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Abstract

Throughout the ancient Greek, world mass burials are rare. Of the 10,000 excavated

burials in the western necropolis of the Greek colony of Himera (649–409), only

16 contained more than one individual; seven of these can in all possibility be traced

back to the two battles fought by Himera against the Carthaginians in 480 and

409 BCE. Written sources (Diod. 11.20ff.) state that the Himerans, accompanied by

numerous Greek allies, defeated the Carthaginian forces in the first conflict whereas

the loss of Greek allied support in the second battle resulted in the city's defeat and

subsequent destruction.

The anthropological and taphonomical studies of the human remains aim at testing

the archaeological hypothesis that individuals interred in the seven mass graves can

be related to the two battles.

Skeleton density (skeletons per square metre), position, orientation, and conservation

levels of the individuals in the mass burials were analysed and compared with a larger

sample of 1,000 single burials from the same necropolis along with mass graves in

other forensic and archaeological contexts. Sex, age at death, presence of skeletal

stress indicators, and perimortal traumas were recorded using standard anthropologi-

cal methods. In the case of poorly preserved remains, sex was estimated using site-

specific discriminant functions.

Although representing catastrophic samples, the results from the seven mass burials

all lead to the assumption that the graves can be associated with the interment of

warriors fallen in battle. Moreover, burial differences have permitted to distinguish

the mass burials dating to 480 BCE from those attributed to 409 BCE.

K E YWORD S

battle, Greek colonization, Himera, mass graves, Sicily, weapons

1 | INTRODUCTION

Established by Greek Chalcidian and Dorian peoples from the Sicilian

colonies of Zancle (Messina), Syracuse, and the island of Euboea,

Himera was founded on Sicily's northern shore near the mouth of the

Himera River. The dates of the city's founding (648 BCE) and destruc-

tion (409 BCE) are provided by Diodorus Siculus.

Excavation activities have brought to light different areas of the

colony, allowing better understanding of its organization and develop-

ment. The town occupied a surface of approximately 120 ha and was
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structured on two different levels: the lower city located on the

coastal plain and the acropolis on the hills above (Vassallo, 2005).

Three partially excavated necropolises have been identified at

Himera, situated outside the city walls and along the main thorough-

fares connecting the colony to the surrounding territory, namely: the

eastern (Necropoli of Pestavecchia; 3,600 burials) and western

necropolis (Necropoli of Buonfornello; 9,547 burials) on the coastal

plain and the southern necropolis (Necropoli of Cozzo

Scacciapidocchi; 15 burials) beside the hinterland route (Fabbri,

Schettino, & Vassallo, 2006; Vassallo, 2017; Vassallo, 2018; Vassallo &

Valentino, 2012) (Figure 1).

Over 13,000 graves have been currently investigated, the major-

ity featuring single burials. The practice of inhumation is significantly

attested (88% in the W Necropolis; and 90% in the E Necropolis)

whereas cremation rites (12% in the W Necropolis; and 10% in the E

Necropolis) present much lower percentages.

Two major battles that were to affect Sicily's history were fought

in 480 and 409 BCE below Himera's walls. In the first conflict, a coali-

tion of Himerans, Acragantines, and Syracusans succeeded in

defeating the Carthaginian forces; a second Carthaginian expedition

resulted in the city's conquest and destruction with the ensuing mas-

sacre of its population.

The skeletal remains studied in this contribution can be traced

back to the soldiers that fell in these encounters, offering an excep-

tionally rare testimony of common war burials in the Classical Greek

Age (Vassallo, 2018).

2 | MATERIALS, REFERENCE SAMPLE,
AND METHODS

Excavation activities conducted in the western necropolis of the

Greek colony of Himera (HIM-W) at Buonfornello recorded 9,547

burials. Burial types include plain ditches, cappuccina tile graves, in situ

and secondary cremations, as well as pot burials. Regardless of burial

type, single burials constitute the vast majority of the sample, con-

forming to what is commonly attested in Greek funerary customs.

Only in a very limited number of burials (n = 16) multiple bodies had

been interred. These burials can be considered as multiple burials,

defined by Duday (2005, 2008) as two or more individuals deposed in

a single funerary structure within a very short time span (possibly at

the same moment; Table 1). Unique funerary structures were

ascertained in only two cases (W2373A-W2373B and W3220A-

W3220B) and take on the form of cappuccina-style burials.

The other 14 cases were plain ditches believed to be mass graves

on the grounds that the skeletons were in direct contact with one

another, deposed in what appeared as a limited time span as

suggested by the absence of disturbances caused by the deposition of

a body near the other (i.e., the bones of all the bodies were still in

articulation). The discovery of weapon fragments piercing the bones

of a number of individuals in seven of these mass graves, along with

perimortem sharp force traumas, has led to hypothesize that these

could be identified as soldiers killed in combat.

These seven burials have been labelled as Fossa Comune (“com-

mon burial” in Italian)—henceforth FC—and originally numbered FC1

to 9 due to the difficulty in ascertaining burial limits. However, it

was later realized that FC1 and 2 constitute a single interment, as

do FC8 and 9. Thus, although we number FC1–9, these actually

represent only seven mass burials (FC1 + 2, FC3, FC4, FC5, FC6,

FC7, and FC8 + 9); the number of skeletons found in the FC ranges

from 2 to 69.

According to stratigraphic and archaeological evidences, it has

been put forward (Vassallo, 2010, 2017) that these mass burials may

be connected to the battles fought in 480 and 409 BCE (Diod.

11, 20 ss), and although the burial of individuals in mass graves is only

one of the means through which survivors can choose to deal with

large numbers of bodies (Duday, 2008), most of the people that died

during these battles were likely to have been buried in single graves.

F IGURE 1 Topography of Himera
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However, regardless of their relation with the aforementioned

battles, skeletons in the FC can be considered as catastrophic samples,

seeing that they represent the uncommon case of a large number of

individuals dying in a very short time span (see also Kyle, Reitsema,

Tyler, Vassallo, & Fabbri, 2018). The remaining nine multiple graves

were double burials, three of these featuring either a female adult and

child (W2373A-W2373B and W3220A-3220B) or two children

(W3616-W3617), their composition allowing to exclude them from a

military sample.

