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ABSTRACT: Carnivores have lo ng been known as important taphono mic agents that accumu-
lotc and do5troy boneG thw:; introducing biascG in archaoologica l bono asscmblagcs . This paper 
examines ho'vv scavcnging by two do m.::.sti .::. dog affcctcd thc composition o f a modc rn asscm-
blage coíllprising lifllb bu11es uf cante, pig a 11Ll sl1eeµ. T l1e Llug!> LliLI 11ul i11fli L:t a11y !>t:I iuu!> Lla 111a-
ge to thc cattlc bones whilst thc pig a nd s hccp bo nes uffcrcd very hcavy att.ritio n. T he dc ns ity 
of the bones was found to have mcdiated the destructio n to a certain cxtc nt but other paramc-
ters appeared to be mor<' r ritir;i l The s ize anrl m(lybe the shape of the hont>s S<'t>mt>.rl to he: more: 
i111portl1nt .<; incc. somr. cattlc bones thilt hnd similar dc ns ity va l11cs to pie or shc .• ~.p bones rccr. i-
ved little Mtrit ion where;is thf' hones of the two otht>r spec:ies wt>rt> rl f'<; trnyecl. T he nutritio n;i l 
va lue of the bo nes was also importan t. Not o nly did the dogs prefere ntia lly attack parts w ith soft 
tissuc attachcd but they a lso left a lmost complete the acctabu lum of the pigs pe lvis dcspitc its 
low dens ity valuo. D ifforonccs in thc j a'.'.' po'.vc r and individ ua l bohav iour o f thc dogs influe n 
ced the manne r o f destruc tio n to a m inor degree. Whe n the same s ke letal e le ment from the 
same spccics was offr.red to bo th dogs, the frag mc nts that rc ma ined aftcr cach 'gnawing ' scs-

ion were very similar. The variety of fac tors involved make it difficult to con_truct d t:"stn.ir-
Liu 11 ruudeh tlrnt 111ay L•e ge11e1ally avplied . Tu es li111 ate tlw ~·: ave 1 1g i11 g lúa~ i11Lwdw:ed i 11 (1.1 llu-
aSSf lllblagc., sprc i<".s prnpc1rtio ns and skcktal rc prcscntation t(l bl ~s wc.rc. c;ilí:ulatcd by a n11mhr.r 
of me thods usually applied to archaeozoological data. Ali of thi:-m ~howed co ns idernbl f' rli c;:rrf'-
pancics bctwecn the o rig inal assernblage (thc bones g ivcn to thc dogs) a nd thc rccovcrcd as cm-
b lage fo llowing gnawing. 

KEY WORDS: DOG G AWT G , BONE LOSS, SPEClES PROPORTJONS , ELF.MF. T 
REPRESE TATIO 

RESUMEN: Los ca rnívoros son reconoc idos desdo hace tie mpo como importa ntoc agentec tafo 
nó micos en la acumulac ió n y destrucción de hueso::; a través de In cua l introducen sesgos on las 
muestras faun ísticas de o rigen arqueológico. En este trabaj o se a na l izan los efectos q ue , sobre 
la compos ició n de una mue::;trn de hue::;o::; a pcndicularc::; de vaca, cerdo y oveja, produce In acti 
v idad de carroñeo de do perros domésticos . Estos a nima les no parecen habe r causado g ran des-
trozo e n los huesos de l vacuno pero us efecto s sobre los de los ung ulado de me no r tan1~ñn h¡¡n 
s ido devastadores. L a den idad de lo s hue os parece ser hasta c.ierto punto res ponsable rl f' f'<: tll 
destrucción pero otros parámetros resu ltan ser más críticos. E l ta maño y pos ible mente la fo rma 
de los hueso::; son foctorc ::; muy a tener e n cue nta ya que c ie rtos hue::;o ::; do vacuno de similar 
densidad a los del cerdo y de la ovej a fueron apenas alterado e n tanto qui:- los huesos (lf' f'<;; tl!<: 
dos últimas especies fueron destruidos. Igua lme nte importante resulta ser ol va lo r nu tritivo de 
lo ::; huc::;o ::; . o so lo se con::; tata un atnquc preferente de aque lla ::; pa rte ::; que poseen tej idos b lan 
dos adheridos Gino q ue también loG perros dojan prácticamente com plctoc loe acetábuloG de b.~ 
pelvi ::; de cerdo::; a pe::;ar de lo :; bajos índice::; de dcn:;idad de és tas . Diferenc ias de comporta 
mionto y do potencia de l mordisco influencian e l modo do destrucció n en g rado meno r. C u:m 
do e l mismo e leme nto c:;q ue lé tico de la misma especie se ofrecía a ambos porros los fra.gmen 
to resultantes de cada e ión de roído fueron muy semejante . La variedad de factore 
implicados dificulta la generació n de mode los de destrucción que puedan Gc r ap licados de modo 
ge nera l. Para calibrar e l ::;csgo q ue e l cnrroñco introduce en una mues tra ósea so calcularo n lac 
proporc iones y la rcpresc ntntividad esque lética de modo específico a travéG do una serie de 
método apl icados con frecue nc ia a los re tos arqucozoológicos. Todas e ta me todologías cvi-
dt- nl Íllll disc. i'1:panl'" ia . ,_. l.,i'11> i1k .1«1hks L 1111 (. 111 1mic .. tra orig ina l (esto es lo. hni:. os proporcionn-
do a los perros) y la muestra recuperada trás el ataque de é to . 

