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FORENSIC TAPHONOMY OF MASS GRAVES – IMPORTANCE OF  

QUANTIFYING SKELETAL REMAINS FRAGMENTATION 

 

ABSTRACT 

 

This study investigates the varying degrees of body fragmentation across 13 mass 
grave sites, utilizing data from 10 commingled secondary mass grave sites and two primary 
sites associated with the 1995 Bosnian war, along with one secondary mass grave site from 
Serbia. The aim was to analyze differences in body fragmentation levels among mass graves, 
particularly focusing on variation between mass graves of similar origin and taphonomy. 

To assess the degree of fragmentation and commingling within each grave, we 
introduced a fragmentation index (FI) representing the ratio between the number of complete 
bodies and the number of body parts from the same mass grave. Our findings revealed 
significant variations in body fragmentation among different sites. Specifically, FI values for 
secondary sites with similar formation histories ranged from 0.01 to 0.59 (with a maximum 
value of 1), while the two primary sites exhibited values of 0.92 and 0.90, respectively. 

The differing levels of fragmentation among similar secondary sites suggest potential 
differences in peri-mortem circumstances for the deceased. Consequently, we explored 
whether the "body fragmentation index" could help in understanding the manner of death. 
Remarkably high levels of body fragmentation (FI values below 0.1) observed in some 
secondary sites may indicate that body disarticulation was likely caused peri-mortem by 
explosives, landmines, mortars, or tank fire, all indicative of a combat scenario. 

Moreover, we examined how the FI affected the accuracy of estimating the minimum 
number of individuals (MNI) by evaluating MNI error. This entailed comparing MNI 
estimates for different sites with DNA identification results from the same sites and 
correlating that error with FI. Our results demonstrated a strong negative correlation 
between FI and MNI error. 
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FORENZIČKA TAFONOMIJA MASOVNIH GROBNICA –  

ZNAČAJ KVANTIFIKOVANJA FRAGMENTOVANOSTI SKELETNIH OSTATAKA 

 

REZIME 

 

Ova studija analizira različite stepene fragmentiranosti tela između 13 masovnih 
grobnica od kojih su dve primarno, a 11 sekundarno ukopane. Jedna sekundarna masovna 
grobnica je iz Srbije dok su ostale povezane sa ratom u Bosni 1995. Godine. Cilj istraživanja 
jeste kvantifikacija i  analiza razlika u nivoima fragmentacije tela između masovnih grobnica 
sa posebnim fokusom na razlike između masovnih grobnica sličnog porekla i tafonomije. 

Da bismo utvrdili stepen fragmentacije i dezartikulacije kostiju unutar svake 
grobnice, uveli smo indeks fragmentacije (FI), koji predstavlja odnos između broja celih tela i 
broja delova tela iz iste masovne grobnice. Naši su nalazi otkrili značajne varijacije u 
fragmentaciji tela među različitim masovnim grobnicama. Konkretno, vrednosti FI za 
sekundarne lokacije sa sličnim uslovima formiranja bile su od 0,01 do 0,59 (sa maksimalnom 
vrednošću od 1), dok su za dve primarne lokacije vrednosti IF iznosile 0,92 i 0,90. 

Različiti nivoi fragmentacije među sličnim sekundarnim masovnim grobnicama 
sugerišu na moguće razlike u peri-mortem okolnostima preminulih. Stoga smo istražili da 
li indeks fragmentacije tela može pomoći u razumevanju načina smrti ljudi sahranjenih u 
analiziranim masovnim grobnicama. Veće fragmentacije tela na pojedinim sekundarnim 
masovnim grobnicama (vrednosti FI ispod 0,1) ukazuju da je disartikulacija tela verovatno 
izazvana peri-mortem eksplozivima, minama, minobacačima ili vatrom iz tenkova, što 
može da ukaže na ratne okolnosti. 

Osim toga, ispitali smo kako FI utiče na tačnost procene minimalnog broja osoba 
(eng. minimum number of individuals – MNI). To je podrazumevalo upoređivanje procena 
MNI za različite masovnie grobnice sa rezultatima identifikacije DNK iz istih grobnica i 
koreliranje te MNI greške sa FI. Naši rezultati su pokazali snažnu negativnu korelaciju 
između FI i greške u proceni MNI. 

 

Ključne reči: masovne grobnice, tafonomija, fragmentacija, peri mortem okolnosti, MNI greška        
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1. INTRODUCTION 

 

Taphonomy deals with the study of the transition of various organic remains from the 
biosphere to the lithosphere (from the Greek "táphos" – grave and "nomos" – law) (1). 
Originally applied in palaeontology (paleotaphonomy), it deals with the processes 
influenced by natural factors that occur over geological intervals. On the other hand, 
forensic taphonomy, as defined by Haglund and Sorg in 1997, studies the changes that occur 
and develop over time on human post-mortem remains, including determining the cause of 
death, all for forensic purposes. (2). Forensic taphonomy explores factors that affect the 
decomposition or damage of post-mortem remains over time, making it important for 
forensic investigation. Dead bodies are considered evidence in a legal context, so any 
changes to them signify alterations and/or destruction of evidence. Therefore, forensic 
taphonomy also deals with identifying natural and human factors that have led to the 
disturbance of the original position of skeletal remains, determining the original body 
position in the grave, distinguishing post from perimortem pathologies and injuries, 
establishing the time elapsed since a person's death, and the time elapsed since burial (3).  

Human (anthropogenic) factors refer to human activities that lead to changes in post-
mortem remains. Such changes leave identifiable taphonomic traces in the archaeological 
record and can be recognized as a result of murder, execution, warfare, crime concealment, 
burial rituals, cannibalism, dismemberment of post-mortem remains, etc. (4) (5) (6). Since 
both natural (geological) and anthropogenic factors are considered taphonomic (7), there are 
two main branches of taphonomy: geo-taphonomy (wether, acidity, humidity…) and bio-
taphonomy (animal, microbial and human activities). Garget suggests that three processes 
are most important in ( taphonomy: tissue decomposition, disarticulation, and changes in 
the spatial position of human remains (8).  

These processes follow a specific course in mass graves. There is no unified definition 
of a mass grave, but it is generally considered to be a grave in which a larger number of 
bodies are buried simultaneously. There are various classifications of mass graves, which 
will be discussed later. The most general division is between those resulting from natural  
(tsunamis, earthquakes) and human caused disasters (trafic i.e. train crashes and airplane 
crashes or blasts) and those resulting from criminal activities (murders, war crimes). 

 

1.1 MASS GRAVES DEFINITION AND TYPOLOGY  

Understanding the archaeological concept is essential for determining taphonomic 
status, i.e. to reconstruct all events from death of individuals to the moment of recovery of 
the remains,  and it can be said that forensic archaeology is the application of archaeological 
theory to forensic circumstances (8). Application of archaeological methods to forensic 
circumstances is usualy related to mass graves investigations.  

Mass graves are a common occurrence from prehistory to the present day, primarily 
before the use of crematoria (Ludovik Brunet devised the crematorium in 1873). Those who 
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died during pandemics or perished in wartime conflicts before the advent of crematoria 
were typically buried in mass graves.  

There is no precise and unified, or standardized, definition of mass graves (9) (10). The 
United Nations has defined a criminal mass grave as a burial site containing three or more 
victims of execution (11). Some authors define mass graves based on the number of 
individuals buried: Skinner states that a mass grave must contain the remains of at least six 
people (9), while Mant defines this term as sites where two or more bodies physically touch 
(12). A more comprehensive definition that includes an anthropological context is provided 
by Schmidt: according to him, a mass grave must contain the remains of at least two victims 
who share a common characteristic related to the cause of death and the manner of dying 

(13). 

In addition to some mass graves being of criminal origin, the formation of mass graves 
can also have natural causes, such as weather disasters, earthquakes or epidemics.  

Relocation of necropolises or cemeteries can produce ossuaries which are common 
burials of bodies decomposed elsewhere and at different times from different causes. A 
good example of this is the Parisian cemeteries and catacombs, from which the remains of 
around six million people were relocated to underground ossuaries at the end of the 18th 
century (14). Should be notted that ossuaries do not represent mass graves in strict sense.  

Another way to categorize mass graves can be based on their construction or structure, 
which to a large extent reflects potential variations in taphonomic changes within them. 
Mass graves can be underground without structure, underground with structure 
(catacombs), on the surface without structure, on the surface with structure (ossuaries), etc. 

If it involves the initial burial of human remains, the mass grave is considered primary. 
These are undisturbed burials where bodies are collectively buried for the first time. 
Secondary mass graves involve the opening of a primary grave, followed by the relocation 
and re-deposition of human remains to another location or locations (15). 

