
Journal of Archaeological Science: Reports 37 (2021) 102984

Available online 13 May 2021
2352-409X/© 2021 Elsevier Ltd. All rights reserved.

A four-stage approach to re-associating fragmented and commingled 
human remains 

Rebecca L. Bourgeois a,*, Vladimir I. Bazaliiskii b, Hugh McKenzie c, Terence N. Clark d, 
Angela R. Lieverse d 

a Department of Anthropology, University of Alberta, 13–15 Tory Building, University of Alberta, Edmonton, AB T6G 2H4, Canada 
b Baikal Region Research Centre, Irkutsk State University, 1 Karl Marx Street, Irkutsk, Irkutsk Oblast 664003, Russia 
c Department of Anthropology, Economics and Political Science, MacEwan University, 7–367D, City Centre Campus, 10700–104 Avenue, Edmonton, AB T5H 0S5, 
Canada 
d Department of Archaeology and Anthropology, University of Saskatchewan, 55 Campus Drive, Saskatoon, SK S7N 5B1, Canada   

A R T I C L E  I N F O   

Keywords: 
Bioarchaeology 
Poor preservation 
GIS 
Osteometric analysis 
Osteology 
Life history 
Middle Holocene 

A B S T R A C T   

Bioarchaeological and forensic anthropological methods are limited in their ability to re-associate human skeletal 
remains that have been both fragmented and commingled. Although many methods for individualizing com
mingled remains exist, they are rendered ineffective when the level of fragmentation is high. In these contexts, 
human remains are often approached similarly to faunal assemblages, regarded as sets of fragmented elements 
rather than as groups of fragments representing an individual. This paper introduces a new, four-stage approach 
to identifying discrete individuals from unintentionally fragmented and commingled human remains and 
salvaging information from highly disturbed cemetery contexts. These stages include documentation, grouping, 
analysis, and evaluation, each incorporating multiple methods so as to be applicable to a wide variety of as
semblages or data availability. Through this process, quantitative analyses are used to evaluate qualitative 
groupings. This method is applicable to skeletal collections of varying levels of preservation. To demonstrate its 
application, we apply this methodology to an Early Neolithic (7560–6660 HPD cal. BP) hunter-gatherer ceme
tery, Moty-Novaia Shamanka (MNS), located in the Cis-Baikal region of Siberia, Russia. MNS was destroyed in 
the 1990s for urban development and flood management, leaving the ancient skeletal remains severely frag
mented and commingled. Our results identified five discrete individual groupings from 1245 human bone 
fragments, and eight further groupings of related fragments. Through a process of elimination, it was determined 
that these groupings represented at least seven distinct people. The methodological approach of this study 
challenges our perception of the informative value of fragmented and commingled human remains and provides 
an example of how future studies could approach individualization in situations where most context has been 
lost.   

1. Introduction 

Contemporary human activity, such as urban and industrial devel
opment, is among the main driving forces that both destroy and displace 
interred human remains, risking the loss of archaeological and other 
cultural heritage (Foster and Lovekamp, 2015; Maples and East, 2013; 
Rainville, 2009; UNESCO, 2018). Unfortunately, it is common for un
marked cemeteries and burials to be discovered through development, 
their remains being commingled and fragmented in the process (Killoran 
et al., 2016). The literature addressing the problem of how to sort 

commingled human remains is extensive (e.g., Adams and Byrd, 2006; 
Adams and Konigsberg, 2008; Byrd, 2008; Byrd and Adams, 2003; 
Finlayson et al., 2017; Herrmann and Devlin, 2008; Karell et al., 2016; 
LeGarde, 2019; Mundorff et al., 2014; Osterholtz et al., 2014b; Perrone 
et al., 2014; Rodrìguez et al., 2016; Ubelaker, 2002; Zejdlik, 2014), but 
each methodological approach to this problem is limited by fragmen
tation. This paper presents a four-stage approach for identifying discrete 
individuals from fragmented and commingled human remains. To do so, 
it considers the poorly preserved and highly fragmented remains from 
the Early Neolithic (EN, 7560–6660 HPD cal. BP; Bronk Ramsey et al., 
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2021; Weber et al., 2021) hunter-gatherer Kitoi cemetery Moty-Novaia 
Shamanka (MNS) in the Cis-Baikal region of Siberia (Russian Federa
tion). As a new and unique Kitoi site, MNS has substantial research 
potential, especially with the identification of discrete individuals. 
Existing methods used to salvage information from highly disturbed 
contexts—such as those applied in zooarchaeology, forensic anthro
pology, and bioarchaeology—were modified and further developed 
using the MNS collection, creating a template for other researchers to 
apply in similar situations. As this four-stage approach was developed in 
a context where fragmentation was high, it is applicable to collections of 
varying levels of preservation. The methodology is particularly relevant 
for long-term usage commingled assemblages (Osterholtz et al., 2014a), 
such as destroyed cemetery sites. Like all methods focused on the re- 
association of commingled and fragmented remains, some aspects of 
this methodology, such as general element groupings and spatial anal
ysis, will be more successful when applied to small skeletal assemblages. 
However, this approach is broadly applicable to a wide variety of bio
archaeological and forensic contexts. 