PALABRAS CLAVE: ROÍDO GENERA DO POR PE RROS, PÉRDIDA DE HUESOS , PRO-
PORCIO ES DE ESPEC1ES, FRECUE ClA DE ELEME TOS ÓSEOS 
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INTRODUCTION 

Carnivore behaviour has been investigated with 
the ambitious purpose of unravelling the superim-
posed signatures that various taphonomic factors 
and human actions leave in any bone assemblage. 
The destructive power of carnivores and the altera-
tions they cause to bone assernblages have been 
discussed as early as the 19111 century (Buckland, 
1823). Studies of this phenomenon have culmina-
ted in a series of systematic ob ervations on bone 
assemblages from caves, dens and lairs (Huo-hes b , 

1954; Sutcliffe, 1970; Kruuk, 1972; Klein, 1975; 
Bearder, 1977; Mills & Milis, 1977; Owens & 
Owens, 1978; Skfoner et al., 1980; Horwitz & 
Srllith, 1988; Skinner & A arde, 1991) as well as 
experiments set up to explain the role of carnivo-
res as accumulators of bone assemblages, to esta-
blish the attrition patterns of skeletal elements and 
describe the gnaw marks that different predator 
species may leave on the bones. 

The experimental settings varied in relation to 
predator - prey species frorn wild on wild (Brain, 
l 969a; Haynes, 1980; Richard on, 1980; Binford, 
1981; Snyder & Klippel , 1986; Binford et al., 
1988) wild on dornestic (Hayne , 1983; Stalli-
brass, 1986; Blumenshine, 1988; Marean & Spen-
cer, 1991), domestic on wild (Binford, 1978; 
Payne & Munson, 1985; Morey & Klippel, 1991) 
and domestic on domestic (Brain, 1969b; Binford 
& Bertram, 1977; Kent, 198 1; Payne & Munson, 
1985; Greenfield, 1988; Stallibrass, 1990; Moran 
& O 'Connor, 1992). In sorne experirnents carnivo-
res fed on complete carcasses whilst in others 
defleshed bones were offered to vari ous predators. 
Despite the fact that similari ties in attrition pat-
terns were consistent, emphasising the preferential 
destruction of less strong bone elements and 
epiphyseal ends, a trend that was attributed to 
inherent properties of the bones such a their struc-
tural density, nutritional value and size (e.g. Sut-
cliffe, 1970; Binford, 1981 ; Brain, 198 1; Haynes, 
1983; Blumenshine, 1988; Horwitz & Smith, 
1988; Marean et al., 1992), the degree of damage 
varied and depended on a range of factors inclu-
ding the predator species, the prey species, the 
quantity of food available and competition betwe-
en members of carnivore packs as well as compe-
tition with other predators. (Brain, J 969a; Haynes, 
1983). Consequently, analogies drawn frorn one 
species to another, living in different habitats-con-
ditions with dissimilar feeding habit may not 

always be sati sfactory. For instance, wi ld animals 
may cause le damage on the bones than a dog 
because of the restrictions domestication has 
imposed upon it (Haynes, 1980). Furthermore, 
most experimental research dealt with a limited 
number of species often represented by a selection 
of elements and was rarely concerned with biases 
introduced to species abundance estimations. This 
experiment seeks to examine the degree of attrition 
domestic dog will inflict to the long bones of the 
three main domestic species - cattle, sheep and pig 
- which domínate the European and Middle East 
assemblages from the Neolithic onwards and the 
distortion this attrition will cause to species pro-
portions and element representation when the sca-
venged bones are treated as archaeozoological 
data. 

METHODS ANO MATERIALS 

There are many variables to be taken into con-
sideration when trying to define bone destruction 
caused by dog since their behaviour may vary 
according to factors such as number of individuals 
size and age, extent of hunger, free/restricted 
access to food, quantity of available food and 
management by humans. In this experiment, two 
dogs of di fferent ages were given "kitchen wa te", 
comprising pig, sheep and cattle bones, as their 
regular food . The dogs used to live and feed toget-
her and no competition was observed between 
them. Ri ta, a mongrel of English pointer rnother 
and unknown father, was at the ti me of the experi-
ment, one and a half years old. Lisa, a mediurn-
sized Greek hound, was seven years old. 

The bones were given to them unbroken with 
very srnall quantities of meat and other tissue 
adhering. Sorne of the bones were boiled, sorne 
roasted and a few were given raw. Ali the sheep 
and pig bones had their epiphyses unfused. Most 
of the cattle bone were unfused too. One et of 
phalange had thei r proximal epiphyses fu sed and 
the scapula, distal humerus and proximal radius 
epiphyses were in the process of fusing. 

