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The analysis of sharp force trauma has usually been reserved for prehistoric osteological case
studies. Bog bodies, on the other hand, due to the excellent preservation of the soft tissues,
provide a unique example of visible lesions. This type of preservation of prehistoric soft tissue
trauma that would otherwise be predominantly absent from osteological remains allows
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archaeologists to understand better the methods in which these individuals died and
potentially the demographic for who performed these acts. Unfortunately, analysis of sharp
force trauma in modern forensics is limited, lacking major revision for the last decade.
Likewise, archaeological analysis of sharp force trauma is limited to osteological indicators
(e.g., marks on bone and cartilage). Therefore, this experimental study performed in 2016
aimed to compare lesions observed on prehistoric bog bodies with those on a human proxy -
pig carcases and create an assailant profile through correlating weapon type and volunteer
body mass index (BMI). A Multivariate Kruskal-Wallis test (MKW) revealed that the wound
areas created by two different weapons under study (a dagger or spear) could not
significantly differentiate assailants based on their BMI with 95% confidence level. A binomial
logistic regression model was used to predict further the likelihood that either a spear or a
dagger caused the observed stab wounds on the individual bog bodies under investigation,
given the specific wound lengths and unknown true BMI of the victims. This logistic model
was approximately 92% accurate in classifying the weapon type given the exact wound length
across different possible BMI values of an assailant (BMI range: 18.0-31.5 kg/m?).

Introduction

Surviving Forensic analysis is challenging to perform on prehistoric soft
mummified remains, tissue trauma on Iron Age human remains due to its often
both natural and deteriorated and decayed state. Sharp and blunt force trauma
intentional, may on bone is usually the only surviving remnants of
provide insight into archaeological evidence that gives credence to the cause of
sharp force soft tissue death. However, surviving mummified remains, both natural
trauma and the ability and intentional, may provide insight into sharp force soft
to correlate the tissue trauma and the ability to correlate the weapon and the
weapon and the assailant. Likewise, observation of the common weapon types
assailant. and their correlating strike patterns will help provide profiling

for prehistoric remains. Weapon types used to inflict torture
on bog individuals could represent communal identity through such associated pieces.

Modern forensic profiling of stab sequencing through analysis of soft tissue trauma has
advanced in the past decade (e.g. Ruder et al., 2011; Venara et al., 2013; Ebner et al., 2014; Di
Vella et al., 2017). However, there is still much to be done to correlate this data with
prehistoric remains that retain soft tissue, like bog bodies, because most trauma analysis for
older remains is often dependent on osteological analysis alone. Additional factors that need
to be considered that affect the analysis of soft tissue trauma for prehistoric bog bodies are:
incision shrinkage, gapping or sagging of wounds, and deterioration of the soft tissue either
before its interment into an anaerobic environment and upon exposure to oxygen after its
discovery. Nevertheless, performative overkill observed in many Iron Age bog victims may be
elucidated through experimental archaeological studies.



The experimental Master's study performed in 2016 aimed to compare lesions observed on
prehistoric bog bodies with those on a human proxy, pig carcases, and create an assailant
profile through correlating weapon type and volunteer body mass index (BMI). In May 2021,
Clement Twumasi joined as the project’s statistician.

The experimental study observed sharp force soft tissue trauma on pigs, which served as a
proxy for human bodies and compared similar wounds observed on prehistoric bog bodies
reported from north-western Europe. This experimental study reviews common Iron Age
weapon forms, bog body case studies, and provides an experimental analysis of soft tissue
trauma.

Iron Age Weaponry

Archaeological evidence for socio-political shifts in the Iron Age manifested in widely
distributed spear and sword forms (Collis, 1984; Sharples, 2010, pp.98-109). However, the late
Bronze Age to early Iron Age weapon typologies was similar in Britain and continental Europe
(Sharples, 2010, p.100). Stead and Lang (2006) provide an extensive review of the various
British Iron Age blade morphologies and typologies. Their research showed that blade lengths
changed considerably throughout the British Iron Age, despite the continued use of bifacial
leaf and straight blade forms.