2. Materials 

In the 1990s, a low-lying hill was bulldozed during the development 
of the village of Novaia (“New”) Shamanka, along the Irkut River in 
Siberia’s Cis-Baikal region, in order to mitigate flooding (Bazaliiskii 
et al., 2016). Originally located on this hill was the EN cemetery of MNS. 
The cemetery was destroyed, and the human remains left fragmented 
and commingled within a garden plot for about twenty years until the 
property owner contacted archaeologists at Irkutsk State University. In 
2014 and 2015, MNS was partially excavated by VI Bazaliiskii in three 
excavations (Fig. 1). Excavation I was conducted in a series of three 

trenches. Trench A (green) was excavated in 2014 along the eastern 
fence line of the property and was expanded in 2015 into trenches B 
(blue) and C (red). Excavation II was centered around an area of ochre 
staining that was underneath a house at the time of the bulldozing, 
crushing the remains rather than pushing them across the site. Excava
tion III was dug at the northwest corner of the property to clear the area 
for a future building. In addition to this, test units (TU 2–4) were also 
excavated at the northwest corner of the property surrounding Exca
vation III. Neither Excavation III nor the tests units yielded any human 
remains (Bazaliiskii et al., 2016). The only other osteological analysis of 
the MNS human skeletal collection was a population size estimate of 19 
adult individuals in Excavation I by Denis Pezhemsky (Lomonosov 
University, Moscow; Bazaliiskii et al., 2016). These methods, however, 
remain unreported and are not included in this study. As a whole, the 
MNS collection is comprised of 1245 fragments of generally poor con
dition, ranging from small, unidentifiable fragments to a few nearly 
complete bones. The high level of fragmentation from the bulldozing 
was accompanied by red ochre staining as typical for the Kitoi mortuary 
tradition, biodegradation from the natural environment, bleaching and 
weathering of those fragments exposed to the elements, and etching 
from plant roots, all affecting the surface features and quality of each 
fragment. For more detailed description of the MNS collection, please 
refer to Bourgeois (2020). 

3. Methods 

A four-stage approach (Fig. 2) was developed to collect both quali
tative and quantitative data with which to re-associate fragments into 
discrete individuals. This process created hypothetical groupings based 
on qualitative data (visual grouping) that were then tested 

Fig. 1. Location of MNS and archaeological site plan of the 2014, 2015 Excavations I–III. Major Kitoi sites mentioned in the Early Neolithic section noted by black 
squares. The focal site of this paper, Moty-Novaia Shamanka, is noted by a red triangle. Sites obtained from Weber et al., 2010 and Bazaliiskii et al., 2016. Data was 
freely obtained from DIVA-GIS (http://www.diva-gis.org/) and NATURAL EARTH (https://www.naturalearthdata.com/). Regional map created in ArcGIS Pro by 
William T.D. Wadsworth. Excavation plan drawn and modified from those provided by lead archaeologist of the MNS excavations (co-author VI Bazaliiskii). 
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quantitatively to either support or reject their association. 

3.1. Stage 1: Documentation 

Stage 1 included the bulk of the data collection. Herein each of the 
1245 fragments in the MNS collection was identified and recorded using 
the Zonation Method (Dobney and Reilly, 1988; Knüsel and Outram, 
2004; Outram, 1998, 2001; Outram et al., 2005). Owing to the varying 
levels of preservation within the collection, which often limited the 

ability to identify fragments, an evaluation scale for fragment identifi
ability was created (Table 1). This scale ranged from unidentifiable 
(Degree 0) to nearly complete bones that were able to be identified to 
specific element and side (Degree 5). Next, each fragment was graded 
qualitatively based on stage of weathering (Behrensmeyer, 1978 as 
modified and described by Buikstra and Ubelaker, 1994) and level of 
ochre staining (Table 2). In the case of MNS, weathering and ochre 
staining are a reflection of both the original burial and the post- 
disturbance environments. It is likely that bones from the same indi
vidual would have experienced broadly similar depositional environ
ments for the vast majority of their postmortem histories (i.e., 6600+
years), but the recent disturbance could account for differences in 
weathering and ochre staining patterns. Therefore, these criteria were 
only used as descriptive measures of the bone surface that supported a 
grouping after multiple other criteria indicated that fragments were 
from the same individual. 

Morphological characteristics were also noted for each fragment. 
These included entheseal morphology, non-metric traits (according to 
Buikstra and Ubelaker, 1994; Finnegan, 1978; Hauser and De Stefano, 
1989; Saunders, 1978), pathological and degenerative changes (Buikstra 
and Ubelaker, 1994; Gestsdóttir, 2014; Lieverse et al., 2007, 2016; Mays 

Fig. 2. The four-stage approach taken to identify discrete individuals from the MNS collection.  

Table 1 
Fragment identifiability.  

Degree Description 

0 Fragment is very small and unidentifiable. 
1 Fragment is small but identifiable to class (such as a costal, limb long bone, 

vertebral, or cranial vault fragment). 
2 Fragment is identifiable to element with a few exceptions (metacarpals, 

metatarsals, and phalanges are not identifiable to specific element), but not 
identifiable to side. 

3 Fragment is identifiable to element and side, but less than 50% of the bone 
is represented; it can be used for MNI. 

4 Fragment is identifiable to element and side, with 50–75% of the bone 
represented; postmortem damage is localized to a specific end or area. 

5 Fragment is identifiable to element and side, representing 76–100% of the 
element with little to no postmortem damage. 

The line between degrees 3 and 4 signifies the two different goals of this grading 
system. Degrees zero through three describe the main usefulness of the fragment 
to this study and the individualization process, whereas degrees four and five 
provide further details in the context of this study and inform future scholars on 
the completeness of the fragment. 

Table 2 
Evaluation scale for ochre staining.  