The animals fed either on a cement fl oor or on 
hard garden soil with sparse vegetation. When they 
stopped eating and engaged in playing, the bones 
were carefully collected. This, at times, caused the 
dogs to come back and try to get the bones, pro-
bably an expression of competition wi th the per-
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son who was removing their food. The bone frag-
ments were given to them for a second time but in 
every case they howed little interest, confined to 
very briefly chewing the bone and quickly aban-
doning them. The bone fragments were collected 
again and recorded following the di agnostic zones 
y tem propo ed by Dobney & Rielly (1988). The 

Pig 

Element WBG UNIOF CDF WBG 

Scapula 4 3 2 1 

Hurnerus 4 6 4 2 

Radius 7 7 1 l 

Ulna 7 1 3 1 

Radius+Ulna (7) 19 - -
CarpaJs 56 o o 6 

Pelvis 8 ., 
.) 6 1 

Femur 4 7 ., 
.) 1 

Patella 5 o o 1 

Tibia 5 9 4 1 

Fibula 5 o 1 -
Calcaneum 5 o 2 1 

Astragalus 5 o o 1 

Tarsals 5 o l -

Metacarpal 2 o o -

Metatar al 2 o o -
Abaxial 4 o o -

1 st phalanx 4 o o 3 

2nd phalanx 4 o o 2 

J rd phalanx 4 o o 2 

Sesamoid - - - 1 

Skull - - - -
Mandible - - - -
Maxilla - - - -

Max . Molar - - - -

Milk inc./can. - - - -

Mand. Molar - - - -
Mand. d4 - - - -

other milk teeth - - - -
Total 140 55 27 27 

number of complete bones given (WBG), the reco-
vered identifiable fragments (IDF) and the uniden-
tifiable bone fragments (UNIDF) are shown in 
Table l. The sum of ali bones recovered (R) i 
equal to IDF plus UNIDF. Bone loss, species pro-
portion and ske letaJ element repre entation were 
calculated as follow : 

Cattle Sheep 

UNIOF IDF WBG UN IDF IDF 

o 1 l o o 
o 2 1 o o 
o 1 l o o 
o 1 1 o o 
- - - - -

o 6 6 o o 
o 1 1 o o 
o 1 l o o 
o 1 1 o o 
o 1 1 1 o 
- - - - -
o 1 1 o o 
o l l o o 
- - ., 

.) o o 
- - - - -

- - - - -
- - - -
o 2 - - -

o 1 - - -

o 2 - - -

o o - - -
- - 1 o o 
- - 2 o 1 

- - 2 o o 
- - 4 l 4 

- - 8 o 4 

- - 4 7 o 
- - 2 o 2 

- - 8 o 6 

o 22 50 10 17 

TABLE 1 
umber of bone given to dogs and bones recovered. WBG = whole bones given to dog , IDF = unidentifiable fragments, 

ror: - iJl-11lilial.Jll. f1 a~1m .. 1it , r-u - radiu3 nnd ulna; fragmcn~ of rndiu!; or ulna that could not be a!;i;igned to olcmont. 
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Bone loss: To estímate the amount of bone loss 
for each species separately, the given assemblage 
(all the bones given) and the recovered assembla-
ge (only identified fragments) were quantified by: 
NISP - all bones and bone fragments; MNI - the 
most numerous bone (the highest sum either on 
epiphyses, shafts or teeth) divided by two; EO 
(epiphyses only) - all the epiphyses, the astragalus, 
the articular surfaces of ulna and calcaneum, man-
dible fragments with at least one tooth and the dis-
tal epiphyses of the phalanges were counted; DZ 
(diagnostic zones) - for the given assemblage, 
each bone was counted once. For the recovered 
assemblage, the most abundant zone was counted 
for each element. A zone was included in the cal-
culation only when 50% or more of that zone was 
present. This criterion was always applied when 
the diagnostic zone system was used. Tarsals, save 
for astragalus and caJcaneum, carpals, sesamoid, 
teeth, maxillae, skull, fíbula and patella were not 
included. 

To estímate the loss of each e lement separately, 
the "percentage change" was calculated on MNEs 
by applying the formula suggested by Marean & 
Spencer (1991: 650); (number of bones given -
number of bones recovered) / (number of bones 
given) x 100. The counting unit was again the best 
represented diagnostic zone. 

Species proportions: The methodology was 
principally the sarne as for the calculation of bone 
loss with sorne minor differences. Because in this 
exercise the proportions of the three animals were 
to be compared, elements that do not exist in the 
skeletons of all the three species or are present in 
different numbers were eliminated. The carpals 
and tarsals, save for the astragalus and calcaneum, 
the pig fíbula and metapodials 11 and V and the 
cattle sesamoid were eliminated. The frequency of 
pig metapodia III and IV was divided by two. The 
calculations were carried out twice, once including 
the sheep head elements and once excluding them. 

Two indicators have been used to illustrate the 
change in species proportions. "%PD" (percenta-
ge difference) and the "%ME" (mistaken estima-
tion). "%PD" is simply the di:fference between the 
given and found assemblage and is calculated thus: 
%PD = % WBG - %R. This figure shows how 
much a species percentage has increased or decre-
ased after the gnawing experiment. It does not 
show the real frequency change of each species. 
The second estimator, the %ME is used to 

demonstrate this. It is calculated as: (%PD x 100)/ 
%WBG. For example the NISP for cattle is 
%WBG = 19 and the %R = 36 (Table 5). 
Obviou ly the cattle percentage has increased by 
%PD = 18. The percentage of the recovered 
assemblage (%R = 36), is almost double that of the 
given assemblage. This difference is shown by 
%ME= 94. 