Jope (1961) defined daggers as blades that measured 245 to 305 mm in length but displayed
variable widths between 24 and 52 mm. Stead and Lang (2006, p.5) extended this definition
through regional variance (e.g. north and south) and long or short blades. However, short
daggers were redefined as blades which measured 130 to 210 mm and long daggers
measured 215 to 285 mm in length.

Similar to swords and daggers, there is a wide variance to spear typologies throughout
Britain, as highlighted by Inall (2015). The shape of the spear, or javelin, determined their use
as thrusting, throwing, or classical form. In addition, there were regional variations to the
lengths of the blade and the socket. Classical forms were the standard typology recorded and
recognised across Iron Age Europe, also correlating as forms classiques (Brunaux and Rapin,
1988, pp.132-133; Inall, 2015, p.124). The average lengths of blades have a broad range,
measuring from 130 mm to 381 mm (Inall, 2015, p.124).

While commonly utilised as a long-distance weapon, spears were also short distance
thrusting weapons, and similar to daggers (Ross, 1970, p.58), were used in close combat
(Osgood, 1998, p.91; Osgood, Monks and Toms, 2000, p.22; Horn, 2013, p.20). As Horn (2013,
p.20) states, spears and swords tend to have the same wear patterns because the ‘...employ
both cutting and stabbing movements..." Groups, such as the mercenaries Gaesatae or
'spearmen’, adopted the name of the weapon they were the most experienced with (Cunliffe,
1997). Therefore, both the profession and presence of weapons used in ceremonies shaped



social identities, placing these individuals as a distinctive group within their communities,
tribes, and culture.

While much of archaeological evidence or weapon variability from the Iron Age has been
sourced from burials and river dredging, further evidence of the weapon effectiveness can be
found on human remains. As previously stated, British Iron Age studies of sharp and blunt
force trauma are primarily sourced from osteological remains (e.g. Craig, Knusel and Carr,
2005; Redfern, 2006, 2008; Simms, 2020). Bog bodies are an underutilised knowledge source
for sharp force trauma on soft tissue systems, in which the tissue damage would not manifest
on the skeletal remains. Nevertheless, there are limitations to bog body studies due to
various external and internal factors such as exposure, period before interment (e.g.
decomposition), conservation, distortion of the body and (or) wounds, environmental stability
and retention of pH values, and the degree of drainage operations in these locations prior to
discovery. However, there have been extensive studies that have analysed bog body
phenomena and provided forensic analyses of peri- and post-mortem events (e.g. Aldhouse-
Green, 2001, 2015; Aufderheide, 2003; Brothwell and Gill-Robinson, 2002; Giles, 2015, 2020).

Bog bodies and evidence of systematic torture peri-and post-mortem

Archaeological interpretation of bog bodies as ritual victims derives from Classical sources.
Ethnographic accounts from individuals such as Caesar, Strabo, Poseidonis, Tacitus, and
Diodorus Siculus, have provided observatory and second-hand accounts of north-western
prehistoric European funerary traditions (Collis, 2003). For example, Strabo’s account states,
‘They used to strike a human being, whom they had devoted to death, in the back with a
sword, and then divine from his death-struggle’ (trans. Pearce, 1998). However, this Classical
excerpt, like many others, does not clarify if this event was performed as part of the bog body
funerary performance or in connection to other forms of human sacrifice or public execution.

There is substantial evidence that individuals deposited in bogs experienced torture before
their placement (e.g. Aldhouse-Green, 2001, 2015; Brothwell and Gill-Robinson, 2002; Kelly,
2006a and 2006b, 2013). However, if we consider the catalogues of Glob (1969) and Turner
and Scaife (1995), not all bog individuals were subjected to sharp force trauma or any damage
upon death. Nevertheless, those who were a participant of bog death performances were
treated differently, which is evident through the grooming of some and, (or), the severe bodily
distress inflicted. For example, prior to deposition in a bog, Clonycavan man, excavated in
Ireland, was provided with a final meal. His hair was styled with an imported pine resin from
France or Northern Spain, suggesting a level of grooming and ritual preparation before he
was subjected to a series of sharp-blunt force trauma to the upper torso (Kelly 2013). The
trauma inflicted onto the body comprised of three stab wounds to his torso. One stab was
located directly to the heart and may have occurred peri- or post-mortem. The other two
incisions were located on his arms and resulted from pegging Clonycavan man’s body to the
bottom of the bog post-mortem. Three lacerations have also been recorded. Clonycavan