This paper will deal primarily with FC1–9, discussing the archaeo-

logical and bioarchaeological evidence that links these mass burials to

the events that took place in 480 and 409 BCE.

A total of 133 skeletons were found in the seven FC; sex determi-

nation was primarily based on pelvic morphology (i.e., the pubic visual

method; Phenice, 1969), greater sciatic notch shape (Walker, 2005),

presence of preauricular sulcus (Houghton, 1974), absence of a

piriform tubercle, and f-f-f combination (i.e., specific female shape;

Bruzek, 2002). Of the 133 individuals, these were observed in

20 whereas skull-based sex determination (Ferembach, Schwidetzky, &

Stloukal, 1977) was possible on a further 10 more individuals. As to

the remaining 60, sex was determined using site-specific discriminant

functions (Lonoce et al., 2018); the 43 remaining individuals were

unsexed due to poor state of conservation (Table S1). As to age deter-

mination, the most appropriate methods—taking into account the

state of preservation—are the morphology of the auricular surface of

the ilium (Lovejoy, Meindl, Pryzbeck, & Mensforth, 1985), the apposi-

tion of secondary dentine to the canine (Cameriere, Cunha, Sassaroli,

Nuzzolese, & Ferrante, 2009), and the degree of fusion of the long

bone epiphyses (Ferembach et al., 1977).

When none of these methods could be employed, general bone

dimension, degree of dental wear, and epiphyses fusion were consid-

ered in order to produce a generic adult definition (Table S2). Among

the stress indicators, linear enamel hypoplasia, cribra cranii, and peri-

ostitis (Table S3) were taken into account. Lines of enamel hypoplasia

(LEH) have been recorded on 73 individuals that still preserved at

least one permanent canine (Goodman & Armelagos, 1985; Hillson,

1996). The presence of cribra cranii has been recorded on 27 individ-

uals featuring at least 25% of the cranial vault (Mensforth, Lovejoy, &

Armelagos, 1978; Stuart-Macadam, 1987; Stuart-Macadam & Kent,

1992). The presence of periostitis has been recorded on 99 individuals

with at least one fourth of the femur, tibia, and fibula shaft (Ortner,

2003). Stress marker results can be found in the supporting

information.

Perimortal traumas were analysed according to Sauer (1998) and

Ubelaker and Montaperto (2014). The single burial reference sample

from the same necropolis comprises a total of 963 individuals,

analysed following the same methodologies illustrated above.

3 | THE MASS BURIAL SKELETAL SAMPLE

The vast majority of mass burials (FC1–7) were excavated in a part of

the necropolis that had already seen intensive use prior to their estab-

lishment (Figure 2). The opening of trenches for the mass graves com-

promised older burials, thus providing a terminus post quem for their

relative dating. A terminus ante quem was offered instead by more

recent burials settled directly above or in some cases damaging the

mass grave site. On the contrary, mass burial FC8 + 9, located on the

eastern limit of the necropolis and nearer to the western city walls

than other FC, was not disturbed by successive burial activities

(Figure 3). All the FC are either situated in the area of the battlefield

or in its vicinity, as evidenced by the recording of numerous arrow-

heads from the necropolis deposit levels (Vassallo, 2010).

3.1 | Absolute dating

It was not possible to obtain an absolute dating for the mass burials

from Himera as the chronology of the city (648–409 BCE) lies in the

so-called Hallstatt Plateau of the radiocarbon dates calibration curve

F IGURE 2 FC1–7: the mass graves associated with the battle of 480 BCE
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(800–400 BCE) and therefore does not produce reliable data, as is the

case for many other archaeological sites (Becker & Kromer, 1993; Van

Strydonck et al., 2017).

3.2 | Taphonomy

In common as well as in single burials, skull fragmentation was docu-

mented in about 70% of the cases, revealing a good state of preserva-

tion in only 20% of the sample (Table S6); the state of preservation in

the two samples does not show statistical variations (test χ2,

p = .2268).

As to the postcranial (Table S7), no skeletons were either fully

or partially preserved, and only 9.8% (13 out of 133) in the mass

burials and 7.9% in the single burials are in a damaged condition

(Grade 2; evaluation established according to the degree of

conservation presented in Table S5). The state of preservation of

remains in both single and mass burials are similar (test χ2,

p = .7255).

3.3 | Orientation

FC1–7 were large trenches characterized by a N–S alignment: the

bodies oriented with their heads to the east and feet to the west as

the majority of single burials (Fabbri, Lonoce, & Viva, 2012) in the

western (67.1%) and eastern (Pestavecchia; 85.8%) necropolis of

Himera (Fabbri et al., 2006).

FC8 + 9 had an E–W alignment: the bodies laid out in different

positions. The most frequent skeleton orientation was N–S (n = 17;

24.6%) and S–N (n = 31; 44.9%), followed by E–W (n = 12; 17.4%),

NE–SW (n = 4; 5.8%), and SE–NW (n = 1; 1.4%); in four cases (5.8%),

the bones were so fragmentary that it was not possible to determine

skeleton orientation. North–south and S–N orientations are instead

quite rare; only 7 (3.1%) single burials from a sample of 226 graves

were in fact recorded at Pestavecchia (Fabbri et al., 2006) and

4 (1.6%) out of 243 plain burials from the western necropolis (Fabbri

et al., 2012).

3.4 | Number and density

In FC1–7, where skeletons presented an E–W orientation, it was

possible to distinguish between FC containing fewer individuals

(n < 5)—FC5, 6, and 7—and FC with higher numbers (n > 10), respec-

tively, FC1 + 2, 3, and 4. Nevertheless, in both subsamples, the skel-

etons were regularly spaced with minimum elbow superposition;

therefore, skeleton density (number of skeletons per square metre)

was close to 1 in mass burials FC1–7 (mean 1.08, range 0.94–1.32;

Table 2). FC8 + 9 alone yielded more skeletons (n = 69) than FC1–7

combined (n = 64) and would have in all likelihood featured more if

the FC had not been damaged by severe flooding during excavation

activities; skeleton orientation in FC8 + 9 was highly variable, and

TABLE 2 Number and density of individuals in the mass burials
from the necropolis W of Himera

Mass burial
Number of
skeletons

Burial
surface (m2)

Density (skeletons
per square metre

FC1 + 2 18 13.6 1.32

FC3 22 20.0 1.10

FC4 15 16.0 0.94

FC5 4 4.0 1.00

FC6 3 2.7 1.11

FC7 2 2.0 1.00

FC8 11 2.5 4.40

FC9 58 14.0 4.14

FC8 + FC9

actual

69 16.5 4.18

FC8 + FC9

estimated

88 21.0 4.18

F IGURE 3 FC9: a part of the mass grave associated with the battle of 409 BCE
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the significant individual overlap resulted in a density of 4.18 skele-

tons per square metre.