Skeletal representation: Because the number of 
different bone elements fed to the dogs differs, in 
order to estímate the skeletal representation in a 
way that would account for these differences rela-
tive to their representation in half carcasses, frag-
ments of bones that retained at least one diagnos-
tic zone, were converted into percentages by 
applying the following formula: (number of frag-
ments recovered / number of bones given) x 100. 
These were called " modified numbers" and repre-
sent the survivorship of an element in relation to 
the number of the experimental feedings carried 
out for thi s particular element. They were then tre-
ated as if they were archaeozoological finds and 
survivorship calculated based on the best represen-
ted bone. 

Skeletal representation was first calcu lated on 
proximal and distal ends of bones preserving part 
of the epiphyses or epiphyseal plate. For the ulna 
and calcaneum, the units of calculation were their 
articular surfaces. Mandibles were counted if at 
least one tooth was present. The distal epiphysis 
was counted for the first and second phalanges and 
the articu lar surface for the third phalange. Skele-
tal representation was then reconstructed, again 
using as counting units the most abundant diag-
nostic zone saved. 

RESULTS AND DISCUSSION 

The behaviour of the two dogs and the destruc-
tion they caused to the bones was very similar. 
Nevertheless, minor differences were noted con-
cerning the size of the fragments left which were 
often larger when the bones were gnawed by the 
younger dog. The cooking method did not seem to 
affect the dogs ' behaviour. 

Gnaw marks were present on most of the frag-
ments recovered. The surface of the pig bones 
were almost entirely covered with marks. The 
edges of the fragments were irregular and exhibi-
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ted the type of damage that was described as pit-
ting and flake scars by Stalibrass (1986) and Bin-
ford (1981 ). Tooth marks on cattle bones were 
concentrated on the epiphyses. The shafts had no 
gnaw marks. Grooves, similar to the one de cri-
bed by Stalibrass (1986) and Binford 's (1981) sco-
ring mark , were occasionally noticed. The two 
sheep bone fragments recovered had no tooth 
marks. 

Taking a closer look at the attrition of the bones 
of each species (Table 1), the cattle bones have 
apparently suffered the least loss. Similarly, cattle 
bone fed to sows by Greenfield ( 1988) displayed 
little damage. The only elements consumed by the 
dogs were the sesamoids and unfused phalanges. 
The epiphyses of the calcaneum and ulna epiphy-
ses and the tuber scapulae were also eaten. One of 
the two humerii had its proximal epiphysis destro-
yed. The rest of the epiphyses showed markedly 
le damage, the attrition being limited to de truc-
tion of small pieces of bone matter. Other parts of 
the bones that are weaker or "manageable" for the 
dogs, were also attacked, for instance the blade 
and spine of the scapula, the edges of the pelvis 
and any protruding pieces. The majority of the 
bones were not seriously damaged and the survi-
ving parts were ali identifiable. It was apparent 
that the dogs were notable to chew intensively the 
cattle bones because they were too big for them to 
put in their mouths and crush them. The excellent 
survival rates of the cattle bones contrasts with 
Stalibrass's (1986) expectation that fox scavenging 
on sheep bones is equivalent to medium-sized 
dogs scavenging on small unimproved breeds of 
cattle. Despite the fact that the cattle bones used in 
the experiment were not from a mall unimproved 
breed, the fact that the bone were derived from 
imrnature animals and the very light damage cau-
sed, makes it unlikely that bones from even a sma-
ller cattle breed would receive the type of de truc-
tion described by Stalibrass. 

The pig bones were almost completely destro-
yed. Fragments, splinters and few mid- haft tubes 
were mostly left, many of them hardly recognisa-
ble, if at all. The only epiphysis that urvived well 
was the acetabulum of the pelvi , a result that con-
tra t with the findings of other re earcher (Payne 
& Mun on, 1985; Marean et al., 1992) where the 
pelve suffered very heavy attrition. The neck of 
the capula and the articulation of the calcaneum 
and ulna had relatively good rates of survival. The 
femur, tibia, radius and fibu la were crushed and 
transformed into fragments, splinters and mid-

shaft tu bes. Only sorne of these fragments could be 
assigned to species. The carpals and tarsals, save 
for the calcaneum, were crushed and swallowed. 
The ame, alrnost complete destruction, of pig 
bones was observed by Stalibrass (1990) and Gre-
enfield (1988). 

The lamb bones suffered even worse destruc-
tion. Nothing wa left from the front and hind leg 
except for a splinter of tibia. The skull , maxillae 
and one of the mandibles were completely destro-
yed. One large fragment of the second mandible 
was saved, bearing most of the teeth. The corpus of 
the mandible was bitten off. Many loose teeth were 
consumed by the dogs but not ali of them were 
recovered; the missing teeth were apparently swa-
llowed and most probably could have been recove-
red in the dog's faeces. The total destruction of the 
lamb bones is mo t likely related to their very 
young age. Greenfield ( 1988) found that the bones 
of a young lamb were completely destroyed by 
pigs. In contrast, Payne & Munson (1985) descri-
bed a lighter pattern of destruction for bones of 
adult goats fed to dogs, where jaws, teeth and early 
fusing bones had a relatively good rate of survival. 