  

1.2 THE PROCESS OF TISSUE DECOMPOSITION THROUGH (TAPHONOMICAL) TIME 

Based on the degree of tissue decay or decomposition, forensic experts determine the 
time that has elapsed since death or the post-moretem interval (PMI). There is no simple 
and straightforward method for determining PMI based on the degree of decomposition 
because the decomposition process is influenced by external and internal factors. External 
or exogenous factors include the level of moisture, temperature, soil acidity, burial depth, 
the impact of plants, the influence of insects and/or other animals, and the effect of all these 
factors varies depending on the burial location (e.g., soil composition and climate differ 
geographically) and the position in which the body is disposed of (16). Additionally, a body 
on the surface of the soil undergoes changes and decomposition more rapidly than one 
buried in the ground (e.g., due to the effects of the sun, insects, and rodents) (17). On the 
other hand, in water, post-mortem processes occur more slowly than in the open air (e.g., 
due to the lower environmental temperature and reduced oxygen concentration around the 
body). Post-mortem processes are somewhat slower when the body is buried in the ground: 
the deeper the body is buried, the slower the post-mortem changes occur (18). Furthermore, 
the presence of clothing, caskets, and similar items can affect the rate of the formation and 
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dynamics of post-mortem changes (17). Internal or endogenous factors also play a role in 
the occurrence and rate of development of post-mortem changes, including the cause of 
death, physical characteristics of the individual (such as musculoskeletal development, 
nutritional status, age, any existing medical conditions, and more) (19). 

Shortly after death, early postmortem changes begin to appear and develop, including 
algor mortis (body cooling), livor mortis (lividity) and rigor mortis (stiffening of the body) 
(20). Simultaneously or shortly after these three post-mortem changes, primarily 
putrefaction start to occur (21). Putrefaction involves the breakdown of complex organic 
matter that constitutes the body into simpler organic compounds and eventually into 
inorganic substances. This process is driven by bacteria already present in the body during 
life, including those from the digestive, respiratory, and genitourinary tracts, as well as 
those on the skin. As putrefaction progresses, bodily fluids are lost to the external 
environment, and over time, the post-mortem remains go through complete skeletalization 

(21).  

Around 48 to 72 hours after death, early postmortem changes, under ideal 
microclimatic conditions, typically start to fade away (20) (22). The initial signs of 
putrefaction become noticeable, primarily manifesting as a greenish discoloration of the 
skin on the abdomen, known as pseudomelanosis (23) (24). Subsequently, the appearance 
of the body changes due to putrefaction. In cases where the environment around the body 
has a reduced oxygen concentration (such as when the body is buried in moist or clayey soil 
or submerged in water), soft tissues rich in fats can undergo saponification. This process 
involves the post-mortem hydrolysis of triglycerides, releasing a higher amount of fatty 
acids. These fatty acids, in the presence of alkaline and alkaline earth metals, form soaps. 
Conversely, if the body is exposed to a low humidity environment with warm dry air, post-
mortem desiccation occurs, leading to mummification of the body. The post-mortem 
transformation into soap (saponification) or mummification typically takes several months 
or longer to complete (23). 

 
 In comparison to unburied ones, buried bodies undergo the process of putrefaction 

about eight times more slowly (25) (3). However, under ideal microclimatic conditions, such 
as a warm and humid environment, a buried body can be skeletonized relatively quickly. 
In these conditions, complete skeletalization of a buried body may occur around eight years 
after death and burial, whereas an unburied body may take approximately one year to 
undergo complete skeletalization. (26) (27) (18). Once the soft tissue is completely lost post-
mortem, only the disarticulated bones remain, and these skeletal remains are subjected to 
external environmental factors that can further alter them (28). Ligaments, tendons, and 
periosteal tags will initially remain connected to the bones during the early stages of 
skeletonization. However, over time, these connections break down (often facilitated by the 
activity of flora and fauna), causing the skeleton to disarticulate. 

 
Bones are composed of an inorganic crystalline matrix made up of carbonated 

hydroxyapatite (HAP) with the addition of organic collagen (21). When buried in the 
ground, bones gradually lose their organic and carbonate content, while the so-called 
crystallinity index (CI) increases (29).  The CI is a quantitative indicator of crystallization 
(30). The change in this ratio and the rate of bone degradation are primarily influenced by 
the acidic soil environment (low pH) and the type of soil (31). The soil's pH value affects the 
speed of bone degradation because HAP becomes soluble in an acidic environment (32). 
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Macromorphologically, bones buried in the ground become paler and more porous 

over time due to desiccation. Exfoliation (peeling of the cortex) occurs on the bone surfaces, 
and the bones themselves lose their elasticity and become brittle (17).  

 
Depending on the environment and the characteristics of the skeleton, bone 

decomposition can take decades or even tens of thousands of years. In buried bones, the 
organic part of the bone, which accounts for about 25% of the bone mass, degrades first. The 
organic part, namely collagen, hydrolyzes into peptides and further into amino acids. The 
inorganic part consists mostly of calcium phosphate (in crystalline and amorphous forms) 
and is complexly structured in a crystalline lattice composed of HAP combined with 
calcium carbonate and tricalcium phosphate (33). The inorganic part makes up about 70% 
of the bone mass. The remaining 5% of bone mass consists of water and trace elements such 
as iron, magnesium, zinc, strontium, etc., which, since they are in ionic form, are gradually 
lost from the bone remains (17). However, a portion of the trace elements bound to minerals 
and collagen remains in the bones for a long time, allowing the determination of their 
concentration even in archaeological samples (19). Should be noted that trace elements are 
uncertain as they can be leached to or absorbed from the surrounding soil. 

In the case of long-term burial in the ground, bones not only lose their inorganic 
component but also absorb minerals from the environment, soil, or the coffin (4). This often 
leads to the occurrence of hypermineralized zones in bone lamellae (17). In the case of teeth, 
the replacement of hydroxyl ions from hydroxyapatite with fluoride ions from the 
surrounding soil can occur over time (34) (35). 

Just like the decomposition of soft tissues, postmortem changes in bones are influenced 
by various external and internal factors. Internal factors include the size and shape of bones, 
as well as age, and skeletal diseases of the individual. Smaller bones and those with more 
trabecular bone tissue generally undergo postmortem changes more rapidly. Skull bones 
are particularly sensitive to the pressure of the surrounding soil. The skeletons of the 
elderly, children, and individuals with, for example osteoporosis, degrade more quickly 
(19). External factors encompass local ecosystem diversity, geographical and geological 
terrain characteristics, as well as human, or anthropogenic factors. 

All of this suggests that the degree of body decomposition at a given time varies 
depending on the existing environmental factors, including human activities. Therefore, 
precise determination of the time elapsed since death requires an understanding of these 
taphonomic factors and other methods like forensic entomology, botany etc. Of course, as 
more time elapses after death, the accuracy of estimating the time since death decreases. 

The time of death, the time of burial or body deposition, and the time of investigation 
(exhumation and associated analyses) are three successive events that describe taphonomic 
time. Within these events, four temporal contexts are identified (6). These are the 
antemortem period (the time just before death and/or body deposition), the perimortem 
period (the time around the moment of death and/or body deposition), the postmortem 
period (the time from body deposition to the time of investigation), and the period after 
excavation (the time from the discovery of postmortem remains until the completion of the 
analysis). 
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From the perspective of forensic taphonomy, human influence is most significant 
during the perimortem and postmortem periods (13). Therefore, the primary goal of forensic 
and other investigations is to create a taphonomic profile that accurately describes the 
perimortem and postmortem changes on the body.  

It is important to note that taphonomic time is not strictly defined as absolute 
chronological time because it is often impossible to determine it precisely. Taphonomic time 
is more commonly expressed as relative time, which reflects an archaeological concept of 
successive events defined by preceding and subsequent events. This means, for example, 
that we describe events as occurring before or after the relocation of the grave without 
specifying an exact chronological time (6).  

 

1.3 TAPHONOMIC FACTORS IN THE CONTEXT OF MASS GRAVES 

Taphonomic factors in the context of mass graves play a crucial role in shaping and 
transforming human remains over time. Mass graves are complex archaeological contexts 
that involve a large number of skeletal remains buried simultaneously or within a relatively 
short time frame. Various factors influence taphonomic processes in these graves, including 
(2): 

1. Perimortem Circumstances: These are the circumstances at the time of death or 
immediately before or after it. The manner in which individuals died, whether they 
were executed, died in warfare, or by other means, significantly affects the condition 
of their remains in the grave. 

2. Geological (Natural) Factors: Soil type, geological characteristics of the terrain, and 
other natural factors have a significant impact on taphonomic processes. For 
example, soil moisture, pH levels, and burial depth influence the rate of bone 
degradation. 

3. Animal Activities: Animal activities, such as rodents, insects, and other organisms, 
can also have a substantial impact on the fragmentation and decomposition of bones. 

4. Anthropogenic Factors: Human activities, including the use of heavy machinery for 
grave relocation or actions related to war crimes, also play a crucial role in shaping 
mass graves and transforming human remains. It's worth noting that human actions 
frequently influence the perimortem circumstances of individuals. 

5. Weather: Weather factors, such as temperature fluctuations, rainfall, and seasonal 
changes, can also influence the processes of human remains degradation. 

Given the complexity of these factors, understanding taphonomic processes in mass 
graves requires a multidisciplinary approach involving forensic archaeology, forensic 
anthropology, geology, and other scientific disciplines to accurately reconstruct the context 
and timing of events in these graves. This is essential for the research and interpretation of 
historical or forensic mass graves. In the context of mass graves, the most significant factors 
influencing taphonomy are geological and anthropogenic.  
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1.4 GEOLOGICAL (NATURAL) TAPHONOMIC FACTORS IN MASS GRAVES 

Basic soil properties that influence the rate of corpse decomposition include (36): 

1. Physical Soil Texture: The type of soil, whether sandy, silty, or clayey, affects the 
speed of post-mortem changes due to its impact on gas and water movement around 
the corpse. 

