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FAUNAL REMAINS
by Paul Halstead

The NVAP excavations on Tsoungiza yielded ca. 90 kg of animal bone from contexts 
sufficiently unmixed to warrant detailed study, including ca. 20 kg from MH III–LH II 

and ca. 29 kg from LH III deposits (Table 17.1).1 The faunal material from both these broad 
periods is mainly derived from external surfaces, dumps, and pits, but the MH III–LH II 
settlement is better represented by preserved architectural remains and had evident access 
to prestige goods from a range of sources, whereas its LH III counterpart, in terms of por-
table material culture, seems poorer and more narrowly dependent on Mycenae.2 Moreover, 
one LH III context (the LH IIIA2 early “feasting” dump) in EU 9 contained a wealth of ce-
ramic tableware and a large anthropomorphic figurine, together suggestive of ritual feasting, 
while animal bones from the same context are dominated by the heads and feet of cattle, 
implying that meaty parts of the carcass had been removed for consumption elsewhere—
whether on- or off- site. This deposit raises the possibility that at least parts of LH III Tsoungiza 
served as a rural shrine,3 conceivably linked to the major palatial center at nearby Mycenae.4

Either way, at least during LH III, Tsoungiza is likely to have been drawn within an expanding 
regional polity centered on Mycenae,5 with the attendant possibility that animal husbandry 
in the site’s vicinity shifted from relative local self- sufficiency toward production geared to 
nonlocal consumption.

The ultimate ambition of this chapter is to shed light on these potential diachronic changes 
by exploring osteological evidence for animal consumption and, more indirectly, management 
at Tsoungiza. The contrast between MH III–LH II and LH III in architectural preservation, 
however, raises the possibility of differences in depositional environment and faunal preserva-
tion that might be mistaken for changes over time in the types of activity represented. Accord-
ingly, following a brief overview of the composition of the MH III–LH II and LH III faunal 
assemblages, this chapter sets out the methods used to recover and study the faunal material 
and examines its depositional history before attempting interpretation in terms of predeposi-
tional activity. To facilitate diachronic comparison, the organization of this report generally 
follows that of the published study of FN–EH faunal remains from Tsoungiza.6

METHODOLOGY

The faunal material examined is derived from excavations in 1984–1986 on Tsoungiza Hill. 
Most of this material was recovered in the trench, where collection by hand was normally 

1. I am grateful to James C. Wright for the invitation to study 
the faunal material from Tsoungiza; to James, Mary K. Dabney, 
and Jeremy B. Rutter for contextual information on the later 
Bronze Age material; to Pat Collins, Valasia Isaakidou, Glynis 
Jones, and Helen Smith for help with faunal study in the Nemea 
Museum; to James, Mary, and Valasia for comments on a draft 

text; and to Valasia for help producing figures.
2. Wright 2015.
3. Wright 1994.
4. Dabney, Halstead, and Thomas 2004; cf. Killen 1987.
5. E.g., Wright 2004a.
6. Halstead 2011.
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7. Wright et al. 1990, p. 623.

supplemented by dry-sieving through a 1 cm mesh of all excavated deposit except that des-
tined for wet-sieving. Additional material was retrieved from partial or total wet-sieving 
through a 2 mm mesh of selected contexts (normally 25% of pits, 50% of ashy or burnt de-
posits, and 100% of pot contents and patches of burnt or heavily organic deposit).7 Bone was 
bagged separately for each SU, subdivided by SMU and also by trench/dry-sieve versus wet-

TABLE 17.1. MH AND LH FAUNAL ASSEMBLAGE

Phases and Contexts with 50+ MaxAU MaxAU MinAU

Weight (g)

Trunk Head Limb Total 1

MH III 252 201 455 2,365 2,990 5,815

EU 2, exterior surface 160 125 190 1,440 1,705 3,335

MH III–LH II 13 8 10 35 300 345

LH I 277 226 655 3,850 3,890 8,430

EU 8, exterior surface 60 49 195 2,055 880 3,135

EU 8, fill 82 65 255 1,070 1,745 3,100

LH I–II 26 22 30 245 150 425

LH II 11 10 0 90 130 220

LH IIA 95 74 250 800 1,230 2,280

EU 10, dump 82 62 230 730 1,120 2,080

LH IIB 193 171 320 1,100 1,560 2,980

EU 2, spaces 8 and 9, dump 187 167 320 990 1,400 2,710

LH II–IIIA1–2 6 4 5 15 15 35

LH III 9 7 75 160 105 340

LH IIIA1–2 25 18 30 70 340 440

LH IIIA2 200 177 365 2,275 4,030 6,685

EU 9, “feasting,” lower dump 125 114 165 1,650 2,845 4,660

LH IIIA–B1 9 5 40 10 40 90

LH IIIA2–B1 21 15 25 170 245 440

LH IIIA2–B 7 7 10 65 65 140

LH IIIA2–B2 88 81 250 1,390 2,475 4,145

EU 8, pit 3 71 68 220 1,250 2,215 3,715

LH IIIB 94 78 135 645 1,225 2,005

LH IIIB1 336 285 280 4,770 6,965 12,015

EU 2, pit 1 123 103 130 1,620 2,650 4,400

EU 8, fill 90 79 55 1,040 1,575 2,670

LH IIIB2 97 79 170 770 1,280 2,220

EU 10, space 7 destruction 97 79 170 770 1,280 2,220

LH IIIC early 21 19 0 115 185 300

Total MH III–LH II 867 712 1,720 8,485 10,250 20,495

Total LH II–IIIA1–2 6 4 5 15 15 35

Total LH III 907 771 1,380 10,440 16,955 28,820

Note: This table displays overall anatomical composition (weight) and numbers of identified anatomical units 
(MaxAU and MinAU) by phase and for individual contexts with at least 50 MaxAU.

1 Total bone weights include fragments of tortoise carapace excluded from anatomical subdivisions.
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sieve recovery. In preparation for faunal study in the 1980s, these bags were sorted, using the 
stratigraphic and ceramic information then available, into the broad chronological groups 
MH III–LH II and LH III, while the EU 9 “feasting” dump was separated from the remainder 
of the LH III assemblage. This was done partly to facilitate quantification (see below) and 
partly to increase the likelihood of observing matches between articulating/paired specimens 
separated during excavation. Bags of unknown or widely mixed date were excluded from 
further study. Identification and recording of the retained bone bags were undertaken in 
two stages.

First, the contents of each bag, excluding any human bone and tortoise carapace, were 
sorted into three anatomical groups: “trunk” (vertebral column, ribs, sternum), “head” (in-
cluding cranium, mandible, loose teeth, horn/antler), and “limb” (the appendicular skel-
eton, including pelvis and scapula). Each anatomical group was weighed to the nearest 5 g 
as a quantified record of head and trunk bones, many of which pose problems of taxonomic 
recognition and/or quantification, and so are largely excluded from the second stage of 
more detailed analysis. At this stage, note was also made of the presence of whole or partial 
skeletons, of groups of material skewed toward certain body parts, and of apparently “fresh,” 
and so perhaps intrusive, bones.

Second, bones and bone fragments potentially identifiable to anatomical part and taxon 
(e.g., sheep, sheep/goat) were selected for more detailed recording. The anatomical parts 
selected were horncore (base and tip)/antler, mandible (canine, premolar, and molar tooth 
row only), scapula (articular area and collum), proximal half of humerus, distal half of hu-
merus, proximal half of radius, distal half of radius, proximal half of ulna, proximal half of 
metacarpal, distal half of metacarpal, pelvis (acetabular region), proximal half of femur, 
distal half of femur, proximal half of tibia, distal half of tibia, astragalus, calcaneum, proximal 
half of metatarsal, distal half of metatarsal, phalanx 1, phalanx 2, and phalanx 3. In the case 
of pig, only the larger, central metapodials (metacarpals 3–4, metatarsals 3–4) and phalanges 
were recorded. Phalanges from the forelimb and hind limb were not distinguished. For long 
bones (humerus, radius, metacarpal, femur, tibia, metatarsal), the proximal and distal units 
include their respective halves of the shaft. The carapace of tortoise was treated as a single 
unit. These anatomical parts were retained for detailed study because they are relatively 
durable, readily identifiable, informative on parameters such as age and biometry, and rela-
tively easy to quantify.

Specimens removed from bags for detailed examination were individually marked with 
context information, and, where possible, fresh breaks were repaired. Any bone fragment 
attributed to one of the selected anatomical units was retained for potential taxonomic iden-
tification, to facilitate which specimens were first sorted by anatomical element and then by 
taxon rather than being studied bag by bag. Only material identified to both anatomical part 
and taxon was recorded in detail, and, for each such “identified” specimen, the following 
variables were documented where appropriate: presence/absence of proximal and distal 
units; side of body; state of epiphyseal fusion/dental development; sex; remodeling and 
pathological indications; metrical data; butchery marks; fragmentation; traces of gnawing 
and burning; and method of retrieval (trench/dry-sieve or wet-sieve).

The faunal assemblage was examined in the Nemea Museum, using a small collection of 
modern reference material. From later Bronze Age levels, bones of cattle (Bos taurus), pig 
(Sus domesticus), sheep (Ovis aries), and goat (Capra hircus) were identified in large numbers, 
and those of dog (Canis familiaris), horse (Equus caballus), donkey (Equus asinus), red deer 
(Cervus elaphus), roe deer (Capreolus capreolus), fox (Vulpes vulpes), hare (Lepus europaeus),
hedgehog (Erinaceus europaeus), and tortoise (Testudo sp.) in smaller numbers. Distinction 
between sheep and goat was based on the published morphological and metrical criteria of 
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Boessneck, Müller, and Teichert, Kratochwil, and Prummel and Frisch for postcranial bones,8

of Payne for deciduous teeth,9 and of Helmer and Halstead, Collins, and Isaakidou for per-
manent teeth10 (reexamined in 2002). Much of the ovicaprid material, however, was identi-
fied only to the level “sheep/goat,” and so these two species are combined for most analyses.

All measurable specimens of cattle, pig, sheep, goat, and dog (Tables 17.2–17.6) fall within 
or occasionally below the ranges attributed to domesticates in more or less contemporary 
levels at nearby Tiryns11 and Lerna12 and thus offer no biometric evidence for exploitation of 
wild aurochs, boar, and wolf or of feral sheep and goat at Tsoungiza. Equid specimens were 
attributed to horse or donkey primarily on the basis of size, with measurable specimens 
(Table 17.7) matching similar attributions at Tiryns and Lerna. The larger deer specimens 
were identified as red rather than fallow deer, following the morphological criteria of Lister,13
and metrical data are again consistent with similar identifications at Tiryns and Lerna (Ta-
ble 17.8); one indeterminate (and unmeasurable) specimen was assigned to red deer, be-
cause no firm identification of fallow deer was made. The few measurements of hare match 
those from Tiryns and Lerna (Table 17.9), while comparative data were lacking at these sites 
for the two measurable specimens of fox (Table 17.10).

Age at death of domestic mammals is estimated from the state of eruption and wear of 
mandibular cheek teeth and from the development of postcranial bones. Dental ageing fol-
lows Halstead and Jones and Sadler for cattle, Bull and Payne and Grant for pigs, and Payne 
and Jones for sheep and goats.14 The ageing of postcranial bones on the basis of epiphyseal 
fusion follows Silver.15 Postcranial bones classified as “neonatal” on grounds of size, morphol-
ogy, and surface texture16 may represent late fetal or newborn animals (up to, say, one month 
after birth); mandibles with unworn deciduous premolars are roughly equivalent, in terms 
of age, to neonatal postcranial material and are grouped with the latter for certain purposes. 
Pelves were sexed on morphological grounds, following Grigson for cattle and Boessneck, 
Müller, and Teichert for sheep and goats.17 Metrical data18 also contribute to the determina-
tion of age and sex.

Bones were recorded as whole, “new break” (i.e., broken in or since excavation and not 
mendable), or “old break.” In addition, long bone specimens with old breaks were classified 
as articular “end,” “shaft,” or “end+shaft” and as “cylinder” or “splinter,” following Binford’s 
observations19 on the contrasting patterns of fragmentation associated with carnivore attri-
tion and human extraction of marrow. Traces of carnivore-type gnawing,20 digestion,21 and 
gnawing by rodents22 were recorded. Traces of burning were also recorded, but were often 
light and patchy so that dark mineral staining will have obscured some cases and was possibly 
misidentified as burning in others. Butchery marks were attributed, where possible, to skin-
ning, dismembering, filleting, and marrow extraction following Binford23 and on the basis 
of anatomical placement.

Because even small fragments of selected anatomical units were retained for detailed study, 
quantification in terms of maximum numbers of identified anatomical units (MaxAU) might 
lead to overrepresentation of body parts, taxa, and age/sex categories prone to fragmenta-

8. Boessneck, Müller, and Teichert 1964; Kratochwil 1969; 
Prummel and Frisch 1986.

9. Payne 1985a.
10. Helmer 2000; Halstead, Collins, and Isaakidou 2002.
11. Von den Driesch and Boessneck 1990.
12. Lerna I.
13. Lister 1996.
14. Cattle: Halstead 1985; Jones and Sadler 2012; pigs: Bull 

and Payne 1982; Grant 1982; sheep and goats: Payne 1973; Jones 
2006.

15. Silver 1969.
16. Cf. Prummel 1987a, 1987b.
17. Cattle: Grigson 1982; sheep and goats: Boessneck, Müller, 

and Teichert 1964.
18. Recorded after von den Driesch (1976).
19. Binford 1981.
20. Cf. Lyman 1994, pp. 207–209, figs. 6.19–6.21.
21. Cf. Lyman 1994, p. 211, fig. 6.24.
22. Cf. Lyman 1994, pp. 196–197, fig. 6.15.
23. Binford 1981.



TABLE 17.2. METRICAL DATA (MM) FOR TSOUNGIZA MH AND LH CATTLE COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza
LH 

Tiryns 
Cattle

MH–LH 
Early 
Lerna 
Cattle

Neol.–
BA 

Lerna 
Aurochs

MH 
III LH I

LH 
I–II

LH 
IIB LH IIIA2 LH IIIA2–B LH IIIA2–B2

LH 
IIIB LH IIIB1

LH 
IIIB2

LH IIIC 
Early

Scapula
BG – – – 34.8 – – – 34.9 – – – – – – – – – – – – – – 41.2 –

35–

48(+)
– 64

GLP – – – 51.0 – – – – – – – – – – – – – – – – – – 61.1 – 54–69 – 82

Radius

Bp – 73.0 76.0 – – – – – – – – – – 63.01 70.5 – – – – – – – – 66–78 – 107

Bd 69.3 67.71 – – – – – – – – – – – – – – – – – – – – – –
54–

76(84)
– –

Meta carpal

Bd3 –
51.1 

(f)
–

47.5 

(f)

48.5 

(f) 

59.0 

(m)
–

50.0 

(f)

57.1 

(?)
– – – – –

57.4 

(?)

66.2 

(m)
– – – – – – – 54.5 (f) 40–68 60–67 80

GL – – – – 169.0 – – – – – – – – – – – – – – – – – – –
166–

193
– –

Tibia Bd – – – – 54.6 – – – – – – – – 54.0 49.2 52.9 59.4 – – – – – – –
46–

64(72)
– –

Astraga lus

Bd – – 37.8 – – 42.7 – 32.2 33.3 41.1 – – – – 30.6 37.5 – – – – – – – – 32–50 – –

GL1 – 56.7 – – – 63.0 69.3 50.4 52.0 59.8 – – – – – – – – – – – – – – 48–75 – 77–80

GLm – – 53.8 – 53.0 59.5 – 45.6 49.1 55.6 – – – – – – – – – – – – – – – – 73

Meta tarsal

Bd3 –
53.6 

(m)
– –

49.9 

(f)

52.3 

(m)

52.8 

(m)
– – –

44.0 

(f)

48.42 

(f)

52.7 

(m)

56.62 

(m)

46.3 

(f)

46.6 

(f)

46.7 

(f)

50.1 

(f)

50.8 

(f)

51.3 

(?) 

54.2 

(m)

54.2 

(m)
– – 40–60 44–49 66

GL – – – – – – – – – – – – – 209.0 – – – – – – – – – –
187–

201+
– –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of distal end; BG = breadth of glenoid cavity; Bp = greatest breadth of proximal end; GL = greatest length; GL1 = greatest length of 
lateral half; GLm = greatest length of medial half; GLP = greatest length of glenoid process.

1 Fusing (all other epiphyses fully fused).
2 Possibly exaggerated by “traction pathologies.”
3 m = male, f = female, ? = indeterminate, after attributions for LH Tiryns (von den Driesch and Boessneck 1990, pp. 133, 156, table 32:l, m, fig. 1).



TABLE 17.3. METRICAL DATA (MM) FOR TSOUNGIZA MH AND LH PIGS COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza

LH 
Tiryns 

Pig

LH 
Tiryns 
Boar

MH 
Lerna 

Pig

EH 
Lerna 
BoarMH III

MH 
III–

LH II LH I
LH 
I–II

LH II–
IIIA1

LH 
IIA

LH 
IIB

LH 
IIIA2

LH 
IIIA2–B

LH 
IIIB LH IIIB1

LH 
IIIB2

Humerus Bd 35.7 – – 33.1 33.0 33.31 31.5 – – 37.2 33.8 – 36.71 31.6 32.9 34.9 36.5 29–42 – – 54

Radius Bp 24.3 24.3 28.3 – – – – – – – – 26.6 – 23.21 – – – 21–31 – – –

Tibia Bd 28.1 – – 26.5 28.0 – – – – 27.0 – – – 26.7 – – – 24–31 37–39 31 –

Astragalus
GLl 38.3 – – – 36.4 40.3 – – – – – – – 33.4 – – – 28–42 54 – –

GLm 32.8 – – – 33.4 37.2 – – – – – – – 30.1 – – – 30–38 48 – –

Phalanx 1 Bp 15.0 – – – – – – 14.1 15.01 14.3 – – 14.81 – – – 14.6 13–21 – – –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of distal end; Bp = greatest breadth of proximal end; GL1 = greatest length of lateral half; GLm = 
greatest length of medial half.

1 Fusing (all other epiphyses fully fused).



TABLE 17.4. METRICAL DATA (MM) FOR TSOUNGIZA MH AND LH SHEEP COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza LH Tiryns

MH–LH 
Early 
LernaMH III

MH 
III–

LH II LH I
LH 
IIA LH IIB LH IIIA2

LH  
IIIA2– 

B

LH 
IIIA2–

B1

LH 
IIIA2–

B2
LH 
IIIB LH IIIB1

LH 
IIIB2 Range Mean

Humerus
Bd 26.4 29.5 – 26.4 27.5 29.3 30.2 – 27.1 31.2 – – – 28.3 29.5 – 27.2 – – – – – – 27–303

BT – 27.5 – – – – – – – – – – – – 26.9 – – – – – – 24–352 28.42 27–283

Radius

Bp 27.7 – – – 29.8 – – – – – – – – – – – – – – – 24.0 26–422 30.52 30–34

Bd – – – 26.21 27.0 – – – – – – – 26.5 – 27.0 – – – – – 25.2 24–372 28.42 27–32

GL – – – – 139.0 – – – – – – – – – – – – – – – – 128–151 – 144–148

Metacarpal Bd – – – – – – – – 22.6 – – – – – – – – – – – 24.0 22–292 24.92 24–27

Tibia Bd – – 26.2 24.9 25.4 25.9 – – 24.6 24.8 24.0 26.7 – – – 24.2 24.3 24.5 26.2 28.1 – 22–302 25.62 253

Astragalus

Bd 17.2 – – – – – – 16.9 – 18.2 – – – – – – 17.9 – – – – 16–222 18.12 –

GLl 28.1 – – 26.7 – – – – – 28.5 – – – – – – 27.8 – – – – 25–322 28.42 26–273

GLm 27.1 – – 25.5 – – – 25.2 26.1 26.8 27.9 – – – – – 25.7 – – – – 23–332 26.82 24–253

Metatarsal

Bp – – – 19.1 – – – – – – – – – – – – – – – – – – – –

Bd – – – – – – – – – – – – – – – 20.7 – – – – – 20–282 23.82 23–24

GL – – – 122.4 – – – – – – – – – – – – – – – – – 121–157 – –

Phalanx 1 Bp 10.5 – – 10.8 12.1 12.8 – – 10.9 11.2 – – – – – 12.0 – – – – – – – –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of digital end; Bp = greatest breadth of proximal end; BT = greatest breadth of trochlea; GL = greatest length; GL1 = greatest 
length of lateral half; GLm = greatest length of medial half.

1 Fusing (all other epiphyses fully fused).
2 Including a few EH specimens.
3 MH specimens only.
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TABLE 17.5. METRICAL DATA (MM) FOR TSOUNGIZA MH AND LH GOATS 
COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza LH Tiryns 1 MH–LH 
Early 
Lerna

MH 
III

MH III–
LH II LH I

LH 
IIA

LH 
IIB LH IIIB LH IIIB1

LH 
IIIB2 Range Mean

Humerus Bd 28.0 – 29.3 28.0 – 29.0 – – – – – – –

Radius Bp 30.0 30.5 – – – – – 30.0 30.0 29.4 26–38 29.7 –

Metacarpal Bd – – – – – – – 24.6 – 25.7 23–34 26.8 26–32

Tibia Bd 22.6 – 27.0 – – – – – – – 22–29 24.6 232

Astragalus

Bd – – – – – 19.5 – 17.1 – – 16–22 18.1 –

GLl – – – – – 30.0 – – – – 25–33 28.4 –

GLm – – – – – 28.1 – 25.6 – – 23–31 26.4 –

Metatarsal Bd – – – – 23.3 – – – – – 22–32 24.9 29–302

Phalanx 1 Bp 12.0 – 12.2 – – 11.9 13.1 – – – – – –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of distal end; Bp = greatest breadth of proximal end; 
GL1 = greatest length of lateral half; GLm = greatest length of medial half.

1 Including a few EH specimens.
2 MH specimens only.

TABLE 17.6. METRICAL DATA (MM) FOR TSOUNGIZA  
LH DOGS COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza

LH Tiryns MH LernaLH IIB LH IIIA2

Pelvis LAR – 18.0 18.1 22–23 –

Tibia Bd 17.6 – – 17–23 22

Calcaneum GL 38.4 – – 32–47 40

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of 
distal end; GL = greatest length; LAR = length of acetabulum on rim.