3.5 | Position and decubitus

Skeletons in FC1–7 were supine (i.e., dorsal decubitus), sharing a com-

mon position with little variation: upper limbs extended or slightly

flexed on the abdomen with the lower limbs fully extended. This is by

far the most frequent position recorded in single burials (91.2%,).

In mass graves with numerous individuals (FC1–4; n > 10), body

deposition started from the northern end of the trench, testified by

the upper left limb of one skeleton often partially overlapping the

upper right limb of the skeleton laying to its left, the skull frequently

resting on the right shoulder, and the trunk and lower limbs formed an

angle at pelvis level. Moreover, the right humerus was often partially

abducted. This particular position has led to hypothesize that the bod-

ies had been dragged into the burial from south to north.

As to the division between FC5–7 and FC1–4, archaeological evi-

dence points to the fact that they were all dug at the same time and

for the same reasons (Vassallo, 2010). Although the burials were con-

temporary, more care is observed in the deposition of bodies in

FC5–7, that is, no traces of dragging and the presence of grave goods

in FC5 and FC6.

In FC8 + 9, several levels of skeletons were documented. As

observed in FC1–7, in FC8 + 9, body deposition started from one end

of the trench, that is, the eastern one, and proceeded westward, set-

ting them dorsally side by side, often slightly overlapping, with the

head placed to the south on the opposite side of the trench. A second

layer of bodies was laid over the first in the same orientation, with

their skulls on the chests of the individuals below. A third layer of

bodies, in the same position, but with opposite orientation (head to

the north), was then set on top, with their feet on the shoulders of

the individuals in the first layer. A subsequent layer of bodies, perpen-

dicular to the ones in the first three layers and with their heads ori-

ented to the east, was set on the northern and southern sides of the

ditch, near the heads or feet of the underlying bodies. Lastly, a num-

ber of bodies covering the others were set obliquely, with a SE–NW

or NE–SW orientation; two of these bodies (W4658 and W4661)

were laid in prone position (Video S1).

Individuals from mass burials FC1–7 appear to be ordered and

deposited in a regular pattern following the customary funerary ritual

recorded in thousands of cases in the necropolis of Himera. The tre-

nches were large enough to have allowed for a more accessible laying

out of the bodies, which could also be very few (2–4) with minimal

overlap. The density is of about 1 skeleton per square metre, more or

less the space required to deposit a corpse. FC1–7 were excavated in

the centre of the designated area and regularly spaced, the necropolis

seeing a continuous use after the establishment of FC1–7. On the

contrary, FC8 + 9 is isolated from the other mass burials and single

graves, with no burial activity taking place after its excavation. Skele-

ton orientation in FC8 + 9 is variable, although the most represented

samples (N–S and S–N) are rarely found in the rest of the necropolis.

The trench was dug to contain as many bodies as possible, placing

them in successive layers, using also the trench outer limits. Body

overlap and density, more than 4 skeletons per square metre, are

markedly higher than in FC1–7.

In the following paragraphs, we will split the mass burial samples

into three subsamples (when n > 10) containing

1. “Ordered” mass burials with more than 10 individuals (FC1–4).

2. “Ordered” mass burials with less than five individuals (FC5–7).

3. “Disordered” mass burial FC8 + 9.

3.6 | Sex determination

In FC1–7, sex determination was ascertained in 20 individuals using

pelvic morphology, in 24 individuals using site-specific discriminant

functions (Lonoce et al., 2018), and in 6 individuals using skull fea-

tures. Thirty-six individuals from FC8 + 9 were sexed using the same

discriminant functions and four using cranial features (Table 3).

We were able to diagnose sex in 90 out of 133 individuals, with a

sex diagnosis of 89 males and 1 female.

3.7 | Age determination

All of the individuals in the mass burials were adults. When a quanti-

tative determination was possible, mean age at death was of

31.6 years (minimum = 18.0 and maximum = 61.5; Table 4). Mean

TABLE 3 Sex determination

FC

Hip bone Skull Discriminant functions Total

n M F n M F n M F n M F

1–7 20 20 0 6 6 0 24 23 1 50 49 1

8 + 9 0 - - 4 4 0 36 36 0 40 40 0

TABLE 4 Age at death

FC n

Individuals with age

determination

Mean age

(years) Range

1–4 55 43 29.6 19.5–47.5

5–7 9 8 45.0 32.0–61.5

8–9 69 4 26.6 18.0–42.0

Total 133 55 31.6 18.0–61.5
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age in “ordered” mass burials FC5–7 containing less than five skele-

tons is of 45.0 (minimum = 32.0 and maximum = 61.5), higher than

what is observed in “ordered” mass burials with more than 10 individ-

uals (29.6; minimum = 19.5 and maximum = 47.1). Mean age in “dis-

ordered” burials FC8 + 9 is 26.6 (minimum = 18.0 and

maximum = 42.0). Mean age in FC5–7 is statistically different from

the mean age in FC1–4 (test t = −5.02; p = .000) and in FC8 + 9

(t = 2.908; p = .0156), whereas FC1–4 and FC8 + 9 are not signifi-

cantly different (t = 0.747; p = .4580).

The skeletal sample from the mass burials stretches across all

adulthood, from 18.0 to 61.5 years, although the histogram (Figure 4)

shows that young adults (15–39 years old) form 83.1% of the sample.

Considering that grave goods have been found in two out of four of

the “ordered” burials with less than five individuals—FC5 and FC6—

we can suppose that these burials were reserved for prominent older

age individuals who died in battle, whereas FC1 + 2, 3, and 4 were

mainly reserved for younger soldiers.