2. Chemical Soil Properties: Soil acidity or alkalinity can influence the rate and nature 
of post-mortem changes. 

3. Biological Activity: Soils with active fauna can decompose cadaveric tissue more 
rapidly. 

Moreover, environmental factors such as temperature and moisture play a significant 
role in the post-mortem decay of bodies. Edaphic factors, which encompass the physical, 
chemical, and biological properties of soil and rocks, also affect the speed and character of 
post-mortem changes in buried bodies. These factors include soil pH, salinity, redox 
potential (the ability of a substance in solution to release or accept electrons), and the 
amount of nutrients (organic matter) in the soil (37). 

The position of bodies within a mass grave or deposit also influences the rate of 
decomposition due to the varying exchange of materials between the environment (soil) and 
the buried bodies. Bodies in the center and toward the lower part of the deposit decompose 
more slowly and tend to undergo partial saponification. Bodies in the deeper central areas 
of the deposit are exposed to higher temperatures, the flow of post-mortem fluids and 
organic materials from the upper parts of the deposit, and anaerobic conditions. Essentially, 
a unique microclimate is created in the deeper central areas of the deposit compared to the 
rest, and this microclimate becomes more specific as the deposit size increases. The greater 
intensity of saponification in these cases is also influenced by increased humidity and 
reduced oxygen levels in the central part of the deposit. Therefore, these taphonomic 
outcomes and the occurrence of saponified remains in the deeper central part of the deposit 
should not be attributed to a longer time period elapsed since the death of the buried 
individuals but rather to different taphonomic processes in these parts of the deposit. 

 

1.5 ANTHROPOGENIC TAPHONOMIC FACTORS IN MASS GRAVES 

Prominent archaeologist Lewis Binford, followed by Liman, were the first to 
investigate the complex taphonomic factors that alter the contents of a grave (the collection 
of all bones within the grave) (38) (39). They observed that people play a crucial role in the 
process of mixing and dispersing bones, especially in cases involving the concealment of 
criminal activities, which can involve burning, fragmentation, or relocation of post-mortem 
remains. 

The influence of the human factor as a taphonomic agent is most pronounced in the 
forensic context, especially in criminal mass graves. (2). Mass graves typically contain 
disarticulated and commingled skeletal material. In secondary mass graves, this 
commingling is even more pronounced and occurs during the process of creating the 
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secondary grave, usually when post-mortem remains are moved from the primary location 
to the secondary one. For example fragmentation and commingling of the dead bodies can 
happen by using heavy machinery for relocation of the remains. In contrast to these post-
mortem disarticulations, bodies can be dismembered perimortem, such as due to the effects 
of artillery or similar high-explosive weaponry on a group of individuals. 

Although anthropogenic taphonomic factors are always present in mass graves with 
commingled human remains (40), the character of the grave doesn't necessarily have to be 
criminal (like mass burials of accident victims).  

1.6 METHODS OF INVESTIGATING MASS GRAVES AND DATA ANALYSIS 

The application of archaeological methods in forensics significantly enhances the 
investigative process. Archaeological excavation (or sometimes surface collection only) is 
the first step in the chain of collecting crime scene evidence. It has been shown that the use 
of the appropriate archaeological method yields the best results in terms of the quantity and 
quality of evidence collected (41). The stratigraphic method, which is routinely used in 
archaeological excavations, when applied in a forensic context, involves excavating while 
preserving the structure and features of the site. This preservation means that the structure 
of the site (walls, foundations, etc.) that determines the character (istics) of the site (e.g., a 
"ramp mass grave") is not physically destroyed to access the bodies laterally (the pedestal 
method) (41). It involves investigating, preserving, and documenting all material evidence 
(such as tire tracks from trucks and/or the bucket teeth of excavators) and not solely or 
exclusively the buried bodies. 

The alternative to the stratigraphic method is the so-called pedestal method, where the 
focus of excavation is on the body pile (deposit). It involves the destruction of the burial 
features to gain access to the entire body deposit all at once. Some authors argue that in 
specific circumstances, the complexity of a mass grave inherently requires sacrificing the 
grave's walls to exhume the bodies (42). 

However, maximizing the collection of evidence is crucial in investigations, and this is 
where the stratigraphic method significantly outperforms the pedestal method (41). 
Comparing these two excavation methodologies in two similarly formed mass graves from 
the same geographical area shows that the pedestal method results in disproportionately 
larger quantities of unconnected bones compared to the stratigraphic method (41). The 
stratigraphic method more faithfully reflects the original state of the archaeological record 
created during the formation of the grave. This method allows for determining the origin of 
unconnected fragmented findings, i.e., which individual the scattered skeletal elements and 
artifacts belong to (41). Additionally, stratigraphic excavation yields a higher representation 
of exhumed small bones. Scattered, fragmented, and unconnected skeletal elements, which 
are common in mass graves, significantly complicate the excavation process, quantification, 
and analysis of human remains. 

Therefore, forensic archaeology involves the application of scientific excavation, 
observation, and analysis methods to discover, document, and interpret material evidence. 
Through ongoing critical evaluation, methods are adapted and modified to fit specific 
conditions and situations. New methods are developed for highly specific contexts, such as 
hybrid graves where bodies from different events are buried. The application of forensic 
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archaeological methods and routine collection of information related to the context of 
skeletal findings have given rise to a new field called forensic taphonomy. 

 

1.7 QUANTIFICATION OF COMMINGLED OSTEOLOGICAL MATERIAL 

The most commonly applied method for quantifying any type of commingled 
osteological material is the estimation of the minimum number of individuals (MNI). The 
principles of this technique were defined by White (43). The MNI calculation relies on the 
most numerous identical bone segments or complete bones found in a mass grave taking 
into account distinctions in age (immature vs. adult, e.g. only the distal parts of the right 
femur or only the left tibia). The essence of the method is to determine that the analyzed 
fragments originate from different individuals. The fundamental principle of MNI 
estimation is to avoid counting the same person twice (44). MNI is calculated by first 
anatomically lateralizing the bones (grouping them by the side of the body – left or right), 
and then taking the largest number of the same complete bones or their parts as an estimate 
of the minimum number of buried individuals. This technique is precise if all bodies are 
buried intact, with all skeletal elements, but it provides a less accurate estimate if skeletal 
elements are only partially represented. The MNI method is particularly problematic in 
burials where the skeletons are extremely fragmented. A study has shown that the error in 
estimating MNI in secondary mass graves containing highly fragmented skeletal material 
is so significant that it does not actually provide any indication of the number of buried 
individuals  (45).  

The MNI technique can be somewhat improved statistically when using bones that are 
morphologically and metrically paired. In other words, when anthropological examination 
and analysis confirm that left and right skeletal elements belong to the same individual. This 
pairing (pair matching) is used in Lincoln's Index (LI) and in the estimation of the most likely 
number of individuals (MLNI). LI is designed to represent the original, primary number of 
individuals and is calculated using the formula LI = L*R/P, where L is the number of 
skeletal elements on the left side of the body, R is the number of skeletal elements on the 
right side of the body, and P is the number of paired elements (from both sides) from the 
same individual. 

To assess possible sampling bias, Seber modified this formula in 1973. Adams and 
Konigsberg introduced it in 2004 as the estimated most likely number of individuals (MLNI)(46) 
(47). It is calculated using the formula: MLNI = [(L+1)(R+1)/(P+1)-1]. MLNI is more suitable 
for use in fragmented skeletal assemblages because the estimates become more precise 
when at least 50% of skeletal fragments are present, whereas MNI estimates remain low in 
such cases (48).  

The most precise technique for determining the total number of individuals in a mass 
grave is DNA identification. This is an exact method and, unlike MNI/MLNI, represents 
the actual situation. Therefore, in forensic cases with mixed and fragmented remains, DNA 
identification is of special importance and is increasingly used (49)(50)(51). The application 
of human molecular genetics has influenced many fields, not only forensics but also medical 
science (52)(53), evolutionary biology (54), archaeology and anthropology (55) (56). In a 
mass grave the goal of DNA analysis is to identify unknown individuals and determine the 
total number of individuals. It is most commonly performed as an autosomal method, such 
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as HLA typing  (57)(58) or repeat loci (59), but can also be conducted as non-autosomal 
methods, including mitochondrial genome sequencing (60) and Y-chromosomal analysis 
(61). The current obstacle to the standard use of DNA identification in mass graves is the 
high cost associated with analyzing each sample. However, as technology continues to 
advance, it is expected that costs will decrease over time, making DNA identification more 
accessible for such applications. 

1.8 FRAGMENTATION 

The first attempts to measure the degree of fragmentation were made within the field 
of zooarchaeology. To characterize the degree of fragmentation, archaeologist Curtis 
Marean introduced the completeness index (CI), which is calculated based on the number of 
carpal and tarsal bones (62). The CI is obtained by adding up the numbers of all present 
accountable bones for each specimen of a particular species, and then this number is divided 
by the number of specimens. A lower CI indicates greater fragmentation that occurred after 
bone deposition (burial) (62). Calculating this index allows for distinguishing changes in 
bones due to diagenesis from those resulting from biostratigraphic factors.  