TABLE 17.7. METRICAL DATA (MM) FOR TSOUNGIZA LH DONKEYS AND HORSES  
COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza LH Tiryns
MH–LH 

Lerna

Donkey Horse

Donkey Horse Donkey
LH 
IIA

LH 
IIIA2 LH IIIA2–B LH IIIB1 LH I

LH 
IIIA2

LH 
IIIB1

Radius
Bd – – 53.0 – – – – – 52–56 74 –

BFd – – 42.6 – – – – – 45–47 62 –

Metacarpal

Bp – – – – – 46.0 – – – – –

Bd – – – – – 47.1 – – – – –

GL – – – – – 212.0 – – – – –

Tibia
Bp – – 63.1 – – – – – – – –

Bd – – – 49.7 53.2 – – – 48–54 63–66 59

Metatarsal Bd – 34.2 – – – – – – 31–36 44–49 –

Phalanx 1
Bp 37.4 36.4 – – – – 53.7 ca. 50 32–37 51–58 –

Bd 31.5 32.4 – – – – 45.5 39.3 29–32 41–48 –

Phalanx 2
Bp – – – – – 50.0 – – 30–36 48–54 –

Bd – – – – – 46.4 – – 27–33 42–50 –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of distal end; BFd = breadth of distal articular sur-
face; Bp = greatest breadth of proximal end; GL = greatest length.
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tion into several durable and identifiable pieces. To minimize this effect, minimum numbers 
of anatomical units (MinAU) have also been estimated and are used in analysis of the relative 
abundance of different body parts or taxa. MaxAU is used in the analysis of breakage, gnaw-
ing, burning, and butchery, however, because MinAU tends to discount poorly preserved or 
heavily fragmented (and hence imprecisely identified) specimens, and so is likely to under-
estimate the frequency of such modifications of bone.

Where two or more fragments might be derived from the same anatomical unit (e.g., a 
single left proximal tibia) of the same individual animal, only the most complete example 
contributes to MinAU. Similarly, to simplify comparison between species with different 

TABLE 17.9. METRICAL DATA (MM) FOR TSOUNGIZA  
LH HARES COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza

LH Tiryns
MH–LH 

Early LernaLH IIB LH IIIB1

Humerus Bd 12.9 – – 11–12 12–131

Radius Bp – 9.0 9.2 9–10 9

Note: Measurements after von den Driesch (1976). Bd = greatest breadth 
of distal end; Bp = greatest breadth of proximal end.

1 MH specimens only.

TABLE 17.10. METRICAL DATA (MM)  
FOR TSOUNGIZA MH AND LH FOXES

Measurement

Tsoungiza

MH III–LH II LH IIIA–B1

Phalanx 1

Bp 6.1 4.5

Bd 4.9 4.3

GL 23.5 24.2

Note: Measurements after von den Driesch (1976). 
Bd = greatest breadth of distal end; Bp = greatest breadth 
of proximal end; GL = greatest length.

TABLE 17.8. METRICAL DATA (MM) FOR TSOUNGIZA MH AND LH RED DEER 
COMPARED WITH TIRYNS AND LERNA

Measurement

Tsoungiza

LH Tiryns
MH–LH 

Early LernaMH III LH I LH IIA LH IIIA2–B LH IIIB

Scapula

BG – 46.6 – – – 36–46 401

LG – 47.4 – – – 41–44 421

GLP – 64.3 – – – 52–59 531

Radius Bd – – – – 53.9 48–53 –

Tibia Bd – 50.5 – – – 45–52 43–46

Calcaneum GL – – 106.6 – – 111–116 –

Phalanx 1

Bp – 20.4 – 21.4 – 19–23 21–22

Bd 19.2 19.2 – 21.6 – 18–28 20

GLpe – 51.1 – 53.8 – 47–58 51–56

Phalanx 2
Bp – 19.4 – – – 19–25 –

Bd 20.0 16.0 – – – 16–20 –

Note: Measurements after von den Driesch (1976). Bd = greatest breadth of distal end; BG = breadth 
of glenoid cavity; Bp = greatest breadth of proximal end; GL = greatest length; GLP = greatest length of 
glenoid process; GLpe = greatest length of peripheral half; LG = length of glenoid cavity.

1 MH specimens only.
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numbers of foot bones, quantification of fragments of metapodials and phalanges has been 
standardized in terms of minimum numbers of feet; for example, if two specimens of phalanx 
2 or metacarpal could be derived from the same foot of the same individual animal, only one 
contributes to MinAU. Assessment of MinAU was based on visual comparison of specimens 
after strewing each anatomical/taxonomic group (e.g., pig humerus) into subgroups (left/
right, proximal/distal, medial/lateral, fused/unfused, etc.). Estimation of MinAU, as of 
minimum numbers of individuals, requires an archaeological (rather than osteological) 
judgment of which bone groups are sufficiently close in date of deposition to justify search-
ing for notional “joins” between fragments. On the basis of contextual information available 
during recording, notional “joins” were sought within the following three groups of material: 
MH III–LH II, LH III “feasting” dump, and other LH III deposits. With further stratigraphic 
and ceramic analysis, a few EUs have been redated (including a few reassignments between 
MH III–LH II and LH III or between LH III “feasting” dump and LH III other), introducing 
minor inaccuracy to MinAU figures.

SIZE AND OVERALL COMPOSITION OF 
THE MH AND LH ASSEMBLAGES

The MH III–LH II and LH III faunal assemblages each comprise less than 1,000 identified 
anatomical units (712 MinAU/867 MaxAU and 771 MinAU/907 MaxAU, respectively). 
Given that a sample of about 400 is needed for an accurate (within 5%) and reliable (p ≤.05) 
estimate of taxonomic or anatomical composition24 and that only a minority of fragments 
offers information on age, sex, butchery, or metrical properties, the limitations of both as-
semblages are plain. The material is distributed evenly between MH III–LH II and LH III, 
but very unevenly between shorter chronological subphases and especially between indi-
vidual contexts (Table 17.1). The MH III, LH I, LH IIB, LH IIIA2, and LH IIIB1 subassem-
blages include enough identified specimens (201, 226, 171, 177, and 285 MinAU, respec-
tively) for fairly meaningful estimates of taxonomic composition. Conversely, the biggest 
samples from individual contexts are those from the MH III exterior surface in EU 2 
(125 MinAU), the LH IIB dump in spaces 8 and 9 in EU 2 (167 MinAU), the LH IIIA2 early 
“feasting” dump in EU 9 (114 MinAU), and LH IIIB1 pit 1 in EU 2 (103 MinAU). Accord-
ingly, most of the following analysis is not attempted for chronological groupings finer than 
MH III–LH II and LH III. In comparing groups of bones, whether defined on chronologi-
cal/contextual or archaeozoological criteria, the statistical significance of any differences 
observed is assessed by the chi-square (χ2) test,25 with significance values of p <0.01 described 
as “very significant” and those of p <0.05 (and ≥0.01) as “significant.” Because of the large 
number of tests performed, “significant” results may be fortuitous in a few cases, and so 
should also be evaluated in terms of their consistency with other significant patterns in the 
data set.

For the MH III–LH II and LH III assemblages, MinAU excludes 18% and 15% of MaxAU, 
respectively (Table 17.11). These figures, which are substantially higher than the 7% dis-
counted for the FN–EH assemblage,26 raise the possibility of diachronic change in bone 
fragmentation or preservation, and thus in butchery or taphonomy, which will be considered 
below. On either method of quantification, however, overall taxonomic composition is 

24. Van der Veen and Fieller 1982.
25. SPSS 2011.
26. Halstead 2011.



TABLE 17.11. TAXONOMIC COMPOSITION OF IDENTIFIED MH AND LH FAUNAL MATERIAL

Cattle Pig Sheep
Sheep/
Goat Goat Dog Horse Donkey Red Deer Roe Deer Hare Fox

Hedge-
hog Tortoise All Taxa

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

MH III–LH II

Total 99 126 228 259 90 104 190 243 58 71 9 9 5 5 2 2 17 24 1 1 6 6 2 2 1 1 4 14 712 867

%1 13.9 14.5 32.0 29.9 28.9 28.7 – – 18.6 19.6 1.3 1.0 0.7 0.6 0.3 0.2 2.4 2.8 0.1 0.1 0.8 0.7 0.3 0.2 0.1 0.1 0.6 1.6 100.0 100.0

MinAU as 
% of 
MaxAU

78.6 88.0 80.9 100.0 100.0 100.0 70.8 100.0 100.0 100.0 100.0 28.6 82.1

LH III

Total 251 292 168 198 78 84 163 211 58 60 15 18 4 4 17 17 9 12 – – 6 6 1 1 – – 1 4 771 907

%1 32.6 32.2 21.8 21.8 22.2 22.8 – – 16.5 16.3 1.9 2.0 0.5 0.4 2.2 1.9 1.2 1.3 – – 0.8 0.7 0.1 0.1 – – 0.1 0.4 100.0 100.0

MinAU as 
% of 
MaxAU

86.0 84.8 84.2 83.3 100.0 100.0 75.0 – 100.0 100.0 – 25.0 85.0

1 Percentages of sheep and goat include sheep/goat assigned proportionately.
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broadly similar. Wild animals, of which red deer is most common, make up approximately 
4% of MH III–LH II and 2% of LH III MinAU, while the minor domesticates—dog, horse, 
and donkey—together make up 2% and 5% of MinAU, respectively. The overwhelming bulk 
of the assemblages is made up, in descending order of frequency, by pig (32%), sheep (29%), 
goat (19%), and cattle (14%) in MH III–LH II; and by cattle (33%), sheep (22%), pig (22%), 
and goat (17%) in LH III. Both assemblages differ from their FN–EH predecessor in the 
addition of horse and donkey and in a shift of predominance from goat over sheep to sheep 
over goat, while the LH III assemblage differs from both its EH and MH III–LH II counter-
parts in the increased frequency of cattle at the expense of pigs.

The three common taxa display different age profiles: postcranial evidence of neonatal 
deaths is most common in pig, intermediate in sheep/goat, and least common in cattle 
(Table 17.12), while after infancy both postcranial epiphyseal fusion (Tables 17.13–17.15) 
and mandibular tooth eruption and wear (Tables 17.16–17.18) indicate a much higher pro-
portion of young deaths in pigs than in sheep/goats and cattle. Body part representation 
differs between postneonatal (Tables 17.19, 17.20) and neonatal remains (Tables 17.21, 
17.22) and, at least among the former, between cattle, pigs, and sheep/goats. There are also 
differences between the three common taxa in fragmentation and incidence of gnawing, 
burning, and butchery marks. These variables are used to explore the depositional history 
of the assemblage, before attempting interpretation in terms of human consumption and 
management of animals.

TABLE 17.12. POSTCRANIAL EVIDENCE FOR NEONATAL MORTALIT Y IN MH 
AND LH PRINCIPAL DOMESTICATES

Taxon

MH III–LH II LH III

Neonatal Postneonatal Total Neonatal Postneonatal Total

MinAU % MinAU % MinAU MinAU % MinAU % MinAU

Cattle – –  81 100.0  81  5  2.2 221 97.8 226

Pig 55 28.6 137  71.4 192 23 16.0 121 84.0 144

Sheep + goat 351 12.7 240  87.3 275  92  4.0 218 96.0 227

1 Including 4 tentatively assigned to goat.
2 Including 2 tentatively assigned to sheep.

TABLE 17.13. EPIPHYSEAL FUSION EVIDENCE FOR POSTNEONATAL MORTALIT Y IN MH  
AND LH CATTLE

Fusion Stage 
(mos.) 1

MH III–LH II LH III

Unfused 
(MinAU) 2

Fused 
(MinAU)

Fused  
(%)

Indeterminate 
(MinAU)

Unfused 
(MinAU)2

Fused 
(MinAU)

Fused  
(%)

Indeterminate 
(MinAU)

7–10 –  4 100.0  1 –  5 100.0  7

18 2 27  93.1  2 – 38 100.0  5

24–36 3  6  66.7 – 6 41  87.2 13

36–48 6  3  33.3 10 8  8  50.0 17

1 Following Silver 1969 (for anatomical abbreviations, see Table 17.19):
7–10 months: fusion of SC, PE;
18 months: fusion of Hd, Rp, PH1p, PH2p;
24–36 months: fusion of MCd, Td, MTd;
36–48 months: fusion of Hp, Rd, Up, Fp, Fd, Tp, C.

2 Including unfused diaphyses, unfused epiphyses, fusing specimens, and those of unambiguously immature size and/or 
texture.
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TABLE 17.14. EPIPHYSEAL FUSION EVIDENCE FOR POSTNEONATAL MORTALIT Y 
IN MH AND LH PIGS

Fusion Stage 
(mos.) 1

MH III–LH II LH III

Unfused 
(MinAU) 2

Fused 
(MinAU)

Fused 
(%)

Indeterminate 
(MinAU)

Unfused 
(MinAU)2

Fused 
(MinAU)

Fused 
(%)

Indeterminate 
(MinAU)

12 13 18 58.1 23 11 17 60.7 18

24–30 17  7 29.2  6  9  7 43.8  9

36–42 22  1  4.3 16 16  2 11.1 22

1 Following Silver 1969 (for anatomical abbreviations, see Table 17.19):
12 months: fusion of SC, Hd, Rp, PE, PH2p;
24–30 months: fusion of MCd, Td, MTd, C, PH1p;
36–42 months: fusion of Hp, Rd, Up, Fp, Fd, Tp.

2 Including unfused diaphyses, unfused epiphyses, fusing specimens, and those of unambiguously immature size and/or 
texture.

TABLE 17.15. EPIPHYSEAL FUSION EVIDENCE FOR POSTNEONATAL MORTALIT Y  
IN MH AND LH SHEEP AND GOATS

Fusion Stage 
(mos.) 1

MH III–LH II LH III

Unfused 
(MinAU) 2

Fused 
(MinAU)

Fused 
(%)

Indeterminate 
(MinAU)

Unfused 
(MinAU)2

Fused 
(MinAU)

Fused 
(%)

Indeterminate 
(MinAU)

SHEEP

6–10  1 15

–

 4 –  6

–

 3

13–16 –  7 – –  2 –

18–28  1  8  4  1  9  2

30–42  1  6  1  1  4  4

GOAT

6–10  1  7

–

 1  2  6

–

 1

13–16 –  3 – –  4 –

18–28 –  4  3 –  4 –

30–42  2  2  2  1 –  4

SHEEP/GOAT INDET.

6–10  7  7

–

26  5 11

–

31

13–16  3  7  1  1  7  2

18–28  4  1 28  4  2 16

30–42 22  2 30 10  3 32

ALL (SHEEP + GOAT + SHEEP/GOAT)

6–10  9 29 76.3 31  7 23 76.7 35

13–16  3 17 85.0  1  1 13 92.9  2

18–28  5 13 72.2 35  5 15 75.0 18

30–42 25 10 28.6 33 12  7 36.8 40

1 Following Silver 1969 (for anatomical abbreviations, see Table 17.19):
6–10 months: fusion of SC, Hd, Rp, PE;
13–16 months: fusion of PH1p, PH2p;
18–28 months: fusion of MCd, Td, MTd;
30–42 months: fusion of Hp, Rd, Up, Fp, Fd, Tp, C.

2 Including unfused diaphyses, unfused epiphyses, fusing specimens, and those of unambiguously immature size and/or 
texture.
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TABLE 17.16. MANDIBULAR EVIDENCE FOR MORTALIT Y IN MH 
AND LH CATTLE (MINAU)

Stage (Definition1) Age 2

MH III–LH II LH III

No. of Stages Total No. of Stages Total

1 3 MinAU % 1 2 3 4 MinAU %

A (d4U) few days – – – – – – – – – –

B (d4W, M1U) 0–6 mos. –
–

– –  1
– –

– 2.0  9.0

1

1

2C (M1W, M2U) 5–18 mos. – – –  1 – 2.0  9.0
–

D (M2W, M3U) 16–28 mos. 1 2.0  22.2  4 –
–

6.1 27.6
–

1

1

E (M3W, M3.3U) 26–36 mos. – – – – –
–

– –

1
F (M3.3W,  

M3 < g)
34–43 mos. 3 – 3.0  33.3  1 2.8 12.7

1
–

G (M3 = g) 40 mos.–6.5 yrs 1 – 1.0  11.1  5 – 6.2 28.1
– –

H (M3 = h/j) 6–11 yrs. 3 – 3.0  33.3  3 – – – 3.0 13.6

I (M3>j) 7–20+ yrs. – – – – – – – – – –

Total 8 1 9 100 15 3 3 1 22 100

Note: d4 = fourth deciduous premolar; M1/M2/M3 = first/second/third molar; U = unworn, W = worn.
1 M3 wear stages after Grant 1982.
2 After Jones and Sadler 2012, p. 22, table 7.

TABLE 17.17. MANDIBULAR EVIDENCE FOR MORTALIT Y IN MH  
AND LH PIGS (MINAU)

Stage (Definition) Age (mos.)1

MH III–LH II LH III

No. of Stages Total No. of Stages Total

1 2 MinAU % 1 3 MinAU %

A (d4U) 0–2  5 – 5.0 15.2 2.0 – 2.0  9.5

B (d4W, M1U) 2–6  6 – 6.0 18.2 – – – –

C (M1W, M2U) 6–12  6
–

6.5 19.7 6.0 – 6.0 28.4

1

D (M2W, M3U) 12–24  7 7.5 22.7 7.0
–

7.6 36.0
–

1E (M3W, M3.3U) 24–30  2 – 2.0  6.1 3.0 3.3 15.6

F (M3.3W) >30  6 – 6.0 18.2 2.0 2.2 10.4
–

Total 32 1 33 100 20 1 21 100

Note: Dental stage abbreviations as in Table 17.16.
1 After Bull and Payne 1982.



TABLE 17.18. MANDIBULAR EVIDENCE FOR MORTALIT Y IN MH AND LH SHEEP AND GOATS (MINAU)

Stage (Definition) 1 Age (mos.) 2

MH III–LH II LH III

No. of Stages Total No. of Stages Total

1 2 3 3 4 4 S G S+G S+G% 1 2 3 3 4 S G S+G S+G%

A (d4U) 0–2 1s – – – – – 1.0 –  1.0  1.8 1s – – – –  1.0 –  1.0  1.7

B (d4W, M1U) 2–6 – –
–

– – – – – – – 1s
–

– – –  1.0 –  1.1  1.8

2sg, 

1g

1sg, 

2g
C (M1W, M2U) 6–12

3s, 

1g

– –
– – 3.0 1.3  4.9  8.8

4s, 

1sg, 

1g

– – –  5.0 3.3 10.2 17.0

1sg

1g

1s, 

1g
D (M2W, M3U) 12–24

7s, 

5g
– 7.9 7.9 18.6 33.2

1sg, 

3g

–
–

–
– 4.2  6.0 10.0

1s

2g 1s, 

1sg, 

1g

1sg

1g
1s, 

1sg

E (M3W, M3.3U) 24–36
4s, 

1g
– 4.6 1.8  7.2 12.8 2s

–
 2.1 –  2.8  4.7

1g

3sg

3g
4sg, 

2g

F (M3.3W,  

M3 < 11G)
36–48

3s, 

4g

–
3.5 6.8 11.6 20.7

4s, 

1g
 4.8 5.7 12.1 20.2

1s
–

1g

1s
–

G (M3 = 11G, M2 

= 9A)
48–72

4s, 

1g

–
9.0 1.2 12.7 22.7

3s, 

2g

–
14.0 4.5 22.2 37.1

3s, 

1sg
1s

– – 9s, 

1g 1s, 

1sg, 

2g

– –

H (M3 = 11G, M2 

> 9A)
72–96 – – – – – – – 1g – –  0.5 3.3  4.0  6.7

– 1s, 

1g
I (M3 > 11G) 96–120 – – – – – – – – – – –  0.5 –  0.5  0.8

– – – –

Total 34 8 10 4 29 19 56 100 25 22 11 2 29 21 60 100

Note: s = sheep; g = goat; sg = indeterminate sheep/goat.
1 M2 and M3 wear stages after Payne 1987; dental stage abbreviations as in Table 17.16.
2 After Payne 1973.



TABLE 17.19. ANATOMICAL AND TAXONOMIC COMPOSITION OF MH III–LH II POSTNEONATAL REMAINS

Anatomical 
Unit

Cattle Pig Sheep + Goat Dog Horse Donkey Red Deer Roe Deer Hare Fox Hedgehog Tortoise All Taxa

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

H/A 8 8 6 9 2 9 1 1 17 27

MD 10 18 31 50 56 87 3 3 – – – – – – – – – – – – 1 1 – – 101 159

SC 4 5 12 12 5 5 – – – – – – 1 1 – – – – – – – – – – 22 23

Hp 2 3 13 14 11 12 – – – – – – – – – – – – – – – – – – 26 29

Hd 9 11 19 21 32 37 1 1 – – – – 1 1 – – 1 1 – – – – – – 63 72

Rp 6 7 10 10 22 27 – – – – – – – – – – – – – – – – – – 38 44

Up 2 2 6 6 5 5 2 2 – – – – – – – – 1 1 – – – – – – 16 16

Rd 3 4 5 5 19 21 – – – – – – – – – – – – – – – – – – 27 30

MCp1 4 4 7 8 8 10 1 1 1 1 1 1 1 1 – – 1 1 – – – – – – 24 27

MCd1 5 6.5 6.5 6.5 16 18 – – 1 1 – – – – – – 1 1 – – – – – – 29.5 33

PE 1 1 12 12 10 17 – – – – – – – – – – – – – – – – – – 23 30

Fp 3 4 2 2 4 6 – – – – – – 1 1 – – 1 1 – – – – – – 11 14

Fd 2 2 4 4 8 12 – – – – – – – – – – 1 1 – – – – – – 15 19

Tp 4 6 9 10 11 15 – – – – – – 2 2 – – – – – – – – – – 26 33

Td 1 1 11 11 30 30 1 1 – – – – 2 2 – – – – – – – – – – 45 45

A 5 5 3 3 10 10 – – – – – – – – – – – – – – – – – – 18 18

C 3 3 1 1 10 10 1 1 – – – – 2 2 – – – – – – – – – – 17 17

MTp1 7 9 1 2 6 12 – – – – – – – – – – – – – – – – – – 14 23

MTd1 3 6.5 2.5 2.5 7 10 – – – – – – 1 1 – – – – – – – – – – 13.5 20

PH12 14 17 9 11 16 19 – – 1 1 1 1 2 2 – – – – 2 2 – – – – 45 53

PH22 2 2 1 1 5 5 – – 1 1 – – 2 2 – – – – – – – – – – 11 11

PH32 1 1 3 3 5 5 – – 1 1 – – – – – – – – – – – – – – 10 10

Carapace 4 14 4 14

Total 99 126 168 195 302 382 9 9 5 5 2 2 17 24 1 1 6 6 2 2 1 1 4 14 616 767

% 16.1 16.4 27.3 25.4 49.0 49.8 1.5 1.2 0.8 0.7 0.3 0.3 2.8 3.1 0.2 0.1 1.0 0.8 0.3 0.3 0.2 0.1 0.6 1.8

MinAU as 
% of 
MaxAU

78.6 86.2 79.1 100.0 100.0 100.0 70.8 100.0 100.0 100.0 100.0 28.6 80.3

Note: H/A = horn/antler; MD = mandible; SC = scapula; H = humerus; R = radius; U = ulna; MC = metacarpal; PE = pelvis; F = femur; T = tibia; A = astragalus; C = calcaneum;  
MT = metatarsal; PH1 = phalanx 1; PH2 = phalanx 2; PH3 = phalanx 3; p = proximal; d = distal.

1 A few specimens identified only to “metapodial” have been assigned equally to MC and MT.
2 PH1–3 include phalanges of both forelimb and hind limb.