Comparing age at death in the mass burials (n = 53) with age at

death in a similar (n = 61) random sample from single burials

(Figure 5), it is possible to observe that in the former individuals

between 20 and 39 years represent 77.3% of the sample whereas in

the latter, they form only 42.6%. The difference between these

F IGURE 4 Age at death in individuals from
the mass graves

F IGURE 5 Age at death in mass and single
burials

TABLE 5 Types of trauma

Individual labels Traumas

W2764 Bone scar and a spear point

pierced in the trunk

W576 Multiple sharp force traumas

W336 Spear point in the trunk

W1773, W4689 Single trauma produced by

arrow

W2825 Double trauma produced by

arrow

W429, W482, W494,

W2587, W4697

Single sharp-force trauma

W429, W482, W494,

W576, W2587, W4697

Only bony traces of trauma

W336, W1773,

W2825, W4689

Associated weapon points

without bone injury
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samples in the number of young adults is statistically significant

(χ2 = 14.12; p = .00).

3.8 | Perimortem trauma

Bone fractures and blunt-/sharp-force traumas showing no trace of

bone regeneration are evidence of perimortem traumas (Sauer, 1998;

Ubelaker & Montaperto, 2014). Cases where the point of a metal

weapon was found in contact with or at a very short distance (<2 cm)

from any of the bones, therefore allowing to assume that the weapon

had pierced the body, were scored as perimortem traumas. The possi-

bility of observing perimortem traumas depends on the level of bone

conservation. Taking into account that the samples from mass and sin-

gle burials are in similar state of conservation (Tables S6 and S7), we

can expect that any differences observed in the prevalence of traumas

between the two samples are meaningful (Table 5).

Traces of perimortem traumas were observed in 11 of 133 individ-

uals (8.27%) from mass burials, with a total of 16 individual traumatic

incidents seeing that multiple perimortem traumas were recorded in

four of these (Table S8).

In a sample of 936 individuals from single burials, evidences of

perimortem traumas were recorded in only 15 cases (five individuals

showing multiple perimortem traumas). The prevalence of perimortem

traumas in single burials was of 1.55%, nearly one sixth of the preva-

lence observed in the mass burials (Z test = 4,7685; p = .00). Regard-

ing multiple perimortem traumas, similar percentages are recorded in

both mass and single burials (respectively, 36.4% and 33.3%;

Table S9). As to trauma distribution, the two samples show a similar

trend (test χ2, p = .6041) with a higher frequency of trunk and skull

traumas (Table S10).

The prevalence of perimortem injuries in mass burials (8.27%)

may seem low, acknowledging that all of the individuals died at

war. The prevalence is surely underestimated seeing the skeletal

state of preservation and because uncertain cases were not consid-

ered. Moreover, only a low percentage of injuries leaves traces on

bones (Milner, 2005).

4 | DISCUSSION

Absolute dating of the seven mass burials (labelled FC1 + 2, 3, 4, 5, 6,

7, and 8 + 9) excavated in the western necropolis of the Greek colony

of Himera (648–409 BCE) cannot be obtained as C14 dates are

unreliable in the so-called Hallstatt Plateau (800–400 BCE). Neverthe-

less, stratigraphic and archaeological indicators can be used to estab-

lish a relative chronology. FC1 + 2, 3, 4, 5, 6, and 7 were located in an

area of the necropolis that saw intensive use both before and after

FC1–7 were established, providing both a terminus post and ante quem

chronological reference. On the other hand, FC8 + 9 was in a part of

the necropolis that saw intensive use prior to its excavation, remaining

undisturbed until recent times. Mass burials are infrequent in Greek

necropolises (only 16 out of approximately 10,000 at HIM-W), both in

colony sites and in continental Greece. In three well-investigated

necropolises of the Greek colonies of Metaponto, Kamarina, and Még-

ara Hyblaea, common graves were not documented (Duday & Gras,

2018; Henneberg & Henneberg, 1988; Sulosky Weaver, 2015). Mass

burials are often referred to as polyandrion (literally, many men) and

are related to catastrophic events such as wars or civil riots. Poly-

andreia have been documented in several Greek sites such as Mara-

thon (Stais, 1893), Olynthus (Robinson, 1942), Athens (Young, 1942;

Clairmont, 1981; Baziotopoulou-Valavani, 2002; and the recently dis-

covered mass grave at Phaleron [http://phaleron.digital-ascsa.org/]),

Thespiae (Schilardi, 1977), Pydna (Triantaphyllou & Bessios, 2005),

and Paros (Agelarakis, 2017).

Historical sources (Diod. 11.20ff.) state that the two battles

(480 and 409 BCE) took place just outside Himera's western fortifica-

tions, corresponding to the area where the HIM-W necropolis is

located. On the basis of historical sources as well as stratigraphic and

archaeological evidence, mass burials FC1 + 2, 3, 4, 5, 6, and 7 have

been associated with the first Battle of Himera fought in 480 BCE,

whereas FC8 + 9 has been linked to the second battle of 409 BCE.

If the FC from Himera are to be considered as polyandreia, all of

the skeletons found in the FC should be sexed as male, within the

accuracy limits of sex determination methods used according to sam-

ple's state of preservation. The percentage of male individuals is

100% using the pelvis, 100% using cranial features, and 98.5% using

discriminant functions. Moreover, the sporadic presence of women or

subadults has been observed in other mass burials considered as poly-

andreia (Robinson, 1942). We can thus conclude that FC1–9 were

polyandreia.