Marean's Completeness Index is essentially an improvement over the earlier Klippel 
and Cruz-Uribe measures of fragmentation based on the NISP:MNI or NISP:MNE ratios 
(43). NISP stands for the number of identified specimens, MNI represents the minimum number 
of individuals, and MNE is the minimum number of skeletal elements needed for a sample. 
Lyman describes the NISP:MNI ratio as a measure of the "intensity of fragmentation” (63). 
This ratio helps assess the degree of fragmentation and can provide insights into the 
taphonomic processes that affected the assemblage of remains. The limitation of this method 
is that both MNI and MNE are derived values and never truly represent the actual condition 

of the sample (64) (45).  

These values are estimations and are subject to some degree of uncertainty, as they are 
based on the available skeletal elements and the assumptions made during their calculation. 
Therefore, while they provide useful information, they should be interpreted with an 
awareness of their potential limitations.  

Marean's Completeness Index and Klippel and Cruz-Uribe measures of fragmentation 
helps researchers assess the level of fragmentation and the taphonomic history of the 
remains in archaeological and paleontological contexts.  

The quantification of human remains' fragmentation in a forensic context, such as a 
mass grave, can be achieved using the so-called fragmentation index (FI) (65). It is designed 
to quantify the degree of fragmentation of human remains primarily found in the context of 
secondary mass graves. This index assesses the level of fragmentation in human remains 
discovered in mass graves. It uses the following formula: FI = B / (BP + GBP + B) (64), where 
B (body) represents the number of mostly (75%+) complete bodies, BP (body part) is the 
number of body parts (bones physically connected by non-decayed soft tissue but separated 
from the body), and GBP (general body part) stands for the number of individual bones 
completely detached from the body. FI is expressed on a scale from 0 to 1, where lower 
values indicate greater fragmentation. 

The examination of mass graves arising from war conflicts revealed varying degrees 
of body fragmentation among secondary mass graves, despite sharing similar formative 
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processes. The premise is that graves of the same age and formative context have the same 
level of fragmentation in human remains, assuming that perimortem circumstances are the 
same. Therefore, differences in the level of body fragmentation among mass graves with 
similar origins and taphonomic processes can suggest varying perimortem circumstances. 
Calculating the fragmentation index proves highly beneficial in these scenarios, as it 
quantifies the disparities among the graves. This helps identify additional factors in some 
graves that contribute to a higher level of fragmentation. Additionally, this index can also 
indicate whether mass graves have a primary or secondary origin. 
 

Forensic experts, as well as legal authorities, raise numerous questions regarding 
excavated remains in mass graves. These questions include why some bones are missing, 
why they are damaged, fragmented, or modified in some way. Additionally, they seek to 
determine whether humans influenced any of these changes to the bones at the time of death 
or later. They also inquire about the duration the remains were at the site where they were 
found and whether there is evidence that might suggest the cause and manner of death. 
Therefore, the analysis of taphonomic processes is crucial because obtaining reliable 
answers to these and many other questions is not possible solely through a detailed analysis 
of the exhumed bones but also by examining the context of the findings and the nature of 
the environment from which the human remains were exhumed. 
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2. RESEARCH AIMS 
 

Given that the fragmentation of human remains in mass graves is highly variable, 
there is a need to quantify it. Furthermore, a difference in fragmentation has been observed 
between primary and secondary mass graves, as expected, but the variability in 
fragmentation among secondary graves formed in the same manner is striking. Therefore, 
the specific objectives of this thesis are: 
 

1. Calculating the fragmentation index (FI) for each analyzed mass grave and 
conducting an in-depth analysis of the distribution of varying fragmentation levels 
within the entire group of examined graves. 

2. Investigating disparities in the degree of FI between primary and secondary graves. 

3. Conducting a comparative analysis of the FI degree among secondary mass graves 
with similar chronologies and formation histories. 

4. Determining and calculating the correlation between fragmentation index (FI) and 
the error in minimum number of individuals (MNI) estimation. 
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3. MATERIAL AND METHOD 

 

 

3.1 MATERIAL 

The study is based on data gathered from 13 mass graves, all stemming from the ex-
Yugoslavia war. 12 mass graves were established in mid-1995 within the present-day 
territory of Republika Srpska in Bosnia and one from Srbija (Rudnica, 1999). The dissolution 
of the former Yugoslavia began in 1991 with the secession of the Republic of Slovenia, 
reaching its peak in Bosnia and Herzegovina from 1992 to 1995 (66).  
 

Following the armed conflict in Bosnia, the International Criminal Tribunal for the 
former Yugoslavia (ICTY) initiated the excavation of mass grave sites, focusing 
predominantly on primary sites. Post-2000, the responsibility for the forensic process and 
DNA identifications transitioned to the Missing Persons Institute of Bosnia and 
Herzegovina (MPI) and the International Commission on Missing Persons (ICMP). 
 

In the Srebrenica region of eastern Bosnia, numerous mass graves containing male 
Bosnian Muslim victims were discovered. The data extracted from these excavations were 
meticulously organized in databases at the Centre for Research of War, War Crimes, and 
Tracing of Missing Persons in Banja Luka, Republic of Srpska. These databases hold a 
wealth of information, including original forensic fieldwork reports detailing the number of 
bodies and body parts excavated from each specific grave, and these sites were included in 
our analysis. 
 

The available ICTY reports on the few secondary mass graves excavated before 2001 
did not align with the methodological standards introduced later in the ICMP forensic 
protocol for labeling human remains, so they are not included in this analysis. As a result, 
the present study focuses its analysis on 12 mass graves, consisting of two primary graves 
and ten secondary ones (refer to Figure 1). Additionally, we analyzed one secondary mass 
grave from Serbia, related also to the war preseeding the disintegration of Yugoslavia, with 
disposal of the bodies made in the similar manner as some of the secondary sites from 
Srebrenica event.  
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Figure 1: Hybrid map of the east Bosnian Drina River Region, showing the distribution of 
12 analysed mass grave sites (detail: Cancari Road, Liplje and Hodzici Road mass graves – 
drawn and digitally processed by A. Starovic) 

 
The detailed descriptions of the mass grave sites included in the study are provided 

in the following list and the Table 1: 
 

1. Cerska (CSK) (67): Located in the village of Cerska, Vlasenica municipality, eastern 
Bosnia, this site contained 168 cases of human remains, with 154 "B" (Body), 14 "BP" 
(Body Part), and 0 "GBP" (General Body Part) cases. Forensic analysis by W. Haglund 
concluded that this mass grave was primary and undisturbed. 
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Figure 2. Primary mass grave Cerska , overview of deposit, from the forensic 
investigation of the Cerska grave site report by Haglund W. (67).  
 

2. Lazete 01 (LZ01) (68): Situated in the village of Gušteri, Zvornik municipality, eastern 
Bosnia, this grave held 143 cases of human remains, including 129 "B", 14 "BP", and 0 
"GBP". Like CSK, this mass grave was primarily undisturbed but had some signs of 
disturbance, such as robbing. 
 

 
 

Figure 3. Primary mass grave Lazete 01, overview of deposit, from the excavation 
and exhumation report Lazete 1 by Peccerelli F. (68). 
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3. Budak 01 (SR-BUD-01) (69): Located in the village of Dugo Polje, Srebrenica 
municipality, eastern Bosnia, this grave contained 269 cases of human remains, 
including 21 "B", 157 "BP", and 91 "GBP". According to the ICMP report, this was a 
secondary mass grave. 
 

 
 
Figure 4. Secondary mass grave Budak 01, overview of the deposits, from the ICMP 
summary report on the archaeological findings relating to the excavation of Budak 
01 (69). 
 

4. Cancari Road 04 (KAM04ZVO) (70): Situated in the village of Gornja Kamenica, 
Zvornik municipality, eastern Bosnia, this mass grave contained 393 cases of human 
remains, with 145 "B", 218 "BP", and 30 "GBP". According to the related ICMP report, 
this was a secondary mass grave. 
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Figure 5. Secondary mass grave Cancari Road 04, overview of layer of human 
remains, from the ICMP summary report on Cancari Road 04 (70) 

 
5. Cancari Road 06 (KAM06ZVO) (71): Also located in Gornja Kamenica, Zvornik 

municipality, this grave contained 1133 cases of human remains, including 29 "B", 
854 "BP", and 250 "GBP". According to the relevant report, this was a secondary mass 
grave. 

 

 
 
Figure 6: Secondary mass grave Cancari Road 06, overview of layer of human 
remains, from the ICMP summary report on Cancari Road 06 (71). 
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6. Cancari Road 08 (KAM08ZVO) (72): In the same village, this mass grave contained 
340 cases of human remains, with 22 "B", 318 "BP", and 0 "GBP". According to the 
related report, this was a secondary mass grave. 
 

 
 
Figure 7: Secondary mass grave Cancari Road 08, overview of layer of human 
remains, from the ICMP summary report on Cancari Road 08 (72). 

 
7. Cancari Road 10 (KAM10ZVO) (73): Also situated in Gornja Kamenica, this grave 

contained 1344 cases of human remains, with 146 "B", 1012 "BP", and 186 "GBP". 
According to the related report, this was a secondary mass grave. 
 

 
 
Figure 8: Secondary mass grave Cancari Road 10, overview of layer of human 
remains, from the ICMP summary report on Cancari Road 10 (73). 
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8. Hodzici Road 01 (SNA04ZVO) (74): Located in the village of Snagovo, Zvornik 
municipality, this mass grave was represented by 156 cases of human remains, 
including 92 "B", 64 "BP", and 0 "GBP". According to ICMP field team experts, this 
was a secondary mass grave. 
 