man’s nipples have been cut, suggested by Kelly (2006a and 2006b, 2013) as a sign of rejected
sovereignty. The other laceration is a 40 cm cut across his abdomen, possibly from

purposeful disembowelment peri-mortem (Green and Arnold, 2008; Kelly, 2006a and 2006b,
2013). There are also three sharp and blunt force cuts to the back of the cranium, indicative of
an axe wound (Kelly, 2013; Chapman and Gearey, 2019, p.218). Most of the trauma inflicted
onto Clonycavan man appears to be performed in three’s apart from the cut that extends
from the right zygomatic arch to the nasal bridge (Green and Arnold, 2008; Kelly, 2006a and b;
2013; Mulhall and Briggs, 2007, p.73). However, because of this wound’s unhealed state, it is
possible that it occurred just before or during the bog body funerary performance.

Bog bodies are often interpreted as social outcasts or criminals due to the lack of grave goods
associated in situ (Fischer, 1998; Pearson, 1999, pp.70-71; Allan, 2004, pp.83-85). Pearson
(1999, p.67) hypothesised that bog bodies were disposed of without the intent of
remembering the individual in the collective social memory. Williams (2003, pp.89-112)
countered Pearson'’s interpretation and proposed that bog burials exhibited a specific
funerary tradition shared throughout north-western Europe (e.g. overkill or tri-sacrifice) (Lacy,
1980). It is possible that individuals’ deposition in the bog transformed them from members
of the community to abstract grave goods. Their destruction and, (or), torment, likewise, could
have been part of the social performance whereby collective memory was created. However,
instead of participating in low-stimulus and low-stress events, bog deaths almost suggest an
intense emotional and psychological experience. Thereby, the group breaks free of

normal social constraints but maintains some order through systematic torture that has been
duplicated on a number of individuals (e.g. the slicing of the nipple peri-mortemin Ireland as
referenced by Kelly (2006 a and b)).

Several significant examples of sharp-force trauma observed from Iron Age bog body burials
have been reported from Denmark (e.g. Elling woman, Graubelle man, Huldremose woman,
Tullund man) (Fischer, 2012; Giles, 2016; Chatman and Gearey, 2019), Germany (e.g. The
Datgen Man, Kayhausen Boy, Yde girl) (Granite and Bauerochse, 2010; Giles, 2016; Chatman
and Gearey, 2019), the Netherlands (e.g. Weerdinge couple) (van der Sanden, Menotti and
O'Sullivan 2013; Giles, 2020), Ireland (e.g. Clonycavan man, Old Croghan man) (Green and
Arnold, 2008; Kelly, 2006a and 2006b, 2013; Chatman and Gearey, 20190), and England (e.g.
Lindow man | and Il, Lindow woman) (Stead, Bourke and Brothwell, 1986; Turner and Scaife,
1995).

Materials and preparations

The study conducted a series of tests to comprehend the process of how dermatologically
observed sharp force trauma was inflicted on bog bodies through observed stab wounds. For
the experiment, pig carcases were used as proxies to human tissue. The tests measured
volunteer produced stab incisions of a spear and dagger and compared this with the assailant
profile using their BMI. BMI was used in place of muscle mass measurements because this



technology was not accessible at the time of the experiment. The purpose of these tests was
to see if any patterns produced in this experiment, in terms of cut dimensions and shape,
correlated with those of known bog bodies which exhibit systematic torture. If certain
dimensions and cut shapes correlate, then we can theorise that the assailant or victim BMI
falls into a probable range (see test 3 for more details).