As to the position of the skeletons, it is clear that FC1 + 2, 3, 4,

5, 6, and 7 differ from FC8 + 9. In the former (FC1–7), the bodies had

been carefully oriented, set, and spread out following the rules

observed in the vast majority of single burials found in the same

necropolis: E–W orientation and supine position, with a density of

about 1 skeleton per square metre. On the contrary, in FC8 + 9 skele-

ton, orientation is variable, with the most frequently recorded position

(NS and SN) rarely observed in single burials (1.6%). Supine burial

position is predominant but not exclusive. Skeleton density is much

higher—about 4 skeletons per square metre—giving the impression

that the ditch was filled with as many bodies as possible. FC8 + 9

appears as fundamentally different from the normal funerary ritual

documented at Himera, and it seems clear that the intention was to

dispose of a large number of corpses with minimum effort. Komar

(2008) observed that the ordered/disordered appearance of burials

containing many corpses is not accidental. Trenches dug by relatives,

friends, or comrades of the dead will look very different from those

dug by enemies or under enemy control. In concise terms, following

Komar (2008), order = self and disorder = other. Robinson (1942) puts

forward similar arguments in his interpretation of the three mass

burials from Olynthus, which are very similar to FC1–7 and probably

of a similar period (second half of the fifth century BCE). Of the mass

burials found at Himera, FC1 + 2, 3, 4, 5, 6, and 7 are ordered whereas

FC8 + 9 is disordered. This is in accordance with the hypothesis that

the former (FC1–7) are most likely associated with the battle of

314 VIVA ET AL.

http://phaleron.digital-ascsa.org/


480 BCE and the latter (FC8 + 9) with the one fought in 409 BCE. Fol-

lowing their victory in 480 BCE, the Greeks had the time and will to

honour their dead with formal collective burials recalling their usual

funerary customs. However, after the defeat of 409 BCE, they were

probably forced by the Carthaginian army to quickly dispose of as

many corpses as possible.

Concerning age at death, the skeletal sample from the mass burials

covers the whole of adulthood, from 18.0 to 61.5 years. Nevertheless,

young adults (15–39 years old) form the majority of the sample (83.1%).

There is a clear and statistically significant difference in mean age at death

between individuals buried in “ordered”mass burials and fewer individuals

(n < 5) with a mean age of 45.0 years compared with the mean age in

“ordered” mass burials with many individuals (n > 10) with a mean age of

29.6 years. The persons from mass burials are on average younger than

individuals from the general population, as would be expected of soldiers

who died in battle. Strontium isotope ratios show that individuals from

single burials are different from those of FC1–7 (480 BCE) and similar to

those of FC8 + 9 (409 BCE; Kazmi, Reitsema, Reinberger, Kyle, & Vassallo,

2017; Reinberger, Kyle, Fabbri, Vassallo, & Reitsema, 2017; Stamer et al.,

2017). This also reflects what is stated in ancient sources: in FC1–7, the

soldiers are from different parts of the Greek world and allies of the

Himerans; in 409 BCE, the Himerans were alone in the confrontation with

the Carthaginians. For this reason, individuals in FC8 + 9 are similar to

those recorded in the rest of the necropolis. These data allow us also to

exclude that Carthaginian soldiers were in FC8 + 9.

A significantly higher prevalence of perimortem traumas was

observed in the mass burials (8.3%) compared with the general popu-

lation (1.5%). This reinforces the hypothesis that FC are related to

warfare, as we would expect perimortem traumas to be frequent in

war victims (Boylston et al., 1997; Fiorato, Boylston, & Knüsel, 2000;

Margerison & Knüsel, 2002; Stroud & Kemp, 1993). The recorded

bone traumas (on the basis of the pattern and location of the injuries)

in the mass graves can be related to weapons such as swords, spears,

and arrows, the latter two actually found in clear association with five

skeletons. Swords, spears, and arrows are typically used during inter-

group violence (Asbury, 2012) and are the most commonly found

weapons on battlefields before the invention of firearms (Ferguson,

1997). The discovery in one case (W2764) of a spear point pierced in

the trunk of the skeleton (Figure S6) is of particular interest. This type

of injury was likely a common consequence of fighting between hop-

lites (Delbruck, 1990), as this type of wound has often been depicted

on Greek vases (Figure S12).

Regardless of whether the mass burials from Himera are indeed

related to the battles fought in 480 and 409 BCE, they certainly repre-

sent a catastrophic sample and most likely two different samples, that

is, a large number of persons who died together or during a very short

time span. Catastrophic samples are thought to present demographic

and epidemiological features that are more similar to living population

than “attritional” mortality samples, although some papers fail to con-

firm this hypothesis (DeWitte & Wood, 2008; Kyle et al., 2018; Mar-

gerison & Knüsel, 2002; Milner, Anderson, & Smith, 1991). The

sample from Himera is unique in the fact that both the “catastrophic”

and the “attritional” samples are drawn from the same necropolis,

whereas other works compare samples from different sites

(DeWitte & Wood, 2008; Margerison & Knüsel, 2002). The “cata-

strophic” sample from Himera is indeed demographically different

from the “attritional” sample, with younger (20–39 years), mostly male

individuals in the “catastrophic” sample and older (40+ years) individ-

uals as well as a more equal male to female ratio in the “attritional”

sample. Sex ratio differences observed between single and mass

burials can be easily accounted for seeing that an army is usually com-

posed of males. This implies that our “catastrophic” sample represents

a unique segment of society and cannot be regarded as similar to the

existing/living population. On the contrary, as to age at death, we may

assume that sample composition from mass burials is closer to the liv-

ing population, where young adults were certainly more numerous

than older ones.

Further observations were made by comparing catastrophic with

attritional samples on the basis of stress indicators. The most interest-

ing data relate to LEH incidence, significantly more frequent in single

(37.1%) than in mass (21.9%) burials (Z test = −2,079; p = .04). LEH

incidence is very low in “ordered” mass graves (FC1–7; 7.5%) and very

high in “disordered” ones (FC8 + 9; 60.0%). The high percentage of

people with LEH in FC8 + 9 (associated with the battle of 409 BCE)

might suggest that life conditions for the Himerans had sensibly wors-

ened in its last decades, possibly due to the continual state of hostility

in the region (see supporting information).

5 | CONCLUSION

Taphonomic and anthropological analyses conducted on the skeletons

recorded in the mass graves of Himera and the comparative work car-

ried out on a large sample from the same necropolis have permitted

to associate the mass graves with two important warfare events that

involved the Greek colony. Each analysed element confirmed that the

individuals buried in the mass graves were soldiers fallen in battle:

male sex, age at death below the average of male individuals in the

necropolis sample, increased presence of weapons in contact with the

skeleton, and perimortem traumas. The isotopic analyses show that

these were soldiers from the Greek world—in FC8 + 9, these were

exclusively Himerans—thus excluding the hypothesis as to the pres-

ence of Carthaginian soldiers. Furthermore, the topographical location

of the mass graves, the taphonomic analysis of the individuals, and

the density of inhumed skeletons made it possible to distinguish the

mass graves resulting from the battles fought in 480 and 409 BCE.