When bone loss was quantified (Table 2), it 
varied depending which method was used. Pig 
bone loss ranged from 50% to 89%, whilst a diffe-
rence of 0% to 19% was found for cattle and 0% 
and 93% for sheep. The least loss was observed 
when MNI's were calculated: 0% for the cattle and 
sheep and 50% for the pig. Overall, the worst esti-
mator was the "EO" method. The pig lost 89% and 
the sheep 93%. For the pig this is the highest loss 
observed. The cattle bone loss was only 9% but 
then cattle bones uffered very little destruction. 
The NISP method was also shown to be a very 
poor estimator when the attrition wa heavy (pig 
81 % ) and it also gave the worse result for the cat-
tle (19%) but for the sheep it was probably a good 
method since the inclusion of teeth, elements that 
survived well, reduced the effect of destruction 
(66%). The DZ had the least loss for the pig bones 
(71 %) average for the cattle (12%) and as low as 
the NISP counts for the sheep (93%). 

The difference ob erved are obviously related 
to the definition of the calculation units and the 
different way de truction has affected them. The 
NISP, for example, worked well only for the sheep 
because many teeth were saved and these elements 
are decisive for e timating species whose bones 
have suffered very heavy destruction. Neverthe-
less, NISP counts gave a higher loss value for cat-
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Species Pig Cattle Sheep 
G R L G R L G R L 

Methods n n o º/o n n o % n n o º/o 
NJSP 140 27 113 81 27 22 5 19 50 17 33 66 
EO 97 11 86 89 22 20 2 9 15 1 14 93 

MNI 4 2 2 50 l 1 o o 1 1 o o 
DZ 69 20 49 71 17 15 2 12 15 l 14 93 

TABLE 2 
Loss of bones. G = bones g iven, R = bones recovered, L = bone los . 

tle despite the fact that the cattle bones were the 
least affected by gnawing, and gave almost as high 
a loss as the EO method for the pig whose epiphy-
ses were almost completely consumed. The EO 
and the DZ had both the highest loss values for 
sheep but then hardly any bones survived from the 
sheep assemblage. When the EO method was used, 
the extent of bone loss in the cattle assemblage 
was lower than the DZ, despite the fact that more 
epiphyses were lost than diagnostic zones. This 
result is a function of the way counting was exe-
cuted as only one zone was countable for each 

SPECIES PIG 

METHOD MNE MNE Change MNE 
ELEMENT Given Retrieved º/o Given 

Sea pula 4 2 50 1 

Humerus 4 2 50 2 

Radius 7 1 86 1 

Ulna 7 3 57 l 

Pelvis 8 5 38 1 

Femur 4 2 50 1 

T ibia 5 3 40 1 

Calcaneum 5 2 60 1 

Astragalus 5 o 100 1 

Metacarpal 2 o 100 -
Metatarsal 2 o 100 -

Metapodial 11 - V 4 o 100 -

lst phalanx 4 o 100 3 

2nd phalanx 4 o 100 2 

3rd phalanx 4 o 100 2 

Mandible - - - -

bone while for the EO both epiphyses of most ele-
ments were included. The MNI exaggerated the 
representation of sheep, equalling the frequency of 
this species with cattle despite the fact that only 
one sheep bone fragment was present compared to 
22 fragments of cattle bone. The DZ method is not 
sensitive to epiphyseal loss neither does it exagge-
rate an isolated find. It is affected by the degree of 
fragmentation , since a large enough proportion of 
a zone must be saved in order to be counted. 

The frequency of element completeness (Table 
3) needs almost no discuss ion for sheep and cattle. 

CATTLE SHEEP 

MNE C hao ge MNE MNE Chao ge 
Retrieved º/o Giveo Retrieved % 

1 o 1 o 100 

2 o 1 o 100 

1 o 1 o 100 

1 o 1 o 100 

1 o 1 o 100 

1 o l o 100 

1 o l o 100 

1 o 1 o 100 

l o 1 o 100 

- - - - -
- - - - -
- - - - -
2 33 - - -
1 50 - - -
2 o - - -
- - 2 1 50 

TABLE 3 
Loss of skeletal elements. MNE calculated on diagnostic zones. 
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Apart from the mandible (50% ), all the sheep 
bones frequencies changed (100%). The frequency 
of cattle bone , on the other hand, did not change 
at all apart for the first phalanx (33%) and the 
second phalanx (50%). The pig element frequen-
cies changed from 38% to 100%. The astragalus, 
phalanges and metapodia changed 100% which 
means that all the bones of the lower extremities 
were completely destroyed, save for the calca-
neum (60% change). For the rest of the bones, the 
least affected was the pelvis (38%). The radius 
experienced the highest loss (86%) whilst the sca-
pula, humerus, ulna, femur and tibia lost a 40% to 
57% of their original proportion. It mu t be emp-
hasised that these estimations are all based on 
shaft fragments. If element representation was 
counted on epiphyses, the loss would be much 
greater; only one scapula, one proxima l radiu and 
four pelvises retained parts of their epiphyses. 