Unfortunately, there were limitations to the volume of testing that could be procured due to
restricted funding. Therefore, only two pigs were procured to test two different weapon types
- a dagger and spear (See Figure 1). A spear and dagger were chosen because of their similar
size and common fighting styles in close combat, such as thrusting and stabbing motions.
Likewise, many of the individuals subjected to torture before their bog placement have
evidence of multiple stab wounds. Therefore, a spear and a dagger were considered the best
comparison of bifacial short blades with similar close combat fighting styles. The
commissioned bifacially sharpened spear measured 174.9 mm x 38.3 mm x 5.9 mm (length x
width x breadth) from the proximal tip to the tapering of the spearhead. The commissioned
dagger was also bifacially sharpened. The dagger’'s dimensions measured 156.0 mm x 26.6
mm x 4.6 mm. The measurement for the blade’s length corresponded with Stead and Lang's
(2006: 5) estimate range for the short dagger measurements in Iron Age Britain.

Pig carcases were used as proxies for human dermal layers to study the sharp force trauma
observed on bog (human) individuals. The study performed by Jussila et al. (2004) found that
dog skin was the closest to human dermal thickness and elasticity, and tanned hide was
second. Although due to the expense of procuring leathered hides, pigs were used for the
experiment. However, a study performed by Uzera et al. (2009) found that the tensile
difference between dog and pig was minor. Therefore, it is inconsequential which animal was
used to replicate human dermal layers in tensile resilience experiments. O'Callaghan et al.
(1999), Jones, Nokes and Leadbeater, (1994), and Green'’s (1978) studies of sharp force trauma
revealed that human skin provides the highest resistance before punctured. After the initial
puncture, muscle proves to be the second-best resistance ‘after the breach of skin’
(O'Callaghan et al., 1999, p.174). Bone deflects the blow, and fat provides little resistance.

The pigs were procured three days before the experiment, and the organs needed to be
removed prior to the experiment to avoid internal decomposition and bloat. Ballistic gelatine
was poured into each pig's body abdominal cavity to replace the eviscerated organs.

In the same study performed by Jussila et al. (2004), ballistic gel has shown to be more in line
with human vivo tissue (i.e. internal organs). Luo et al. (2016) research showed that ballistic
gelatine absorbed the force of the external trauma similarly manner to internal organs.
Moreover, gelatine can absorb the energy and reflect cavity shrinkage similar to exemplary
modern forensic case studies of exit wounds. Therefore, if the Iron Age assailant applied



enough force to their puncture during the stab, the force alone could become fatal
(See Figure 1)

Methods and statistical analyses

Twelve anatomically human male volunteers were procured as the control group for the
experiment. As the prehistoric average height of a human male during this period was
estimated to be 1.69 metres (British Museum Board of Trustees, 2011), it was decided that
two volunteers would represent each height unit to provide a range (1.73 m to 1.91 m).
Contemporary adult males with various heights were used. Two volunteers of same, or
similar measurements per height unit, were used to create variation in the weapon strikes.
However, where only one volunteer of the necessary height unit was available, this individual
participated twice in the experiment.

There was no set order for participating individuals, which allowed for randomisation in both
the order and negated a learning curve for technique. Volunteer's weight was also recorded
to analyse body mass index (BMI) in correlation to strike, thereby randomising the test group
that was previously limited by the representation of a single variable of height. However, it is
recognised that there was some introduction of bias utilising certain individuals twice for the
same height, thereby skewing the BMI range. All stab wounds were performed underhand
and at a vertical angle, producing a vertical cut. The stabs were to be produced using

the volunteer's dominant hand. The abdomens of many of the bog bodies exhibited stab
wounds and thus the abdomen of the pigs’ carcases was targeted in this study as the closest
analogue. Both pigs’ abdomens were divided into four quadrants (See Figure 2). A horizontal
line was drawn using a sharpie pen; the vertical line was the sewn suture which held both
sides of the body cavity together. Both pigs were suspended from the neck at the same
height. The hindquarters were also tied and pegged to the ground to minimise swinging.