TABLE 17.20. ANATOMICAL AND TAXONOMIC COMPOSITION OF LH III POSTNEONATAL REMAINS

Anatomical 
Unit

Cattle Pig Sheep + Goat Dog Horse Donkey Red Deer Hare Fox Tortoise All Taxa

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

M
inA

U

M
axA

U

H/A 4 4 10 12 1 4 15 20

MD 21 28 22 42 61 82 3 3 – – 2 2 – – – – – – – – 109 157

SC 8 9 10 10 7 7 1 1 – – 3 3 – – – – – – – – 29 30

Hp 4 7 7 7 7 7 – – 1 1 – – – – – – – – – – 19 22

Hd 8 10 24 26 32 37 – – 1 1 – – – – – – – – – – 65 74

Rp 6 12 4 4 12 17 – – – – 1 1 – – 3 3 – – – – 26 37

Up 3 4 6 6 6 6 2 2 – – – – 2 2 – – – – – – 19 20

Rd 4 4 5 5 17 17 – – – – 1 1 1 1 – – – – – – 28 28

MCp 27 27 4 5 7 10 1 1.5 – – – – – – – – – – – – 39 43.5

MCd 15 16 1 1 9 9.5 0.5 1.5 – – – – – – – – – – – – 25.5 28

PE 4 5 6 7 14 15 2 2 – – – – 1 1 – – – – – – 27 30

Fp 4 5 2 2 5 8 – – – – – – – – – – – – – – 11 15

Fd 4 6 9 10 6 8 – – – – 1 1 – – – – – – – – 20 25

Tp 10 12 11 11 13 13 – – 1 1 2 2 1 1 1 1 – – – – 39 41

Td 7 8 11 11 22 24 – – – – 2 2 1 1 1 1 – – – – 44 47

A 11 11 1 1 10 10 – – – – 1 1 – – – – – – – – 23 23

C 4 5 4 4 5 5 – – – – 1 1 – – – – – – – – 14 15

MTp 27 28 4 6 17 22 2 2.5 – – – – 1 1 – – – – – – 51 59.5

MTd 38 40 2 3 7 12.5 0.5 1.5 – – 1 1 – – – – – – – – 48.5 58

PH1 23 29 7 8 10 11 3 3 1 1 2 2 1 1 1 1 1 1 – – 49 57

PH2 6 8 2 3 6 6 – – – – – – – – – – – – – – 14 17

PH3 8 9 1 1 6 6 – – – – – – – – – – – – – – 15 16

Carapace 1 4 1 4

Total 246 287 143 173 289 345 15 18 4 4 17 17 9 12 6 6 1 1 1 4 731 867

% 33.7 33.1 19.6 20.0 39.5 39.8 2.1 2.1 0.5 0.5 2.3 2.0 1.2 1.4 0.8 0.7 0.1 0.1 0.1 0.5

MinAU as 
% of 
MaxAU

85.7 82.7 83.8 83.3 100.0 100.0 75.0 100.0 100.0 25.0 84.3

Note: For anatomical abbreviations, see Table 17.19; a few specimens identified only to “metapodial” have been assigned equally to MC and MT; PH1–3 include phalanges of both 
forelimb and hind limb.
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FORMATION OF THE ASSEMBLAGE:  
ARCHAEOLOGICAL EXCAVATION AND RETRIEVAL

Retrieval standards at Tsoungiza were far more intensive and rigorous than those normally 
applied in Greece,27 with two major benefits: the almost universal use of coarse dry- sieving 
will have ensured that recovery was both less incomplete and less variable than usual; and 
extensive fine wet- sieving offers some insight into remaining retrieval biases. Material recov-
ered in the wet sieve included no identified specimens of the larger cattle (or donkey, horse, 
and red deer), but approximately 1%–3% of the smaller sheep/goat and pig MinAU (Table 
17.23), with the latter potentially underestimating what was missed in the trench given that 
wet- sieving was selective. Likewise, among postneonatal postcranial material recovered in the 
trench, the smaller limb bones (ulna, astragalus, calcaneum, and phalanx 1–3) are under-
represented relative to their frequency in a complete carcass and, consistent with this being 

27. Payne 1985b.

TABLE 17.21. ANATOMICAL AND TAXONOMIC COMPOSITION 
OF MH III–LH II NEONATAL REMAINS

Anatomical Unit

Pig Sheep + Goat All Taxa

MinAU MaxAU MinAU MaxAU MinAU MaxAU

MD 5 5 1 1 6 6

SC 3 3 – – 3 3

Hp 5 5 1 1 6 6

Hd 5 5 2 2 7 7

Rp 3 3 5 5 8 8

Up 2 2 – – 2 2

Rd 3 3 5 5 8 8

MCp 5 6 4 4 9 10

MCd 5 6 4 4 9 10

PE 4 4 1 1 5 5

Fp 3 3 2 2 5 5

Fd 4 4 2 2 6 6

Tp 4 4 1 1 5 5

Td 4 4 2 2 6 6

A – – – – – –

C – – 1 1 1 1

MTp 2 3 2 2 4 5

MTd 3 4 2 2 5 6

PH1 – – 1 1 1 1

PH2 – – – – – –

PH3 – – – – – –

Total 60 64 36 36 96 100

% 62.5 64.0 37.5 36.0

MinAU as % of 
MaxAU

93.8 100.0 96.0

Note: For anatomical abbreviations, see Table 17.19; a few specimens identified only 
to “metapodial” have been assigned equally to MC and MT; PH1–3 include phalanges of 
both forelimb and hind limb.
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28. Payne 1972.
29. Halstead 2011, p. 761, table 13.23.

TABLE 17.22. ANATOMICAL AND TAXONOMIC COMPOSITION 
OF LH III NEONATAL REMAINS

Anatomical Unit

Cattle Pig Sheep + Goat All Taxa

MinAU MaxAU MinAU MaxAU MinAU MaxAU MinAU MaxAU

MD – – 2 2 1 1 3 3

SC – – – – 2 2 2 2

Hp – – 5 5 – – 5 5

Hd – – 5 5 – – 5 5

Rp – – 1 1 – – 1 1

Up – – – – – – – –

Rd – – 1 1 – – 1 1

MCp 1 1 – – 1 1 2 2

MCd 1 1 – – 1 1 2 2

PE – – 1 1 1 1 2 2

Fp – – 2 2 – – 2 2

Fd – – 2 2 – – 2 2

Tp – – 3 3 1 1 4 4

Td – – 3 3 1 1 4 4

A – – – – – – – –

C – – – – – – – –

MTp 1 1 – – 1 1 2 2

MTd 2 2 – – 1 1 3 3

PH1 – – – – – – – –

PH2 – – – – – – – –

PH3 – – – – – – – –

Total 5 5 25 25 10 10 40 40

% 12.5 12.5 62.5 62.5 25.0 25.0

MinAU as % of 
MaxAU

100.0 100.0 100.0 100.0

Note: For anatomical abbreviations, see Table 17.19; a few specimens identified only to “metapodial” have 
been assigned equally to MC and MT.

a result of retrieval bias,28 the discrepancy is relatively modest for cattle but more marked for 
pigs and sheep/goats (Table 17.24). This pattern is quite stable over time: of FN–EH,29

MH III–LH II, and LH III postcranial MinAU recovered in the trench, small limb bones make 
up 30%, 33%, and 25%, respectively, for cattle; 13%, 16%, and 17% for pigs; and 18%, 20%, 
and 20% for sheep/goats. Partial recovery has doubtless particularly affected neonatal spec-
imens, as previously documented for the FN–EH assemblage, although too little identifiable 
material was found in the wet sieve to demonstrate a consistent bias in the later Bronze Age 
assemblages (Table 17.25).

Overall, approximately 1% of both MH III–LH II and LH III MinAU were recovered in the 
wet sieve, compared with 8% for the FN–EH assemblage (Table 17.23). To a large extent, 
deposits of each of these three periods were investigated in different EUs and thus by differ-
ent personnel, but the same retrieval protocols were applied across the site. The sparser re-
turns from wet- sieving for the later Bronze Age should be attributable, therefore, not to 



TABLE 17.23. ANATOMICAL AND TAXONOMIC COMPOSITION OF MH AND LH FAUNAL REMAINS (MINAU)  
BY RECOVERY METHOD

Anatomical 
Unit

MH III–LH II LH III

Cattle Pig Sheep/Goat Other Total Cattle Pig Sheep/Goat Other Total

t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws

H/A 8 – 6 – 3 – 17 – 4 – 10 – 1 – 15 –

MD 10 – 36 – 57 – 3 11 106 1 21 – 23 1 61 1 5 – 110 2

SC 4 – 15 – 5 – 1 – 25 – 8 – 10 – 9 – 4 – 31 –

Hp 2 – 17 1 12 – – – 31 1 4 – 12 – 7 – 1 – 24 –

Hd 9 – 23 1 34 – 3 – 69 1 8 – 29 – 31 1 1 – 69 1

Rp 6 – 13 – 27 – – – 46 – 6 – 5 – 12 – 4 – 27 –

Up 2 – 7 1 5 – 3 – 17 1 3 – 6 – 6 – 4 – 19 –

Rd 3 – 8 – 24 – – – 35 – 4 – 6 – 16 1 2 – 28 1

MCp 4 – 10 2 12 – 5 – 31 2 28 – 4 – 8 – 1 – 41 –

MCd 5 – 9.5 2 20 – 2 – 36.5 2 16 – 1 – 10 – 0.5 – 27.5 –

PE 1 – 16 – 11 – – – 28 – 4 – 7 – 15 – 3 – 29 –

Fp 3 – 5 – 6 – 2 – 16 – 4 – 4 – 5 – – – 13 –

Fd 2 – 8 – 10 – 1 – 21 – 4 – 11 – 5 1 1 – 21 1

Tp 4 – 13 – 12 – 2 – 31 – 10 – 14 – 14 – 5 – 43 –

Td 1 – 15 – 32 – 3 – 51 – 7 – 14 – 23 – 4 – 48 –

A 5 – 3 – 10 – – – 18 – 11 – 1 – 10 – 1 – 23 –

C 3 – 1 – 11 – 3 – 18 – 4 – 4 – 5 – 1 – 14 –

MTp 7 – 3 – 8 – – – 18 – 28 – 4 – 18 – 3 – 53 –

MTd 3 – 5.5 – 9 – 1 – 18.5 – 40 – 2 – 8 – 1.5 – 51.5 –

PH1 14 – 9 – 15 2 6 – 44 2 23 – 7 – 10 – 9 – 49 –

PH2 2 – 1 – 4 1 3 – 10 1 6 – 1 1 6 – – – 13 1

PH3 1 – 3 – 5 – 1 – 10 – 8 – 1 – 6 – – – 15 –

Carapace 3 1 3 1 1 – 1 –

Total 99 – 221 7 335 3 45 2 700 12 251 – 166 2 295 4 53 – 765 6

% ws 0.0 3.2 0.9 4.4 1.7 0.0 1.2 1.4 0.0 0.8

Note: t/ds = trench/dry sieve; ws = wet sieve; for anatomical abbreviations, see Table 17.19.
1 One hedgehog mandible.
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TABLE 17.24. ABUNDANCE OF LARGE AND SMALL LIMB BONES (MINAU) OF 
MH AND LH PRINCIPAL DOMESTICATES BY RECOVERY METHOD

Age

Cattle Pig Sheep + Goat

Large 1 Small 2 % Small Large 1 Small 2 % Small Large 1 Small 2 % Small

MH III–LH II

Expected (whole) 28 18 39.1 28 18 39.1 28 18 39.1

Postneonatal
t/ds 54 27 33.3 112 22 16.4 189 48 20.3

ws – – – 2 1 33.3 – 3 100.0

Neonatal
t/ds – – – 49 2  3.9 33 2 5.7

ws – – – 4 –  0.0 – – –

All
t/ds 54 27 33.3 161 24 13.0 222 50 18.4

ws – – – 6 1 14.3 – 3 100.0

LH III

Expected (whole) 28 18 39.1 28 18 39.1 28 18 39.1

Postneonatal
t/ds 166 55 24.9 100 20 16.7 172 43 20.0

ws – – – – 1 100.0 3 – 0.0

Neonatal
t/ds 5 – 0.0 23 – 0.0 9 – 0.0

ws – – – – – – – – –

All
t/ds 171 55 24.3 123 20 14.0 181 43 19.2

ws – – – – 1 100.0 3 – 0.0

Note: Comparing trench/dry–sieve and wet–sieve recovery for postneonatal and neonatal specimens; t/ds = trench/dry sieve; 
ws = wet sieve.

1 Scapula, humerus, radius, metacarpal, pelvis, femur, tibia, metatarsal.
2 Ulna, astragalus, calcaneum, phalanx 1–3.

TABLE 17.25. ABUNDANCE OF POSTNEONATAL AND NEONATAL SPECIMENS 
(MINAU) OF MH AND LH PRINCIPAL DOMESTICATES BY RECOVERY METHOD

Taxon

t/ds ws

χ2 TestPostneonatal Neonatal % Neonatal Postneonatal Neonatal % Neonatal
MH III–LH II

Cattle  99 –  0.0 – – – –

Pig 165 56 25.3 3 4 57.1
χ2 = 3.539, 

p = 0.060

Sheep + goat 299 36 10.7 3 –  0.0
χ2 = 0.361, 

p = 0.548

Total 563 92 14.0 6 4 40.0
χ2 = 5.371,  

p = 0.020

LH III

Cattle 246  5  2.0 – – – –

Pig 141 25 15.1 2 – 0.0
χ2 = 0.354, 

p = 0.552

Sheep + goat 285 10  3.4 4 – 0.0
χ2 = 0.140, 

p = 0.708

Total 672 40  5.6 6 – 0.0
χ2 = 0.357, 

p = 0.550

Note: t/ds = trench/dry sieve; ws = wet sieve.
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better in- trench recovery or less frequent wet- sieving, but to diachronic differences in the 
deposition or survival of small identifiable specimens. Thus, although the LH III assemblage 
differs from its FN–EH and MH III–LH II counterparts in two respects that could be due to 
poorer recovery—a scarcity of pig and sheep/goat neonatal (Table 17.12) and abundance 
of cattle bones (Table 17.11)—the fairly even representation of small limb bones in all three 
phases and the contrast in wet- sieve returns between the FN–EH and both later Bronze Age 
assemblages suggest that these differences primarily reflect diachronic variability in the fau-
nal material available for recovery.

Because particular body parts may be underrepresented for reasons other than poor re-
trieval (e.g., phalanges might be discarded during off- site butchery), Table 17.26 compares 
the representation of small limb bones with that of adjacent large limb units:30 proximal ulna 
with proximal radius; astragalus and calcaneum with distal tibia; phalanx 1–3 with distal 
metacarpal and distal metatarsal, again for the three common domestic taxa and excluding 
neonatal specimens (given apparent differences between species in the frequency of such 
young animals). In the trench/dry- sieve material, the representation of adjacent large and 
small body parts is inconsistent for cattle (and the sample generally small), but small body 
parts are usually less abundant than adjacent long bone units in the case of pig and invariably 
so in the case of sheep/goat. This suggests that underrepresentation of the smaller bones is 
at least partly due to retrieval losses, whether the “missing” material passed through the dry 
sieve or was retained but overlooked during sorting. Material recovered in the wet sieve can-
not be used to “correct” for partial retrieval, because sediment for wet- sieving was not dry- 
sieved beforehand, because wet- sieving was targeted (for sound reasons) on selected depos-
its, and because the amount of identifiable material from the wet sieve is too limited for 
extrapolation.

Damage during and after excavation was modest (Table 17.27), with only 5% and 8% of 
identified MH III–LH II and LH III material (MaxAU—excluding loose teeth, which might 

30. Cf. Payne 1985b, p. 222, table 2.

TABLE 17.26. ABUNDANCE OF ADJACENT SMALL AND LARGE LIMB BONE UNITS 
(MINAU, NEONATAL EXCLUDED) OF MH AND LH PRINCIPAL DOMESTICATES 

BY RECOVERY METHOD

Anatomical 
Unit 1

MH III–LH II LH III

Cattle Pig Sheep + Goat Cattle Pig Sheep + Goat

t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws t/ds ws

Rp

Up

6

2

–

–

10

5

–

1

22

5

–

–

6

3

–

–

4

6

–

–

12

6

–

–

Td

A

C

1

5

3

–

–

–

11

3

1

–

–

–

30

10

10

–

–

–

7

11

4

–

–

–

11

1

4

–

–

–

22

10

5

–

–

–

MCd + MTd

PH1

PH2

PH3

8

14

2

1

–

–

–

–

9

9

1

3

–

–

–

–

23

14

4

5

–

2

1

–

53

23

6

8

–

–

–

–

3

7

1

1

–

–

1

–

16

10

6

6

–

–

–

–

Note: t/ds = trench/dry sieve; ws = wet sieve; for anatomical abbreviations, see Table 17.19; PH1–3 include both 
forelimb and hind limb phalanges.

1 For each group (e.g., Rp and Up), the expected ratio (with complete recovery) of anatomical units com-
pared is 1:1.



TABLE 17.27. INCIDENCE OF NEW AND OLD BREAKS BY TAXON (MAXAU, EXCLUDING LOOSE TEETH) IN MH AND  
LH FAUNAL REMAINS

Fragmentation

Cattle Pig Sheep + Goat Dog Horse Donkey
Red 
Deer

Roe 
Deer Hare Fox

Hedge-
hog Tortoise All Taxa

MaxAU % MaxAU % MaxAU % MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU %

MH III–LH II

Whole  33 29.2  86 38.6  68 19.3  3 5 –  9 1 3 2 1 14 225 30.0

Old break  80 70.8 137 61.4 284 80.7  5 –  1 15 – 3 – – – 525 70.0

New break   3  2.6  17  7.1  22  5.9 – –  1 – – – – – –  43 5.4

Total 116 – 240 – 374 –  8 5  2 24 1 6 2 1 14 793 –

LH III

Whole  46 18.0  38 22.6  48 16.9  5 3  3  5 – – 1 –  4 153 20.1

Old break 209 82.0 130 77.4 236 83.1  8 1 11  7 – 5 – – – 607 79.9

New break  20  7.3  16  8.7  19  6.3  4 –  3 – – 1 – – –  63 7.7

Total 275 – 184 – 303 – 17 4 17 12 – 6 1 –  4 823 –

Note: Whole and old break percentages are calculated out of total whole + old break; new break percentage is calculated out of total whole + old break + new break.
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result from either ancient or recent breakage of mandibles) exhibiting new breaks (cf. 8% 
for FN–EH). The following section reviews the evidence for modification of the assemblage 
in antiquity, during and after discard, focusing especially on the effects of gnawing and burn-
ing and the contribution of gnawing and trampling to pre-excavation fragmentation.

FORMATION OF THE ASSEMBLAGE: 
DISTURBANCE, DISCARD, AND ATTRITION

Repeated use of Tsoungiza from the Final Neolithic period to the end of the Bronze Age and 
beyond has resulted in a high proportion of chronologically mixed deposits, evident mainly 
in residual ceramic material from earlier periods. Although not intrinsically datable, the 
animal bones from Tsoungiza do shed a little light on postdepositional disturbance of depos-
its. First, a handful of bones, identified as probable recent intrusions on the basis of weight 
and texture, have been excluded from analysis, but no indication of burrows (whole or par-
tial skeletons of rodents, foxes, badgers, etc.) was observed in the material reported here. 
Thus, although animals other than humans evidently modified the later Bronze Age faunal 
material, there is no evidence that the assemblage is not ultimately derived from human 
activity. Second, a few deposits in EU 2 yielded the odd human phalanx or metapodial as well 
as a few more or less intact human infants, presumably resulting from the burial of both 
infants and adults and the subsequent disinterment of the latter (see pp. 163, 166, 170–171). 
Third, groups of articulating bones found together, and so implying limited postdepositional 
disturbance, were observed in the following contexts: a right-sided horse forefoot (carpals, 
metacarpal, and first, second, and third phalanx) in the LH I fill in EU 8 (Table 17.1); a 
right-sided cattle hindfoot (male metatarsal with two first, two second, and one third phalan-
ges) in a LH IIIB deposit in EU 2; and a burnt newborn piglet in the LH IIB dump in EU 2, 
spaces 8 and 9 (Table 17.1). Both the horse foot and the cattle foot bore cut marks indicating 
their dismembering from the rest of the leg, and so do not represent disturbed burials.31 The 
piglet, almost complete and with no observed traces of butchery, was lacking astragali, calca-
nea, and phalanges (very likely to have been missed in excavation) as well as scapulae. A pair 
of unburnt scapulae in the same context might indicate that this animal was partly butchered 
before burning, but a handful of other specimens, some burnt and some unburnt, are de-
rived from at least two additional newborn piglets that could have been deposited intact and 
disturbed subsequently (or butchered and deposited piecemeal).

The condition of most of the later Bronze Age material was fairly robust, suggesting limited 
degradation of bone while buried, but traces of preburial gnawing (and digestion) were very 
frequent, occurring on 37% of MH III–LH II and 39% of LH III identified postneonatal 
specimens (MaxAU, excluding loose teeth—Table 17.28). Most of these traces were compat-
ible with gnawing by domestic dogs, which are represented in both later Bronze Age assem-
blages, but modification by pigs32 or even humans33 cannot be excluded, and one sheep first 
phalanx from the LH IIB dump in spaces 8 and 9 in EU 2 (Table 17.1) had been gnawed by 
rodents. In addition, one sheep or goat astragalus from LH IIIA2–B2 pit 3 (Table 17.1) had 
evidently been digested, presumably by a dog. Overall, gnawing of postneonatal bones was 
more frequent than for the FN–EH assemblage (28%). In common with the latter, however, 
such traces were more frequent (very significantly so for MH III–LH II) on bones of pig (49% 

31. Cf. Pappi and Isaakidou 2015.
32. Greenfield 1988.
33. Cf. Brain 1981.
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and 46%) than of cattle (37% and 38%) or sheep/goat (34% and 39%). As previously noted 
for the FN–EH assemblage, the proportion of unfused bones, which are most vulnerable to 
complete destruction by gnawing, is also far higher in pig than in cattle or sheep/goat, sug-
gesting that surviving bones may underestimate the extent to which pig bones were particu-
larly accessible or attractive to scavengers. The incidence of gnawing in the three common 
taxa also varies between age categories: very significantly lower in neonatal (13% and 5%) 
than postneonatal material (37% and 39%) (Table 17.28); and, within postcranial material 
of postneonatal age, lower (very significantly so for the LH III assemblage) in skeletally im-
mature (29% and 27%) than mature (36% and 48%) specimens (Table 17.29). The incidence 
of attrition may have been underestimated for neonatal and unfused material, however, 
because gnawing is more likely to destroy such fragile specimens and also more likely to 
obscure the state of fusion in unfused than fused epiphyses. The anatomical distribution of 
gnawing in postneonatal material of each of the three commonest taxa also exhibits some 
(very) significant differences between head, forelimb, hind limb, ankle, and foot (not tabu-
lated), but these are patchy and inconsistent between species and periods, and so difficult 
to interpret in isolation (but see below).