 
 
Figure 9: Secondary mass grave Hodzici Road 01, overview of almost emptied grave, 
from the ICMP summary report on Snagovo 04 (74). 

 
9. Hodzici Road 02 (SNA03ZVO) (75): Also in Snagovo, this grave contained 160 cases 

of human remains, including 95 "B", and 65 "BP", and 0 "GBP". It was classified by 
investigators as a secondary mass grave. 
 

 
 
Figure 10: Secondary mass grave Hodzici Road 02, overview of grave outline, from 
the ICMP summary report  on Hodzici Road 02 (75). 
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10. Liplje 02 (ZV.LIP-02) (76): Located in Snagovo, this mass grave contained 192 cases 

of human remains, with 4 "B", and 188 "BP", and 0 "GBP". Forensic pathologist C.H. 
Lawrence characterized this grave as secondary, and R. Wright confirmed this 
assessment (77). 
 

 
 
Figure 11: Liplje 02 secondary mass grave deposit, from the report on exhumations 
in Eastern Bosnia in 1998 by Wright, R. (77). 

 
11. Liplje 07 (ZV.LIP-07) (78): Situated in Snagovo, this grave contained 681 cases of 

human remains, including 7 "B", 472 "BP", and 202 "GBP". According to ICMP 
experts, this was a secondary mass grave. 
 

 
 
Figure 12: Close up on Liplje 07 secondary mass grave deposit, from the ICMP 
summary report on Liplje 07 (74). 
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12. Zeleni Jadar 04 (ZJA08) (79): Located in the village of Zeleni Jadar, Srebrenica 
municipality, this grave contained 226 cases of human remains, with 33 "B", 193 "BP", 
and 0 "GBP". According to the relevant report, this was a secondary mass grave. 
 

 
 
Figure 13: Beginning of the excavation on Zeleni Jadar 04 secondary mass grave site, 
from the ICMP summary report on  Zeleni Jadar 04 (79). 
 
 

13. Rudnica (RUDN I) (80): Located near town of Raška in soutern Serbia. This grave 

contained 158 cases of human remains, with 45 "B", 88 "BP, and 25 "GBP". 

According to the relevant report, this was a secondary mass grave. 

 

 
 
Figure 14: First layer of human remains on Rudnica secondary mass grave site, from 
the unpablished report to the higher court in Belgrade (80). 
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Table 1. Information regarding the structural details of human remains within the 
studied mass grave sites. 
 

site no. SITE 
NAME 

SITE 
CODE 

TOTAL 
CASES 

B BP GBP GRAVE 
TYPE 

1 Cerska CSK 168 154 14 0 Primary 

2 Lazete 
01 

LZ01 143 129 14 0 Primary 

3 Budak 
01 

SR-BUD-
01 

269 21 157 91 Secondary 

4 Cancari 
Road 04 

KAM04Z
VO 

393 145 218 30 Secondary 

5 Cancari 
Road 06 

KAM06Z
VO 

1133 29 854 250 Secondary 

6 Cancari 
Road 08 

KAM08Z
VO 

340 22 318 0 Secondary 

7 Cancari 
Road 10 

KAM10Z
VO 

1344 146 1012 186 Secondary 

8 Hodzici 
Road 01 

SNA04Z
VO 

156 92 64 0 Secondary 

9 Hodzici 
Road 02 

SNA03Z
VO 

160 95 65 0 Secondary 

10 Liplje 02 LP-02 192 4 188 0 Secondary 

11 Liplje 07 LP-07 681 7 472 202 Secondary 

12 Zeleni 
Jadar 04 

ZJA08 226 33 193 0 Secondary 

13 Rudnica RUDN I 158 45 88 25 Secondary 

 
In all surveyed cities, comprehensive data concerning the number of bodies (B), body 

parts (BP), and general body parts (GBP) were meticulously recorded. Author of this thesis, 
as forensic archaeologist, participated in excavation of all secondary sites used in this study. 

 
However, data about MNI were available only for five specific sites (SNA04ZVO, 

KAM04ZVO, KAM06ZV, KAM08ZVO, KAM10ZVO) and these sites were used for 
calculating MNI error and correlation between FI and MNI estimation error, which is 
specified in the fourth goal of this study.  
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Figure 15. Small portion of south-east part of Bosnia and Hercegovina (BiH) with marked 
mass grave sites. Embedded map represent position of BiH within former Yugoslavia (mass 
graves marked with red rectangle) and position of former Yugoslavia within Europe.  
 

The DNA data needed for calculating MNI error is sourced from the International 
Commission on Missing Persons (ICMP) public database (81), while the MNI data were 
gathered during the mass graves excavation process conducted by the ICMP, which also 
included the author of this study. These excavation reports are available at the Republic of 
Srpska Center for the Research of War, War Crimes, and the Search for Missing Persons.  
 

Summary of the data related to sites involved in the study:  
 
1. Hodzici Road 01 (SNA04ZVO) (74) 

• Total cases of human remains: 156 
• Breakdown: 92 complete bodies (B), 64 body parts (BP), 0 general body parts 

(GBP) 
• MNI: 104 (based on the presence of the distal third of the right tibia) 
• DNA profiling results: 88 new identities, 72 re-associations 
• Total different individuals represented in the grave: 160 

 
2. Cancari Road 08 (KAM08ZVO) (72) 

• Total cases of human remains: 340 
• Breakdown: 22 complete bodies (B), 318 body parts (BP), 0 general body parts 

(GBP) 
• MNI: 84 (based on the left tibia) 
• DNA profiling results: 50 new identities, 273 re-associations 
• Total different individuals represented in the grave: 323 
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3. Cancari Road 04 (KAM04ZVO) (70) 
• Total cases of human remains: 393 
• Breakdown: 145 complete bodies (B), 218 body parts (BP), 30 general body 

parts (GBP) 
• MNI: 189 (based on complete right femora) 
• DNA profiling results: 183 new identities, 236 re-associations 
• Total different individuals represented in the grave: 419 

 
4. Cancari Road 06 (KAM06ZVO) (71) 

• Total cases of human remains: 1133 
• Breakdown: 29 complete bodies (B), 854 body parts (BP), 250 general body 

parts (GBP) 
• MNI: 203 (based on the presence of the right tibia) 
• DNA profiling results: 182 new identities, 1063 re-associations 
• Total different individuals represented in the grave: 1245 

 
5. Cancari Road 10 (KAM10ZVO) (73) 

• Total cases of human remains: 1344 
• Breakdown: 146 complete bodies (B), 1012 body parts (BP), 186 general body 

parts (GBP) 
• MNI: 368 (based on two-thirds or more of the right femur) 
• Total different individuals represented in the grave: 1152 (378 new identities 

+ 774 re-associations) 
 

DNA identifications of “new identities” pertain to cases of missing individuals who 
were identified for the first time in a specific mass grave. DNA “reassociation” refers to 
cases involving individuals whose other body parts, typically designated as BP or GBP, had 
previously been discovered in other graves.  

 
The distinction between new DNA identities and DNA reassociations is important. 

New DNA identities typically pertain to largely complete bodies excavated from a specific 
grave, while DNA reassociations are often related to smaller body parts, such as lower arms 
or feet, found in different graves than the majority of the skeleton. Therefore, the sum of 
reassociations from all the mentioned graves does not equate to the sum of people buried 
because a single individual may be represented by multiple reassociated body parts from 
different mass graves. 
 

Total DNA-based identifications encompass the combined total of new identities and 
reassociations. This figure provides insight into the number of different individuals 
represented in a given grave. 
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Table 2. The overview of the sites, the types of remains found, MNI calculations, and the 
results of DNA profiling in terms of new identities and re-associations. 
 

Site 
Hodzici Road 
01 
(SNA04ZVO) 

C.ancari 
Road 08 
(KAM08ZVO) 

Cancari Road 
04 
(KAM04ZVO) 

Cancari Road 
06 
(KAM06ZVO) 

Cancari Road 
10 
(KAM10ZVO) 

Total cases of human 
remains   

156 340 393 1133 1344 

B (Bodies) 92 22 145 29 146 

BP (Body Parts) 64 318 218 854 1012 

GBP (General BP) 0 0 30 250 186 

DNA new identities   88 50 183 182 378 

DNA reassociations 72 273 236 1063 774 

TotalDNA-new 
ident.+reassociations 

160 323 419 1245 1152 

MNI 104 84 189 203 368 

 
 
 
3.2 METHOD 
 

Fragmentation index (FI) measures the proportion between mostly complete bodies 
(comprising trunk with attached heads and limbs) and dismembered body parts (including 
isolated heads, limbs, hands, feet, and partial trunks). This index illustrates the ratio of 
almost intact bodies identified at a specific mass burial site to the sum of individual body 
parts. The FI utilized in this study is a slight adaptation of the bodies-to-body-parts index 
developed by Vaduveskovic and Djuric (45). 
 

In the context of forensic archaeology protocols (82) (83) (84), human remains are 
categorized in the fieldwork using specific case numbers. "B" is used to denote a complete 
corpse, which typically constitutes at least 75% of the body. "BP" is employed for all 
recovered parts of human corpses representing upper body parts, lower body parts, and 
other articulated remains of a single individual. "GBP" is the term assigned to isolated 
smaller body parts, such as individual bones, that are not found in situ with any other 
remains in their immediate vicinity. It's important to note that all the examined sites 
contained small amounts of very small bone fragments or isolated bones that were 
discovered disarticulated and out of depositional context. These small fragments were 
collected separately and are not categorized as GBP in this study.  
 