Level Description of Ochre Staining 

0 No ochre staining 
1 Very light ochre staining 
2 Light to moderate ochre staining 
3 Dark ochre staining  
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and Holst, 2006; Ortner, 2003; Purchase, 2016), stages of development, 
dental wear (Smith, 1984; Scott, 1979; as referenced in Buikstra and 
Ubelaker, 1994), calculus deposition (Brothwell, 1981; as presented in 
Buikstra and Ubelaker, 1994), sexually dimorphic traits, and indicators 
of age at death (Acsádi and Nemeskéri, 1970; Bass, 1995; Buikstra and 
Ubelaker, 1994). A SuniRay handheld x-ray was used to determine if 
tooth absence was congenital, pathological, or developmental. After 
each fragment was described, standard measurements were taken 
(Buikstra and Ubelaker, 1994; Moore-Jansen et al., 1994; White, 1977; 
Suwa, 1990; White et al., 2012), as were those used for stature recon
struction from fragmented human remains (De Mendonça, 2000; Steele, 
1970; Steele and McKern, 1969; Wright and Vásquez, 2003). As per 
standard practice, measurements were recorded as an average of three, 
taken using digital calipers. To maximize the comparative potential 
between fragments, landmark-based measurements were developed to 
accommodate the poor preservation of the MNS collections (all mea
surements used are summarized in Table 3). Although fragment refitting 
occurred throughout this stage (see below), measurements avoided 
areas that were reconstructed, as this process may affect their accuracy, 
and thus that of subsequent osteometric sorting (Stage 3). 

3.2. Stage 2: Grouping 

All fragments of identifiability Degree 3 and higher (Table 1) were 
then sorted by element and used in the calculation of a landmark-based 
MNI (Mack et al., 2016) for comparison to the population size estimate 
of 19 individuals by Pezhemsky (Bazaliiskii et al., 2016). This MNI 
included one individual from Excavation II, which was from a separate 
excavation and contained at least one of each skeletal element even if 
they were not able to be specifically identified. Visual groupings were 
made independent of the landmark-based MNI and based on qualitative 
characteristics recorded in the Documentation stage (such as size and 
morphology). These served as hypotheses that were tested during the 
analysis stage (Stage 3) and included both general groupings and 
bilateral element pairings. Throughout the first two stages, where 
possible, fragments were refit to form conjoins of two or more fragments 
(as in Osterholtz, 2012a, 2012b, 2014, 2018; Osterholtz et al., 2014b). 

3.3. Stage 3: Analysis 

During this stage, the provisional groupings made during Stage 2 
were tested using osteometric sorting and spatial analysis. Bilateral el
ements were tested using both osteometric sorting and spatial analysis, 
whereas other grouped elements were tested only with spatial analysis. 
Osteometric sorting followed the methods outlined by Thomas and 
colleagues (2013) based on studies of the level of bilateral asymmetry 
within a large sample of human skeletons from a variety of populations 
(spanning various time periods and geographic regions). Only those 
fragments that were visually paired were tested osteometrically to 
evaluate their provisional grouping. This comparison used the M sta
tistic (M = |L–R| / [(L + R)/2]), where M was the test statistic quanti
fying the relative difference between paired measurements, L 
represented the measurement on the left bone, and R represented the 
same measurement taken on the right bone (Thomas et al., 2013). The M 
statistic generated from MNS-hypothesized pairs was compared to the 
90th and 95th percentiles, as well as the maximum value of aggregate 
male and female values in the reference sample tables (which they 
calculated for their sample population using a linear interpolation al
gorithm in Microsoft Excel; Thomas et al., 2013) to test the null hy
pothesis (H0) that the two paired fragments were from the same 
individual. In cases where poor preservation prohibited taking the same 
measurement as documented in the reference literature (Thomas et al., 
2013), the MNS measurement (see Table 3) was compared to the most 
similar measurement from the reference sample. In cases where articular 
surfaces are preserved, unlike MNS, osteometric methods for re- 
associating articularting remains (such as Byrd and LeGarde, 2014) 

Table 3 
List of measurements that were taken on various elements in the MNS collection.  

Element Description of Measurements (recorded in mm) 

Mandible Breadth of the mandibular body1 

Height of the mandibular body1 

Maximum and minimum ramus breadths1 

Maximum ramus height1 

Buccolingual and mesiodistal crown diameters of all teeth3 

Clavicle Maximum diameter at the conoid tubercle 
Superior-inferior diameter at the conoid tubercle 
Maximum diameter at the medial aspect of the trapezoid line 
Maximum diameter at the lateral aspect of the trapezoid line 
Superior-inferior breadth at the medial aspect of the trapezoid line 
Superior-inferior breadth at the lateral aspect of the trapezoid line 

Scapula Maximum mediolateral breadth of the glenoid fossa 
Maximum superoinferior breadth of the glenoid fossa 
Maximum superoinferior breadth of the acromion 
Maximum mediolateral breadth of the acromion 
Minimum diameter of the most lateral portion of the scapular spine 
joining the acromion to the body of the wing medial to the glenoid fossa 
Mediolateral breadth of the coracoid 

Humerus Epicondylar breadth1 

Vertical diameter of head1 

Maximum diameter at midshaft1 

Minimum diameter at midshaft1 

Midshaft circumference 
Anteroposterior diameter at the most inferior point of the deltoid 
tuberosity where it meets the crest for the greater tubercle 
Mediolateral diameter at the most inferior point of the deltoid tuberosity 
where it meets the crest for the greater tubercle 
Circumference at the most inferior point of the deltoid tuberosity where 
it meets the crest for the greater tubercleMaximum diameter at the most 
inferior point of the deltoid tuberosity where it meets the crest for the 
greater tubercle 
Minimum diameter at the most inferior point of the deltoid tuberosity 
where it meets the crest for the greater tubercle 
Anteroposterior diameter at the most inferior point of the crest for the 
lesser tubercle where it meets the medial crest 
Mediolateral diameter at the most inferior point of the crest for the lesser 
tubercle where it meets the medial crest 
Circumference at the most inferior point of the crest for the lesser 
tubercle where it meets the medial crest 
Maximum diameter at the most inferior point of the crest for the lesser 
tubercle where it meets the medial crest 
Minimum diameter at the most inferior point of the crest for the lesser 
tubercle where it meets the medial crest 
Maximum length1 