To explore the possibility that gnawing has selectively destroyed vulnerable body parts, Fig-
ures 17.2–17.4 present relative abundance of body parts for sheep/goat, pig, and cattle (in 
MinAU), excluding neonatal material as particularly affected by retrieval loss; body parts are 
ranked from top to bottom in order of increasing vulnerability to attrition, on the basis of 
Brain’s observations of goat bones gnawed by dogs and, to a lesser extent, humans in a mod-
ern village in southern Africa (Fig. 17.1).34 The small body parts of postneonatal sheep/goat 
and pig potentially underrepresented for reasons of partial retrieval (calcaneum, astragalus, 
phalanx 1–3) are highlighted. Anatomical representation in sheep/goat (the taxon most 
directly comparable with Brain’s observations) declines from top to bottom of the diagrams 
(Fig. 17.2), suggesting that attrition by gnawing (and perhaps also trampling) has contributed 
to selective destruction of the less robust body parts. To some extent these diagrams under-
state the correspondence with Brain’s modern data, because long bone units with destroyed 
articulations but surviving shafts, treated as absent by Brain, are here recorded as present. 
On the other hand, the anomalously low numbers of sheep/goat metacarpals and metatarsals 
in both later Bronze Age assemblages suggests that factors other than partial retrieval and 
survival have also shaped anatomical representation. Pig anatomical representation (Fig. 17.3) 
also basically declines from top to bottom, with irregularities at least partly due to differences 
in skeletal structure (e.g., scapula is more robust, ulna larger, and metapodials probably less 
robust and certainly less identifiable than in sheep/goat). The poor correspondence with 
Brain’s model in the case of cattle (Fig. 17.4) may partly reflect the greater size and robust-
ness of cattle bones and, for the MH III–LH II assemblage, partly small sample size, but the 
anomalously high frequencies of LH III metacarpals and metatarsals must be due to selective 
carcass processing and/or discard, as discussed below. Bones of sheep/goat and probably pig 
were thus apparently subjected to more severe (as distinct from more frequent) attrition by 
scavengers than were those of cattle, but this was not the only factor causing variation in 
anatomical representation or the differences in this respect between taxa.

Conversely, human involvement in assemblage formation is indicated by traces of burning 
on 17% of MH III–LH II and 15% of LH III identified postneonatal material (Table 17.30), 
figures dramatically higher than the 3% for FN–EH;35 the corresponding figures for neonatal 

34. Brain 1981. Figures throughout this chapter use the 
anatomical abbreviations presented in Table 17.19. They count 
only the minimum numbers of anatomical units (MinAU) of 

postneonatal animals.
35. Halstead 2011, p. 766, table 13.27.



TABLE 17.28. INCIDENCE OF GNAWING(/DIGESTION) BY TAXON (MAXAU, EXCLUDING LOOSE TEETH)  
IN MH AND LH POSTNEONATAL AND NEONATAL REMAINS

Age Gnawing

Cattle Pig Sheep + Goat Dog Horse Donkey
Red 
Deer

Roe 
Deer Hare Fox

Hedge-
hog Tortoise All Taxa

MaxAU % MaxAU % MaxAU % MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU %

MH III–LH II

Postneonatal

Ungnawed  73 62.9 93  51.4 224  66.3  5 5  2 18 1 5 2 1 14 443 63.5

Gnawed1  43 37.1 88  48.6 114  33.7  3 – –  6 – 1 – – – 255 36.5

χ2 test χ2 = 11.168, p = 0.004

Neonatal

Ungnawed – – 56  94.9  27  75.0 – – – – – – – – –  83 87.4

Gnawed1 – –  3   5.1   9  25.0 – – – – – – – – –  12 12.6

χ2 test χ2 = 8.035, p = 0.005

χ2 test, postneonatal vs. 

neonatal
χ2 = 24.397, p = 0.000

LH III

Postneonatal

Ungnawed 168 62.2 87  54.0 179  61.1 14 1 14  9 6 1  4 483 61.5

Gnawed1 102 37.8 74  46.0 114  38.9  3 3  3  3 – – – 302 38.5

χ2 test χ2 = 3.084, p= 0.214

Neonatal

Ungnawed   3 60.0 23 100.0  10 100.0 – – – – – – – – –  36 94.7

Gnawed1   2 40.0 – – – – – – – – – – – – –   2 5.3

χ2 test χ2 = 13.933, p = 0.001

χ2 test, postneonatal vs. 

neonatal
χ2 = 18.491, p = 0.000

1 Including specimens both gnawed and burnt.
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material are 40% for MH III–LH II (largely due to the single burnt piglet in the LH IIB dump 
in spaces 8 and 9 in EU 2) and 11% for LH III, again higher than the 4% for FN–EH. If burn-
ing took place after discard, it is probably of interest here primarily as a source of assemblage 
degradation, like gnawing. Burning before or during discard, however, may shed more direct 
light on human treatment of animal carcasses. A young pig radius from LH I floor deposits 
was evidently exposed to fire after breakage and perhaps after discard, since it comprised 
two joining fragments burnt blue and white, respectively. The LH IIB newborn piglet was 
burnt more or less entirely, and so probably before or during discard—whether as a ritual 
act or waste- disposal measure—rather than in food preparation. Other specimens were ap-
parently burnt during food preparation, as in the case of a cattle distal metatarsal from a 

TABLE 17.29. INCIDENCE OF GNAWING AMONG UNFUSED AND FUSED 
POSTNEONATAL SPECIMENS OF MH AND LH 

PRINCIPAL DOMESTICATES

MH III–LH II LH III

Unfused 1 Fused Unfused 1 Fused

MinAU % MinAU % MinAU % MinAU %

Ungnawed 79 71.2 87 64.4 59 72.8 92 52.3

Gnawed 32 28.8 48 35.6 22 27.2 84 47.7

χ2 test χ2 = 1.256, p = 0.262 χ2 = 9.682, p = 0.002

Note: Postcranial only, excluding proximal metapodials.
1 Including unfused diaphyses, unfused epiphyses, fusing specimens, and specimens of unambigu-

ously immature size and/or texture.
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Hottentot goats 

Figure 17.1. Anatomical representation (in descending order of frequency) of modern Hottentot goats  
subject to attrition by dogs. P. Halstead, after Brain 1981
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Figure 17.2. Anatomical representation of MH III–LH II and LH III sheep and goat, ordered for compari-
son with Brain’s modern Hottentot goats (Fig. 17.1). Light gray shading indicates the small body parts  

that are particularly susceptible to partial retrieval. P. Halstead
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Figure 17.3. Anatomical representation of MH III–LH II and LH III pig, ordered for comparison with 
Brain’s modern Hottentot goats (Fig. 17.1). Light gray shading indicates the small body parts that are 

particularly susceptible to partial retrieval. P. Halstead



1106 FAUNAL REMAINS

0 2 4 6 8 10 12 

Hp 

PH1–3 

Fd 

Tp 

C 

A 

Fp 

MTd 

Rd 

MCd 

MCp 

PE 

SC 

MTp 

Rp/Up 

Td 

Hd 

MD 

MinAU 

B
o

d
y
 p

a
rt

s
 

Cattle MH III–LH II 

0 5 10 15 20 25 30 35 40 

Hp 

PH1–3 

Fd 

Tp 

C 

A 

Fp 

MTd 

Rd 

MCd 

MCp 

PE 

SC 

MTp 

Rp/Up 

Td 

Hd 

MD 

MinAU 

B
o
d
y
 p

a
rt

s
 

Cattle LH III 

Figure 17.4. Anatomical representation of MH III–LH II and LH III cattle, ordered for comparison with 
Brain’s modern Hottentot goats (Fig. 17.1). P. Halstead



TABLE 17.30. INCIDENCE OF BURNING BY TAXON AMONG MH AND LH POSTNEONATAL AND NEONATAL SPECIMENS

Age Burning

Cattle Pig Sheep + Goat Dog Horse Donkey
Red 
Deer

Roe 
Deer Hare Fox

Hedge-
hog Tortoise All Taxa

MaxAU % MaxAU % MaxAU % MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU %
MH III–LH II

Postneonatal

Unburnt 103 88.8 134 74.0 289 85.5  8 5  2 19 – 5 2 1 14 582 83.4

Burnt1  13 11.2  47 26.0  49 14.5 – – –  5 1 1 – – – 116 16.6

χ2 test χ2 = 14.450, p = 0.001

Neonatal

Unburnt – –  28 47.5  29 80.6 – – – – – – – – – 57 60.0

Burnt1 – –  31 52.5   7 19.4 – – – – – – – – – 38 40.0

χ2 test χ2 = 10.205, p = 0.001

χ2 test, postneonatal vs. 
neonatal

χ2 = 26.793, p = 0.000

LH III

Postneonatal

Unburnt 215 79.6 135 83.9 263 89.8 12 4 16 10 – 6 1 –  4 666 84.8

Burnt1  55 20.4  26 16.1  30 10.2  5 –  1  2 – – – – – 119 15.2

χ2 test χ2 = 11.218, p = 0.004

Neonatal

Unburnt   3 60.0  21 91.3  10 100.0 – – – – – – – – – 34 89.5

Burnt1   2 40.0   2  8.7 – – – – – – – – – – – 4 10.5

χ2 test χ2 = 5.870, p = 0.053

χ2 test, postneonatal vs. 
neonatal

χ2 = 0.651, p = 0.420

Note: Excluding loose teeth.
1 Including specimens both gnawed and burnt.
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LH IIIA2 fill with traces of burning at the midshaft break, probably where the bone had been 
heated to facilitate fracturing and marrow extraction as observed among the Nunamiut by 
Binford.36

In contrast to the perhaps deliberate burning of the pig radius and newborn piglet, heat-
ing as a prelude to marrow extraction is likely to leave light and patchy traces that are sus-
ceptible to non- or misidentification when combined with postdepositional mineral staining, 
and so is difficult to quantify reliably. Nonetheless, recorded traces of burning exhibit very 
significant variability in anatomical and taxonomic distribution (discussed in the following 
section), suggesting that exposure to fire mainly occurred before discard, during selective 
carcass processing, rather than after discard, when bone refuse is likely to have been more 
or less mixed. If so, prior heating for marrow extraction or burning is likely to have affected 
the attractiveness of discarded bone to scavengers and may thus help account for the ob-
served anatomical and taxonomic variability in the incidence of gnawing. Both the uneven 
distribution of burning and its possible contribution to selective gnawing are further dis-
cussed below in relation to carcass processing.

The majority of the identified material had been fragmented in antiquity: excluding freshly 
broken specimens and loose teeth (for the latter, new and old breaks may be difficult to 
distinguish), 70% of MH III–LH II and 80% of LH III identified specimens (MaxAU) dis-
played old breaks, and only 30% and 20%, respectively, were unbroken (Table 17.27), com-
pared with 68% broken and 32% unbroken FN–EH specimens.37 Apparently marked differ-
ences between body parts and taxa in the incidence of old breaks are again the outcome of 
various pre- and postdepositional processes that are likely to be of greater and lesser intrin-
sic interest, respectively. Important to the latter are the shape and density of different bones: 
for example, even if discarded whole, the broad and thin-walled scapula and pelvis are rela-
tively unlikely to survive burial and excavation intact, while the small, compact astragalus, 
calcaneum, and phalanges have good survival prospects but are subject to severe retrieval 
bias (and especially so if fragmented). The following discussion thus focuses on the long 
bones (humerus, radius, metacarpal, femur, tibia, metatarsal; excluding loose epiphyses), 
which are generally less fragile than the former and less vulnerable to partial retrieval than 
the latter.

Given its high incidence in both of the later Bronze Age assemblages, there can be little 
doubt that gnawing has contributed to bone fragmentation, and this seems to be confirmed 
by the significantly higher incidence of breakage among gnawed than ungnawed postneo-
natal long bones of the principal domesticates (Table 17.31): 96% versus 89% for MH III–
LH II and 99% versus 95% for LH III. On the other hand, it has already been suggested that 
the anatomical and taxonomic distribution of gnawing traces was shaped by prior human 
processing of bones. To explore the likely causes of old breaks, focus on the long bones is 
appropriate also because these have the largest marrow cavities, and so are particularly likely 
targets of deliberate human fracturing to extract within-bone nutrients; several long bones 
also carry significant amounts of meat, and so may be broken for pot-sizing. Other things 
being equal, fragmentation by dogs or trampling should be most severe in the more fragile 
remains of small taxa and young individuals, whereas deliberate human breakage for pot-
sizing or marrow extraction should be more intensive in bones of greater length or with 
bigger marrow cavities and thus in larger taxa and older individuals.

Accordingly, Table 17.32 presents the incidence of old breaks separately for postneonatal 
and neonatal long bones, while Table 17.33 further compares fragmentation between un-

36. Binford 1978, pp. 145–148, 152–155.
37. Halstead 2011, p. 768, table 13.28.
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fused (immature) and fused (skeletally mature) postneonatal long bones (excluding the 
proximal metacarpal and proximal metatarsal, which fuse before birth). Old breaks are very 
significantly more frequent among postneonatal than neonatal long bones for both MH III–
LH II (91% vs. 45%) and LH III (97% vs. 52%), as also for the FN–EH assemblage (90% vs. 
28%38). Old breaks are likewise more frequent among fused/mature than unfused/immature 
postneonatal specimens, significantly so for MH III–LH II (92% vs. 80%) but not for LH III 
(97% vs. 92%). The incidence of old breaks also differs very significantly between the three 
common taxa, being lower in postneonatal pigs (82% MH III–LH II and 92% LH III) than 
sheep/goats (96% and 100%) or cattle (95% and 96%) and dramatically lower in neonatal 
pigs (14% and 22%) than sheep/goats (88% and 100%) or cattle (100% LH III). Even exclud-
ing the LH IIB burnt piglet, neonatal long bones of pig from MH III–LH II comprise only 
30% old breaks. The relationship of bone fragmentation with age (lowest in neonatal and 
lower in immature than mature) thus matches the expectations of deliberate human break-
age rather than gnawing or trampling. The majority of neonatal remains are from pigs, which 
produce large litters of very undeveloped young, and so are likely to have suffered much 
higher natural infant mortality than sheep/goats or cattle. The low level of neonatal bone 
fragmentation might, therefore, reflect the discard on- site of unbutchered natural deaths. 
Only one fairly complete neonatal pig skeleton was recovered, however, while a few MH III–
LH II neonatal specimens bear cut marks (see below) and others of both MH III–LH II and 
LH III date have traces of gnawing that imply a delay between death and burial. Moreover, 
natural deaths are unlikely to account for the low proportion of broken postneonatal long 
bones of pig.

The incidence of old breaks also differs between taxa, but this is perhaps related not to 
carcass size (fragmentation is marginally lower in cattle than sheep/goats), but to the high 
proportion of young deaths in pigs. Analysis of the morphology of old breaks in postneona-
tal long bones, however, reveals very significant differences between taxa in the incidence of 
shaft cylinders, typical of carnivore attrition, and bone ends plus end splinters, more suggestive 

38. Halstead 2011, p. 768, table 13.29.

TABLE 17.31. RELATIONSHIP BETWEEN BONE FRAGMENTATION AND GNAWING IN 
MH AND LH FAUNAL REMAINS

Taxon Fragmentation

MH III–LH II LH III

Ungnawed Gnawed Ungnawed Gnawed

MaxAU % MaxAU % MaxAU % MaxAU %

Cattle

Whole – –   3  14.3   5   5.4   2   2.7

Old break  39 100.0  18  85.7  88  94.6  71  97.3

χ2 test χ2 = 5.865, p = 0.015 χ2 = 0.704, p = 0.401

Pig

Whole  14  31.1   2   4.4   6  15.8 – –

Old break  31  68.9  43  95.6  32  84.2  41 100.0

χ2 test χ2 = 10.946, p = 0.001 χ2 = 7.006, p = 0.008

Sheep + goat

Whole   8   6.9 – – – – – –

Old break 108  93.1  74 100.0 101 100.0  67 100.0

χ2 test χ2 = 5.328, p = 0.021

Total

Whole  22  11.0   5   3.6  11   4.7   2   1.1

Old break 178  89.0 135  96.4 221  95.3 179  98.9

χ2 test χ2 = 6.216, p = 0.013 χ2 = 4.410, p = 0.036

Note: Postneonatal long bones only, excluding loose epiphyses and new breaks.



TABLE 17.32. INCIDENCE OF OLD BREAKS BY TAXON AMONG MH AND LH POSTNEONATAL 
AND NEONATAL LONG BONES

Age Fragmentation

Cattle Pig Sheep + Goat Dog Horse Donkey Red Deer Hare All Taxa

MaxAU % MaxAU % MaxAU % MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU %

MH III–LH II

Postneonatal

Whole   3   5.0 16 17.8   8   4.2 – 2 – – 2  31  8.6

Old break  57  95.0 74 82.2 182  95.8 3 – 1 8 3 328 91.4

χ2 test χ2 = 16.239, p = 0.000

Neonatal

Whole – – 37 86.0   4  12.5 – – – – –  41 54.7

Old break – –  6 14.0  28  87.5 – – – – –  34 45.3

χ2 test χ2 = 40.044, p = 0.000

χ2 test, postneonatal vs. neo-
natal

χ2 = 97.917, p = 0.000

LH III

Postneonatal

Whole   7   4.2  6  7.6 – – – 2 – – –  15  3.4

Old break 159  95.8 73 92.4 168 100.0 7 1 8 4 4 424 96.6

χ2 test χ2 = 11.208, p = 0.004

Neonatal

Whole – – 14 77.8 – – – – – – –  14 48.3

Old break   5 100.0  4 22.2   6 100.0 – – – – –  15 51.7

χ2 test χ2 = 16.541, p = 0.000

χ2 test, postneonatal vs. neo-
natal

χ2 = 96.217, p = 0.000

Note: Long bones = humerus, radius, metacarpal, femur, tibia, metatarsal; loose epiphyses are excluded.
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of fracturing for marrow extraction; the remaining category, shaft splinters, may result from 
either carnivore attrition or human extraction of marrow.39 Long bone shaft cylinders make 
up only 2% (MH III–LH II) and 8% (LH III) of cattle specimens with old breaks, whereas 
the corresponding figures are 19% and 32% for pigs and 30% and 29% for sheep/goats 
(Table 17.34). Similarly, while articular ends and end splinters are both well represented for 
cattle (21% vs. 35% in MH III–LH II; 39% vs. 28% in LH III), ends greatly outnumber end 
splinters for pigs (50% vs. 3%; 45% vs. 8%) and sheep/goats (23% vs. 9%; 27% vs. 16%). In 
terms of fragment morphology, therefore, it is clear that long bones of cattle are far more 
intensively fragmented than those of sheep/goats and especially pigs. Given that cattle long 
bones are more robust than those of sheep/goats or pigs and that the proportion of imma-
ture deaths (with fragile bones) was far higher in pigs than in cattle or sheep/goats, the 
predominant role of deliberate human agency in bone fragmentation is thus confirmed. 
While some bone cylinders were created by canid attrition, their varying frequency between 
taxa again primarily reflects the extent to which prior human pot- sizing or processing for 
marrow left more or less intact long bones that dogs could reduce to cylinders.

39. Binford 1981.

TABLE 17.33. INCIDENCE OF OLD BREAKS AMONG UNFUSED AND FUSED 
POSTNEONATAL SPECIMENS OF MH AND LH PRINCIPAL DOMESTICATES

Fragmentation

MH III–LH II LH III

Unfused 1 Fused Unfused 1 Fused

MinAU % MinAU % MinAU % MinAU %

Whole 12 20.0  6  7.6  4  8.0   3  2.8

Old break 48 80.0 73 92.4 46 92.0 106 97.2

χ2 test χ2 = 4.655, p = 0.031 χ2 = 2.243, p = 0.134

Note: Long bones only, excluding proximal metapodials and loose epiphyses.
1 Including unfused diaphyses, fusing specimens, and specimens of unambiguously immature size 

and/or texture.

TABLE 17.34. INCIDENCE OF OLD BREAK MORPHOLOGICAL T YPES BY TAXON IN POSTNEONATAL 
LONG BONES OF MH AND LH PRINCIPAL DOMESTICATES

Type of Old Break

MH III–LH II LH III

Cattle Pig Sheep + Goat Cattle Pig Sheep + Goat

MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU %

End 12 21.1 37 50.0 41 22.5 62 39.0 33 45.2 45 26.8

End splinter 20 35.1  2  2.7 17  9.3 44 27.7  6  8.2 26 15.5

Shaft cylinder  1  1.8 14 18.9 55 30.2 12  7.5 23 31.5 49 29.2

Shaft splinter 24 42.1 21 28.4 69 37.9 41 25.8 11 15.1 48 28.6

χ2 test: end/end splinter 

vs. cylinder
χ2 = 25.766, p = 0.000 χ2 = 30.957, p = 0.000

χ2 test: end vs. end 

splinter
χ2 = 27.472, p = 0.000 χ2 = 8.628, p = 0.013

χ2 test: shaft splinter vs. 

cylinder
χ2 = 14.445, p = 0.001 χ2 = 18.865, p = 0.000

Note: Excluding loose epiphyses.
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In sum, gnawing and especially burning are substantially more frequent in the later Bronze 
Age assemblages than their FN–EH predecessor, and both will have impaired the preserva-
tion and the precision of identification of bones, and so contributed to the raised proportion 
of identified specimens discounted by MinAU. In addition, unbroken specimens are consid-
erably scarcer among LH III (3%) than MH III–LH II (9%) or FN–EH (10%) postneonatal 
long bones, but intensity of breakage as reflected in frequencies of splinters (cattle—LH III 
54%, MH III–LH II 77%, FN–EH 73%; pig—23%, 31%, 25%; sheep/goat—44%, 47%, 44%) 
does not differ consistently between periods (Tables 17.32, 17.34).40 The contribution of 
mandibles to discounted specimens, however, is much higher for the later Bronze Age 
(around 40%) than FN–EH (20%), perhaps reflecting older mortality at least in LH III (see 
below); adult mandibles have longer tooth rows and are less accurately ageable than imma-
ture ones, and so are more likely to yield fragments that cannot be shown to be from unique 
specimens.

The impact of scavenger attrition and perhaps trampling on later Bronze Age (as also 
FN–EH) assemblage composition is partly shaped by variation in bone density, as is evident 
in the broad overall similarity in sheep/goat anatomical representation between Tsoungiza 
and Brain’s actualistic study. The uneven distribution of gnawing traces, however, suggests 
variation between taxa and body parts in accessibility or attractiveness to scavengers that was 
ultimately perhaps shaped by prior human strategies of carcass processing. Traces of burning 
were variously inflicted after, perhaps during, and before discard (the last at least partly in 
the heating of bones to facilitate breakage and extraction of marrow), while uneven distribu-
tion of burning between taxa and body parts is again likely to reflect variation in human 
carcass-processing. Finally, although gnawing certainly contributed to bone fragmentation, 
and burning probably likewise (if only in rendering bones more fragile), breakage is more 
intensive in the robust bones of cattle and mature animals than in the more vulnerable bones 
of pigs, sheep/goats, and immature animals, and so must be primarily due to anthropogenic 
carcass-processing.

CARCASS PROCESSING

Having established that the MH III–LH II and LH III assemblages for the most part represent 
material discarded by humans after some form of carcass processing, the sequence of carcass 
processing can now be explored in more detail using the following complementary data sets: 
the relative abundance by weight of head, trunk, and limb fragments for all taxa combined; 
the relative abundance in MinAU of identified postneonatal body parts for each of the three 
common taxa; the stages of butchery represented by cut marks for each taxon; and the bone 
fragmentation patterns argued above to be of primarily anthropogenic origin.