The species proportions 

Species proportions fluctuated depending upon 
the method used to calculate them because of attri-
butes inherent in the approach and counting unit 
used. These have been di c u sed in numerous 
paper (Lyman, 1994 and references therein) and 
also briefly discussed in the previous section in 
relation to the effect of scavenging. T hi exercise 

NISP 
Metbod G R PD 
Species n % n º/o º/o 

Pig 68 71 27 61 -9 
Cattle 18 19 16 36 +18 
Sbeep 10 JO 1 2 -8 
To ta Is 96 100 44 100 

MNl 
Method G R PD 
Species n º/o n º/o º/o 

Pig 4 67 2 50 -17 
Cattle l 17 1 25 +8 
Sheep 1 17 1 25 +8 
Totals 6 100 4 100 

is meant to present the wrong estimation of species 
abundance as thls relates to two factors ; fir t, that 
destruction differs amongst species and secondly, 
that a change in the representation of one species 
unavoidably causes the proportion of the other 
species to change too. 

The first and obvious discrepancy is that the 
ratio of the cattle was always overestimated wha-
tever the calculation method whilst the sheep and 
pig are always underestimated (Tables 4 and 5). It 
is a delicate task to attempt generalisations about 
what may have happened in an ancient settleme nt 
and how, in tum, archaeozoological assemblages 
may have been shaped, but the fact that the cattle 
has such a high rate of survivaI at the expense of 
the other two species indicates that one hould be 
very cautious when comparing the proportions of 
different species if there is evidence of attrition 
inflicted by carnivores (or other agents). 

When the calculations excluded the cranial ele-
ments of the sheep (Table 4), the worst estimation 
was given by the EO method; a gross exaggeration 
of the representation of cattle, a complete absence 
of sheep and about half the original percentage of 
the pig. The diagnostic zones method failed to pro-
duce a good approximation of the original species 
proportions and this obviously stems from the dif-
ferent degree of fragmentation and attrition expe-
rienced by the different species; for example, 
many pig fragments remained unidentified or had 

EO 
ME G R PD ME 
% n º/o n % º/o º/o 
-13 83 70 11 38 -32 -46 
+94 22 19 18 62 +43 +233 
-78 13 11 o o -11 -100 

11 8 100 29 100 

DZ 
ME G R PD ME 
% n % n º/o 0/o º/o 
-25 63 71 20 57 -14 -68 
+50 17 19 15 43 +24 +160 
+50 9 10 o o -10 -100 

89 100 36 100 

TABLE 4 
Specie proportion before and after gnawing without sheep cranial elements. G = number of bones given, R = number of bones reco-

vered, PD = o/o di fference amongst the given and recovered assemblages, ME = o/o mistaken estimation of each pecie . 
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no diagnostic zone saved in large enough a pro-
portion to be counted whilst the sheep bones were 
almost completely eliminated from the record due 
to heavy attrition. In contrast, the cattle bone suf-
fered little breakage. Consequently most of the 
cattle bones were countable thus inflating its per-
centage and, in turn, reducing the proportions of 
the other two species. The method that gave the 
most balanced results were MNI counts but this is 
clearly a function of the logistics on which the 
MNI was calculated. As was the case for the esti-
mation of bone loss, one sheep fragment was 
enough to provide a number equal to the original. 
Despite the fact that cattle were represented by 
many more bones, they too gave an MNI count of 
l. Having accurately estimated the frequencies for 
cattle and sheep, it was not surprising that the 
under-representation of pig was minimal. Nevert-
heless, because of the small size of the cattle and 
sheep samples, a condi tion that always favours 
over-estimation of species represented by a few 
bones, it is probably too daring to argue that the 
MNI will give such good a prediction in a large 
sample. The NISP was not a bad estimator but the 
relatively good NISP result is clearly related to the 
high fragmentation of the pig bones. Apparently 
the same bone was counted severa! times thus 
bringing the p ig proportion closer to the true one 
which in turn affected the other two species pro-
portions in the same manner as discussed for the 
MNI. This obviously is far from satisfactory. Furt-

NJSP 
Metbod G R PD 
Species n º/o n º/.1 % 

Pig 68 54 27 45 -6 
Cattle 18 14 16 27 +13 
Sbeep 41 32 17 28 -4 
Totals 127 100 60 100 

MNI 
Method G R PD 
Species n º/o n º/o º/o 

Pig 4 67 2 so - J 7 
Cattle 1 17 J 25 +8 
Sbeep 1 17 1 25 +8 
To ta Is 6 100 4 100 

hermore, both the cattle and sheep proportions 
were still wrongly estirnated even if less than they 
were by other methods. 

W hen the teeth and mandible of the sheep were 
included (Table 5) the underestimatio n of the 
sheep proportion was somewhat remedied. A real 
difference though was only noticed when the NISP 
was tabulated (ME o nly - 13%). The reason for this 
result is the same as previously detailed for the 
pig; many teeth survived which when counted 
brought the sheep proportion closer to the real one , 
that is a coincidental rather than a real improve-
ment. In fact, if c rite ria were established to avoid 
counting the same animal more than once, the 
NISP would not really have given such a good 
prediction. 