Mediolateral breadth of the olecranon fossa 
Superoinferior breadth of the olecranon fossa 
Anteroposterior breadth of the shaft at the point where the lateral side of 
the deltoid tuberosity begins to angle distomedially 
Diameters of the deltoid tuberosity at the point where the lateral side 
begins to angle medially (anteroposterior, mediolateral, maximum, 
minimum) 
Circumference of the shaft at the point where the lateral side of the 
deltoid tuberosity begins to angle distomedially 

Radius Midshaft diameters (anteroposterior and mediolateral midshaft)1 

Maximum diameter immediately superior to radial tuberosity 
Mediolateral breadth of the radial tuberosity 
Anteroposterior sub-radial tuberosity diameter immediately distal to the 
radial tuberosity 
Mediolateral sub-radial tuberosity diameter immediately distal to the 
radial tuberosity 
Maximum sub-radial tuberosity diameter immediately distal to the 
radial tuberosity 
Minimum sub-radial tuberosity diameter immediately distal to the 
radial tuberosity 
Sub-radial tuberosity circumference immediately distal to the radial 
tuberosity 

Ulna Anteroposterior diameter1 

Mediolateral diameter1 

Anteroposterior diameter at the most inferior point where the pronator 
ridge meets with the diaphysis immediately proximal to the distal end 
Mediolateral diameter at the most inferior point where the pronator 
ridge meets with the diaphysis immediately proximal to the distal end 
Maximum diameter at the most inferior point where the pronator ridge 
meets with the diaphysis immediately proximal to the distal end 

(continued on next page) 

R.L. Bourgeois et al.                                                                                                                                                                                                                            



Journal of Archaeological Science: Reports 37 (2021) 102984

5

would be useful to include at this stage. 
For the spatial analysis, ArcGIS 10.4 was used to make renderings of 

the original site plans of Excavation I. Excavation II was omitted from 
spatial analysis because it was a separate area of the site with a different 
disturbance history and the position of each fragment was not recorded 
at the time of excavation. These renderings included a point for the 
location of each fragment (or group of clustered fragments) in situ, which 
was then linked to the catalogue that was compiled in the documenta
tion stage. The maximum distance between two fragments within a 
conjoin were taken to represent the furthest distance that two known 
pieces of the same bone travelled within the site. X and Y coordinates for 
each fragment or fragment cluster (n = 1072) were generated using GIS 
and inputted into PAST (Paleontological Statistics Software Package for 
Education and Data Analysis version 2.17) to generate a distance matrix 
of pair-wise comparisons from point to point using Euclidean geometry. 
This created 572,987 distances, in meters, of which the mean and 
standard deviation were calculated using Excel and were used to 
describe the general proximity of fragments to one another. The mean 
and standard deviation of the distance between all points within Exca
vation I formed the indices of proximity, when combined with the 
maximum known distance travelled by a conjoin. These indices were 
used to test the proximity of grouped fragments. 

Two associated fragments were defined as having high proximity if 
the distance between them was less than the maximum distance between 
two conjoins (2.09 m) plus an arbitrary buffer of 2 m. The arbitrary 
value of the buffer was a reasonable approximation that accounts for 
both the mean height of the human skeleton (1.58 m; Auerbach and 
Ruff, 2010) and the average grave length at the nearby Kitoi cemeteries 
of Shamanka II and Lokomotiv (~2 m), both excavated by co-author VI 
Bazaliiskii. This reference for the average height of a human skeleton is 
consistent with other studies done in the area such as that by Temple and 
colleagues (2014), who referred to their stature estimation formula for 
use on EN adults from the Cis-Baikal region. Thus, any fragments within 
4.09 m of one another were considered to have high proximity. Two 
fragments were classified as having moderate proximity if they were 
within the cut-off for high proximity (4.10) and one standard deviation 
(derived from the site wide distance matrix) above the mean distance of 
all points within Excavation I (6.77 m). Anything beyond this distance 
(6.78+ m) was considered to have low proximity. As this method is 
enhanced by distance data from conjoined fragments, it is likely more 
precise in cases of small-scale commingling, as is typical of methodol
ogies addressing commingled human remains. Nevertheless, this 
approach to spatial analysis is broadly applicable to a wide variety of 
bioarchaeological and forensic contexts, depending on field preparation, 
data availability, and commitment to the refitting process. 

3.4. Stage 4: Evaluation 

Herein each grouping of associated fragments was evaluated based 

Table 3 (continued ) 

Element Description of Measurements (recorded in mm) 

Minimum diameter at the most inferior point where the pronator ridge 
meets with the diaphysis immediately proximal to the distal end 
Circumference at the most inferior point where the pronator ridge meets 
with the diaphysis immediately proximal to the distal end 
Mediolateral diameter at the coronoid process 
Anteroposterior diameter at the coronoid process 
Distance from the medial side of radial notch to lateral edge of the 
trochlear notch 
Anteroposterior diameter of the olecranon 
Mediolateral diameter of the olecranon 

Femur Anteroposterior subtrochanteric diameter1 

Mediolateral subtrochanteric diameter1 

Anteroposterior midshaft diameter1 

Mediolateral midshaft diameter1 

Midshaft circumference1 

Anteroposterior diameter at the point where gluteal and spiral lines join 
the linea aspera 
Mediolateral diameter at the point where gluteal and spiral lines join the 
linea aspera 
Maximum diameter at the point where gluteal and spiral lines join the 
linea aspera 
Minimum diameter at the point where gluteal and spiral lines join the 
linea aspera 
Circumference at the point where gluteal and spiral lines join the linea 
aspera 
Bicondylar breadth1 

Mediolateral breadth of the lesser trochanter 
Superoinferior breadth of the lesser trochanter 