The fragmentation index (FI) is computed by dividing the number of complete bodies 
by the sum of disarticulated and isolated elements from the same context plus complete 
bodies: 
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𝐹𝑟𝑎𝑔. 𝐼𝑛𝑑𝑒𝑥 (𝐹𝐼) =
𝐵

𝐵𝑃 + 𝐺𝐵𝑃 + 𝐵
 

 
A smaller FI value indicates a higher degree of fragmentation and disarticulation 

among body elements. Mass graves that exclusively contain either complete bodies or only 
body parts are self-explanatory, so there's no need to calculate a FI for them. 

 
These calculations were carried out for two primary burial sites where bodies were 

largely intact and for 10 secondary burial sites where fragmentation was more prevalent. 
The results were organized into tables, and the characteristics of the analyzed sites were 
examined. 
 

Since fragmentation of the bodies could also occur perimortem we reviewed the 
existing databases and examined the official death certificates for all the individuals 
identified in these 12 mass graves, in order to obtain information related to injuries caused 
by explosive and heavy weapons as potential causes of death. This examination aimed to 
investigate whether blast injuries could have contributed to the fragmentation of bodies 
before they were buried. 
 

The methodology for Objective 4 involves a comparison between MNI estimations 
derived from the initial excavations and the verified number of individuals interred in 
specific graves, determined through DNA identification of exhumed remains. The aim of 
this objective is to investigate how the complexity of a mass grave influences the precision 
of MNI estimation. The complexity of mass graves is quantified by the Fragmentation Index 
(FI) value for the respective sites. 
 

The DNA identification was conducted by the ICMP, and general information 
regarding reassociations and identification numbers, organized by excavation location 
names, is publicly accessible on the ICMP website (81). This identification process relies on 
comparing blood samples from the family members of missing persons with DNA profiles 
extracted from bone samples recovered from the mass graves (85).  
 

To investigate how mass grave complexity impacts the estimation of the MNI, we 
need to calculate MNI error first. This involves comparing the MNI estimation for a 
particular site made at the time of excavation with the total DNA profiles for the same site 
obtained at a later date. DNA profiles serve as a reference representing the actual number 
of individuals buried. The error in the MNI estimation will be calculated according to the 
following formula: MNI error = (MNI – DNA number) / DNA number (%).  
 

We examine the correlation of the obtained MNI error with the FI values for the given 
sites, in order to examine the relationship between the MNI error and the degree of 
fragmentation of the skeletal remains. FI values and MNI error are displayed descriptively 
as mean ± standard deviation or median (min–max) depending on the normality of data 
distribution (Kolmogorov-Smirnov test). The difference in FI between primary and 
secondary graves is examined with statistical test to assess the significance of two 
independent samples: correlation between MNI error and FI is examined using Pearson's 
correlation. A P value of less than 0.05 will be considered statistically significant. The EZR 
(Easy R) and Origin 8.5 program are used for statistical analysis  
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4. RESULTS 
 

 
To analyze the ratio of almost intact bodies identified at a specific mass burial site to 

the sum of individual body parts we computed body fragmentation indexes (FI) for the 
investigated sites. The results are presented in Table 3. 
 

Table 3. Summary data of investigated mass grave sites: number of collected bodies, 
body parts, general body parts, and calculated FI values. 

 

 
 
The body fragmentation index (FI) values across both primary and secondary sites 

varied between 0.01 and 0.92. Notably, the most extensive fragmentation was observed at 
the Liplje 7 secondary site, whereas the least fragmentation occurred at the Cerska primary 
grave. Rudnica, the only site from Serbia, scored 0.29 FI, close to Cancari Road 04. 

 
 

SITE 

NO. 

SITE NAME SITE CODE TOTAL 

CASES 

B BP GBP FRAGMENTATION 

INDEX (FI) 

GRAVE 

TYPE 

1 Cerska CSK 168 154 14 0 0.92 Primary 

2 Lazete 01 LZ01 143 129 14 0 0.90 Primary 

3 Budak 01 SR-BUD-01 269 21 157 91 0.08 Secondary 

4 Cancari Road 04 KAM04ZVO 393 145 218 30 0.37 Secondary 

5 Cancari  Road 06 KAM06ZVO 1133 29 854 250 0.03 Secondary 

6 Cancari Road 08 KAM08ZVO 340 22 318 0 0.06 Secondary 

7 Cancari  Road 10 KAM10ZVO 1344 146 1012 186 0.11 Secondary 

8 Hodzici Road 01 SNA04ZVO 156 92 64 0 0.59 Secondary 

9 Hodzici Road 02 SNA03ZVO 160 95 65 0 0.59 Secondary 

10 Liplje 02 LP-02 192 4 188 0 0.02 Secondary 

11 Liplje 07 LP-07 681 7 472 202 0.01 Secondary 

12 Zeleni Jadar 04 ZJA08 226 33 193 0 0.15 Secondary 

13 Rudnica RUDN I 158 45 88 25 0,29 Secondary 
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Figure 16: Fragmentation index (FI) values indicate the degree of fragmentation for 

both primary and secondary sites in the series. 
 
 Notably, primary sites exhibit the highest FI values, reflecting their lower level of 

fragmentation compared to secondary sites. 
 

 
Figure 17: 3D color chart illustrating the grouping of both primary and secondary 

sites based on the level of fragmentation.  
 
Each site on Figure 17 is depicted as a data point on the chart, with its color indicating 

its level of fragmentation. Sites with similar levels of fragmentation are grouped together 
and represented by similar colors, allowing for easy visual identification of clusters or 
patterns within the data. The red color represents sites with highest fragmentation (FI below 
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0.12: Liplje 07, Liplje 02, Cancari Road 06, Cancari Road 08, Cancari Road 10 and Budak 01). 
Zeleni Jadar 04 (brown color), with 0.15 FI is closer to this group than to the mid range 
secondary sites. 

 
 

Figure 18: The distribution of fragmentation index (FI) values for both primary and 
secondary sites. 

 
Three distinct groups can be identified in Figure 18. Sites exhibiting the highest levels 

of fragmentation (below 0.15) are predominantly clustered on the right side of the figure. In 
contrast, primary sites are concentrated on the left side, representing the opposite extreme 
in terms of fragmentation index (FI) values (0.90 and 0.92 for Lazete and Cerska). Positioned 
along the x-axis, the third group falls between the previous two, depicting secondary sites 
with significantly higher FI values compared to the first group of secondary sites on the 
right. Thise sites are Rudnica, Cancari Road 04, Hodzici Road 01 and Hodzici Road 02. 

 
When focusing on secondary sites, the variation was slightly narrower, ranging from 

0.01 to 0.59 (illustrated in Figure 19). A statistical summary of the FI values for secondary 
sites, as computed by Easy R software, provides the following results: Minimum: 0.01, 1st 
Quartile: 0.045, Median: 0.11, Mean: 0.2090909, 3rd Quartile: 0.33, Maximum: 0.59 with 
standard deviation of 0.2196112. 
 

The data clearly shows that the secondary mass graves in this study can be grouped 
into two distinct categories (as depicted in Figure 20). Five sites exhibit FI values between 
0.01 and 0.08, while the remaining sites have FI values scattered between 0.10 and 0.59. A 
secondary mass grave with a higher FI value indicates a greater presence of preserved 
(complete) bodies. The threshold value for FI in secondary graves with a more complete 
body profile is determined by the dataset's mean value, which is 0.21 (FI values exceeding 
0.21 represent graves with more preserved bodies). In contrast, clusters of graves where 
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most remains were highly fragmented exhibit FI index values lower than 0.11 (0.11 serves 
as the threshold value for highly fragmented bodies and is determined by the median value 
of the dataset). 

 
Figure 19: The dot plot illustrates the distribution of fragmentation index (FI) values 

for secondary mass grave sites.  
 
Each dot on the plot of Figure 19 represents an individual secondary site, positioned 

along the y-axis based on its FI value. By visually inspecting the dot plot, patterns and trends 
in the distribution of FI values among secondary sites can be easily identified. 
 

 
 

Figure 20: The histogram illustrates the grouping of fragmentation index (FI) 
frequencies of secondary sites into two distinct groups, represented by cumulative counts.  
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In the lower section of the histogram (Figure 20), secondary sites are categorized 

based on their FI values, with each bar representing the cumulative count of sites falling 
within a specific FI range. The histogram reveals a clear separation between two distinct 
groups of secondary sites, characterized by different average FI values. This distinct 
grouping aids in identifying and distinguishing between subsets of secondary sites with 
varying levels of fragmentation which imposes questions about the circumstances that lead 
to such a difference among the sites created in a similar manner.  
 
              Calculated MNI error and the FI values for the investigated sites (results for 
objective 4) are provided in Table 4.  
 
 
Table 4. Summary table of MNI error and Fragmentation index in investigaed sites 

 
 

To illustrate discrepancy between estimated minimum number of individuals (MNI) 
and the real number of individuals (identified by DNA) we calculated MNI error. The MNI 
error values range from -0.35 to -0.84. The negative sign indicates that the MNI 
underestimates the real number of individuals represented in the grave. Multiplying these 
values by 100 allows us to express the percentage deviation. 