The first pig was stabbed with a dagger, and the other a spear. Each volunteer was to stab the
pig four times, once in each quadrant in no specific order. However, certain individuals
performed twice due to the absence of a second volunteer of a similar height (See Figure 3).

The study's analyses were divided into three main sections or tests. The first test addresses if
it is possible to recreate an assailant profile through stab dimensions. A non- parametric one-
way Multivariate Kruskal-Wallis test (MKW) was used to determine whether there was a
significant difference in the incision areas (height/width) created by either a dagger or spear
(i.e., two dependent variables) across three main BMI categories (or groups) of assailants,
namely 18-22.5 (Group A), 22.5-27 (Group B), and 27-31.5 (Group C). The empirical data on
incision areas based on the two weapon types were not multivariate normal (Multivariate
Shapiro-Wilk normality test: W=0.959, p-value=0.031) at 5% alpha level for a parametric
multivariate analysis of variance test, (MANOVA) and hence, the use of its non- parametric
version (MKW). The Quantile-Quantile (Q-Q) plot given by Figure 4 also shows that the



empirical data on the observed incision areas created either a dagger or a spear is not
univariate normal across the three BMI groups of assailants, respectively.

The second test was to create a characterisation of the wounds produced from the dagger
and spear. Finally, the third test addresses if it is possible to identify weapon types to
observed bog body soft tissue trauma using a binomial logistic regression model (given by
equation 1) based on existing empirical data. The logistic regression model was used to
predict the probability that either a spear or a dagger caused observed stab wounds on bog
bodies under investigation, given the specific wound lengths, while the true BMI (continuous
form) of the assailant is unknown (BMI range: 18.0 - 31.5 kg/m?). The dependent variable (Y)
of the logistic model is the “weapon type” with binary outcome: “a dagger” (0) and “a spear”
(1). The exact form of the logistic regression model with log-odds coefficients (b; for i=0,1, 2)
is given as:

)

log

(f

( p ): b[] +b1X1 +b2X2 (])
I-p

where X is the wound length and X; is the BMI of assailant are the predictors of the model;
and p= AY=1)is the probability of a weapon being a spear (Y = 1) relative to it being a
dagger (Y =0). The regression intercept is given by by ; whereas by and b, are the log-odds
regression coefficients corresponding to the predictors X; and X5, respectively. Thus, the
exact probability of a weapon being a spear relative to a dagger is given by (after making the
subject in equation 1 gives equation 2):

Eb(}+b1}f1+b2k’2

P(Y - 1) —P= 1 + ePotb1X1+b2X; (2)

The log-odds regression coefficients (b, /= 0,1, 2) were estimated using maximum likelihood
estimation in R statistical software. The odds ratio corresponding to the predictors are
estimated using exp(bNi) for i=1,2. Prior to the regression modelling, the empirical data
(based on the volunteers) was randomly divided in two sets: training data (80% of the data)
and validation data (remaining 20%). The model was fitted using the training data, and then
cross-validated based on the validation data. The model's performance was assessed based
on the area under the ROC curve (AUC), the Gini coefficient, the Kolmogorov- Smirnov statistic
(KS) and the percentage of correct classification (accuracy based on a confusion matrix). All
statistical analyses were carried out in R statistical software version 3.6.3 (R Core Team, 2019).
The fitted model was further used for predicting the weapon type (either a dagger or a spear)
for wounds on Lindow man Il and Huldremose woman.



There are limitations of the study and pre-existing bias through factors such as: diversity of
stature heights within the volunteer group, lack of experience handling weapons, degree of
diagnosis of the environment (Lynnerup 2015), the mummification process of bog bodies, and
distortion of prehistoric wounds.

Results

Test 1 - Recreation of an Assailant Profile

The differences in the produced incision area (height/width) created by a dagger or a spear
(two dependent variables) were collectively tested across the three BMI groups using a
Multivariate Kruskal-Wallis test (MKW). The MKW test was insignificant (MKW: U=2.638, df=4,
p-value=0.620). Therefore, the BMI groups tested have no significant effect on the incision
areas created by the two weapons; thus, the wound areas are not able to differentiate
assailants based on BMI. Figure 5 is a boxplot showing the distribution incision areas by the
two weapons across the BMI groups. More testing with a larger control group may be
required for future analysis.