Tibia Mediolateral diameter at the nutrient foramen1 

Maximum diameter at the nutrient foramen1 

Minimum diameter at the nutrient foramen1 

Circumference at the nutrient foramen1 

Anteroposterior diameter at the point where anterior crest crosses over 
to the medial border of the shaft proximal to the medial 
malleolus2Mediolateral diameter at the point where anterior crest 
crosses over to the medial border of the shaft proximal to the medial 
malleolus2 

Maximum diameter at the point where anterior crest crosses over to the 
medial border of the shaft proximal to the medial malleolus2 

Minimum diameter at the point where anterior crest crosses over to the 
medial border of the shaft proximal to the medial malleolus2 

Circumference at the point where anterior crest crosses over to the 
medial border of the shaft proximal to the medial malleolus2 

Mediolateral intercondylar breadth 
Maximum anteroposterior diameter of the diaphysis not including the 
medial malleolus 

Fibula Anteroposterior diameter at the point where the interosseous crest meets 
the surface for interosseous ligaments 
Mediolateral diameter at the point where the interosseous crest meets 
the surface for interosseous ligaments 
Maximum diameter at the point where the interosseous crest meets the 
surface for interosseous ligaments 
Minimum diameter at the point where the interosseous crest meets the 
surface for interosseous ligaments 
Circumference at the point where the interosseous crest meets the 
surface for interosseous ligaments 
Anteroposterior diameter at the nutrient foramen 
Mediolateral diameter at the nutrient foramen 
Maximum diameter at the nutrient foramen 
Minimum diameter at the nutrient foramen 
Circumference at the nutrient foramen 
Anteroposterior diameter at the superior point of the attachment site for 
the interosseous ligament 
Mediolateral diameter at the superior point of the attachment site for the 
interosseous ligament 
Maximum diameter at the superior point of the attachment site for the 
interosseous ligament 
Minimum diameter at the superior point of the attachment site for the 
interosseous ligament 
Circumference at the superior point of the triangular subcutaneous are 

Calcaneus Middle breadth1 

Maximum distance between the medial and posterior talar facets 
Distance between the most posterior point of the posterior talar facet 
and the most anterior edge of the calcaneal tuberosity 

Talus Maximum breadth (diameter from the most medial point of the medial 
malleolar surface to the most lateral point of the lateral process)  

Table 3 (continued ) 

Element Description of Measurements (recorded in mm) 

Mediolateral diameter of the trochlear surface (taken at approximately 
the midpoint) 
Distance from the most medial point of the lateral process to the most 
lateral point of the lateral process 
Maximum breadth of the sulcus tali (space between the posterior and 
medial subtalar facets) 
Maximum diameter of the posterior subtalar facet 
Maximum length (from the most anterior point on the head to the most 
posterior point) 

1, Measurements taken according to Moore-Jansen et al., 1994, as reproduced by 
Buikstra and Ubelaker 1994; 2, Measurements taken according to Steele and 
McKern (1969) and Steele (1970); 3, Measurement taken according to White 
(1977) and Suwa (1990, pp. 40–43) as cited in White and colleagues (2012). 
Those without notation were developed during this study. 
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on their distinctiveness from other groupings. Based on the quantitative 
and qualitative data that supported a grouping of fragments, they were 
categorized as either an Individual or an Association. Those classified as 
an Individual possessed characteristics that set them apart from all other 
groupings, therefore being confidently distinct from other Individuals. 
Those classified as an Association consisted of multiple fragments that 
were able to be grouped together but were not distinct enough to rule 
out a relationship with other groupings; therefore, there could have been 
some overlap between different Associations or between Associations 
and Individuals. Associations are thus auxiliary groupings of related 
elements that supplement studies of life history. They also play into the 
following process of elimination that was employed to clarify the pos
sibility of overlap between Individuals and Associations. Individual 
groupings were not compared to one another because they were already 
deemed to be discrete. The process of elimination considered dis
tinguishing characteristics, any overlap between element representa
tion, and proximity. It did not emphasize the qualitative evaluation 
criteria that described the depositional and post-depositional environ
ment (such as ochre staining and weathering). Instead, it prioritized the 
consideration of each Individual and Association as a set of skeletal el
ements that were cross-referenced with all other groupings in order to 
identify those that could not possibly represent the same individual. 
More detailed information on this four-stage multi-method is presented 
in Bourgeois (2020). The possibility of overlap was classified as not 
possible (No) if there was a definitive reason why two groupings could 
not be from the same individual (such overlapping element represen
tation or inconsistent stage of development); unlikely (UL) if they had 
differing morphological characteristics or low proximity, making it un
likely that these groupings were from the same individual, but a possible 
relationship could not be definitively eliminated; and possible (PSB) if 
the groupings had high proximity and there were no definitive measures 
(representation or stage of development) that opposed their grouping. In 

the latter case, although groupings were separated by our four-stage 
approach, it is still possible that they could represent the same indi
vidual. In all cases, proximity was measured as the distance between the 
closest fragments within each grouping. 

4. Results and discussion 

Here we report on the application of this method to the MNS site. 
71.16% of the MNS collection was identifiable to element class (Degree 
1), but only 41.04% was identifiable to a specific element (Degree 2 or 
higher). Of the 1245 total fragments, 202 (16.23%) were able to be 
refitted to form 74 conjoins. Stage 2 yielded an MNI of nine, based on 
femoral fragments. This calculation included the assumed presence of 
one of each element in Excavation II, which did not result in any 
duplication (because of the large distance between excavations). The 
MNI served as one objective estimate of population size, and a first step 
toward individualization. From these remains, five discrete Individuals 
were identified, represented by groups of multiple fragments (Fig. 3). A 
further eight Association groupings were identified (Fig. 4), but these 
were not conclusively distinct from all other groupings and so could not 
be classified as distinct Individuals. Through process of elimination 
(Table 4), we determined that these 13 groupings (five Individuals and 
eight Associations) represented at least seven people. This was evident 
when the extra sets of lower limbs (Associations A, B, and C) were 
compared to the Individual groupings made up of solely upper limbs 
(Individuals 1 and 2). Individual 2 was excluded due to the distinct 
gracile morphology (see below) of the remains that was not shared by 
the three lower limb Associations. As Individual 1 could only be asso
ciated with one set of lower limbs, there were at least two other people, 
in addition to the five Individuals, represented by these groupings. Our 
analysis demonstrated that none of the Individuals overlapped with any 
other Individual; therefore, we are confident that the groupings made in 