ACKNOWLEDGEMENTS

We thank Alexander Agostini for the help with the English translation

of this paper.

The research carried out by Norma Lonoce and Giorgia Vincenti

between 2016 and 2017 was funded by the National Science Founda-

tion Research Experience for Undergraduates Award (1560227 and

1560158).

Thanks also to Britney Kyle, Laurie J. Reitsema, and Katie

Reinberger for the scientific debate and linguistic advice.

VIVA ET AL. 315



We also thank the archaeologists who conducted the excavations

of the mass graves: Ferdinando Badagliacca (FC1–3); Roberto Graditi

(FC4); Antonio Di Maggio (FC5-6); Alice Ceazzi (FC7); and Gianluca

Cassarà (FC8 + 9).

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Conceived and designed the work: P. F. F., S. Viva, and N. L. Taphonomic

analysis: P. F. F. and S. Viva. Anthropological analysis: P. F. F. and N. L.

Analysed the data: P. F. F., S. Viva, and N. L. Perimortal traumas

analysis: P. F. F. and G. V. Canine X-ray images: R. C. Contributed to the

writing of the manuscript: P. F. F., S. Viva, N. L., G. V., and S. Vassallo.

ORCID

Serena Viva https://orcid.org/0000-0002-0722-4387

Norma Lonoce https://orcid.org/0000-0003-3601-2225

REFERENCES

Agelarakis, A. (2017). Parian Polyandreia: The late geometric funerary legacy

of cremated soldiers' bones on socio-political affairs and military organiza-

tional preparedness in ancient Greece. Oxford: Archeopress.

Asbury, S. L. (2012). Patterns of interpersonal violence presenting to a level

one trauma center in Johannesburg. Johannesburg: Thesis. University of

the Witwatersrand.

Baziotopoulou-Valavani, E. (2002). A mass burial from the cemetery of

Kerameikos. In Excavating classical culture. Recent archaeological dis-

coveries in Greece. Stamatopoulou M, Yeroulanou M (Eds.), Studies in

classical archaeology I (Vol. 1031). BAR International Series.

(pp. 187–201). Oxford: Archaeo press.

Becker, B., & Kromer, B. (1993). The continental tree-ring record−Absolute
chronology 14C calibration and climatic change at 11 ka. Pal-

aeogeography Palaeoclimatology Palaeoecology, 103(1), 67–71. https://
doi.org/10.1016/0031-0182(93)90052-K

Boylston, A., Holst, M., Coughlan, J., Novak, S., Sutherland, T., &

Knüsel, C. J. (1997). Recent excavations of a mass grave fromTowton.

Yorkshire Medicine, 9, 25–26.
Bruzek, J. (2002). A method for visual determination of sex, using the

human hip bone. American Journal of Physical Anthropology, 117(2),

157–168. https://doi.org/10.1002/ajpa.10012
Cameriere, R., Cunha, E., Sassaroli, E., Nuzzolese, E., & Ferrante, L. (2009).

Age estimation by pulp/tooth area ratio in canines: Study of a Portu-

guese sample to test Cameriere's method. Forensic Science Interna-

tional, 193, 128.e1–128.e6. https://doi.org/10.1016/j.forsciint.2009.
09.011

Clairmont, C. (1981). New evidence for a polyandrion in the Demosion

Sema of Athens? The Journal of Hellenic Studies, 101, 132–134.
Delbruck, H. (1990). Warfare in antiquity, history of the art of war. Volume

1. Lincoln, NE: University of Nebraska Press.

DeWitte, S. N., & Wood, J. W. (2008). Selectivity of black death mortality

with respect to pre-existing health. Proceedings of the National Acad-

emy of Sciences USA, 105, 1436–1441.
Duday, H. (2005). Lezioni di Archeotanatologia. Archeologia funeraria e ant-

ropologia di campo. Rome: Soprintendenza archeologica di Roma et

Ecole Française de Rome.

Duday, H. (2008). Archaeological proof of an abrupt mortality crisis simul-

taneous deposit of cadavers, simultaneous deaths? In D. Raoult, &

M. Drancourt (Eds.), Paleomicrobiology: Past human infections

(pp. 49–54). Berlin: Springer. https://doi.org/10.1007/978-3-540-

75855-6_3

Duday, H., & Gras, M. (2018). Mégara Hyblaea 6. La nécropole méridionale

de la cité archaïque. 1. Les données funéraires (notices des tombes et

données biologiques). Rome: Collection de l'École française de Rome.

Fabbri PF, Lonoce N, Viva S. 2012. Primi dati antropologici dalla necropoli

occidentale di Himera. In Sicilia occidentale Studi, rassegne, ricerche,

Ampolo C. (ed.). Pisa: Edizioni della Normale. Pisa; 73-84.

Fabbri, P. F., Schettino, R., & Vassallo, S. (2006). Lo scavo delle sepolture

della necropoli di Himera Pestavecchia (Palermo). In C. Michelini (Ed.),

Guerra e pace in Sicilia e nel Mediterraneo antico (VIII-III sec. a.C.). Arte,

prassi e teoria della pace e della guerra vol. II, Atti delle quinte giornate

internazionali di studi sull'area elima e la Sicilia occidentale nel

contesto mediterraneo (Erice, 12-15 ottobre 2003) (pp. 613–620). Pisa:
Edizioni della Normale. Pisa.

Ferembach, D., Schwidetzky, I., & Stloukal, M. (1977–1979).
Raccomandazioni per la determinazione dell'età e del sesso sullo

scheletro. Rivista di Antropologia, 60, 5–51.
Ferguson, R. B. (1997). Violence and war in prehistory. In D. W. Frayer, &

D. L. Martin (Eds.), Troubled times: Violence and warfare in the past (war

and society) (pp. 321–355). New York: Gordon and Breach.