Test 2 - Characterisation of the Wounds Produced by Volunteers

A characterisation of the wounds was produced for a visual and metric comparison of
weapon types. Literature that records bog body soft tissue trauma often limits measurements
to only length of laceration. Perhaps the lack of a width measurement in the majority of
studies is due in part to distortion of the wounds and potential shrinkage that has occurred.
This project’s characterisation of wounds produced by a dagger and spear was developed
through measurement of the length and width. Depth was not measured because it would be
impossible to measure this within bog bodies due to distortion and fragility of the remains.
The dimensions were then calculated into averages for future references. For stab marks
produced by a dagger, the area ranges from 12.36 mm to 141.88 mm, but the average area
created was 57.77 mm, with a median of . This differs from the stab marks produced by the
spear, whereby the area ranges from 0.42 mm to 182 mm, and the average area created was
61 mm, with a median of 46 mm. Nevertheless, the averages between the two weapons are
close, and while a dagger has a tighter range than the spear, it may be difficult to distinguish
these types of stabs.

Overall, incision shrinkage was more prevalent in spear wounds than those resulting from the
dagger (~15%). This outcome comes as no surprise as the knife/dagger stab wounds tended
to gap horizontally as skin stress increased, resulting in the integrity of skin tensile strength
was compromised. In contrast, the spear incisions tended to droop vertically (See Figure 6). As
a result, knife/dagger wounds bore a closer resemblance and closer retention of
measurement of the primary weapon dimensions. However, visual comparison of the stab



wounds produced by the volunteers and those present on bog victims is inconclusive due to
distortion.

Test 3 - Experimental Data in Relation to Bog Bodies' Soft Tissue Trauma

The third test compared the experimental group data with the controlled group - incisions
observed on bog bodies to see if there was a connection using measurements provided by
Brothwell et al. (1990), Turner and Scaife (1995), Stead, Bourke and Brothwell (1986), and Joy
(2009) for Lindow man Il and Huldremose woman. The logistic regression model was used to
predict whether a spear or a dagger caused the wound, given the wound length. This test
uses the victim’s potential BMI, as Test 1 proved that it was not possible to differentiate
assailants based on BMI through wound patterns and thus insignificant. However, we do not
know the original BMI's for bog victims and applied a range of BMI values between 18 to 31.5
kg/m2. The predictive power of the fitted logistic model was very high since all the accuracy
measures were between 0.8 and 1, with a classification accuracy of 92% (See Table 1 and
Figure 7).

Accuracy measures Values
Gini Coefficient 0.847
KS statistic 0.917
Classification accuracy 0.920

TABLE 1: ACCURACY MEASURES OF THE FITTED LOGISTIC MODEL.

The estimated regression coefficients are given by Table 2, where the wound length was the
only significant determinant of the weapon type (p-value<0.05). From Table 2, higher wound
lengths on a bog body or any individual will suggest a greater chance of the weapon used
being a spear than a dagger by approximately 0.638 units; however, BMI is not a key
determinant in distinguishing between the two weapon types.

Variables Estimate (bi) Std Error Z-value P-value
Intercept -17.016 4.1002 -4.150 0.000***
Wound length (X1) 0.638 0.1318 4.850 0.000***
BMI (X2) -0.115 0.0917 -1.256 0.209

TABLE 2: ESTIMATED LOGISTIC REGRESSION COEFFICIENTS. ***P<0.001; **P<0.01; *P<0.05

Hence, the fitted logistic regression equation (based on equation 1) is given as:

log (—2=) = ~17.016 + 0.638x, - 0.115X, (3)

i
I
=



such that, the equation for estimating the probability of a weapon being a spear relative to a
dagger is given by:

@—17.016+0.638X; ~0.115X,

T 1 1 e-17.016+0.638X;-0.115X,

(4)

P(Y=1)=7p

for any given value of the wound length (X;) and assailant's BMI (X5).