Fig. 3. All discrete Individuals identified in this study. They are indicated according to their identification number.  
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this study represent at least seven people, five discrete (represented by 
Individuals) and at least two others that are identifiable through a 
process of elimination (represented by two of Associations A, B, or C). 
Association groupings are summarized in Table 5 and described in 
Bourgeois (2020), but they are not discussed here. 

4.1. Individual 1 

Individual 1 was represented by a partial cranium, mandible, right 
scapula, right humerus, and both clavicles. Qualitatively, this grouping 
was made on the basis of very pronounced entheses and characteristic 
bright-red ochre staining. The maxilla and mandible had congenitally 
absent left and right third molars and similar, moderate, wear patterns 
that fit together when articulated. Minor dental calculus (code 1 ac
cording to Brothwell, 1981) was present on most teeth, and the mod
erate level of tooth wear suggested a young adult age at death. Sex was 
indeterminate, since some observable traits (gonial angle) were robust, 
consistent with males, while others were ambiguous (mastoid process) 

or more consistent with females (nuchal crest, posterior zygomatic 
process; Acsádi and Nemeskéri, 1970; Bass, 1995; Buikstra and Ube
laker, 1994). This individual’s generally robust cranial morphology is 
typical for Middle Holocene (ca. 8630–3470 HPD cal. BP; Bronk Ramsey 
et al., 2021; Weber et al., 2021) occupants of the Cis-Baikal, both male 
and female. As a result, sex assessment based on only a few cranial 
morphological indicators is generally ineffective for these populations. 
Pronounced humeral and clavicular entheses suggested well-developed 
deltoid, trapezius, latissimus dorsi, and pectoralis major muscles, 
consistent with watercraft use during life (e.g., Lieverse et al., 2009). 
This individual showed signs of moderate periodontitis in both jaws and 
antemortem breakage of the left mandibular central incisor. Fine- 
grained pitting on, and destruction of, the right external auditory 
meatus suggested chronic otitis externa (Mays and Holst, 2006; Pur
chase, 2016). Observable non-metric traits included a mylohyoid bridge 
on the mandible and a suprascapular notch and circumflex sulcus on the 
scapula (Buikstra and Ubelaker, 1994; Finnegan, 1978; Saunders, 1978; 
Winder, 1981). The furthest distance between two fragments was 2.20 m 

Fig. 4. All Association groupings identified in this study. They are indicated according to their alphabetical identification.  
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(mean = 0.98 m; sd = 0.73), putting them in high proximity. When 
bilateral clavicular measurements were compared to Thomas and col
leagues’ (2013) midshaft diameters, the null hypothesis was not rejected 
in any case, further supporting their grouping. 

4.2. Individual 2 

Individual 2 included the right arm of an adult female. This grouping 
was initially based on the small size of the skeletal elements and their 
defined entheses. Both the radial head and the olecranon epiphysis were 
fused, indicating a minimum age of 14–15 years at death (Schaefer et al., 
2009:199, 213). Morphological comparisons to juveniles (15–20 years) 
and small-bodied adults from the nearby Kitoi sites of Shamanka II and 
Lokomotiv, however, revealed that these were the remains of an adult 
(20+ years). All anatomical landmarks (e.g., interosseous borders) were 
well-defined, and entheses (e.g., supinator crest, ulnar tuberosity, del
toid tuberosity, and crest for the greater tubercle) were pronounced. The 
small body size suggested a likely female sex, particularly considering a 

study of sexual dimorphism in Kitoi populations that showed statisti
cally significant differences in robusticity between males and females 
(Stock et al., 2010). The bones’ small size was not evidence of bone 
atrophy because entheses were well developed and diaphyseal 
morphology was normal, rather than being diminished or altered as has 
been documented in cases of disuse atrophy (e.g., Lieverse et al., 2008). 
The maximum distance between two fragments was 0.72 m (mean =
0.49 m; sd = 0.32); therefore, these fragments were in high proximity. 

4.3. Individual 3 

Individual 3 represented the left leg of an adolescent of indetermi
nate sex. Each fragment showed distinct, bright-red ochre staining 
supporting their grouping. This Individual was an excellent example of 
how the process of refitting fragments greatly influenced interpretations 
and the grouping process. Comprised of 13 previously unidentifiable 
fragments conjoined into four bone segments, the refitting process 
allowed for the left femur, and its apophyseal cutback zone indicating 

Table 5 
Summary of association groupings.  