Skeletal element representation 

The pattern of skeletal element representation 
for cattle bones (Table 6), whether this is calcula-
ted on epiphyseal ends or diagnostic zones, corres-
ponds with the frequencies found in a roughly 
complete carcass. The proximal humerus and the 
first and second phalanges are the only unden-e-
presented bones. C learly, when destructio n is 
rninimal, there is no substantial difference betwe-
en the results of the two different methods of cal-
c ulation. 

EO 
ME G R PD ME 
º/o n º/o n % º/o % 
-] 7 83 69 11 37 -33 -47 
+93 22 18 18 60 +42 +227 
-13 15 13 1 3 -9 -73 

120 100 30 100 

DZ 
ME G R PD ME 
% n º/o n º/o º/o º/o 
-25 63 69 20 55 -14 -20 
+50 17 19 15 42 +23 +123 
+50 1 J 12 J 3 -9 -77 

91 100 36 100 

TABLE 5 
Species proportions w ith sheep cran ial elements. Abbreviations as in Table 4. 



THE EFFECT OF DOG SCAVENGl G O A MODERN CATTLE, PIG A D SHEEP BO E ASSEMBLAGE 55 

In contrast, the sheep skeletal representation 
(Tab le 6) cannot be reconstructed. One piece of 
mandible and one tibia fragment that were left 
would not have faci litated a preci e interpretation. 

The pig element frequencie , when calculated 
on epiphyse (Table 6, Figure 1), appear to present 
a "selection of specific cuts" with all elements 
which are often labelled as "butchery waste", mi -
ing (metapodia, carpa! , mo t tar a l and phalan-

ges); the hindleg is less well represented than the 
front leg, and from both the meat-rich parts are the 
commonest (pelvis capula, radiu ). The ab ence 
of humerus and tibia, particularly of the distal 
epiphyses is surprising since both are rather dense 
element . 

The employment of diagnostic zones to recons-
truct keletal element frequencie (Table 6, F igure 
2) apparently improved the re ult bringing them 
clo er to the original compo ition of the pig bone 
a emblage. Based on this method one may con-
clude that almo t ali the skeleton was present. No 

Species Sheep 
Method EO DZ 

Elements EO Elemen ts DZ mo ºl o 1nn 
Scapula d Sea pula o o o 

I-l ume rus p o o 
Hume rus d Humerus o o o 

Radiu p o o 
Radius d Radiu o o o 

Ulna Uloa o o o 
Metacarpal p Metacarpal - - -
Metacarpal d - -

Pe lvis Pelvis o o o 
Femur p o o 
Femur d Femur o o o 
Tibia p o o 
Tibia d Tibia o o o 

Metatar a l p Metatar al - - -
Metatarsal d - -
Calcaneum Calcaneum o o o 
Astragalus Astragalus o o o 
1 st phalanx 1st phalanx - - -

2nd phalanx 2od phalaox - - -
3rd phalanx 3rd phalaox - - -

selection is implied despite the fact that sorne 
bone , such as the radiu , are under-repre ented 
whereas others, for example the pelvis, are over-
represented. The fact that the ulna is present in gre-
ater numbers than the radius would probably be 
interpreted asan indication that the radius was al o 
there but omehow lo t, perhap because of pre-
servation biases. A possible mis interpretation 
might be that ince greater number of bone from 
the hind leg were found this portion of the carcass 
was preferentially consumed in the site. What 
hasn' t been resolved i the ab ence of metapodial 
elements, a case which mo t certainly would have 
been interpreted a an indication of the marketing 
and circulation of dressed carcasse . 

Correlation of the Gnawing Experiment Results 
with the Bulk Density Data 

Spearman ' s rank order corre lations were 
carried out to test whether or not the bone destruc-

Cattle Pig 
EO DZ EO DZ 

ºlo mo o/o mn ºl o mn ºlo mn ºlo 
o 100 100 100 JOO 25 42 so 70 

50 50 o o 
o 100 100 100 100 o o so 70 

100 100 14 25 
o 100 100 100 100 o o 14 20 
o 100 100 100 100 43 75 43 61 
- - - - - o o o o 

- - o o 
o 100 100 100 100 57 100 71 100 

100 100 o o 
o 100 100 100 100 o o so 70 

100 100 o o 
o 100 100 100 100 o o 60 85 
- - - - - o o o o 

- - o o 
o 100 100 100 100 40 70 40 56 
o 100 100 100 100 o o o o 
- 67 67 67 67 o o o o 
- 50 50 50 50 o o o o 
- 100 100 100 100 o o o o 

Mandible Mandible 50 100 so 100 - - --

TABLE 6 
Skeletal repre entation tables, mn = modi fted number = (Bone recovered * 100) I Bon e given, DZ = diagno tic zones, 

EO = epiphysis only. 
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FIGURE 1 
Pig skeletal element representation by epiphyses. 
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FIGURE 2 
Pig skeletal element representation by diagnostic zones. 
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tion was mediated by the ir density. The bulk den-
sity values of cattle and pig bones (Ioannidou, 
2003) were tested against the frequencies of the 
elements that remained after the experiment. 