Fiorato, V., Boylston, A., & Knüsel, C. J. (2000). Blood red roses: The archae-

ology of a mass grave from Towton A.D. 1461. Oxford: Oxbow books.

https://doi.org/10.1353/art.2003.0034

Goodman, A. H., & Armelagos, G. J. (1985). Factors affecting the distribu-

tion of enamel hypoplasias within a human permanent dentition. Amer-

ican Journal of Physical Anthropology, 68, 479–493. https://doi.org/10.
1002/ajpa.1330680404

Henneberg, M., & Henneberg, R. J. (1988). Biological characteristics of the

population based on analysis of skeletal remains. In J. C. Carter,

J. Morter, & A. Parmly Toxey (Eds.), The chora of Metaponto: The

necropolis, 2 (pp. 503–562). Austin: University of Texas Press.

Hillson, S. (1996). Dental anthropology. Cambridge: Cambridge University

Press.

Houghton, P. (1974). The relationship of the pre-auricular groove of the

ilium to pregnancy. American Journal of Physical Anthropology, 41,

381–390. https://doi.org/10.1002/ajpa.1330410305
Kazmi, A., Reitsema, L. J., Reinberger, K. L., Kyle, B., & Vassallo, S. (2017).

Cultural hybridity and Greek colonization: A case study of Himera uti-

lizing strontium isotope analysis. American Journal of Physical Anthro-

pology, 162(S64), 240.

Komar, D. (2008). Patterns of mortuary practice associated with genocide

implications for archaeological research. Current Anthropology, 49,

123–133. https://doi.org/10.1086/524761
Kyle, B., Reitsema, L. J., Tyler, J., Vassallo, S., & Fabbri, P. F. (2018). Examin-

ing the osteological paradox: Skeletal stress in mass graves versus

civilians at the Greek colony of Himera (Sicily). American Journal of

Physical Anthropology, 167(1), 161–172. https://doi.org/10.1002/ajpa.
23624

Lonoce, N., Palma, M., Viva, S., Valentino, M., Vassallo, S., & Fabbri, P. F.

(2018). The Western (Buonfornello) necropolis (7th to 5th BC) of the

Greek colony of Himera (Sicily, Italy): Site-specific discriminant

functions for sex determination in the common burials resulting from

the battle of Himera (ca. 480 BC). International Journal of

Osteoarchaeology, 28, 766–774. https://doi.org/10.1002/oa.2702
Lovejoy, C. O., Meindl, R. S., Pryzbeck, T. R., & Mensforth, R. P. (1985).

Chronological metamorphosis of the auricular surface of the ilium: A

new method for the determination of adult skeletal age at death.

American Journal of Physical Anthropology, 68, 15–28. https://doi.org/
10.1002/ajpa.1330680103

Margerison, B. J., & Knüsel, C. J. (2002). Paleodemographic comparison of

a catastrophic and an attritional death assemblage. American Journal of

Physical Anthropology, 119, 134–143. https://doi.org/10.1002/ajpa.

10082

316 VIVA ET AL.

https://orcid.org/0000-0002-0722-4387
https://orcid.org/0000-0002-0722-4387
https://orcid.org/0000-0003-3601-2225
https://orcid.org/0000-0003-3601-2225
https://doi.org/10.1016/0031-0182(93)90052-K
https://doi.org/10.1016/0031-0182(93)90052-K
https://doi.org/10.1002/ajpa.10012
https://doi.org/10.1016/j.forsciint.2009.09.011
https://doi.org/10.1016/j.forsciint.2009.09.011
https://doi.org/10.1007/978-3-540-75855-6_3
https://doi.org/10.1007/978-3-540-75855-6_3
https://doi.org/10.1353/art.2003.0034
https://doi.org/10.1002/ajpa.1330680404
https://doi.org/10.1002/ajpa.1330680404
https://doi.org/10.1002/ajpa.1330410305
https://doi.org/10.1086/524761
https://doi.org/10.1002/ajpa.23624
https://doi.org/10.1002/ajpa.23624
https://doi.org/10.1002/oa.2702
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1002/ajpa.10082
https://doi.org/10.1002/ajpa.10082


Mensforth, R., Lovejoy, C., & Armelagos, G. (1978). The role of constitu-

tional factors, diet, and infectious disease in the etiology of porotic

hyperostosis and periosteal reactions in prehistoric infants and chil-

dren. Medical Anthropology, 2, 1–59. https://doi.org/10.1080/

01459740.1978.9986939

Milner, G. R. (2005). Nineteenth-century arrow wounds and perceptions

of prehistoric warfare. American Antiquity, 70, 144–156.
Milner, G. R., Anderson, E., & Smith, V. G. (1991). Warfare in Late Prehis-

toric West-Central Illinois. American Antiquity, 56, 581–608. https://
doi.org/10.2307/281538

Ortner, D. J. (2003). Identification of pathological conditions in human skele-

tal remains (2nd ed.). Amsterdam: Academic Press.

Phenice, T. W. (1969). A newly developed visual method of sexing the os

pubis. American Journal of Physical Anthropology, 30, 297–302. https://
doi.org/10.1002/ajpa.1330300214

Reinberger, K. L., Kyle, B., Fabbri, P. F., Vassallo, S., & Reitsema, L. J.

(2017). Paleomobility in the 5th century Mediterranean: Oxygen iso-

tope analysis of soldiers from the Battles of Himera (480 BCE,

409 BCE). American Journal of Physical Anthropology, 162(S64), 330.

Robinson, D. M. (1942). Necrolynthia. A study in Greek burial customs and

anthropology. In D. M. Robinson (Ed.), Excavations at Olynthus part IX.

Baltimore: The Johns Hopkins Press.

Sauer, N. J. (1998). The timing of injuries and manner of death: Dis-

tinguishing among antemortem, perimortem and postmortem trauma.

In K. J. Reichs (Ed.), Forensic osteology: Advances in the 442 identification

of human remains (2nd ed.) (pp. 321–332). Springfield: Charles C

Thomas.

Schilardi DU. 1977. The Thespian poliandrion (424 B.C.): The excavations

and finds from a Thespian state burial. Ph.D. Thesis. Princeton Univer-

sity. Princeton.