In a sample of complete modern reference skeletons of cattle, sheep, goats, and farmed 
wild boar,41 limbs make up 40%–56%, trunk 24%–35%, and head 14%–32% of overall bone 
weight. By contrast (and contrary to Halstead42), the Tsoungiza FN–EH, MH III–LH II, and 
LH III assemblages (Table 17.1) all include substantially less trunk (11%, 8%, and 5%, re-
spectively) and more head material (33%, 42%, and 36%), as might be expected in assem-
blages subject to carnivore attrition, to which trunk bones are particularly susceptible and 
the head (and especially teeth) least so.43 That trunk is better represented in the FN–EH 
assemblage, for which 28% of identified MaxAU exhibited gnawing, than in the later Bronze 

40. Halstead 2011, pp. 768, 770, tables 13.29, 13.32.
41. Halstead 2011, p. 772, fig. 13.3:a.

42. Halstead 2011, p. 772, fig. 13.3:b.
43. E.g., Brain 1981.
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Age assemblages, with 37% and 39% of identified MaxAU gnawed, also matches the expecta-
tions of differential attrition. Despite almost identical frequencies of gnawing, however, the 
representation of trunk in the MH III–LH II assemblage is nearly double that in the LH III 
assemblage, suggesting that trunk material was preferentially discarded in the excavated parts 
of MH III–LH II (and probably also FN–EH) Tsoungiza or, more parsimoniously (given its 
marked underrepresentation), was preferentially not discarded in the excavated parts of the 
LH III site. One obvious interpretation of the latter scenario is that the LH III assemblage is 
biased toward waste from primary carcass-dressing, in which heads and/or feet were dis-
carded, while the earlier assemblages are biased toward refuse from the processing and 
consumption of complete or dressed carcasses. This suggestion can be tested by considering 
the anatomical distribution of identified specimens.

Figures 17.5–17.7 (based on Tables 17.19 and 17.20) display the relative abundance in 
MinAU of identified postneonatal body parts of the principal domesticates, arranged in three 
anatomical groups relevant to butchery: head, shown in black in the figures (represented by 
mandible; omitting horns, as these are absent in pigs, young ruminants, and perhaps adult 
female sheep); more or less meat-rich upper limbs, shown in gray in the figures (scapula, 
humerus, radius, ulna, pelvis, femur, tibia); and meat-poor feet, shown in white in the figures 
(metacarpal, astragalus, calcaneum, metatarsal, phalanx 1–3). For MH III–LH II cattle, pigs, 
and sheep/goats alike, the best represented anatomical unit is the mandible, in part at least 
reflecting the high durability and identifiability (to age as well as taxon) of teeth. Among 
limb bones of the same period, an apparent bias toward meat-rich anatomical elements for 
pigs (humerus, scapula, pelvis, tibia, radius) and sheep/goats (humerus, tibia, radius) may 
partly be due to the loss of most pig and sheep/goat phalanges during excavation and per-
haps also to the vulnerability of pig metacarpals and metatarsals to attrition. On the other 
hand, sheep/goat metacarpals and metatarsals seem underrepresented to a degree not eas-
ily attributable just to partial survival or retrieval, implying that many sheep and goats (and 
possibly also pigs) were slaughtered and dressed (including removal of the feet) elsewhere 
before introduction of their carcasses to the excavated part of the settlement. For cattle, both 
meat-rich (especially humerus, radius) and meat-poor (metatarsal, first phalanx) bones are 
well represented, suggesting more limited off-site carcass dressing or the introduction to the 
settlement of whole (live?) animals. For the LH III assemblage, anatomical representation 
of sheep/goats and pigs does not differ significantly from that for MH III–LH II (sheep/
goats: χ2 = 18.284, p = 0.631; pigs: χ2 = 19.618, p = 0.482; sheep/goats and pigs combined: 
χ2 = 24.036, p = 0.291), with a predominance of mandibles and meat-rich upper limb bones 
and scarcity of sheep/goat metacarpals and metatarsals suggesting the remains from con-
sumption of carcasses dressed (at least in the case of many sheep and goats) elsewhere. 
Conversely, for cattle, anatomical representation differs significantly between the two periods 
(χ2 = 39.023, p = 0.010): LH III foot bones (especially metacarpals and metatarsals) are heav-
ily overrepresented and outnumber mandibles, while meaty upper limb bones are scarce, 
indicating a predominance of carcass dressing waste. The suggested contrast in discard, in-
ferred from weight data, between MH III–LH II and LH III is thus confirmed by identified 
bones, at least in the case of cattle, which, being larger and heavier than the other domesti-
cates, have contributed disproportionately to bone weights.

Cut marks inflicted during butchery were noted on 6% of MH III–LH II and 7% of LH III 
postneonatal specimens and 4% of MH III–LH II neonatal material (Table 17.35); no cuts 
were recorded on the small sample of LH III neonatal specimens. These figures, which are 
lower than those for FN–EH (11% postneonatal, 2% neonatal44), certainly underestimate the 

44. Halstead 2011, p. 773, table 13.34.
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Figure 17.5. Anatomical representation of MH III–LH II and LH III sheep and goat. Black fill indicates the 
head, gray fill the meat-rich upper limb bones, and white fill the meat-poor foot bones. P. Halstead
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Figure 17.6. Anatomical representation of MH III–LH II and LH III pig. Black fill indicates the head, gray 
fill the meat-rich upper limb bones, and white fill the meat-poor foot bones. P. Halstead

0 5 10 15 20 25 30 35 

MD 

SC 

Hp 

Hd 

Rp 

Up 

Rd 

PE 

Fp 

Fd 

Tp 

Td 

MCp 

MCd 

A 

C 

MTp 

MTd 

PH1 

PH2 

PH3 

MinAU 

B
o
d
y
 p

a
rt

s
 

Pig MH III–LH II 

0 5 10 15 20 25 

MD 

SC 

Hp 

Hd 

Rp 

Up 

Rd 

PE 

Fp 

Fd 

Tp 

Td 

MCp 

MCd 

A 

C 

MTp 

MTd 

PH1 

PH2 

PH3 

MinAU 

B
o
d
y
 p

a
rt

s
 

Pig LH III 



1116 FAUNAL REMAINS

0 1 2 3 4 5 6 7 8 9 10 

MD 

SC 

Hp 

Hd 

Rp 

Up 

Rd 

PE 

Fp 

Fd 

Tp 

Td 

MCp 

MCd 

A 

C 

MTp 

MTd 

PH1 

PH2 

PH3 

MinAU 

B
o

d
y
 p

a
rt

s
 

Cattle MH III–LH II 

0 5 10 15 20 25 30 35 40 

MD 

SC 

Hp 

Hd 

Rp 

Up 

Rd 

PE 

Fp 

Fd 

Tp 

Td 

MCp 

MCd 

A 

C 

MTp 

MTd 

PH1 

PH2 

PH3 

MinAU 

B
o
d
y
 p

a
rt

s
 

Cattle LH III 

Figure 17.7. Anatomical representation of MH III–LH II and LH III cattle. Black fill indicates the head,  
gray fill the meat-rich upper limb bones, and white fill the meat-poor foot bones. P. Halstead



TABLE 17.35. INCIDENCE OF BUTCHERY MARKS BY AGE CATEGORY AND TAXON IN MH AND LH FAUNAL REMAINS

Age Butchery

Cattle Pig Sheep + Goat Dog Horse Donkey
Red 
Deer

Roe 
Deer Hare Fox

Hedge-
hog Tortoise All Taxa

MaxAU % MaxAU % MaxAU % MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU MaxAU %

MH III–LH II

Postneonatal

Uncut 104  89.7 172  95.0 320  94.7  8 3  2 21 1 5 2 1 14 653  93.6

Cut  12  10.3   9   5.0  18   5.3 – 2 –  3 – 1 – – –  45   6.4

χ2 test χ2 = 4.375, p = 0.112

Neonatal

Uncut  – –  57  96.6  34  94.4 – – – – – – – – –  91  95.8

Cut  – –   2   3.4   2   5.6 – – – – – – – – –   4   4.2

χ2 test χ2 = 0.260, p = 0.610

All

Uncut 104  89.7 229  95.4 354  94.7  8 3  2 21 1 5 2 1 14 744  93.8

Cut  12  10.3  11   4.6  20   5.3 – 2 –  3 – 1 – – –  49   6.2

χ2 test χ2 = 5.090, p = 0.078

LH III

Postneonatal

Uncut 236  87.4 152  94.4 281  95.9 16 4 17 10 – 6 1 –  4 727  92.6

Cut  34  12.6   9   5.6  12   4.1  1 – –  2 – – – – –  58   7.4

χ2 test χ2 = 15.640, p = 0.000

Neonatal

Uncut   5 100.0  23 100.0  10 100.0 – – – – – – – – –  38 100.0

Cut  – –  – –  – – – – – – – – – – –   0   0.0

χ2 test –

All

Uncut 241  87.6 175  95.1 291  96.0 16 4 17 10 – 6 1 –  4 765  93.0

Cut  34  12.4   9   4.9  12   4.0  1 – –  2 – – – – –  58   7.0

χ2 test χ2 = 17.162, p = 0.000

Note: Excluding loose teeth.
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intensity of butchery, since skilled work may not leave detectable marks, while attrition has 
doubtless obscured many traces, especially those inflicted around articular ends during dis-
membering. The incidence of recorded cut marks is thus not inconsistent with the earlier 
argument that the later Bronze Age faunal assemblages overwhelmingly represent animals 
butchered by humans.

Knife marks inflicted during skinning, dismembering, or filleting and chop marks prob-
ably related to skinning, pot-sizing, or marrow extraction were observed on postneonatal 
specimens of cattle, sheep, goat, pig, dog, horse, red deer, and hare (Table 17.36). Roe deer 
is represented only by one fragment of a shed antler, presumably collected as raw material 
for working or perhaps even as a “trophy” of a kill that did not take place, but the absence 
of cut marks on hedgehog (one mandible), fox (three phalanges), and tortoise (only frag-
ments of carapace) may not be meaningful, for reasons of small sample size and/or the body 
parts identified. Donkey is represented by 18 specimens (amounting to 19 MaxAU), includ-
ing parts of eight long bones, all broken in antiquity. These 18 specimens were widely scat-
tered, through eight different contexts and 16 different SUs, and derived from at least three 
individual animals, as indicated by the presence of three right-sided scapulae, while two 
distal tibiae were both left-sided and thus also from different individuals. If these remains 
represented natural deaths, discarded intact but without burial (given the dispersal of bones), 
they should arguably have attracted unusually high levels of gnawing, which is not the case 
(Table 17.28). Despite the absence of cut marks, therefore, the fragmentation, dispersal, and 
frequency of gnawing of donkey remains are more compatible with discarded waste from 
butchery and consumption, than with the dumping of intact, dead beasts of burden. Cut 
marks observed on a few neonatal specimens of pig and sheep/goat, albeit only of MH III–
LH II date, confirm that at least some of these youngest remains were also by-products of 
human butchery activity.

Observed butchery marks (Table 17.36) also confirm the suggestion, based on anatomical 
representation, that all stages of carcass processing for at least some animals took place on-
site. Knife marks attributed to skinning were observed around the base of one sheep and one 
goat horncore and across the shaft of metacarpals, metatarsals, and first phalanges of both 
cattle and sheep/goats. Chop marks to the base of horncores of cattle, sheep, and goats were 
probably inflicted in removing the horns, whether for working or to facilitate skinning of the 
head; the chopped goat horn also carries knife marks from skinning, while one of the 
chopped cattle horns was additionally worked by sawing. In practice, horns may have been 
removed for both purposes, so chopped specimens are treated as evidence for skinning in 
Table 17.36. Dismembering knife marks indicate partitioning of cattle forelimbs at the elbow 
(between distal humerus and proximal radius/ulna) and both upper foot (between distal 
radius and proximal metacarpal) and lower foot (between distal metacarpal and anterior 
first phalanx) and of cattle hind limbs at the hip (between acetabulum of pelvis and proximal 
femur), ankle (between distal tibia and proximal metatarsal), and lower foot. Pig forelimbs 
were partitioned at least at the shoulder (between scapula and proximal humerus) and elbow 
and pig hind limbs at the hip, knee (between distal femur and proximal tibia), and ankle, 
while sheep/goat carcasses were partitioned at least at the elbow, hip, ankle, and lower foot. 
Cut marks indicating the filleting of meat have been recorded, among postneonatal bones, 
on the hind limb of cattle and both the forelimb and hind limb of pig and sheep/goat and, 
among neonatal bones, on the hind limb of both pig and sheep/goat. Finally, chop marks 
to bone shafts, indicating how and perhaps why a few specimens were broken, are discussed 
below, together with the more abundant evidence of fragmentation patterns.

In contrast with the FN–EH assemblage, the incidence of MH III–LH II and LH III 
butchery marks (Table 17.35) is consistently and, in LH III, very significantly higher in 



TABLE 17.36. BREAKDOWN OF MH AND LH BUTCHERY MARKS BY TAXON, ANATOMICAL LOCATION, AND INFERRED PURPOSE (MAXAU)

Location/Purpose

MH III–LH II LH III

Cattle Pig Sheep
Sheep/
Goat Goat Horse Red Deer Hare Cattle Pig Sheep

Sheep/
Goat Goat Dog Red Deer

H/A Ch2, Saw1 Ch1, Sk1 Ch+Sk1 W4 W2

MD F1 F1

MD hinge

SC blade

SC/Hp D1

H shaft

Hd/Rp/Up D2 D2 D3 D1 D1 F1 D1 D4 D1 D1 D2 D2

R shaft F1 F1

Rd/MCp D1 D1

MC shaft Sk3 Sk1

MCd Sk2 D1

PE F1 F1 F1

PE/Fp D1 D1 D2 D2 D1

F shaft F1+1N F1N F1 F1

Fd/Tp D1 D2

T shaft F1

Td/A/C/MTp D2 D2 D3 D7 D1 D1

MT shaft Sk1 Sk4, ChM1

MTd D1 D1 D2

PH1 Sk1
D1, Sk2, 

ChM1

PH2

PH3

Skin 4 5 9 1

D 7 4 10 1 1 18 6 7 1

Fillet 2+1N 2+1N 1 1 3 3

Marrow Ch2

Work 1 4 2

% Sk9 (23.1%), D23 (59.0%), F5+2N (17.9%) Sk10 (19.6%), D32 (62.7%), F7 (13.7%), ChM2 (3.9%)

Note: Ch = chop mark; D = dismembering; F = filleting; M = marrow extraction; N = neonatal (otherwise postneonatal); Saw = saw mark (otherwise knife mark); Sk = skinning; W = work-
ing; for anatomical abbreviations, see Table 17.19. Chopped horncores of cattle, sheep, and goat are attributed here to skinning and a sawn horncore to working (see p. 1118). MaxAU = num-
bers of units exhibiting each type of cut rather than numbers of cuts inflicted; some totals exceed those in Table 17.35 because individual specimens bear more than one type of cut mark.
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45. Halstead 2011, p. 777.
46. E.g., Wright 2004c.
47. Isaakidou 2007a.

cattle (10% and 13%, respectively, of postneonatal specimens, excluding loose teeth) than 
in pigs (5% and 6%) and sheep/goats (5% and 4%). As in the FN–EH, the representation 
of successive stages of butchery differs strikingly between taxa (Table 17.36), with traces of 
skinning relatively common and of filleting relatively rare in cattle, while evidence of dis-
membering is most frequent in all three taxa. These differences must again be evaluated, 
however, in the light of contrasting patterns of anatomical representation and fragmenta-
tion. Dismembering marks tend to be located around articulations and filleting traces on 
bone shafts, so the frequency of both will depend inter alia on patterns of attrition and 
fragmentation. The more intensive splintering of long bone articulations and especially 
long bone shafts has thus doubtless reduced the recorded frequency of traces of dismem-
bering and especially filleting in the case of cattle, even when only those body parts and 
long bone fragment types are considered that are most likely to bear traces of each stage 
of butchery (Tables 17.37, 17.38). In practice, traces of filleting are slightly less frequent 
in cattle than in pigs and sheep/goats, in both MH III–LH II and LH III, and traces of 
dismembering are slightly more frequent. If the assemblages were large enough to quan-
tify dismembering traces only on complete articulations, and filleting traces only on complete
bone shafts, therefore, it would probably be evident that cattle were both dismembered 
and filleted significantly more intensively than sheep/goats and pigs. Less intensive dis-
membering and filleting of the latter would be unsurprising, given their smaller size, but 
would contrast with FN–EH butchery, which apparently yielded relatively as well as abso-
lutely smaller joints and fillets of sheep/goats and pigs that were presumably cooked quite 
differently from the larger sections of cattle carcasses.45 In the later Bronze Age, the small-
er domesticates were apparently butchered less intensively than in FN–EH into pieces 
closer in absolute size to portions of beef and were perhaps cooked in a similar way. It is 
unknown whether the less intensive butchery of sheep/goats and pigs in the later Bronze 
Age reflects a change in the scale or form of commensality and/or the use of larger cook-
ing vessels, perhaps including metal cauldrons.46

While poor recovery of phalanges of the smaller domesticates may have contributed to the 
greater abundance of evidence for skinning in cattle, it does not account for the greater 
frequency of such traces on metacarpals and metatarsals of cattle than of the smaller taxa. 
Interestingly, FN–EH skinning marks on cattle feet were restricted to the first (two cases) and 
second phalanx (one case), but MH III–LH II and LH III marks occur on the shaft of the 
metacarpal/metatarsal (nine cases) and first phalanx (two cases), suggesting a shift over time 
toward less painstaking and less thorough removal of the hide, as also reported between the 
Neolithic period and later Bronze Age at Knossos on Crete.47 In the case of pigs, metacarpals 
and metatarsals, as well as phalanges, are poorly represented, but the lack of any skinning 
cuts in FN–EH, MH III–LH II, or LH III alike might reflect cooking of the predominantly 
young piglets without prior skinning, as is the norm today. In the case of sheep/goats, how-
ever, suitable metacarpal and metatarsal surfaces for detection of skinning traces are (allow-
ing for less intensive fragmentation) probably more or less as common as for cattle in the 
combined later Bronze Age assemblages, potentially implying that the smaller domestic ru-
minants were skinned down to the underrepresented phalanges and thus more painstakingly 
than cattle. This suggestion—admittedly from absence of evidence in a small sample—could 
be reconciled with the apparently contradictory indications from anatomical representation 
that the entire foot was often discarded during initial carcass-dressing of sheep and goats, if 
the skinned metapodials were often immediately processed for snacking on the marrow, and 
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48. E.g., Isaakidou 2007b.

so discarded together with the phalanges and separately from the rest of the carcass. More 
significantly, this interpretation of the anatomical and cut-mark data implies that slaughtered 
cattle were treated differently from sheep/goats (and perhaps pigs), perhaps for reasons of 
social context rather than merely of the costs and benefits of processing carcasses of contrast-
ing size.

Finally, a few specimens may be interpreted as by-products of the working of horn or ant-
ler (Table 17.39). One cattle horncore in a LH I context had been removed from the skull 
by chopping at the base and had also been sawn through transversely to remove the upper 
part of the horn. The sawing is attributed to craft working on the basis partly of its location 
and partly of the absence of any trace of the use of saws in food-related carcass processing 
(as elsewhere48). The evidence is most abundant for red deer, with five of the nine MH III–
LH II and two of the four LH III fragments bearing traces of chopping, cutting, or sawing 
that presumably represent successive stages in the roughing out and working of this raw 
material. In addition, one shed antler each of red and roe deer had been collected and 
brought to Tsoungiza, perhaps for working, although use as fraudulent hunting trophies 
cannot be precluded, while traces of working on the remaining antler fragments may well 
have been lost or obscured postdepositionally. In either case, it seems that most red deer 
antler was worked. The two shed antlers were recovered from the same context, the LH IIB 
dump in spaces 8 and 9 in EU 2, although burning of the roe deer specimen hints at divergent 

TABLE 17.37. INCIDENCE OF FILLETING MARKS IN SELECTED 
POSTNEONATAL SPECIMENS OF MH AND LH 

PRINCIPAL DOMESTICATES

Taxon

MH III–LH II LH III

Filleted Not Filleted Filleted Not Filleted

MaxAU % MaxAU % MaxAU % MaxAU %

Cattle – –  35 100.0 1 1.6  63 98.4

Pig 3 3.0  96  97.0 2 2.2  87 97.8

Sheep + goat 1 0.6 162  99.4 3 2.3 129 97.7

χ2 test χ2 = 3.249, p = 0.197 χ2 = 0.118, p = 0.943

Note: Based on whole bones and specimens with old breaks including part or all of the shaft of 
scapula, humerus, radius, ulna, pelvis, femur, and tibia.

TABLE 17.38. INCIDENCE OF DISMEMBERING MARKS IN SELECTED 
POSTNEONATAL SPECIMENS OF MH AND LH 

PRINCIPAL DOMESTICATES

Taxon

MH III–LH II LH III

Dismembered Not Dismembered Dismembered Not Dismembered

MaxAU % MaxAU % MaxAU % MaxAU %

Cattle 3 11.1 24 88.9 5 10.4 43 89.6

Pig 2  4.0 48 96.0 4  7.5 49 92.5

Sheep + goat 7 10.6 59 89.4 4  6.2 60 93.8

χ2 test χ2 = 1.935, p = 0.380 χ2 = 0.668, p = 0.716

Note: Excluding head and foot; based on whole bones and specimens with old breaks including part 
or all of the articular area.
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treatment. The remainder of the cut or worked antler is widely distributed temporally and 
contextually, offering no hint of debris from specialized workshops.

We may now return to deliberate bone breakage and its attribution to pot- sizing and/or 
marrow extraction, both of which are broadly compatible with the more intensive fracturing 
of cattle and adult than of pig, sheep/goat, and immature bones. Chop marks, probably from 
metal cleavers, were observed on the shafts of two cattle bones: the previously discussed 
metatarsal from the LH IIIA2 fill in EU 7, which had been heated presumably to facilitate 
marrow extraction, given how little flesh this element bears; and a first phalanx from a 
LH IIIA2 deposit in EU 2, which, although apparently unburnt, is even less likely to have 
been broken during pot- sizing. In addition, a proximal cattle femur from LH IIIA2–B2 pit 3 
in EU 8 displayed a blunt impact scar close to the midshaft fracture, while the placement of 
knife marks suggests that the bone was broken after filleting, and so not in pot- sizing for 
cooking of meat on the bone. In this case, given the lack of burning traces, the marrow was 
perhaps exploited by adding the broken bone to the cooking pot, possibly with the filleted 
meat, rather than by heating it for immediate snacking.

