steep transition from the real floor to the
vertical maxilla. There is no slope, however there is no intervening
projection or sill. This morphology closely resembles a right angle,
although a more blunted for may be present.

4 = A score of 4 is assigned to a character state thasts any
superior incline of the anterior nasal floor. This includsleads to the
creation of a weak ridge of bone that crosses ¢hanterior nasal floor
perpendicularly, resulting in a partial nasal sill.
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