Stais, V. (1893). O en Marathoni Tymvos. Mittheilungen Des Deutschen

Archaeologischen Instituts, 18, 46–63.
Stamer, J. R., Reinberger, K. L., Kyle, B., Fabbri, P. F., Vassallo, S., &

Reitsema, L. J. (2017). Assembling a winning army: Strontium isotope

analysis of local and non-local soldiers from the ancient Greek Battles

of Himera (480 BCE, 409 BCE). American Journal of Physical Anthropol-

ogy, 162, 368–368.
Stroud, G., & Kemp, R. L. (1993). Cemeteries of the church and priory of

St. Andrews. Fishergate: The archeology of York 12/2: London.

Stuart-Macadam, P. (1987). Porotic hyperostosis: New evidence to support

the anaemia theory. American Journal of Physical Anthropology, 74,

521–526. https://doi.org/10.1002/ajpa.1330740410
Stuart-Macadam, P., & Kent, S. (1992). Diet, demography and disease.

New York: Changing perspectives on anaemia.

Sulosky Weaver, C. L. (2015). The bioarchaeology of classical Kamarina: Life

and death in Greek Sicily. Gainesville: University Press of Florida.

Triantaphyllou, S., & Bessios, M. (2005). A mass burial at fourth century

BC Pydna, Macedonia, Greece: Evidence for slavery? Antiquity, 79,

305. http://www.antiquity.ac.uk/projgall/triantaphyllou/index.html

Ubelaker, D. H., & Montaperto, K. M. (2014). Trauma interpretation in the

context of biological anthropology. In C. Knüsel, & M. J. Smith (Eds.),

The Routledge handbook of the bioarchaeology of human conflict

(pp. 25–38). London: Routledge.
Van Strydonck, M., Aramburu, J., Fernández Martínez, A., Alvarez Jurado-

Figueroa, M., Boudin, M., & De Mulder, G. (2017). Radiocarbon dating

of the Son Pellisser lime burial (Calvià, Mallorca). Journal of Archaeolog-

ical Science: Reports, 11, 471–479. https://doi.org/10.1016/j.jasrep.

2016.12.022

Vassallo, S. (2005). Himera Città Greca. Palermo: Regione Siciliana.

Assessorato dei Beni Culturali, Ambientali e della Pubblica Istruzione.

Dipartimento dei Beni Culturali, Ambientali e dell'Educazione

Permanente.

Vassallo, S. (2010). Le battaglie di Himera alla luce degli scavi nella necrop-

oli occidentale e alle fortificazioni. I luoghi, i protagonisti. Sicilia Anti-

qua, 7, 17–38.
Vassallo S. 2017. Le necropoli di Himera: gli spazi, le architetture funerarie,

i segni della memoria. In Arquitecturas funerarias y memoria: la Gestion

de las necropolis en Europa occidental (ss. X-III a.C.), Actas del Coloquio

del 13–14 Marzo 2014 celebrado en La Casa de Velàzquez (Madrid) (pp.

167–180). Madrid: Osanna Edizioni.

Vassallo S. 2018. Bibliografia Ragionata Sulle Necropoli di Himera, in

Notiziario Archeologico Della Soprintendenza di Palermo, 30/2018.

http://www.regione.sicilia.it/beniculturali/dirbenicult/

notiziarioarcheologicopalermo/30_S_Vassallo_Bibliografia_ragionata_

sulle.pdf

Vassallo, S., & Valentino, M. (2012). Scavi nella necropoli occidentale di

Himera, il paesaggio e le tipologie funerarie. In C. Ampolo (Ed.), Sicilia

occidentale. Studi, rassegne, ricerche (pp. 49–59). Pisa: Edizioni della
Normale. Pisa.

Walker, P. L. (2005). Greater sciatic notch morphology: Sex, age, and popu-

lation differences. American Journal of Physical Anthropology, 127,

385–391. https://doi.org/10.1002/ajpa.10422
Young, R. S. (1942). Graves from the Phaleron cemetery. American Journal

of Archaeology, 46, 23–57. https://doi.org/10.2307/499104

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Viva S, Lonoce N, Vincenti G, et al.

The mass burials from the western necropolis of the Greek

colony of Himera (Sicily) related to the battles of 480 and

409 BCE. Int J Osteoarchaeol. 2020;30:307–317. https://doi.

org/10.1002/oa.2858

VIVA ET AL. 317

https://doi.org/10.1080/01459740.1978.9986939
https://doi.org/10.1080/01459740.1978.9986939
https://doi.org/10.2307/281538
https://doi.org/10.2307/281538
https://doi.org/10.1002/ajpa.1330300214
https://doi.org/10.1002/ajpa.1330300214
https://doi.org/10.1002/ajpa.1330740410
http://www.antiquity.ac.uk/projgall/triantaphyllou/index.html
https://doi.org/10.1016/j.jasrep.2016.12.022
https://doi.org/10.1016/j.jasrep.2016.12.022
http://www.regione.sicilia.it/beniculturali/dirbenicult/notiziarioarcheologicopalermo/30_S_Vassallo_Bibliografia_ragionata_sulle.pdf
http://www.regione.sicilia.it/beniculturali/dirbenicult/notiziarioarcheologicopalermo/30_S_Vassallo_Bibliografia_ragionata_sulle.pdf
http://www.regione.sicilia.it/beniculturali/dirbenicult/notiziarioarcheologicopalermo/30_S_Vassallo_Bibliografia_ragionata_sulle.pdf
https://doi.org/10.1002/ajpa.10422
https://doi.org/10.2307/499104
https://doi.org/10.1002/oa.2858
https://doi.org/10.1002/oa.2858

	The mass burials from the western necropolis of the Greek colony of Himera (Sicily) related to the battles of 480 and 409BCE
	1  INTRODUCTION
	2  MATERIALS, REFERENCE SAMPLE, AND METHODS
	3  THE MASS BURIAL SKELETAL SAMPLE
	3.1  Absolute dating
	3.2  Taphonomy
	3.3  Orientation
	3.4  Number and density
	3.5  Position and decubitus
	3.6  Sex determination
	3.7  Age determination
	3.8  Perimortem trauma

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