To explore further the culinary contexts and purposes of bone breakage, Table 17.40 ex-
amines the incidence of burning traces, for each of the three commonest domestic taxa, in 
five anatomical groupings: mandibles, metapodials, and other long bones, all of which con-
tain more or less substantial amounts of marrow; and the remaining upper limb (scapula, 
ulna, pelvis) and small ankle/foot (tarsals, phalanges) bones, which are less attractive in this 
respect.49 With the exception of MH III–LH II cattle, anatomical variation in the incidence 
of burning is very significant for each taxon in both periods. Burning is in fact most frequent 
in pig mandibles of both periods (69% in MH III–LH II and 63% in LH III) and was perhaps 
a prelude to marrow extraction rather than a result of roasting the head on a fire, since burnt 
tooth rows or tips of canines were not noted. Burning is also relatively frequent for both 
periods in mandibles of sheep/goats (28% and 33%) and, albeit based on very small samples, 
cattle (38% and 27%). One young sheep/goat mandible from a LH I destruction deposit in 
EU 7 with a completely burnt tooth row had evidently undergone prolonged, presumably 
nonculinary (or failed culinary), exposure to fire, and one MH III loose sheep/goat tooth 
might have been burnt during roasting of the head or after discard, but the lack of other 
recorded cases is again compatible with most mandibles being heated for marrow extraction. 
Intriguingly, among LH III postcranial bones, burning is frequent in cattle metapodials 

TABLE 17.39. EVIDENCE OF MH AND LH HORN AND ANTLER WORKING BY TAXON 
AND CONTEXT

Species Date Context Description

Cattle LH I EU 8, exterior surface Sawn transversely

Red deer

MH III EU 2, exterior surface Transverse chop marks on tine

LH I EU 7, room 6, East Building Transverse knife marks

LH I EU 8, exterior surface Sawn tine

LH IIA EU 10 dump Cut strip

LH IIB EU 2, spaces 8 and 9 dump Shed—collected for working(?)

LH IIIB1 EU 8 fill Chopped tine

LH IIIB2 EU 10, space 7 destruction Sawn segments

Roe deer LH IIB EU 2, spaces 8 and 9 dump Shed—collected for working(?)

49. E.g., Binford 1978, p. 24, table 1.6.



TABLE 17.40. ANATOMICAL DISTRIBUTION OF BURNING AMONG POSTNEONATAL MATERIAL OF MH  
AND LH PRINCIPAL DOMESTICATES

Anatomical Unit Burning

MH III–LH II LH III

Cattle Pig Sheep + Goat Cattle Pig Sheep + Goat

MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU %

Mandible
Unburnt  5  62.5 10 31.2  31 72.1  8  72.7 11  36.7 20 66.7

Burnt1  3  37.5 22 68.8  12 27.9  3  27.3 19  63.3 10 33.3

Metapodials 
(MC, MT)

Unburnt 23  88.5 18 78.3  40 80.0 68  61.3 14  93.3 49 90.7

Burnt1  3  11.5  5 21.7  10 20.0 43  38.7  1   6.7  5  9.3

Other long bones 
(H, R, F, T)

Unburnt 34  89.5 64 83.1 148 92.5 60  93.8 72  94.7 124 94.7

Burnt1  4  10.5 13 16.9  12  7.5  4   6.2  4   5.3  7  5.3

Remaining upper limb bones 
(SC, Up, PE)

Unburnt  8 100.0 25 83.3  22 81.5 18 100.0 23 100.0 25 89.3

Burnt1 –   0.0  5 16.7   5 18.5 –   0.0 –   0.0  3 10.7

Small ankle/foot bones  
(A, C, PH1–3)

Unburnt 26  92.9 17 89.5  40 81.6 58  93.5 15  88.2 37 97.4

Burnt1  2   7.1  2 10.5   9 18.4  4   6.5  2  11.8  1  2.6

χ2 test
χ2 = 7.105,  
p = 0.130

χ2 = 37.693,  
p = 0.000

χ2 = 14.644,  
p = 0.005

χ2 = 43.397,  
p = 0.000

χ2 = 61.642,  
p = 0.000

χ2 = 25.158,  
p = 0.000

Note: Excluding horns and loose teeth. For anatomical abbreviations, see Table 17.19.
1 Including specimens both gnawed and burnt.
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(39%), but is otherwise uncommon (0%–12%) in metapodials of sheep/goats and pigs and 
in the other long bones, remaining upper limb bones, and small ankle/foot bones of all 
three taxa. Conversely, among MH III–LH II postcranial bones, the incidence of burning is 
fairly consistent within taxa and fairly consistently higher than in LH III: 0%–12% in cattle 
(and scarcely higher in metapodials than other long bones), 11%–22% in pigs, and 8%–20% 
in sheep/goats. A plausible interpretation of the LH III data is that cattle metapodials were 
frequently heated to extract marrow, whereas other postcranial bones tended to be cooked 
(presumably boiled) with meat on the bone (other long bones; perhaps scapula, ulna, and 
pelvis) or to be discarded without cooking or marrow extraction (perhaps most tarsals and 
phalanges). By the same logic, heating of MH III–LH II postcranial bones to extract marrow 
was more frequent and less anatomically selective than in LH III for all three common taxa.

To some extent, this interpretation can be tested by examining the anatomical and taxo-
nomic distribution of specimens that exhibit traces of both burning and gnawing. These are 
less likely to display marked anatomical selectivity if burnt after discard and gnawing, and, 
conversely, if heavily burnt before discard, they are unlikely to have attracted dogs. If merely 
heated to facilitate breakage, however, and if marrow was then removed mechanically without 
boiling, these bones would have retained fats and adhering soft tissue that might well have 
interested dogs. Overall, nearly 4% of MH III–LH II and 5% of LH III specimens (MaxAU, 
excluding loose teeth; not tabulated) bear traces of both gnawing and burning, but these 
specimens are distributed very unevenly (Table 17.41). They are absent in LH III cattle man-
dibles, but otherwise present in 9%–38% of this body part, while they make up 14% of LH III 
cattle metapodials, but otherwise only 0%–6% of each postcranial category for all taxa. Thus 
burning and gnawing co-occur especially in those body parts—mandibles and LH III cattle 
metapodials—for which heating to facilitate mechanical removal of marrow is argued to have 
been most common. This lends support to the proposed interpretation of taxonomic and 
anatomical variation in bone fragmentation and burning, while also providing a plausible 
and parsimonious rationale for the otherwise enigmatic variation in the distribution of gnaw-
ing.

To summarize the evidence for carcass processing, all stages from skinning to breakage for 
marrow extraction are represented on-site during both MH III–LH II and LH III, but bone 
weights, frequencies of identified bones, butchery marks, and traces of exposure to fire in-
dicate differences between taxa and periods. First, the tentative suggestion that small sheep/
goats were skinned more carefully (recovering more of the hide) than large cattle would run 
counter to “practical reason” or what might be expected on the basis of returns on labor 
expended. This might reflect a contrast between domestic slaughter and consumption of the 
smaller domesticates and some form of collective or public slaughter and consumption of 
cattle, as was argued (on different grounds) for FN–EH butchery. Second, in MH III–LH II, 
the bone discarded seems—with allowance for partial retrieval and survival—to be derived 
from the processing and consumption of whole or, at least in the case of sheep/goats and 
perhaps pigs, dressed carcasses. Conversely, in LH III, a stark contrast is evident between the 
smaller domesticates and cattle, with the former again exhibiting some bias toward dressed 
carcasses and the latter represented very disproportionately by primary dressing waste. At 
least in LH III, therefore, the spatial organization, if not the form, of carcass processing and 
discard seems to have diverged for the larger and smaller domesticates.

While there are obvious practical benefits to carrying out the messy slaughter of (especially 
large) animals and dressing of carcasses—perhaps involving discard of heads and/or feet—
off-site, the reverse seems to have occurred in the case of LH III cattle with the on-site discard 
of dressing waste (and implied slaughter nearby). Despite the relative paucity of surviving 
architectural remains, the abundance of other cultural materials implies that LH III cattle 



TABLE 17.41. ASSOCIATION OF GNAWING AND BURNING BY ANATOMICAL GROUP IN POSTNEONATAL MATERIAL  
OF MH AND LH PRINCIPAL DOMESTICATES

Anatomical Unit Gnawing/Burning

MH III–LH II LH III

Cattle Pig Sheep + Goat Cattle Pig Sheep + Goat

MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU %

Mandible

Unmodified  5 62.5  8 25.0 22 51.2  8 72.7 11 36.7 17 56.7

Gnawed –  0.0  2  6.3  9 20.9 –  0.0 –  0.0  3 10.0

Burnt  2 25.0 10 31.2  8 18.6  3 27.3 12 40.0  5 16.7

Burnt and gnawed  1 12.5 12 37.5  4  9.3 –  0.0  7 23.3  5 16.7

Metapodials  
(MC, MT)

Unmodified 17 65.4 14 60.9 23 46.0 31 27.9  8 53.3 25 46.3

Gnawed  6 23.1  4 17.4 17 34.0 37 33.3  6 40.0 24 44.4

Burnt  3 11.5  5 21.7  9 18.0 27 24.3  1  6.7  5  9.3

Burnt and gnawed –  0.0 –  0.0  1  2.0 16 14.4 –  0.0 –  0.0

Other long bones 
(H, R, F, T)

Unmodified 19 50.0 26 33.8 89 55.6 40 62.5 34 44.7 77 58.8

Gnawed 15 39.5 38 49.4 59 36.9 20 31.3 38 50.0 47 35.9

Burnt  3  7.9  9 11.7 10  6.3  2  3.1  4  5.3  5  3.8

Burnt and gnawed  1  2.6  4  5.2  2  1.2  2  3.1 –  0.0  2  1.5

Remaining upper limb bones 
(SC, Up, PE)

Unmodified  5 62.5  4 13.3 10 37.0 16 88.9  9 39.1 13 46.4

Gnawed  3 37.5 21 70.0 12 44.4  2 11.1 14 60.9 12 42.9

Burnt –  0.0  5 16.7  5 18.5 –  0.0 –  0.0  3 10.7

Burnt and gnawed –  0.0 –  0.0 –  0.0 –  0.0 –  0.0 –  0.0

Small ankle/toe bones 
(A, C, PH1–3)

Unmodified 10 35.7 11 57.9 29 59.2 33 53.2  7 41.2 21 55.3

Gnawed 16 57.1  6 31.6 11 22.4 25 40.3  8 47.1 16 42.1

Burnt  1  3.6  1  5.3  9 18.4  4  6.5  1  5.9  1  2.6

Burnt and gnawed  1  3.6  1  5.3 –  0.0 –  0.0  1  5.9 –  0.0

χ2 test
χ2 = 18.306, 
p = 0.107

χ2 = 74.274, 
p = 0.000

χ2 = 30.005, 
p = 0.003

χ2 = 65.512, 
p = 0.000

χ2 = 70.969, 
p = 0.000

χ2 = 44.682, 
p = 0.000

Note: For anatomical abbreviations, see Table 17.19.
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50. Halstead and Isaakidou 2011b; Isaakidou and Halstead 
2013.

feet were discarded in an area of fairly intensive human activity, raising the possibility that 
cattle were slaughtered here to provide a public spectacle rather than to minimize unpleas-
ant smells. The concentration of cattle foot bones on-site, suggesting clear segregation of 
slaughter and primary butchery from subsequent consumption, also perhaps enhanced the 
formality of the occasion.50 In either event, the scarcity of meat-bearing parts of LH III cattle 
suggests consumption elsewhere—perhaps because the scale of commensality demanded a 
large open space. The faunal evidence offers no clue as to whether the locus of consumption 
was near or distant, although the former is arguably the more parsimonious solution.

CONTEXTUAL VARIATION

The MH III–LH II and LH III faunal assemblages in aggregate represent somewhat different 
carcass-processing stages and discard contexts, but to what extent are they derived from 
consistently distinctive forms of human activity in at least the excavated parts of Tsoungiza? To 
explore this issue, Table 17.42 presents the incidence of gnawing, burning, fragmentation, 
and butchery traces and the anatomical and taxonomic composition of the principal domes-
ticates for the five MH III–LH II and five LH III contexts with 50+ identified postneonatal 
MaxAU (Table 17.1). Together these ten subassemblages make up more than half of both 
the MH III–LH II and LH III material (in bone weight, MaxAU and MinAU alike), but indi-
vidually they all fall below the desirable threshold for robust quantitative analysis of identified 
specimens.

The incidence of gnawing differs significantly between both MH III–LH II and LH III 
contexts, with values of around 50% in the LH I exterior surface and fill in EU 8, the 
LH IIIA2 lower “feasting” dump in EU 9, and the LH IIIB2 destruction deposit in space 7 
in EU 10, but 31%–37% of identified bone in the remaining contexts is also gnawed (Ta-
ble 17.42). Thus scavengers had ready access to all the major surviving lots of discarded 
bone, implying that at least the larger groups of butchery and consumption refuse were 
discarded on living surfaces or open middens rather than buried immediately. The inci-
dence of recorded burning differs very significantly, between 5% and 24% in MH III–LH II 
and between 3% and 31% in LH III contexts, but this may partly be attributable to nondi-
agnosis (and perhaps misdiagnosis) as a result of brief exposure to fire for marrow extraction 
coupled with variable dark mineral staining. The incidence of old breaks differs very sig-
nificantly between MH III–LH II contexts, but not between LH III contexts, and in every 
case complete postneonatal long bones are either absent or very rare, replicating the overall 
pattern in both period assemblages. Finally, the incidence of cut marks in individual contexts 
ranges between 2% and 15%, but differences are not significant for either period. Despite 
evident fine-grained variation in the incidence of both pre- and postdiscard bone modifica-
tions, consistently high levels of bone fragmentation coupled with sparser cut marks leave 
little doubt that the faunal content of each context was dominated by waste from butchery 
and/or consumption, while frequent traces of gnawing indicate that most of the bone was 
accessible to scavengers between discard and final burial. There is thus no reason to expect 
variable taphonomic histories to have created radical contrasts between contexts in anatom-
ical or taxonomic composition.

Taxonomic composition varies significantly between MH III–LH II contexts, and very sig-
nificantly between LH III contexts (Tables 17.43, 17.44), although in the earlier period 



TABLE 17.42. INCIDENCE OF GNAWING, BURNING, FRAGMENTATION, AND BUTCHERY BY CONTEXT 
IN MH AND LH POSTNEONATAL MATERIAL

Context

Gnawing Burning Fragmentation 1 Butchery

Ungnawed Gnawed Unburnt Burnt Whole Old break Uncut Cut

MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU % MaxAU %

MH III–LH II

MH III EU 2, exterior surface 77 63.1 45 36.9 114 93.4  8  6.6 –  0.0 67 100.0 114 93.4  8  6.6

LH I EU 8, exterior surface 26 49.1 27 50.9  44 83.0  9 17.0  2  8.3 22  91.7  49 92.5  4  7.5

LH I EU 8, fill 37 52.1 34 47.9  55 77.5 16 22.5  6 17.1 29  82.9  66 93.0  5  7.0

LH IIA EU 10, dump 41 64.1 23 35.9  61 95.3  3  4.7 –  0.0 21 100.0  63 98.4  1  1.6

LH IIB EU 2, spaces 8 and 9, dump 97 69.3 43 30.7 107 76.4 33 23.6 11 14.3 66  85.7 127 90.7 13  9.3

χ2 test χ2 = 10.017, p = 0.040 χ2 = 23.091, p = 0.000 χ2 = 14.880, p = 0.005 χ2 = 4.144, p = 0.387

LH III

LH IIIA2 EU 9, “feasting,” lower dump 54 47.0 61 53.0  85 73.9 30 26.1  2  3.1 62  96.9 109 94.8  6  5.2

LH IIIA2–B2 EU 8, pit 3 42 64.6 23 35.4  45 69.2 20 30.8 –  0.0 47 100.0  55 84.6 10 15.4

LH IIIB1 EU 2, pit 1 70 64.2 39 35.8  95 87.2 14 12.8  4  6.6 57  93.4  97 89.0 12 11.0

LH IIIB1 EU 8, fill 54 66.7 27 33.3  65 80.2 16 19.8 –  0.0 45 100.0  77 95.1  4  4.9

LH IIIB2 EU 10, space 7 destruction 39 52.0 36 48.0  73 97.3  2  2.7 –  0.0 39 100.0  70 93.3  5  6.7

χ2 test χ2 = 12.271, p = 0.015 χ2 = 25.825, p = 0.000 χ2 = 8.047, p = 0.090 χ2 = 8.226, p = 0.084

Note: Excluding loose teeth.
1 Long bones, excluding loose epiphyses.



TABLE 17.43. ANATOMICAL AND TAXONOMIC COMPOSITION BY CONTEXT OF POSTNEONATAL MATERIAL  
OF MH III–LH II PRINCIPAL DOMESTICATES (MINAU)

Anatomical 
Unit

MH III EU 2, Space 1, Floor LH I EU 8, Exterior Surface LH I EU 8, Fill LH IIA EU 10, Dump
LH IIB EU 2, Spaces 8  

and 9, Dump

Cattle Pig
Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat

H/A  1 –  1 2 –  1  2 –  1  1 –  1 – – –

MD –  7 14 1  5  3  1  4  9  2 –  3  2 3  8

SC –  3  2 –  1 – –  1 –  2  2  2  2 1  1

Hp –  2  1 – –  1 –  1 – –  1  2 – 3  1

Hd  1  4  6 –  1  1  2 –  2  1  1  4  1 6  7

Rp  1  4  4 – – –  1  1  3  1 – – – –  6

Up  1  1 – – –  1 –  1 – –  1  1  1 1 –

Rd  1  2  4 1 – –  1 –  5 – – – – –  2

MCp  1  1  2 – –  1  1  1 –  1  1 – – 1  2

MCd  1  1  2 1 –  2 –  1  1 –  1 –  1 1.5  6

PE –  2  1 –  1  1 –  2  1  1  2  1 – 1  2

Fp – – – – – – –  1 –  2 – –  1 –  1

Fd –  1  2 – – –  1  2 –  1 – – – 1  4

Tp –  1  2 1 –  1 – –  1 –  1 –  1 3  4

Td –  2  2 –  1  4 – –  2 – –  1 – 3  9

A  1  1 – –  2 –  1 – – – –  1  1 –  4

C – –  3 1 – – – – – – –  1 – 1  2

MTp  2 –  1 –  1 – – –  2  1 – –  1 – –

MTd  1 – – –  2 – – – – – –  1 – 0.5  3

PH1 –  4  2 2  1 –  1 –  1  4  1  1  2 2  3

PH2 – – – – – – – – – – –  1 – 1  2

PH3  1 –  2 – – – – – – –  1  1 – 1  1

Total 12 36 51 9 15 16 11 15 28 17 12 21 13 30 68

% 12.1 36.4 51.5 22.5 37.5 40.0 20.4 27.8 51.9 34.0 24.0 42.0 11.7 27.0 61.3

χ2 test χ2 = 19.283, p = 0.013

Note: For anatomical abbreviations, see Table 17.19.



TABLE 17.44. ANATOMICAL AND TAXONOMIC COMPOSITION BY CONTEXT OF POSTNEONATAL MATERIAL  
OF LH III PRINCIPAL DOMESTICATES (MINAU)

Anatomical 
Unit

LH IIIA2 EU 9, “Feasting,” 
Lower Dump LH IIIA2–B2 EU 8, Pit 3 LH IIIB1 EU 2, Pit 1 LH IIIB1 EU 8, Fill

LH IIIB2 EU 10, Space 7 
Destruction

Cattle Pig
Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat Cattle Pig

Sheep/
Goat

H/A  2 –  2 – – – – – – – –  2 – –  1

MD  3  3  7  4  2  4  6 – 11  2  6  1 1  3 15

SC  1  2 –  1 – – – –  2 –  3 – 1 –  1

Hp –  1 –  1 –  1 – –  2 –  3  1 1 – –

Hd –  2  3  3  2  3  3  1  5  1  4  2 –  4  2

Rp – – –  1  1  1  2 –  2 –  1  2 – –  2

Up –  2  3 –  1 – –  1  1  2 –  1 –  1  1

Rd –  1  1 –  2  4  1  1  1  1 –  1 2 –  1

MCp  8 – –  3 –  1  3  1 –  3 –  1 2  1 –

MCd  8 – – – –  1  2 –  2 – – – 0.5 –  2

PE  1 –  1 – –  1  1  1 –  2 –  4 – –  3

Fp – –  1  2  1 –  1 – – – –  1 – –  2

Fd  1  1  2  1  2  1  1  1 – –  2  1 –  1 –

Tp  3  1  4  1 – –  1 –  1  1  2 – –  2  3

Td  2  1  4 –  1 –  1  1  2  1 –  4 1  3  2

A  2 –  1  2 – –  1  1  2 – – – 2 –  2

C  1 – – – – – –  1  1  1 –  1 –  1 –

MTp  6 –  2  4 –  2  7 –  1  1  1  2 – –  4

MTd  6 –  3  7 – –  9 –  1  3 – – 0.5 –  1

PH1  5 – –  1 – –  4 –  1  2  2  1 –  1  3

PH2  1 – – – – –  1 –  1  1  1 – – – –

PH3  3 – – – – –  3  1 – – –  1 – – –

Total 53 14 34 31 12 19 47 10 36 21 25 26 11 17 45

% 52.5 13.9 33.7 50.0 19.4 30.6 50.5 10.8 38.7 29.2 34.7 36.1 15.1 23.3 61.6

χ2 test χ2 = 46.816, p = 0.000

Note: For anatomical abbreviations, see Table 17.19.
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sheep/goats are most numerous and cattle least numerous in four of the five contexts. In 
the later period, cattle are predominant followed by sheep/goats and then pigs in the 
LH IIIA2 “feasting” dump in EU 9, the LH IIIA2–B2 fill of pit 3 in EU 8, and the LH IIIB1 
fill of pit 1 in EU 2, whereas sheep/goats predominate followed by pigs and then cattle in 
the LH IIIB1 fill in EU 8 and the LH IIIB2 destruction deposit in space 7 in EU 10. The 
LH III contexts with the highest (LH IIIA2 “feasting” dump) and lowest (LH IIIB2 destruc-
tion) proportions of cattle are those with the highest frequencies of gnawing, confirming 
that variation in taxonomic composition is not merely a taphonomic artifact.

Turning to anatomical representation, the proportion of trunk material by weight (Ta-
ble 17.45) ranges between 6% and 12% in MH III–LH II (overall average 8%) and between 
2% and 8% in LH III (overall average 5%). The proportion of limb bones by weight is also 
consistently lower in MH III–LH II than in LH III contexts, albeit normally by a small margin.