Lindow Man’s weapon prediction

Lindow man is a prime example of overkill with his neck garrotted and slashed, multiple stab
wounds, and blunt force trauma to the head (Stead et al,, 1986; Turner and Scaife, 1995; Joy,
2009; Chapman and Geary, 2019, p.219) (See Figure 8). The weapons used to inflict trauma on
Lindow man Il were an axe and a ‘sharp edge blade’ (Chapman and Gearey 2019, p.219). The
axe was the most probable for the combined sharp and blunt force trauma to the occipital
region of the head (Chapman and Gearey, 2019, p.219). The dagger was possibly utilised to
inflict the stab wound to the right side of the neck. The lesion located on the chest may have
been produced by either a spear or dagger. However, the nature of the lesion suggests the
use of a thrusting spear because the energy generated deflected when the weapon hit the
clavicle.

According to the predictive model, it is certain (with a probability of 1) that Lindow man'’s
wound with a length of 60 mm was caused by a spear irrespective of his BMI value (See Figure
9). Also, Figure 8 revealed that the wound length of 35 mm was at least 80% more likely to be
caused by a spear than a dagger, irrespective of the Lindow man’s BMI. However, the wound
length of 30 mm on Lindow man is only likely to be caused by a spear (with a probability
slightly above 50%) if his BMI is at most 18.5 kg/m2. However, if his BMI> 18.5 kg/m2 , the
likelihood that the wound of size 30 mm was caused by a dagger increases. Hence, the larger
Lindow man'’s potential BMI, the more probable that the wound that measured 30 mm in
length was caused by a dagger. However, it appears that the trauma produced on the
individual was spear oriented. These predictions, of course, may change when new weapon
types are introduced, as this test is isolated to only a spear and dagger comparison.

Huldremose Woman's weapon prediction

Huldremose woman suffered lesions to her leg, although some damage resulted from the
excavation spade, not post-mortem overkill (See Figure 10). Her arm was severed, but this is
also possibly the result of spade damage instead of peri-mortem dismemberment. However,
Fischer (2012, p.117) believes this final blow resulted in her death through blood loss.
Nevertheless, the lesions reported from her leg correlated with both knife and

spear dimensions, which suggest either were used to inflict the damage. As stated previously,



because Huldremose's lesions are restricted to length, only this measurement was used for
all tests performed.

Predictions were made with the fitted logistic model for Huldremose woman, using the same
conditions and volunteer data (See Figure 11). From Figure 11, it is very clear that the
probability of a spear to inflict a wound of size below 30 mm on Huldremose woman is very
low, and thus, suggests a dagger attack for wound length below the aforementioned
threshold. At wound length of 31 mm, as compared to 30 mm, the probability of spear attack
was above 50% until a BMI value greater than 24 kg/mm? (the median of the BMI range
considered). Consequently, most of the incisions performed on Huldremose woman suggests
that they were caused by a knife; only the lesion that measures either 30 mm or 31 mm in
length is probable a spear depending on how small Huldremose woman’s BMI was. However,
as this incision comes from her leg, the correlation may be coincidental, and the actual cut
may result from spade damage.

Discussion

Not all known bog bodies exhibit sharp and blunt force trauma, but for those who do, were
often subjected to ‘overkill' (e.g. Aldhouse-Green, 2001; Brothwell, 1986; Giles, 2009; Lacy
1980). Aldhouse-Green, (2001) has suggested that individuals who exhibited ‘overkill’ were
subjected to communal participation or representation thereof through systematic torture.
Therefore, it follows that the weapons with which the community identifies, would be used to
perform such ceremonies. As a result, reconstruction of the wound created from specified
weapons utilised could represent communal identity and the collective practice of bog
funerary performances.