Group No. of 
fragments 

Elements 
Represented 

Sex Age Pathological lesions NMTs Osteometric 
sorting 

Proximity 

A 3 Right Tibia; Right 
Fibula; Left Fibula; 

N/A Adult Diffuse periosteal bone 
formation,1 some remodeled.2 

N/A N/A High (max/ mean 
= 1.61 m) 

B 5 Left Tibia; Right 
Tibia; Left Fibula; 
Right Fibula; 

N/A Adult N/A Squatting facets on both left 
and right distal tibiae 

Supports 
grouping 

High (max = 0.45 
m, mean = 0.35 m, 
sd = 0.16) 

C 2 Left Femur; Left 
Tibia 

N/A Adult N/A N/A N/A High (max/mean 
= 1.84 m) 

D 3 (incl. 1 
conjoin) 

Left Humerus; 
Right Humerus 

N/A Adult N/A N/A Supports 
grouping 

High (max = 0.26 
m, mean = 0.18, sd 
= 0.08) 

E 2 (incl. 1 
conjoin) 

Left Radius; Left 
Ulna 

N/A Adult N/A N/A N/A High (max/mean=
0.98 m) 

F 2 Atlas (C1 
vertebra); Axis (C2 
vertebra) 

N/A Adult Degenerative changes on the 
dens (axis) and dens facet 
(atlas) consistent with vertebral 
osteoarthritis 

N/A N/A High (max/ 
mean=0.37 m) 

G 16 (incl. 2 
conjoins) 

Cranial vault N/A Adult Ectocranial porosity on the 
posterior right parietal 

Retained metopic suture N/A High (max = 0.33 
m, mean = 0.21 m, 
sd = 0.10) 

H 15 (incl. 2 
conjoins) 

Cranium Possibly 
female3 

Adult Destruction and fine-grained 
pitting of the right external 
auditory meatus, suggesting 
chronic otitis externa 

Right supraorbital notch, left 
zygomatico-facial foramen, 
left supraorbital foramen, left 
marginal tubercle4 

N/A High (max = 1.47 
m, mean = 0.87 m, 
sd = 0.45)  

1 On the posteromedial border of the left fibula as well as on the anterior crest and posterior and anterior borders of the tibia. 
2 On the tibial diaphysis. 
3 Glabella (3), supraorbital margin (4), mastoid process (Acsádi and Nemeskéri, 1970), a posterior zygomatic process that did not extend posterior to the external 

auditory meatus (Bass, 1995). 
4 Buikstra and Ubelaker, 1994; Hauser and De Stefano, 1989; Oettlé et al., 2017. 

Table 4 
Potential relationships between Individual and Association groupings based on a process of elimination.   

1 2 3 4 5 A B C D E F G H 

1  No No No No PSBh PSBh PSBh No PSBh PSBh No No 
2   No No No ULm ULh ULh No No PSBm PSBm PSBm 

3    No No No No No No No No No No 
4     No No No No PSBh PSBh PSBh ULl PSBh 

5      No No No No No No No No 
A       No No PSBm PSBh PSBh ULl PSBh 

B        No PSBh PSBh PSBh ULl PSBh 

C         PSBh PSBh PSBm ULl PSBm 

D          PSBm PSBm ULl PSBm 

E           PSBh ULl PSBh 

F            PSBm PSBh 

G             No 
H              

No, no possible relationship based on the types of fragments present in the groupings; UL (unlikely), relationship cannot be entirely ruled out based on element 
representation, but it is less likely because of morphological characteristics or low proximity (measurements based on distance between closest fragments); PSB 
(possible), possible relationship between two groupings. hFragments had high proximity; mFragments had moderate proximity; lFragments had low proximity. 
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stage of development, to be identified. The cutback zone provided an 
age at death estimate between 14 and 18 years based on comparison to a 
wide range of juvenile femora from Shamanka II and Lokomotiv. These 
comparisons focused on the morphology and robusticity of the bone and 
the presence of the porous cutback zone inferior to the lesser trochanter, 
which was a sign of the tapering of the diaphysis during development 
(Lewis, 2018: 4–5: Reddi, 1981). Owing to the lower levels of 
completeness, no non-metric traits were observable. The maximum 
distance between two fragments was 2.17 m (mean = 1.53 m; sd =
0.59), putting them in high proximity. 

4.4. Individual 4 

Individual 4 included the lower limb bones of an adult of indeter
minate age and sex. These fragments were initially grouped based on 
their characteristic light yellow-orange ochre staining, complementary 
smooth entheses, and uniquely high level of weathering. The latter could 
reflect a similar depositional environment consistent with these remains 
having been from the same individual. Osteometric sorting of the paired 
tibiae showed that all measurements rejected the null hypothesis at both 
the 90th and 95th percentiles, as well as the maximum value for M 
within the reference sample (Thomas et al., 2013). The one exception, 
the maximum diameter at the nutrient foramen, only rejected the null 
hypothesis at the 95th percentile and the maximum value for M. 
Considering that the difference between the M value of the two MNS 
tibiae and the reference sample was 0.003 and that the bones show 
postmortem surface degradation, these values could still be considered 
as supporting the grouping of tibial fragments. Moreover, the exact 
position of the tibial nutrient foramen is variable within an individual, 
introducing error to measurements based on this landmark (Mead and 
Christensen, 2020; Vehit and Christensen, 2019). Due to the lower level 
of completeness, no non-metric traits were observable in this individ
ual. The maximum distance of two fragments was 3.83 m (mean = 2.30 
m; sd = 1.48), suggesting high proximity. 

4.5. Individual 5 

Individual 5 included all fragments from Excavation II, which were 
not labelled individually because the archaeologists excavating the site 
determined, in situ, that these were the remains of one individual that 
was not commingled with others. Analysis of the fragments from this 
excavation did not indicate any duplication of elements, supporting this 
claim. Individual 5 consisted of 255 total bone fragments making up 11 
post-cranial conjoins. The poor level of preservation and identifiability 
prevented age and sex estimation and was most likely the cause of the 
variable levels of ochre staining and weathering observed. Of the 11 
conjoins, two were identifiable as a right humerus and a right femur and 
two others as portions of an unsided metatarsal and femur. The zone 
representation of the unsided femur did not overlap with the identified 
right; therefore, it did not indicate more than one person in Excavation 
II. Other conjoins were not definitively identifiable but, based on shape 
and size, they could possibly be from a femur, humerus, and a fibula. 
Remaining fragments represented portions of the left and right scapulae, 
right ilium, right femur, an ulna, calcaneus, metatarsal, and probable 
parietal bone. Eleven phalangeal fragments, 191 long bone fragments, 
and 20 unidentified bone fragments were also recovered. Due to the low 
level of preservation, no non-metric traits were observable within this 
grouping 

5. The benefits of the four-stage approach to re-association 

The landmark-based MNI of nine for the MNS collection (all exca
vations) was derived from left femoral fragments. This calculation 
assumed a minimum number of left femora possibly interred in Exca
vation II (n = 1), even though a left femur was not identifiable from 
those remains. Fragments included in the MNI represented only a 

focused portion of the femur, namely the diaphyseal region, or zone 6 
(Fig. 5). Thus, there was very little representation of articular facets or 
major entheses. 