Among identified specimens (Figs. 17.8–17.25; Tables 17.43, 17.44), MH III–LH II cattle 
(Figs. 17.8–17.10) are too scarce for analysis beyond the observation that all five contexts 
include both meat- rich upper limb bones and meat- poor feet, although primary butchery 
waste is represented by the horse forefoot, with dismembering marks around the carpals and 
adjacent proximal metacarpal, from the LH I fill in EU 8. Conversely, in the case of MH III–
LH II sheep/goats (Figs. 17.11–17.13) and pigs (Figs. 17.14–17.16), the best represented 
body parts in every context are the mandible and one or other of the meat- rich upper limb 
bones, while foot bones are less frequent. In the LH IIIB2 destruction deposit in space 7 in 
EU 10, anomalous in terms of the relatively high contribution of trunk to bone weight, scarce 
cattle bones again include both meat- rich upper limbs and meat- poor feet (Fig. 17.19), but 
in the remaining four LH III contexts cattle are more abundant, and in each case metacarpals 
and/or metatarsals are best represented (Figs. 17.17, 17.18). Moreover, the same pattern is 
evident in the LH IIIB destruction in spaces 1 and 3 in EU 2, which yielded too few identified 
specimens for presentation in Table 17.44, but included the previously discussed bovine 
hindfoot, the dismembering of which from the left leg is indicated by transverse knife marks 

TABLE 17.45. ANATOMICAL COMPOSITION (WEIGHT) BY CONTEXT AND PERIOD OF 
BRONZE AGE FAUNAL MATERIAL

Phases and Contexts with 50+ MaxAU

Trunk Head Limb Total

Wt. (g) % Wt. (g) % Wt. (g) % Wt. (g)

FN–EH total 3,145 11.3 9,305 33.6 15,270 55.1 27,720

MH III–LH II total 1,720 8.4 8,485 41.5 10,250 50.1 20,455

MH III EU 2, exterior surface 190 5.7 1,440 43.2 1,705 51.1 3,335

LH I EU 8, exterior surface 195 6.2 2,055 65.7 880 28.1 3,130

LH I EU 8, fill 255 8.3 1,070 34.9 1,745 56.8 3,070

LH IIA EU 10, dump 230 11.1 730 35.1 1,120 53.8 2,080

LH IIB EU 2, spaces 8 and 9, dump 320 11.8 990 36.5 1,400 51.7 2,710

LH III total 1,380 4.8 10,440 36.3 16,955 58.9 28,775

LH IIIA2 EU 9, “feasting,” lower dump 165 3.5 1,650 35.4 2,845 61.1 4,660

LH IIIA2–B2 EU 8, pit 3 220 6.0 1,250 33.9 2,215 60.1 3,685

LH IIIB1 EU 2, pit 1 130 3.0 1,620 36.8 2,650 60.2 4,400

LH IIIB1 EU 8, fill 55 2.1 1,040 39.0 1,575 59.0 2,670

LH IIIB2 EU 10, space 7 destruction 170 7.7 770 34.7 1,280 57.7 2,220
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51. Dabney, Halstead, and Thomas 2004.

on the proximal metatarsal. In the case of sheep/goat, mandibles overwhelmingly dominate 
the sample from the “anomalous” LH IIIB2 destruction (Fig. 17.22), while mandibles and/
or meat- rich upper limbs are best represented in the remaining four LH III contexts 
(Figs. 17.20, 17.21). Finally, although more or less scarce in all five contexts, pig bones are 
consistently dominated by mandibles and/or meat- rich upper limbs in LH III (Figs. 17.23–
17.25). In sum, with the repeated caveat that the ten contexts selected for separate analysis 
each contain only 40–111 MinAU of postneonatal cattle, pigs, and sheep/goats combined, the 
five MH III–LH II contexts seem to replicate the pattern of anatomical representation ob-
served for the earlier period as a whole, while four of the five LH III contexts likewise repli-
cate the aggregate pattern for the later period. The LH IIIB2 destruction, with its atypically 
high proportion of trunk and low proportion of cattle for LH III, and its unusually high 
frequency of sheep/goat mandibles, is the only context that deviates consistently from the 
aggregate pattern for its period.

While small sample sizes and the generally heavy incidence of scavenger attrition compli-
cate interpretation, the selective deposition of cattle feet (parts typically discarded in initial 
carcass dressing), previously identified for the LH IIIA2 “feasting” dump,51 seems to have 
prevailed temporally, spatially, and contextually across most of the LH III deposits excavated 
at Tsoungiza and contrasts with the more inclusive discard of MH III–LH II cattle. Conversely, 
in the case of sheep/goats and perhaps pigs, refuse from the consumption of dressed car-
casses seems to have predominated in both periods, with the further and important 
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Cattle MH III exterior surface in EU 2 

Figure 17.8. Anatomical representation of cattle: MH III exterior surface in EU 2. Gray fill indicates the meat-rich 
upper limb bones and white fill the meat-poor foot bones. P. Halstead
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Cattle LH I fill in EU 8 

Figure 17.9. Anatomical representation of cattle: LH I exterior surface in EU 8 and LH I fill in EU 8. 
Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor  

foot bones. P. Halstead
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Cattle LH IIA dump in EU 10 

Figure 17.10. Anatomical representation of cattle: LH IIA dump in EU 10 and LH IIB dump in EU 2, 
spaces 8 and 9. Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill  

the meat-poor foot bones. P. Halstead
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Figure 17.11. Anatomical representation of sheep and goats: MH III exterior surface in EU 2. Black fill 
indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor foot bones.  

P. Halstead
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Sheep and goat MH III exterior surface in EU 2 

implication that, at least in LH III, cattle and the smaller domesticates followed spatially 
distinct pathways of carcass reduction and discard, and so were probably consumed in dif-
ferent social contexts.

Finally, discussion of these ten major depositional contexts would not be complete without 
consideration, albeit rather inconclusive, of the scale of commensality potentially repre-
sented by each. To this end, Table 17.46 sets out the estimated minimum numbers of indi-
vidual animals represented in each of these contexts by identified body parts (excluding 
horns and antlers, which may have been present as debitage from craft working rather than 
food preparation). The total numbers of animals represented range from a minimum of 14 
in the LH I exterior surface in EU 8 to a maximum of 26 in the MH III floor in space 1 in 
EU 2, but these range from small game (hare and tortoise) and tiny newborn domesticates 
(lambs/kids and piglets) to large adult cattle, horses, and red deer. In terms of potential 
meat weight, LH IIIB1 pit 1 in EU 2 is perhaps most impressive with remains of at least 24 
animals, including three adult, one immature, and one indeterminate-age cattle, two adult 
pigs, six adult sheep and goats, one adult horse, one indeterminate-age donkey, and one 
indeterminate-age red deer. The LH IIIA2 lower “feasting” dump yielded remains of at least 
21 animals, including two adult, one juvenile, and two indeterminate-age cattle, three adult 
pigs, four adult sheep and goats, two indeterminate-age donkeys, and one indeterminate-age 
red deer, while LH IIIA2–B2 pit 3 in EU 8 contained parts of at least 16 animals, including 
one adult, two juvenile, and three indeterminate-age cattle, two adult pigs, two adult sheep/
goats, and one adult donkey. The animals represented in every one of the ten selected de-
posits could have generously hosted a gathering of hundreds of guests if the animals 
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Figure 17.12. Anatomical representation of sheep and goats: LH I exterior surface in EU 8 and LH I fill in 
EU 8. Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor 

foot bones. P. Halstead
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Sheep and goat LH I exterior surface in EU 8 
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Sheep and goat LH I fill in EU 8 
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Sheep and goat LH IIA dump in EU 10 
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Sheep and goat LH IIB dump in EU 2, spaces 8 and 9 

Figure 17.13. Anatomical representation of sheep and goats: LH IIA dump in EU 10 and LH IIB dump in 
EU 2, spaces 8 and 9. Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill 

the meat-poor foot bones. P. Halstead
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represented were consumed in their entirety at a single event. In practice, however, the only 
largely complete skeleton was that of the burnt neonatal piglet from the LH IIB dump in 
spaces 8 and 9 in EU 2, little if any of which was probably consumed, and it has already been 
argued that these deposits may contain mixed refuse from both domestic and collective com-
mensality. Conversely, it has been argued that the LH III accumulations of cattle feet do 
represent just the waste fraction from large- scale commensality, and it is perfectly possible 
that these deposits contain remains of just a small fraction of the animals slaughtered and 
consumed in the events that contributed to their filling. Any attempt to estimate quantities 
of meat consumed at single events could thus err dramatically in either direction. Nonethe-
less, judging by the rarity with which cattle were consumed in Greek villages in the days be-
fore refrigeration, their slaughter at the modest later Bronze Age settlement of Tsoungiza 
must surely have marked occasions of some note, which were probably enjoyed by more than 
local residents.

SEASON(S) OF CONSUMPTION AND OCCUPATION

Some insight is provided into the temporal context of carcass processing and bone deposi-
tion by the remains of animals dying in the first few months of life, when the margins of error 
in estimates of age at death are relatively modest. Deaths within a few weeks of the birth 
season are represented by neonatal (perhaps including fetal) postcranial remains of cattle, 
sheep/goats, and pigs (Table 17.12) and by mandibles with erupting or unworn deciduous 
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Pig MH III exterior surface in EU 2 

Figure 17.14. Anatomical representation of pigs: MH III exterior surface in EU 2. Black fill indicates the 
head, gray fill the meat-rich upper limb bones, and white fill the meat-poor foot bones. P. Halstead
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Pig LH I exterior surface in EU 8 
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Pig LH I fill in EU 8 

Figure 17.15. Anatomical representation of pigs: LH I exterior surface in EU 8 and LH I fill in EU 8. 
Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor 

foot bones. P. Halstead
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Pig LH IIA dump in EU 10 
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Pig LH IIB dump in EU 2, spaces 8 and 9 

Figure 17.16. Anatomical representation of pigs: LH IIA dump in EU 10 and LH IIB dump in EU 2, 
spaces 8 and 9. Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill  

the meat-poor foot bones. P. Halstead
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Figure 17.17. Anatomical representation of cattle: LH IIIA2 “feasting” lower dump in EU 9 and 
LH IIIA2–B2 pit 3 in EU 8. Black fill indicates the head, gray fill the meat-rich upper limb  

bones, and white fill the meat-poor foot bones. P. Halstead
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Cattle LH IIIA2 “feasting” lower dump in EU 9 

0 1 2 3 4 5 6 7 

MD 

SC 

Hp 

Hd 

Rp 

Up 

Rd 

PE 

Fp 

Fd 

Tp 

Td 

MCp 

MCd 

A 

C 

MTp 

MTd 

PH1 

PH2 

PH3 

MinAU 

B
o
d
y
 p

a
rt

s
 

Cattle LH IIIA2–B2 pit 3 in EU 8 
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Cattle LH IIIB1 pit 1 in EU 2 
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Cattle LH IIIB1 fill in EU 8 

Figure 17.18. Anatomical representation of cattle: LH IIIB1 pit 1 in EU 2 and LH IIIB1 fill in EU 8.  
Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor  

foot bones. P. Halstead
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teeth of sheep and pigs (Tables 17.17, 17.18). Lambing/kidding may plausibly be assigned 
to around December–January, the “traditional” birth season in southern Greece for ovi-
caprids largely raised on natural pasture. The “traditional” farrowing season for pigs in 
southern Greece seems to have been more variable—not least because pigs can farrow twice 
in the same year, making season of death more difficult to determine for piglets than for 
lambs or kids.52 Calving too was less strongly seasonal in the recent past, although this may 
in part be due to human manipulation of diet and/or mating.

Neonatal remains of sheep/goats and perhaps cattle (aged between, say, birth and one 
month) thus imply a human presence at MH III–LH II and LH III Tsoungiza around 
December–February. Thereafter, a LH III sheep mandible with unworn first molar implies 
death in spring, while a few MH III–LH II and LH III mandibles of both sheep and goats 
with unworn second molar should represent deaths in the latter half of the first year.53 These 
few young mandibles could be derived from unusually early or late births or from individuals 
with unusually early or late tooth eruption, and, even disregarding these possibilities, they 
could have been discarded during rare visits to the site at the seasons in question. On the 
other hand, it is extremely difficult to demonstrate year- round occupation from domesticated 
faunal remains, given the imprecision with which even young deaths can be aged, and the 
tendency for slaughter of livestock of different species, ages, and sexes to be highly seasonal 
for reasons unrelated to the degree of sedentism of human occupation. While the faunal 
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Cattle LH IIIB2 destruction in EU 10, space 7 

Figure 17.19. Anatomical representation of cattle: LH IIIB2 destruction in EU 10, space 7. Black fill 
indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor  

foot bones. P. Halstead

52. Halstead and Isaakidou 2011a.
53. Cf. Deniz and Payne 1982; Jones 2006.
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Sheep and goat LH IIIA2 “feasting” lower dump in EU 9 
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Sheep and goat LH IIIA2–B2 pit 3 in EU 8 

Figure 17.20. Anatomical representation of sheep and goats: LH IIIA2 “feasting” lower dump in EU 9 
and LH IIIA2–B2 pit 3 in EU 8. Black fill indicates the head, gray fill the meat-rich upper limb bones,  

and white fill the meat-poor foot bones. P. Halstead
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Sheep and goat LH IIIB1 pit 1 in EU 2 
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Sheep and goat LH IIIB1 fill in EU 8 

Figure 17.21. Anatomical representation of sheep and goats: LH IIIB1 pit 1 in EU 2 and LH IIIB1 fill in 
EU 8. Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor 

foot bones. P. Halstead
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evidence is insufficient to demonstrate year-round occupation at later Bronze Age Tsoungiza, 
it offers no hint of only seasonal activity at the site. The evidence for year-round activity is 
also marginally stronger for LH III than MH III–LH II.

MORTALIT Y PATTERNS AND MANAGEMENT STRATEGIES

Patterns of mortality in the commonest domestic taxa can be inferred from four complemen-
tary sources: the relative proportions of neonatal and postneonatal postcranial remains (Ta-
ble 17.12); the ratio of fused to unfused specimens among postcranial units fusing at succes-
sive postneonatal stages up to the beginning of skeletal maturity (Tables 17.13–17.15); and 
the numbers of mandibles assigned to successive stages from infancy to senility (Tables 17.16–
17.18), although dental ageing is more accurate for immature animals, based largely on tooth 
eruption, than adults, based on tooth wear, which reflects the abrasiveness of the diet as well 
as age. In addition, sex ratios in erupted mandibular canines of pigs (Table 17.47), in fused 
pelves of cattle, sheep, and goats (Table 17.48), and as inferred from postcranial metrical 
data (Tables 17.2–17.5) provide some indications of differential survival of males and females 
at various age stages.

Neonatal specimens make up 0% of MH III–LH II and 2% of LH III postcranial MinAU in 
cattle, 13% and 4%, respectively, in sheep/goat, and 29% and 16%, respectively, in pig. The 
neonatal sheep/goat specimens include tentative attributions to goat in MH III–LH II and 
to sheep in LH III, while there are secure identifications of infant sheep mandibles from 
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Sheep and goat LH IIIB2 destruction in EU 10, space 7 

Figure 17.22. Anatomical representation of sheep and goats: LH IIIB2 destruction in EU 10, space 7. 
Black fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor  

foot bones. P. Halstead
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Pig LH IIIA2 “feasting” lower dump in EU 9 
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Pig LH IIIA2–B2 pit 3 in EU 8 

Figure 17.23. Anatomical representation of pigs: LH IIIA2 “feasting” lower dump in EU 9 and LH IIIA2–
B2 pit 3 in EU 8. Black fill indicates the head and gray fill the meat-rich upper limb bones.

P. Halstead
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Pig LH IIIB1 pit 1 in EU 2 
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Pig LH IIIB1 fill in EU 8 

Figure 17.24. Anatomical representation of pigs: LH IIIB1 pit 1 in EU 2 and LH IIIB1 fill in EU 8. Black 
fill indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor foot bones. 

P. Halstead
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54. Halstead 2011, p. 754, table 13.12.
55. Halstead 2011, pp. 756–757, tables 13.16–13.18.

both periods. The very high figure for MH III–LH II pig is partly due to the relatively intact 
burnt piglet found in the LH IIB dump in EU 2. The contrasting frequencies for the three 
taxa broadly parallel those for FN–EH (2% in cattle, 7% in sheep/goat, and 33% in pig54) 
and run counter to the expectations of retrieval loss, which should be less severe in cattle 
than in sheep/goat and pig, and instead match potential birth rates and thus likely natural 
infant mortality (particularly in the case of pigs, which bear litters less developed at birth 
than lambs, kids, or calves). It would be unsafe, therefore, to interpret the contrasting fre-
quency of neonatal remains of cattle, pigs, and sheep/goats in terms of divergent patterns 
of intentional human management, although observed cut marks suggest that at least some 
of these animals were butchered (including removal of meat rather than just skins) rather 
than merely discarded following natural deaths. On a more positive note, the presence of 
neonatal remains suggests that cattle, sheep/goats, and pigs alike were reared, as well as 
consumed, at later Bronze Age Tsoungiza.

Among animals surviving beyond the first few weeks of life, pigs display much younger 
mortality than cattle and sheep/goats. In only 18% of MH III–LH II and 10% of LH III pig 
mandibles is the most posterior and latest erupting part of the third molar in wear (repre-
senting full adults from at least the latter part of the third year), whereas the corresponding 
figures (representing animals in at least their fourth year) are 78% and 54%, respectively, for 
cattle and 43% and 65%, respectively, for sheep/goats. In the corresponding FN–EH figures,55 
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Pig LH IIIB2 destruction in EU 10, space 7 

Figure 17.25. Anatomical representation of pigs: LH IIIB2 destruction in EU 10, space 7. Black fill 
indicates the head, gray fill the meat-rich upper limb bones, and white fill the meat-poor  

foot bones. P. Halstead



TABLE 17.46. ESTIMATED MINIMUM NUMBERS OF INDIVIDUALS BY CONTEXT AT MH AND LH TSOUNGIZA

Context

Cattle Pig Sheep/Goat Dog Horse Donkey
Red 
Deer Hare Fox Tortoise

TotalNeonatal Postneonatal Neonatal Postneonatal Neonatal Postneonatal Postneonatal

MH III EU 2, exterior surface – 1j, 1a 2 4j, 1a 2 6j, 6a 1a – – 1? – – 1? 26

LH I EU 8, exterior surface – 1j, 1a – 1j, 4a 1 1j, 3a 1a – – 1a – – – 14

LH I EU 8, fill – 1j, 1a – 1j, 3a 1 5j, 4a – 1? – 1? – – 1? 19

LH IIA EU 10, dump – 2a 2 2j, 1a 1 1j, 5a 1? – 1? 1j, 1a – – 1? 19

LH IIB EU 2, spaces 8 and 9, 
dump

– 2j, 1a 3 2j, 1a 2 3j, 5a 1a – – – 1a 1j 1? 23

LH IIIA2 EU 9, “feasting,” 
lower dump

1 1j, 2a, 2? 1 1j, 3a – 1j, 4a 2? – 2? 1? – – – 21

LH IIIA2–B2 EU 8, pit 3 1 2j, 1a, 3? – 2a – 2j, 2a 1? – 1a – – – 1? 16

LH IIIB1 EU 2, pit 1 1 1j, 3a, 1? – 1j, 2a – 3j, 6a 1? 1a 1? 1? 1? – 1? 24

LH IIIB1 EU 8, fill – 2j, 2a 1 2j, 2a 1 1j, 3? 1? – 1a – 1? – – 17

LH IIIB2 EU 10, space 7, 
destruction

– 1j, 1a, – 2j, 3a 1 8j, 4a – – – 1j – – – 21

Note: j = immature; a = adult; ? = indeterminate postneonatal. Estimates take into account all recorded variables (taxon, body part, side of body, age, sex); horn/antler are excluded.



1150 FAUNAL REMAINS

56. Halstead 2011, pp. 754–755, tables 13.13–13.15.

TABLE 17.47. SEXED MANDIBULAR CANINES 
OF MH AND LH PIGS (MINAU)

MH III–LH II LH III

Female Male Female Male

Mandible – 4 5 2

Loose canine 2 8 3 6

TABLE 17.48. SEXED PELVES OF MH AND LH 
CATTLE, SHEEP, AND GOATS (MINAU)

MH III–LH II LH III

Female Male Female Male

Cattle – – 1 1

Sheep 1 1 1 1

Goat 1 – – –

Note: Excluding unfused specimens.

pigs (3%) diverge even more markedly from cattle (53%) and sheep/goats (59%). Likewise, 
only 4% of MH III–LH II and 11% of LH III late-fusing pig limb bones exhibited epiphyseal 
fusion, and so represent adults (conventionally fourth year or older), whereas the corre-
sponding figures are 33% and 50%, respectively, for cattle (conventionally fourth year or 
older) and 29% and 58%, respectively, for sheep/goats (conventionally latter third year or 
older). The corresponding FN–EH figures56 are 6% for pigs, 60% for cattle, and 22% for 
sheep/goats. All these figures are to varying degrees based on unsatisfactorily small samples, 
but the consistent contrast in mortality between pigs and the domestic ruminants is too large 
to be fortuitous and matches the former’s large litter size and lack of potential secondary 
products. Different secondary products are offered by sheep (milk, wool) and goats (milk, 
hair), but mandibles assigned to each species offer no hint of differential mortality in either 
MH III–LH II (43% adult sheep, 42% adult goats) or LH III (68% adult sheep, 64% adult 
goats), and both these and the corresponding FN–EH figures (56% adult sheep, 36% adult 
goats) are based on samples too small to be reliable. Unfortunately, epiphyseal fusion data 
cannot be compared between the two species, since most unfused specimens were (as usual) 
identifiable only to the generic category sheep/goat. Overall, the data for cattle are too few 
and inconsistent to shed light on possible diachronic change in management, while the 
higher proportion of adults in later Bronze Age than FN–EH pigs might be attributable to 
the increased incidence of gnawing. Perhaps more secure is the mandibular evidence, for 
sheep and goats combined, of a rise in adult mortality from MH III–LH II to LH III, although 
in this respect the FN–EH data match the later period. The interpretation of these mortality 
data is discussed below after first considering the evidence for differences in survivorship 
between males and females.

In pigs, the male mandibular canine grows to a much larger size than the female, creating 
a recovery bias in the case of loose teeth, so Table 17.47 distinguishes between loose canines 
and those still embedded in the mandible. Of the canines with preserved occlusal surface, 
one male and one female specimen of LH III date were just coming into wear, and the re-
mainder were worn. One of the specimens coming into wear was loose and one embedded 
in a mandible together with an erupting P4, while the worn canines were associated with P4s 
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in wear. The worn pig canines are thus probably derived from animals killed in the latter 
second year or later, and so imply that the minority of pigs slaughtered as adults (Table 17.17) 
included (ex-breeding?) sows as well as boars. Morphological evidence for the sex of domes-
tic ruminants is extremely sparse (Table 17.48) and merely confirms that both male and fe-
male cattle and sheep and at least female goats were slaughtered as adults.

Biometric evidence for differential mortality of the sexes is more abundant and more in-
formative. For all the domestic species, Tsoungiza measurements fall almost without excep-
tion within the ranges for animals of similar date at nearby Tiryns, offering no hint of differ-
ences in size between later Bronze Age livestock at the two sites. On this basis, the Tsoungiza 
metrical data can be interpreted in the light of comparison with the much larger samples 
from Tiryns. Of the measurements available for Tsoungiza pigs (Table 17.3), the distal 
breadth of the humerus is probably most sexually dimorphic.57 In the LH sample from 
Tiryns,58 this measurement displays a bimodal distribution in which the more numerous 
group of smaller specimens overlaps with the less numerous larger specimens at values 
around 37–38 mm. If these groups represent females and males, respectively, then most of 
the Tsoungiza pigs (with maximum distal breadth 37.2 mm) surviving to the second year or 
later were probably females.

For Tsoungiza cattle, fused distal metacarpals and metatarsals for which the breadth of the 
articulation could be measured have tentatively been labeled in Table 17.2 as female or male 
(or indeterminate) on metrical grounds, by comparison with sex attributions in the larger 
LH Tiryns sample.59 On this basis, the female:male ratio in metacarpals and metatarsals of 
Tsoungiza cattle is 2:0 and 0:1, respectively, in MH III–LH II, and 3:2 and 8:6 in the larger 
LH III sample.