 
To assess the possible cause of this inaccuracy in MNI estimation, a correlation 

analysis was conducted. The MNI error for each site were correlated with the FI for each 
site respectively. Normality of the distribution is tested using the Shapiro-Wilk test, 
revealing normal distribution for MNI error (p = 0.82222) and FI (p = 0.22661). The Pearson's 
correlation coefficient was calculated as -0.979 with a 95% confidence interval ranging from 
-0.999--0.705, and a p-value of 0.00376. This indicates a significant negative correlation, 
where MNI error increases as FI decreases.  

Site 

(SITE CODE) 

Hodzici Road  

01 

(SNA04ZVO) 

C.ancari Road 

08 

(KAM08ZVO) 

Cancari Road 

04 

(KAM04ZVO) 

Cancari Road 

06 

(KAM06ZVO) 

Cancari Road 

10 

(KAM10ZVO) 

MNI error -0.35 -0.74 -0.55 -0.84 -0.68 

Fragmentation 

Index (FI) 
0.59 0.06 0.37 0.03 0.11 
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Figure 21: Linear function of FI and MNI error  

 
In Figure 21, the extrapolated line of linear correlation intersects the FI axis little 

above maximal theorethical value for FI which is 1, simultaneously suggesting a 0% MNI 
error on the other axis. The slight deviation in the function on the high end of the 
fragmentation index (FI) distribution, approximately 1.05 compared to the expected value 
of 1, suggests a minor offset in prediction accuracy. Highest point on the graph (SNA04ZVO 
site with FI=0.59), reveals the lowest fragmentation of this data set associated with a -35% 
MNI error. Furthermore, at the other end of the line of correlation, where it intersects the 
MNI error axis at around -82%, the prediction falls just a little away from the actual data ( -
84% for KAM06ZVO site), indicating somewhat good predictive accuracy. 
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Figure  22: Polynomial function of FI and MNI error. 

 
In Figure 22, the extrapolated line of polynomial function intersects the FI axis way 

above 1, simultaneously suggesting a 0% MNI error on the other axis. This huge over the 
top value for fitted function  suggest no prediction value for the top end of FI values. At the 
other end of the line of correlation, where it intersects the MNI error axis at around -84%, 
matches the actual data ( -84% for KAM06ZVO), indicating excellent predictive accuracy. 
 

For the purpose of calibrating MNI estimation for prediction accuracy, the 
Polynomial function demonstrates greater suitability for lower values of FI. Conversely, the 
Linear function performs well with higher values of FI and maintains decent accuracy even 
in the lower end of the FI distribution. Despite the Polynomial function's precision in the 
lower end of the FI distribution, the Linear function emerges as the superior overall 
predictor due to its effective performance across the entire spectrum of FI values. 
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5. DISCUSSION 
 

The extensive fragmentation of an excavated group of skeletons often results from 
human activities, including the manipulation of human remains postmortem (86) (e.g., 
moving graves with heavy machinery) or perimortem activities (e.g., the use of explosives, 
or other heavy weapons/tools can lead to dismemberment) (87) (88) (65). 

 
Different circumstances of postmortem bone damage lead to varying degrees of 

fragmentation, particularly the manner in which bodies are deposited (40). Therefore, 
quantifying fragmentation is essential for drawing conclusions about the taphonomic 
processes that have led to the current state of the archaeological and anthropological record. 
Additionally, animal activity can contribute to increased fragmentation (89). 

 
High fragmentation of bodies makes excavation of secondary mass graves a complex 

process as disarticulated and commingled body parts make it difficult to recognize 
separated body parts. The application of a stratigraphic, unit-based method is needed 
during the recovery process in order to significantly reduce the level of additional 
disarticulation of bodies during the exhumation  (90). 
 

Nonetheless, despite the meticulous application of archaeological methods, some 
secondary graves exhibit an unusually high degree of body disarticulation and the 
dispersion of body parts. In order to investigate this phenomenon, we examined a group of 
secondary mass graves from Bosnia to determine whether the taphonomic processes 
exclusively influenced the graves that share similar characteristics and histories. These 
characteristics include: 

 
• Geographic proximity 
• Nearly simultaneous creation 
• Similar sizes and shapes (access-ramp-mass graves) 
• The utilization of heavy machinery for the excavation and looting of primary graves 

shortly after the initial burials 
• Swift excavation and backfilling with bodies and soil 
• Employment of consistent archaeological methods (stratigraphic approach) and 

protocols during excavation and exhumation. 
 

Based on these similarities, one might anticipate a consistent level of body 
fragmentation in the examined sites. Surprisingly, the results of this study have revealed 
notable distinctions among the graves. Firstly, the FI values clearly distinguish between the 
primary mass burial sites and the secondary graves. As indicated in Table 3, primary sites 
like Cerska and Lazete 01, with FI of 0.92 and 0.90, exhibit considerably lower fragmentation 
than the nearest secondary sites with a value of 0.59 (Hodzici Road 01 and 02). This 
distinction is anticipated since undisturbed primary burial sites should not demonstrate the 
same level of body disruption as secondary mass graves. The varied formation processes 
and manipulation of bodies account for this difference. Secondary graves, especially those 
from the Bosnian war, were predominantly created by extracting bodies from primary sites 
using heavy machinery and subsequently relocating them to other locations. This process 
resulted in body fragmentation, indicating a higher degree of disarticulation compared to 
bodies from primary sites.  
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Nonetheless, the secondary graves in the study exhibit two distinct groups (as seen 

in Figure 20), and one of them (comprising Liplje 07 and 02, Cancari Road 06 and 08, along 
with Budak 01) displays an exceedingly high degree of disarticulation, fragmentation, and 
scattering of body parts. Cancari Road 06, with its 1,133 cases, represents one of the largest 
unique assemblages in the region. The other group (encompassing Cancari Road 10 and 
Zeleni Jadar 04, followed by Cancari Road 04 – all with "middle range" values, up to Hodzici 
Road 01 and 02, with notably high FI values, shows considerably less overall disarticulation 
of bodies, despite their similar history. 
 

Considering that similar taphonomic processes occurred during the formation of 
secondary sites in eastern Bosnia, significant differences in body fragmentation among 
certain graves should be attributed to additional circumstances and factors. These 
differences could arise from peri-mortem or post-mortem injuries that occurred before the 
final inhumation. Explosive weapons, like grenades, mortars, tank fire, and minefields, have 
the potential to cause blast injuries leading to the dismemberment of bodies. In such cases, 
bodies would initially be fragmented, and subsequent fragmentation could result from 
taphonomic processes. The disruption and fragmentation of bodies during explosions stem 
from a variety of mechanisms, including the primary effects of the blast wave, damage from 
shrapnel, secondary debris impacting the body, the body being propelled into fixed objects, 
as well as crush injuries and burns (91) (92). 
 

A thorough analysis of pathological reports from these sites and reviewed certificates 
of death for the individuals identified and buried in these mass graves reviled that in most 
cases, the cause of death was not definitively determined. While some were believed to have 
died from gunshot injuries, many others, particularly from the Cancari Road, Hodzici Road, 
Zeleni Jadar, and Liplje sites, were listed as having died due to injuries from "explosive or  
likely explosive weapons.”  

 
The analysis of the cause of death cited in the Excel database produced by the 

Podrinje Identification Project (PIP) in 2015 revealed that in 301 cases, wounds from 
explosive weapons were mentioned as a possible cause of death. The highest concentration 
of individuals with explosive wounds was found in secondary grave sites along Cancari 
Road, totaling 122, followed by Liplje with 29 individuals. These graves, along with the 57 
individuals found as surface remains, follow the spatial pattern of the breakthrough line 
and combat areas, suggesting that these individuals likely died in a combat situation. 
 

The analysis of ICTY trial transcripts revealed significant discrepancies regarding the 
manner of death in the Srebrenica massacre (87). Review of the autopsy reports presented 
on the trials (88) highlighted that approximately 150 cases had the presence of burst-out 
bone injuries indicating injuries consistent with those caused by heavy weapon, rather than 
conventional execution methods. The extent of bone damage and fragmentation suggested 
a projectile impact more like that of the Praga or similar weapons, rather than an ordinary 
bullet (87). Shrapnel fragments were discovered in the remains of 477 victims, further 
indicating that the cause of death may have been related to combat situations rather than 
deliberate executions (87). 
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These findings strongly suggest that not all victims of the Srebrenica massacre were 
executed in a manner commonly perceived. Instead, there is evidence to suggest that some 
may have been casualties of legitimate combat, particularly those associated with the 
retreating 28th Division column of the Bosnian Muslim army. This underscores the 
complexity of the events surrounding the Srebrenica massacre and the need for careful 
analysis of forensic evidence in understanding the true nature of the casualties. 
 

Based on this information, it can be inferred that at least some of the individuals 
interred in these secondary sites may have been killed in combat. Determining the exact 
cause of death was challenging due to the advanced state of decomposition and the absence 
of soft tissues, which presents a significant limitation in the forensic pathology evidence for 
such cases (93). Assessing whether bone damage occurred peri-mortem or post-primary 
burial was also a difficult task. Consequently, the common scenario that all these individuals 
were victims of mass execution cannot be definitively supported by forensic evidence given 
the condition of the remains. 
 