If individuals within the MNS population were represented solely by 
the MNI, little information about life-history would be ascertainable 
because an Individual would have been represented by only one frag
ment. As noted by Anderson (1964, as cited by Glencross, 2014), this 
would have limited any analysis to a specific element (or portion of 
element) rather than allowing for the examination of multiple bones 
whose condition as a group would provide more detailed information on 

Fig. 5. Zone representation of femoral fragments used in the landmark-based 
MNI calculation. The scale bar indicates how many of the eight (all femora 
included in MNI, excluding Excavation II) left femora include the zone indi
cated on the drawing. Drawing revised from original by Caroline Erolin (née 
Needham), University of Dundee, in Knüsel and Outram’s (2004) Fragmentation: 
The Zonation Method Applied to Fragmented Human Remains from Archaeological 
and Forensic Contexts (Figure 9). 
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life-history. This was illustrated by the femora comprising the MNI, 
which represented a specific area of the bone, namely the diaphysis. As 
such, the MNI was most useful in this study as an indication of the 
minimum population size, upon which to reference our other findings, 
but not as a representation of individuals. The re-association of groups of 
elements and fragments into Individuals or Associations allowed for 
increased skeletal representation and higher quality data, which in turn 
facilitates more detailed future research with higher analytical 
potential. 

By using a four-stage approach to re-associate the fragmented and 
commingled remains from MNS, groupings of multiple bones were 
compiled to represent discrete Individuals or groupings of fragments 
from the same individual whose relationship with other groupings could 
not be ruled out (Associations). Referring to the process of elimination 
between our identified Individual and Association groupings (Table 4), 
at least seven discrete people were represented. In addition to the five 
discrete Individuals identified within this study, the Associations ac
count for at least two more distinct people. When compared to Pez
hemsky’s groupings (Bazaliiskii et al., 2016), our results indicated clear 
differences. Pezhemsky’s were more numerous and spatially distributed, 
with higher spatial variation, than those found in this study (Fig. 6). 

Compared to the MNI, our multi-method approach accounted for 
fewer Individuals, but was able to provide more information on life- 
history. This was especially true in comparison to Pezhemsky’s MNI 
estimate, which provided little information on individuals. As Pezhem
sky’s estimate was not based on any reported methods, we are unable to 
ascertain the accuracy of his approach compared to ours. In fact, neither 
of these methods can be tested for accuracy because of the unknown size 
and composition of MNS. This contextual constraint is inherent to most 
archaeological human remains, especially those that are fragmented and 

commingled, such as through unintentional destructive processes. 
However, we are confident in the transparency and replicability of our 
methodology. The four-stage approach presented here was more useful 
for the study of individual life-history and provided a more meaningful 
account of the human remains from MNS. 

6. Conclusions 

This study identified five discrete Individuals from 1245 human bone 
fragments. Eight other Associations (groupings that may or may not be 
associated with one another or the Individual groupings) were also 
identified. From these we were able to determine that these Individual/ 
Association groupings collectively represented at least seven people. 
This was compared to the independent landmark-based MNI of nine 
individuals based on femoral diaphyseal fragments. Of the 1245 frag
ments in the MNS collection, 16.23% were able to be refit into 74 con
joins. This collection included one likely juvenile individual; all other 
fragments appeared to be from adults. These findings were inconsistent 
with Dr. Pezhemsky’s original estimate of 19 adult individuals (Baza
liiskii et al., 2016). 

The application of multiple methods under a staged process to re- 
associate human remains from highly fragmented and commingled 
collections into discrete individuals allowed for a more detailed study of 
an individual, including their non-metric traits, entheseal morphology, 
and pathological changes. Through individualization, we were able to 
better describe the individual life histories of those interred at this site. 
By applying a set of clearly outlined methods, we were able to make 
more comprehensive groupings supported by a wide range of evidence. 
The use of zooarchaeological, bioarchaeological, and forensic anthro
pological methods will allow other scholars to emulate, challenge, or 

Fig. 6. Comparison of the spatial distribution of MNS groupings using our four-stage approach (top) and Pezhemsky’s identified individuals (bottom).  
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add to our findings in the future. This approach would greatly benefit 
from being tested on an experimental collection or known population in 
order to examine its efficacy. Further, DNA analysis would also help to 
evaluate the accuracy of the groupings made in this study. Nonetheless, 
the four-stage nature of this method makes it applicable to a wide range 
of contexts that vary in preservation and depositional history. Consid
ering the high level of fragmentation of the MNS collection, this includes 
even the lower ends of the preservation spectrum. Continuing to study 
skeletal collections beyond their MNI values allows for more detailed 
bioarchaeological analysis and sets the scene for future research. Re- 
associating fragmented and commingled human remains into discrete 
individuals is important in contexts where cemeteries (most frequently 
unmarked cemeteries) are destroyed during the development of land or 
through erosion, including other disruptions associated with climate 
change. Projects to salvage information from damaged remains are more 
meaningful if they are able to restore a sense of individuality for the sake 
of reburial or the return of remains to descendants. 
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Mercure. Commission Archéologique du Canada. Publications d’Archéologie. Dossier 
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