Further research is required to confirm the validity of the relationship between weapon,
assailant, and wound dimensions. The binomial logistic regression can effectively classify
between two weapon types, given some predictors of interest. To extend the binary logistic to
classify more than two weapons, a multinomial logistic regression model and other predictive
models (including machine learning algorithms) can also be employed in future studies.
Based on the predictions of the weapon type and the lesions observed from Lindow Man Il
and Huldremose woman, it can be confirmed that there were differing incisions made by the
two weapon types - spear and dagger. A larger wound size (>30 mm) potentially suggests a
spear attack, and a small wound of length <30 mm likely indicates a dagger attack. Likewise,
strike dimensions produced by the volunteer control group showed the closest range of
wound dimensions to the BMI mean (18 to 22.5).

With increased bog body discoveries in recent years and thus a larger number of available
case studies, research into alternative prehistoric funerary practices has the potential to be
broadened in archaeological and forensic methodologies. Expanding sharp force trauma



studies would be extremely beneficial in prehistoric contexts because often modern forensic
methodologies do not apply as they mainly focus on terminal ballistics (Venara et al., 2003).

Conclusions

Studies involving prehistoric stab wounds on surviving dermal layers and soft tissue are
limited to non-existent. The lack of formative study of bog body trauma had made sense in
the past when there were minimal case studies. However, over the past century, increased
drainage operations, agrarian intensification, and peat cutting operations have revealed
abundant research material.

Forensic sciences have been vital in delineating the cause of death and trauma performed
peri- and post-mortem in modern times. However, to take the next steps in prehistoric
forensic studies, we must perform similar experiments to create both the assailant and victim
profiles, including weapon types. Perhaps in understanding not only the individual in which
violent bog deaths were enacted upon but also those who participated, archaeologists can
begin to reconstruct bog burial funerary performances.

Mathematical predictive models can also help classify different weapon types based on
relevant information and existing empirical data of bog bodies. The current study can be
expanded by comparing different classes of predictive models such as the traditional logistic
regression models and machine learning algorithms in distinguishing between weapon types
based on empirical data. These comparisons will help identify the best predictive model,
robust enough to solve current forensic and classification problems of bog bodies.

"l Keywords weapon
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FIG TA. WEAPONS COMMISSIONED FROM PETER FORWARD FOR THE EXPERIMENT.
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FIG 1B. WEAPONS COMMISSIONED FROM PETER FORWARD FOR THE EXPERIMENT.
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FIG 2. THE PIG WAS SUSPENDED AND ANCHORED AS TO DIMINISH SWING. THE STOMACH DEMONSTRATES THE

FOUR QUADRANTS DESIGNATED FOR STRIKE ZONES.
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FIG 3. VOLUNTEERS PERFORMING STRIKES USING THE PROVIDED WEAPONS.
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FIG 4. A QUANTILE-QUANTILE PLOT SHOWING NON-NORMALITY OF THE UNIVARIATE DATA ON INCISION AREAS
CREATED BY EITHER A DAGGER OR A SPEAR ACROSS THE THREE BMI GROUPS (GROUPS A-C), RESPECTIVELY.
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FIG 5. THE DISTRIBUTION OF INCISION AREAS PER WEAPON TYPE ACROSS THE BMI GROUPS.
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FIG 6. ILLUSTRATION OF THE STAB WOUNDS FOR A SPEAR (A) AND DAGGER (B). THE ILLUSTRATION
DEMONSTRATES THE SAGGING AND GAPPING OBSERVED ALONG WITH THE EXCESS SKIN PRODUCED FROM THE
INITIAL PUNCTURE.
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FIG 7. THE RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE WITH AUC OF 0.924.
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FIG 8. LINDOW MAN (AUFDERHEIDE, 2003, P.181).
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FIG 9. PROBABILITY OF WHETHER THE WEAPON USED TO PERFORM THESE STAB CUTS OR INCISIONS WAS CAUSED
BY A SPEAR RELATIVE A DAGGER FOR LINDOW MAN.
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FIG 10. HULDREMOSE WOMAN (CC-BY-SA, LENNART LARSEN, NATIONAL MUSEUM OF DENMARK).
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FIG 11. PROBABILITY OF WHETHER THE WEAPON USED TO PERFORM THESE STAB CUTS OR INCISIONS WAS CAUSED
BY A SPEAR OR KNIFE FOR HULDREMOSE WOMAN.
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