A spatial analysis of the distribution of secondary mass graves revealed four major 
clusters: 1) alongside the local asphalt road near the area known as Zeleni Jadar to the south 
of Srebrenica, 2) between the villages of Snagovo and Hodzici to the west of Zvornik, 3) in 
Liplje, south of Zvornik, and 4) near the local road leading to the village of Cancari in the 
Kamenica valley. The total number of graves in these four areas exceeded 30, with an 
estimated minimum number of individuals (MNI) surpassing 3,800. The generally accepted 
interpretation (94), supported by DNA connections between body parts found in different 
graves, is that all these graves held the remains of victims who were executed by gunfire at 
five primary execution sites: Kravica, Branjevo, Kozluk, Orahovac, and Petkovci. 
 

Upon closer examination (refer to Figure 1), it becomes evident that a significant 
portion of the graves, especially those located at Cancari Road, Hodzici Road, and Liplje, 
are situated near the path of the 28th Division military breakthrough in July 1995. They are 
in very close proximity to combat zones (95) (96) (97), which raises a critical question. The 
presence of highly fragmented remains, explosive injuries, and their proximity to combat 
zones suggests that at least some "secondary" graves may actually be "hybrid" graves, 
containing the remains of individuals both executed and killed in combat. 
 

The high fragmentation index (FI) values for secondary sites Hodzici Road 01 and 02 
(both with FI values of 0.59) likely represent typical taphonomic changes resulting from the 
relocation of bodies with heavy machinery. Cancari Road 04 with 0.37 FI is closest to the 
group, thus, these three sites are probably not hybrid graves but rather secondary 
depositions originating from systematic executions. Rudnica, with an FI of 0.29, had a 
different formation history compared to the sites in Bosnia. The matrix in which the bodies 
were relocated consists of bedrock with sharp rocks and boulders of various sizes (80) which 
likely contributes to a slightly higher fragmentation in Rudnica compared to counterparts 
from Bosnia.  

 
In summary, the development of a quantitative method for classifying the degree of 

body fragmentation in mass graves within this region can provide valuable insights into 
understanding the manner of death and the subsequent handling of the deceased. 
Unusually high levels of body fragmentation (FI value below 0.1) in some secondary sites 
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suggest that body disarticulation was likely caused peri-mortem by explosives, landmines, 
mortars, or tank fire, indicating a combat-related situation. Alternatively, it could imply 
execution by grenades or explosives. There's also a theoretical possibility that a high level 
of body fragmentation was intentionally inflicted post-mortem in an attempt to destroy 
human remains.  
 

The results within objective 4 indicate that the complexity of a mass grave 
significantly affects the accuracy of the minimum number of individuals estimation. In 
primary burials, ideally, one case number represents one individual. However, in secondary 
burial sites, one case number may represent just a small body part, such as a right foot or 
left ulna and radius. Secondary sites also generate numerous unassociated single bones, 
often recorded as general body parts due to their lack of articulation with other bones. 
Complexity further increases with tertiary mass graves or multiple deposit interment sites. 
 

In the secondary mass graves considered in objective 4, the majority of individuals 
are represented by a single body part or even a single bone, while the remaining body parts 
are scattered across different mass grave locations. These disarticulated cases, often the only 
evidence of a person in a specific grave, pose challenges for MNI estimation because they 
typically lack complete long bones, which are commonly used in MNI estimation. 

 
While MNI has been a common practice in routine work for many years, to the best 

of our knowledge, there is only one published papers addressing the inaccuracy of MNI 
estimation in secondary mass graves (45). Even in commingled contexts, which may not 
necessarily involve secondary deposits, there are no assemblages for which the initial 
number of individuals is known before commingling occurs (98). This situation makes it 
impossible to assess the inaccuracy of MNI estimation prior to the implementation of DNA 
identification techniques, which have been utilized in this study to ascertain the actual 
number of individuals interred. 
 

Establishing accurate MNI in commingled mass graves presents several challenges 
due to high bone disarticulation, fragmentation and absence of bones that might be used in 
MNI calculation (corresponding bone elements are frequently located in different burial 
locations). Problems with high bone disarticulation and high fragmentation can be 
somewhat mitigated by using well-defined archaeological methodology during the 
excavation of mass graves. The application of a strict stratigraphic, unit-based methodology, 
among other techniques, can significantly reduce the degree of body disarticulation during 
the recovery process (90). For example, it has been demonstrated that the stratigraphic 
excavation method, as opposed to the so-called pedestal method, yields superior results, as 
observed in two Batajnica mass grave sites (41). The best outcomes are achieved through a 
combination of spatial analysis based on mass grave mapping data and the implementation 
of a stratigraphic approach in the excavation process. This comprehensive approach 
enhances the accuracy of MNI estimation and aids in addressing the complexities associated 
with commingled mass graves (99). 
 

The variation in calculating the number of individuals through osteological 
assessment methods can be significant (98). Anthropological methods for matching skeletal 
elements is based on lateralization of paired bones, morphological and size similarity 
between the bones of different sides, congruence of articular surfaces and other features, 
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but taking into account the age of individuals (adults vs. non-adults). Additionally, the 
utilization of different techniques may result in disparities in estimation (100). However, at 
its core, the validity of MNI estimation relies on the percentage of individuals represented 
by the excavated body elements. This percentage is a crucial factor in determining the 
accuracy of MNI estimation (101) (102) (103). 
 

The results of this study have shown a significant correlation between the FI and MNI 
inaccuracy. In other words, the smallest FI value correlates with the largest MNI error, 
indicating that a higher proportion of disarticulated bones in relation to complete bodies 
leads to a greater inaccuracy in MNI estimation. While this relationship is intuitively logical, 
the aim of this quantification was to numerically determine the specific level of inaccuracy 
associated with different proportions of disarticulated elements compared to complete 
bodies. This information can be applied to correct MNI estimates in future complex sites 
and reduce imprecision in MNI estimation. 
 

All the sites analyzed in MNI error study are of the same type (secondary ramp mass 
graves) and were excavated and analyzed by the same forensic teams under similar 
conditions. This uniformity helps eliminate potential impacting factors on the research. 
However, the study could be expanded by including more commingled sites from different 
contexts to improve the statistical accuracy of the method presented. With a larger sample, 
including data from less commingled sites and primary sites, it would be possible to create 
a single function that accurately interpolates both ends of the graph.  
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6. CONCLUSION 
 

The disintegration of Yugoslavia and the subsequent military conflicts that raged 
across the region from 1991 to 1999 led to the loss of over 140,000 lives (104). These tragic 
events also gave rise to the establishment of numerous mass graves. One of the long-lasting 
mass graves investigations in Bosnia and Herzegovina known as the Srebrenica Project 
resulted in the detection and excavation of more than 100 grave sites. A majority of the mass 
graves, uncovered by excavations that began in the late 1990s and continue to this day, have 
been identified as secondary in nature. The problem of interpreting the fragmentation of 
bodily remains, primarily skeletons, in secondary mass grave sites is insufficiently explored 
concerning the level of information that can be obtained based on variations in the degree 
of skeletal fragmentation between different grave sites and within individual graves.  

 
Through empirical observation during the excavation of mass graves, we noted that 

graves reportedly of the same origin exhibit significantly different levels of skeletal 
fragmentation. This should not be the case if all bodies had the same treatment, i.e., if they 
were initially buried in primary graves and later, after some time, excavated with loaders 
and transported by trucks to secondary graves. Due to a similar context, fragmentation 
should be uniform across the skeletal series; however, significant variations exist, as 
highlighted in the results. 

 
To potentially answer why this is the case, we devised a mathematical method to 

"measure" fragmentation of bodies in mass graves. Quantified results indicate three groups. 
As expected, the primary graves have the least fragmentation. The other two groups 
consisting of secondary graves clearly show variations in fragmentation. The group with 
moderate fragmentation corresponds to taphonomic changes occurring during the transfer 
of bodies from primary to secondary burials. This process involves the breaking of bodies 
by heavy machinery, typically by loaders or excavators, resulting in some bodies being 
halved, sometimes even longitudinally, while extremities are often disarticulated. 

 
The group with the highest skeletal fragmentation suggests different circumstances, 

as the fragmentation is so severe that it corresponds to the dismemberment of bodies 
perimortem by heavy weaponry such as mines, tank fire, or close-range artillery in a group 
setting. This possibility is suggested in many documents related to the events before 
creation of the mass graves. If this is a case, these secondary graves are actually hybrid 
graves containing individuals from different events and contexts. This term is relatively new 
in forensic archaeology and emerged to precisely define the formation process of a specific 
graves. In legal cases, every level of information is potentially crucial for elucidating the 
events leading to the observed state of crime scene. 

 
In this thesis, newly established index of fragmentation demonstrated that the 

minimum number of individuals (MNI) method in secondary graves is entirely useless and 
carries no weight in indicating the victim group or estimating the number of individuals 
represented. This is logical since parts of individuals were scattered across multiple graves, 
and an individual could potentially be represented in a grave with a body part not 
considered in the MNI assessment. It is undoubtedly the DNA method that is the most 
appropriate for determining the number of individuals in complex secondary mass graves. 
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Application of quantitative methods in forensic investigation of mass graves is a 
significant contribution to objectivity and standardization of  the procedures. This makes 
comparison between the sites possible and gives additional source of evidence. 
Nevertheless, because the context of each mass grave is unique, there is no universal 
guideline for investigation, so investigators need to adapt to the circumstances and 
contextualize each finding.  
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