The cattle frequencies showed no correlation 
with the density data (n = 48, r = .047, p<.75 L) but 
a correlation was obtained for pig (n = 6 1, r =.349, 
p<.006). 
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De pite the fact that a correlation was attested 
to between the extent of destruction and pig bone 
den ity value , the relationship of den ity to des-
truction does not seem to be a straightforward one. 
It seemed that on certain occasions, density was of 
rninimal importance whilst other factors uch as 
the size and nutritional value of the bone were the 
deterrnining parameters. Dog often left undama-
ged bones who e density was low, possibly becau-
se they were not "attractive" or for sorne rea on 
other than density, they were not capable of des-
troying them. One such example i the acetabulum 
of the pig pelvi . It urvived well despite the fact 
that its density is only 0.1 6 whilst the di stal shaft 
of the radiu , which was consumed in ali ca es, has 
a density value of 0.32 (loannidou, 2003). Also, 
cattle bones that have a comparable density value 
to sorne of the pig bones were much less damaged. 
Far instance, the distal shaft of the cattle radius 
that has a density value of 0.35 was almo t unda-
maged. It appears that the size of the bones, which 
deterrnined whether or not the dogs were able to 
hold them between their teeth comfortably enough 
to exerci e all the power needed to crush them, 
wa more crucial than den ity and, this accounts 
for the overall negligible destruction of the cattle 
bones. The nutrition value then should come 
second as the pig acetabulum survival indicares. 
Nevertheless, when comparing elements of the 
same species, differences in density values appear 
to correspond to the extent of destruction. Howe-
ver, thi rnight be an artificial pattern . It is true that 
pig rnid-shaft fragment urvived better and these 
are the trongest parts of the bones but at the same 
time they are the ones that lack nutrition when 
crushed and ali the marrow licked out. Nutrition 
eemed to largely determine destruction in Blu-

menshine's experiment (1988) where broken 
bones stripped of their marrow were little attrited. 
However, no differences were ob erved by Marean 
& Spencer (1991) and Marean et al. ( 1992). 

CONCLUSIONS 

Attrition inflicted by carnivore trongly affect 
the pecie proportion estimation, mortality profi -
le and the keletal element repre entation, ince it 
is unequal amongst species, pos ibly age group 
and keletal element . 

The keletal repre entation frequencie calcula-
ted on epiphyseal portions are likely to be heavily 

biased and to poorly repre ent the original e lement 
composition given that these portions of the bone 
suffer the mo t evere attrition. Calculation on 
rnid - shaft portions would give better estimations 
(Klein , 1975; Richard on, 1980; Hill, 1983 ; Blu-
menshine, 1988; Bunn & Kroll, 1988; Bunn et al. , 
1988; Horwitz & Smith, 1988; Potts, 1988). 
Neverthele , counting epiphyses may mean that 
one counts bones that have not been attacked by 
dogs. This ample then will not be affected by bia-
es introduced into the assemblage because of car-

nivore gnawing. The point here is whether or not 
this sample i representative of the original. lt pro-
bably reflects depositiona1 events in the life of a 
settlement when a batch of rubbish was buried 
rapidly or under such conditions that did not per-
rnit access to carnivores. 

When carnivore gnawing is exten ive, species 
proportions are heavily biased towards larger spe-
cies. As it was clearly found in this research, the 
orig inal proportion of cattle were greatly inflated 
at the expense of pig and sheep. Calculation based 
on mid-shaft fragments, a was the ca e with DZ, 
did not relieve the problem sufficiently despite the 
fact that this wa a good measure for tackling bia-
ses in skeleta l representation. Jaws have often been 
found to dominare carnivore ravaged assemblages 
(Brain, 1967; Haynes, 1980, 198 1; Ski nner et a l. , 
1980; Binford, 198 1; Stallibrass, 1986; Stiner, 
1991). In this research too, the only identifiable 
sheep element that survived were the teeth and a 
mandible fragment. Sub equently, species propor-
tions calculated on teeth rnight provide a better 
approximation of the original assemblage, provi-
ded that one ha already answered ali other tapho-
nornic problems related to the differential deposi-
tion and recovery of head elements. 

Mortality profiles based on epiphyseal closure 
are unreliable in ravaged assemblage in view of 
the fact that mo t of the unfused epiphyses, of at 
least o rne pecie , may be completely destroyed. 

Many re earchers have argued that den ity i a 
majar factor mediating bone attrition (e.g. Brain , 
1967, 1976, 198 1; Bonni chen, 1973; Binford & 
Berrtram, 1977; Kent, 198 1; Andrew & Evan , 
1983; Hayne , 199 1). Despite the fact that in this 
experiment the pig den ity model correlated with 
the attrition cau ed by dog gnawing, the relations-
hip rnight be incidental. Although there rnight be 
species who e bone may have such high a den ity 
that a domestic dog will not be able to crush them, 
in the ca e of the dome tic pecies exarnined here, 
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density did not appear to be the "driving force" 
determining destruction . Thi point has been 
extensively discussed by Lyman (1994 and refe-
rences therein) and summarised thus: "a correla-
tion between bone frequencies and bone structural 
density is a necessary condition for inferring a 
causal relationship between the two variables, but 
it is not a suffic ient condition for such an inferen-
ce" (Lyman, 1994: 253). 
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