In the case of sheep and goats, the Tiryns measurements were, with the exception of those 
for first phalanx, published for EH and LH combined, but EH specimens are very few in 
number, and their LH counterparts heavily dominate the data set, making up 94% of sheep 
and 91% of goat first phalanx measurements.60 For both sheep and goats, Tiryns measure-
ments are consistently skewed to the left,61 as reflected in Tables 17.4 and 17.5 by mean values 
consistently lower than the midpoint of the range of measurements, and in general they are 
more strongly skewed leftward in the more sexually dimorphic forelimb measurements. 
Moreover, in first phalanx measurements, EH specimens are concentrated in the upper half 
of the LH range, so the leftward skewing for LH should be underestimated in other body 
parts for which EH and LH metrical data are not distinguished. The implication is that fe-
males clearly outnumbered males among adult deaths at LH Tiryns in both species (the more 
balanced published ratios of 3:2 for sheep and 2–3:1 for goats62 include horncores, which 
exaggerate the proportion of males). At later Bronze Age Tsoungiza, most measurements for 
both species fall below the Tiryns means, and so should overwhelmingly represent adult fe-
males.

We may now return to the evidence for age at death, which indicates strikingly older mor-
tality throughout the Bronze Age for the domestic ruminants compared to pigs, and older 
mortality in LH III than MH III–LH II for combined sheep/goats (and perhaps also sepa-
rately for sheep and goats). Adult mortality in the ruminants is high enough to suggest some 
exploitation of secondary products, especially (and probably increasing from MH III–LH II 
to LH III) in sheep and goats, but also tentatively (given the very small samples) in cattle. 
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The most plausible secondary products in this case would have been draft (in cattle) and 
fiber (in sheep and goats) rather than milk, given the low MH III–LH II and especially LH III 
frequencies of very young remains (neonatal limb bones and Stage A or B mandibles) from 
these three species.63 In the case of sheep and goats, the metrical evidence that adult deaths 
were overwhelmingly female does not support specialization in fiber production. In the case 
of cattle, however, use for draft is tentatively supported by the metrical suggestions of a 
roughly even sex ratio and also by evidence of bone remodeling or pathology. Cattle foot 
bones account for 9 of the 13 recorded “pathological” specimens from later Bronze Age 
Tsoungiza (Table 17.49). Of these nine, one is an immature metacarpal with a healed fracture 
and one a mature female metatarsal with an infected but ultimately healed compound frac-
ture, while the remainder are skeletally mature (i.e., fused) foot bones (two metatarsals and 
five first phalanges) with bony growths to the shaft and/or extension of the proximal or 
distal articulation. While bony growths might reflect advanced age, extension of the articula-
tion implies that the joints affected were under stress from excessive weight or exertion, and 
is certainly compatible with animals used for draft.64 One of the two metatarsals with ex-
tended articulation is from a LH IIIB mature male, but the mature LH IIIA2–B2 female with 
compound fracture may also have been injured during work. In the recent past, both cows 
and oxen (i.e., castrated males) were used for draft across the Mediterranean, the former 
mainly by small- scale farmers and the latter by large- scale cultivators or specialized haulers.65

One obvious difficulty with the previous discussion of animal management is that the 
Tsoungiza faunal assemblages are, as usual, debris from consumption, and it has been argued, 
on the basis of anatomical representation, that they represent mixed refuse from smaller-

TABLE 17.49. MH AND LH “PATHOLOGICAL” FAUNAL SPECIMENS

Species Age Sex Body Part Description Date Context

Cattle Distal unfused – Metacarpal Healed(?) fracture LH IIIA2
EU 9, “feasting,” 

lower dump

Cattle Distal fused F Metatarsal Healed, infected(?) compound fracture LH IIIA2–B2 EU 8, pit 3

Cattle

Distal fused M Metatarsal1
Bony growth on plantar face of distal 

shaft, extension of distal articulation
LH IIIB EU 2

Proximal fused –
Two phalanx 1 

(pair?)1

Bony growths around proximal shaft, 

extension of proximal articulation

Cattle – – Metatarsal Extension of proximal articulation LH IIIB1 EU 2, pit 1

Cattle Proximal fused – Phalanx 1 Bony growth on distal articulation MH late–LH II EU 7

Cattle Proximal fused – Phalanx 1
Bony growth around distal articulation, 

extension of proximal articulation
LH I

EU 8, exterior 

surface

Cattle Proximal fused – Phalanx 1 Extension of proximal articulation LH IIIA1–2 EU 7

Pig Fused – Scapula – LH IIIA2–B1 EU 2

Pig – – Ulna Healed(?) fracture LH IIIA2
EU 9, “feasting,” 

lower dump

Goat Proximal fused F? Phalanx 1
Bony growth on lateral/plantar +  

medial/plantar shaft
LH IIIB EU 2

Dog – – Pelvis – LH IIIA2
EU 9, “feasting,” 

lower dump

1 Metatarsal and pair(?) of phalanx 1 probably from same foot.
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scale “domestic” and larger-scale “collective/public” commensal episodes, especially in 
LH III. It is possible that older and larger animals were selected for slaughter at the larger-
scale events, but this would not account for the older mortality of LH III sheep/goats if 
these have rightly been assigned to “domestic” commensality. It seems more likely that 
many of the animals slaughtered for “domestic” and “collective/public” events alike in 
LH III had previously served for breeding and or secondary products exploitation—adult 
draft cattle, and adult female sheep and goats presumably used previously for breeding 
(and conceivably milking). These animals could have been mobilized, especially for large-
scale commensal events, from the wider region—for example, by the nearby palatial center 
at Mycenae—and were thus potentially unrepresentative of local herd structures. For ex-
ample, while the injured cow (if used for draft) would have been suited to small-scale cul-
tivation, perhaps close to Tsoungiza, the (presumably castrated) male with suspected “trac-
tion pathology” might plausibly have been culled from palatial plow oxen that perhaps 
worked large blocks of arable land on the plain near Mycenae or Tiryns.66 On the other 
hand, LH III neonatal remains imply local herding of at least some of the slaughtered 
cattle, pigs, and sheep. Perhaps the most parsimonious interpretation, therefore, is that the 
animals slaughtered at LH III Tsoungiza (mostly) represented culls from local herds, albeit 
with the distinct possibility that the apparently missing male sheep and goats had been 
dispatched for consumption elsewhere in the region—for example, at Mycenae (but not 
Tiryns, judging by the sex ratio data from that site). If so, the age of these missing males—
whether immature/subadult and reared for meat, or mature and slaughtered after yielding 
wool or hair for several years—cannot be determined from the evidence of the Tsoungiza 
faunal assemblage.

DIACHRONIC AND INTER-SITE VARIATION

Among postneonatal material of FN–EH date, the representation of pigs declined steadily 
from 49% in FN–EH I to 26% in EH III, while that of cattle increased from 9% in FN–EH I 
to 26% in EH III; the representation of sheep/goat was relatively stable, with goats slightly 
outnumbering sheep. Because taxonomic composition also varied markedly between differ-
ent types of depositional context, and the latter were unevenly distributed between phases, 
however, the apparent diachronic trend in pig and cattle frequencies may have been, at least 
in part, an artifact of contextual variation.67 The frequency of cattle continues to rise from 
MH III–LH II to LH III, but at the expense equally of pigs and sheep/goats, and a steady 
trend of increasing cattle and decreasing pigs is exhibited only if the various FN–EH phases 
are combined. In addition, the contrast between MH III–LH II and LH III in anatomical 
representation of cattle again cautions that differences in the spatial organization of prede-
positional or depositional activities may have influenced assemblage composition as much 
as or more than temporal changes in local or regional livestock frequencies. Comparison of 
anatomical representation between sheep and goat is difficult, because many specimens are 
identified only to indeterminate sheep/goat, and some body parts are more distinctive in 
one of the two species. There is thus no evidence that the shift from FN–EH predominance 
of goats over sheep to the reverse in both later Bronze Age assemblages is an artifact of dif-
ferential carcass treatment between these species. It is tempting to attribute any increase in 
the relative frequency of sheep during the Bronze Age to increasing exploitation of their 
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wool for textiles, but at later Bronze Age Tsoungiza the predominance of females among 
adult deaths, coupled with the hint from small samples that adult survivorship increases 
equally in sheep and goats in LH III, does not offer support for specialization in this par-
ticular secondary product.

Some light might be shed on the articulation of animal consumption at Tsoungiza with 
the wider regional economy by comparison with the multiperiod faunal assemblages from 
Lerna and Tiryns, located some 25–30 km to the southeast and, like Tsoungiza, possibly fall-
ing under some form of political and economic control by the palatial center at Mycenae 
during LH III.68 As regards such potential regional hierarchy, prepalatial EH, MH, and 
MH late–LH early Lerna, EH and LH early (“Early Mycenaean”) Tiryns, and FN–EH and 
MH III–LH II Tsoungiza are widely regarded as “independent,” while LH IIIB Tiryns and 
LH III Tsoungiza represent the period of suspected control from Mycenae, and “postpalatial” 
LH IIIC Tiryns conventionally postdates such putative subordination. In comparing the 
faunal assemblages from these three sites, MaxAU figures are cited for Tsoungiza, as these 
are more comparable than MinAU to the “numbers of identified specimens” (NISP) re-
ported for both Lerna and Tiryns (Table 17.50). Nonetheless, inter-site comparison must be 
undertaken with caution, given that recovery was much more intensive, recording of identi-
fied specimens was much more selective, and available information on depositional contexts 
is much more detailed at Tsoungiza than Lerna or Tiryns.

Wild mammals (excluding rodents and insectivores to minimize the effects of differential 
recovery) make up 2%–4% of the Bronze Age assemblages from Tsoungiza and 1%–2% of 
those from Tiryns, but 5%–8% in the case of Lerna—conceivably reflecting the location of 
Lerna at the foot of dissected hills with access to a consequently more diverse catchment than 
Tiryns in the plain. Among the domesticates, both donkey and horse are present at low lev-
els in both MH III–LH II and LH III assemblages at Tsoungiza, as also at MH late–LH early 
Lerna and at LH early, LH IIIB, and LH IIIC Tiryns, with traces of butchery for consumption 
on both species at Tiryns,69 on horse at Tsoungiza, and perhaps on donkey at Lerna.70 Dog, 
too, was evidently consumed at all three sites. Of the four common livestock species, cattle 
are far less frequent in EH (14%) and MH III–LH II Tsoungiza (15%) and also in MH late–
LH early Lerna (11%) than in EH (28%) and MH (26%) Lerna or in Bronze Age levels at 
Tiryns (27%–39%). This contrast is probably due, at least in part, to differences in recovery 
standards, while the raised frequency in LH III Tsoungiza (32%) seems to reflect particular 
contexts of commensality with distinctive discard practices. Pigs are fairly consistently abun-
dant over time at Tsoungiza (22%–38%), Lerna (29%–37%), and Tiryns (20%–26%) alike. 
The published relative frequencies of sheep and goats for Lerna and Tiryns have been recal-
culated in Table 17.50 with horncores reassigned to sheep/goat (because some sheep are 
hornless, and horns of goat are far more durable than those of sheep), while it must be borne 
in mind that the Lerna fauna was studied before publication of now standard diagnostic 
criteria for differentiating these species. Tsoungiza and Tiryns present a clear contrast, how-
ever, which is not obviously explicable in terms of discrepant recovery procedures or identi-
fication methods. At Tsoungiza, the sheep:goat ratio is relatively balanced at 0.8:1 in FN–EH, 
1.5:1 in MH III–LH II, and 1.4:1 in LH III—a pattern reminiscent of earlier cave sites and 
small open settlements in agriculturally “marginal” locations.71 Conversely, at Tiryns, remains 
of sheep outnumber those of goat by 3.3:1 in EH, 3.1:1 in LH IIIB, and 3.8:1 in LH IIIC (the 
34 LH early specimens identified to species are too few to be meaningful), as is usual in 
Bronze Age Greece in locations favorable to cultivation. Tsoungiza lies among rolling hills 



TABLE 17.50. TAXONOMIC COMPOSITION OF BRONZE AGE ASSEMBLAGES FROM TSOUNGIZA (MAXAU),  
LERNA (NISP), AND TIRYNS (NISP)

Site Period Cattle Pig Sheep 1

Sheep/
Goat Goat 1 Dog Horse Donkey Wild 2 Total

Tsoungiza

FN–EH
MaxAU 133 359 83 226 106 20 – – 25 952

% 14.0 37.7 19.1 – 24.4 2.1 0.0 0.0 2.6 –

MH III–

LH II

MaxAU 126 259 104 243 71 9 5 2 33 852

% 14.8 30.4 29.1 – 19.9 1.1 0.6 0.2 3.9 –

LH III
MaxAU 292 198 84 211 60 18 4 17 19 903

% 32.3 21.9 22.9 – 16.4 2.0 0.4 1.9 2.1 –

Lerna

EH
NISP 1,382 1,480 15 1,490 227 163 – 12 258 5,027

% 27.5 29.4 2.1 – 32.4 3.2 0.0 0.2 5.1 –

MH
NISP 1,276 1,539 152 1,130 173 193 11 – 357 4,831

% 26.4 31.9 14.1 – 16.0 4.0 0.2 0.0 7.4 –

MH late–

LH early

NISP 125 407 9 427 9 33 1 3 91 1,105

% 11.3 36.8 20.1 – 20.1 3.0 0.1 0.3 8.2 –

Tiryns

EH
NISP 1,215 1,157 288 1,577 88 53 3 – 62 4,443

% 27.3 26.0 33.7 – 10.3 1.2 0.1 0.0 1.4 –

LH early
NISP 166 110 20 102 14 7 1 1 9 430

% 38.6 25.6 18.6 – 13.0 1.6 0.2 0.2 2.1 –

LH IIIB
NISP 5,830 3,776 1,312 5,218 429 205 211 110 382 17,473

% 33.4 21.6 30.0 9.8 1.2 1.2 0.6 2.2 –

LH IIIC
NISP 8,769 4,860 1,602 7,152 425 245 297 97 582 24,029

% 36.5 20.2 30.2 – 8.0 1.0 1.2 0.4 2.4 –

Note: Data for Tiryns after von den Driesch and Boessneck 1990; that for Lerna after Lerna I.
1 Percentages for sheep and goat include pro rata assignment of specimens identified to sheep/goat; for all three sites, horncores are here attributed to sheep/goat.
2 Mammals only, excluding rodents and insectivores.
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offering fertile land well suited both to cultivation, and thus grazing by sheep, and to exten-
sive rough pasture better suited to goats, whereas Tiryns commands a much larger arable 
hinterland. The contrast in the ratio of sheep to goats thus plausibly matches locally available 
pasture around the two sites, while there is no indication of changes in the relative propor-
tions of domestic animal species in response to a realignment of regional political economy 
such as might have followed the putative subordination of both sites to a palatial authority 
at Mycenae. On the contrary, apart from the very small LH early sample identified to sheep 
or goat, the relative proportions of the four principal domesticates exhibit only modest 
variation between the “prepalatial” EH and LH early, “palatial” LH IIIB, and “postpalatial” 
LH IIIC at Tiryns.

Detailed comparison of mortality patterns is problematic because the dental age stages 
used for Tsoungiza, Lerna, and Tiryns are incompatible, while the sex data for Tsoungiza are 
too sparse to analyze by period and those for Tiryns are presented for the Bronze Age as a 
whole (but must overwhelmingly refer to LH IIIB and LH IIIC). Nonetheless, at both Tsoun-
giza and Tiryns pigs were clearly killed much younger than the domestic ruminants, and, 
among animals reaching adulthood, pigs and (albeit very tentatively at Tsoungiza) cattle 
included substantial proportions of both males and females, whereas females were heavily 
predominant (perhaps more strongly so at Tsoungiza) among adult sheep and goats. Within 
the Tiryns mandibular material, the EH is much smaller than the LH IIIB and LH IIIC as-
semblages, while LH early specimens (and also EH cattle) are too sparse for meaningful 
analysis. There is no clear contrast between palatial LH IIIB and postpalatial LH IIIC mortal-
ity for pigs, cattle, or combined sheep/goats, however, although young deaths are a little 
more frequent among prepalatial EH pigs and sheep/goats.72 Thus, while there is evidence 
for older mortality in sheep and goats from MH III–LH II to LH III at Tsoungiza, Tiryns 
exhibits relatively stable patterns. Of course, the periods compared are not the same at the 
two sites, and the older mortality at LH III Tsoungiza may reflect contextual variation rather 
than diachronic change. On the other hand, as discussed above, the raised average age of 
slaughter at Tsoungiza may reflect the removal of younger sheep and goats, at least, for con-
sumption elsewhere and thus represent the elusive trace of the subordination of animal 
husbandry around the site to the demands of a regional political economy. The same may 
also be indicated for pigs, but starting in MH III–LH II.

DISCUSSION AND CONCLUSION

Although modest in size, the faunal assemblages from later Bronze Age Tsoungiza benefited 
from more rigorous (if inevitably partial) retrieval and closer contextual control than most 
contemporary assemblages in Greece, including those from nearby Tiryns and Lerna. Un-
fortunately, the nature of the later Bronze Age deposits encountered and their proximity in 
some cases to the modern ground surface did not permit such a clear distinction between 
pits, fills, and surfaces as for FN–EH Tsoungiza. Attrition by dogs contemporaneous with the 
deposition of the bones has modified the assemblages significantly, but the latter overwhelm-
ingly represent the debris from human processing of animal carcasses for consumption, and 
indeed variable treatment of different carcass parts seems to have helped shape the ana-
tomically uneven distribution of gnawing traces.
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All stages of carcass processing, from skinning through dismembering and filleting to the 
extraction of marrow and working of horn and antler, took place on-site—at least for some 
of the animals consumed. Cut marks suggest that, as elsewhere, people ate dogs and horses 
as well as cattle, pigs, goats, sheep, red deer, and hare, while the breakage and dispersal of 
bones suggest that the same may be true for donkey. Butchery was carried out mainly with 
metal knives, with occasional evident use of heavier cleavers to remove horns and to break 
open bones for marrow. Saws were probably used only in working of antler and horn raw 
material. Later Bronze Age cut marks were less frequent overall than in the FN–EH assem-
blage and, in apparent contrast to the latter, were not distributed evenly between taxa, but 
were more frequent in cattle than the smaller domestic taxa. Since visible cut marks are more 
likely to be inflicted in butchering raw than cooked meat, this suggests that carcasses may 
have been “pot-sized” for rather larger cooking vessels, perhaps including metal cauldrons, 
than at FN–EH Tsoungiza. After dismembering and perhaps filleting, most of the long bones 
were broken open, presumably to extract marrow, and many bear traces of light and patchy 
burning consistent with brief placement on the edge of the fire to make the bone more 
brittle and the marrow more liquid. Most such breakage did not leave obvious chop marks, 
and so was probably achieved with a blunt object, such as a heavy stone, another bone, or 
even the back of a cleaver. As with knife butchery, bone breakage was more intensive for the 
larger cattle and perhaps least so for young pigs, inter alia probably making the more intact 
bones of the smaller taxa and younger age groups more attractive to scavengers.

In common with dismembering and filleting, skinning seems to have been less intensive 
(recovering the hide from less of the foot) in the later Bronze Age than in the FN–EH as-
semblage, at least in the case of cattle. Evidence for skinning of pigs and sheep/goats is 
sparser, possibly for taphonomic reasons, but raises the possibility that sheep/goats at least 
were skinned to farther down the foot than cattle, with the missing skinning marks potentially 
inflicted on phalanges discarded elsewhere or lost in excavation. More careful skinning of 
the smaller domesticates runs counter to cost:benefit expectations and also to the apparently 
more intensive processing of large animals for meat and marrow extraction. Perhaps large 
and small domesticates were slaughtered and consumed in different social contexts—for 
example, of “collective” and “domestic” commensality, respectively, such that painstaking 
skinning of the larger animal might have undermined a desired display of largesse or ben-
efited third parties rather than the skinner. This very tentative suggestion receives some 
support from variability in later Bronze Age anatomical composition. Although all stages of 
carcass processing are represented in both the later Bronze Age assemblages, cattle bones 
of LH III date are heavily biased toward discarded feet with the more meat-rich parts very 
underrepresented, whereas those of MH III–LH II date apparently lack such anatomical 
selectivity. Conversely, sheep/goats and perhaps pigs of both periods seem to be represented 
in large measure by the remains of dressed carcasses, with the feet often missing. One impli-
cation of the divergent discard pathways of large and small domesticates is, again, that they 
tended to be consumed in different social contexts. The LH III discard of primary butchery 
waste from cattle on-site and of the smaller sheep/goats and perhaps pigs off-site (or in dif-
ferent on-site contexts not conducive to survival of bone) perhaps runs counter to what might 
be expected on the basis of practical considerations and conceivably reflects an element of 
“theater” in the slaughter and processing of the larger animals. It is now clear that the dis-
tinctively selective deposition of cattle feet, previously discussed in the context of the LH IIIA2 
“feasting” dump,73 was typical of all but one of the larger faunal groups at LH III Tsoungiza, 
implying that large-scale feasting in a possibly religious context was a dominant feature of 
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local animal consumption and social life in the long term. At the same time, smaller sheep, 
goats, and pigs seem to have been consumed in smaller-scale commensal events, consistent 
with the evidence of architecture and portable material culture that the site continued to be 
the focus of routine habitation as well as (presumably) periodic ceremonies. Strikingly, debris 
from the meat-rich parts of the LH III cattle is very underrepresented, but the faunal assem-
blage offers no indication as to whether the meat was consumed in the vicinity of Tsoungiza 
or at a distance.

Mortality data are too sparse for detailed reconstruction of livestock husbandry. As in FN–
EH, however, Tsoungiza pigs were slaughtered much younger than sheep, goats, and cattle. 
Pigs have large litters and offer no secondary products, whereas adult survivorship in sheep 
and goats (especially in LH III) and perhaps in cattle was high enough to be compatible with 
emphasis on secondary products, and probably not milk given the relatively sparse evidence 
for infant deaths. In cattle, the presence of both female and male adults, coupled with a few 
cases of potential “traction pathology,” is compatible with use for draft. In sheep and goats, 
the heavy predominance of females among adults does not support specialization in wool 
and hair production, but raises the question of the fate of the “missing” male offspring. If 
these were exported for consumption elsewhere, were they juveniles reared just for meat or 
adult castrates that had been clipped a few times for wool and hair? In either event, answers 
cannot be gleaned from the Tsoungiza material.

The possible export of male sheep and goats from Tsoungiza, and perhaps even of young 
pigs (but from a rather earlier date), raises the issue of the possible integration of Tsoungiza 
during the LH III “palatial” period within a regional political economy, centered probably 
(given other evidence from the excavations) on Mycenae. Even more speculatively, the 
LH IIIB deposition of at least one male possible draft ox, perhaps better suited to working 
the extensive arable land in the Argive Plain than the smaller areas around Tsoungiza, might 
conceivably represent a contribution by a regional authority to feasting at Tsoungiza. On the 
other hand, the relative frequencies of the principal livestock species are more or less un-
changing at the major center of Tiryns between the prepalatial, palatial, and postpalatial 
periods, while they differ between Tiryns and Tsoungiza in ways that seem responsive to local 
environmental potential. Neither of these observations suggests that the emergence of a 
regional political economy had a major impact on local patterns of animal husbandry and 
consumption. Faunal evidence from additional sites in this region, ideally including Myce-
nae, might be more informative.


