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Abstract

The study of the goat has been largely disregarded by British archaeologists, partly because
there is a methodological problem related to the difficulty of distinguishing goat remains from
those of the more common sheapd partly because the relative rarity of this species during the

Middle Ages has contributed to the perception that this animal was not important.

Despitethe fact thatdifferent methodological approaches have been proposed, problems still
affect our abiliy to correctly differentiate sheep and goat bones. The most commonly used
approach relies on morphological traits that have been established by analysing goat specimens
from many different parts of the world, and not all of them may necessarily applitith B
populations. In addition, these criteria are based on morphological differences whose

assessment may be highly subjective.

The development of a more objective methodology is of paramount importance in order to
address thevarious historical and anaeological questions concerning the role of the English
medieval goat. For instance, why is the goat commonly recorded in the Domesday Book when it
appears to be so scarce in the coptarary archaeological record? Isuitderrepresented in the
archaeolgical record or overepresented in the Domesday Book? Why is the goat, when
identified in English medieval animal bones assemblages, almost exclusively represented by

horncores?

This study provides a new methodology that is based on a combination opprmaehes:
morphdogical and biometricThrough the study of modern reference material, a disorof

reliable morphological criteria has been defined and a new biometripedamh focused on
translating,whenever possiblenorphological differences iatBiometrical Indices, has been

tested for a variety of mainly pocranial bones. This has permitthe development o more
objective tool for the assessment of archaeological sheep/goat identifiddimmew protocol

has then been then applied taoeth English sheep and goat medieval assemblages so that a
reassessment of the role this animal played in the Middle Ages could be carried out. The results
obtained have confirmed what many researchers have previously observed: the goat was not a
very comma animal. When identified, it is mainly represented by horncores, which are more
numerous than those of the sheep; when postcranial bones are considered, sheep by far
outnumbers goat. It is likely that the abundance of goat horns is a consequence of an
international trade in goat skins (containing horns) while only a relatively small number of goats

lived on British soil, probably to be used for small scale household consumption.
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GREATEST DEPTH OF TH LATERAL HALF. SYMBOLS EXPLAINED IN FIG. 3.145.......cccvvvveeeiiiiiinns 579

FIGURE 3.210RATIO BETWEEN THE LENGTH AND THE BREADTHOF THE ARTICULAR FACET OF THEOS
MALLEOLAREPLOTTED AGAINST THERATIO BETWEEN THE LENGTH OF THE ARTICULAR FACETOF THE
OS MALLEOLAREAND THE LENGTH TAKEN FROM THE ARTICULAR FACET OF THEOS MALLEOLAREO
THE END OF THE ARTIQLATION-FREE PART OF THE PROESS SYMBOLS EXPLAINED IN FIG. 3.145.579

FIGURE 3.211RATIO BETWEEN THE DEAR'H OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLAREPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND
THE BREADTH OF THE RTICULAR FACET OF THE OS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.145.

FIGURE 3.212RATIO BETWEEN THE DEAH OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLARIPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND

THE BREADTH OF THE RTICULAR FACET OF THE OS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.145.

FIGURE 3.213DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE HORNCORES ......ccuiiitiiiiiieiieereerneisneesnersneesnenes 584
FIGURE 3.214DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND

ARCHAEOLOGICAL MATERIAL BY DA FOR THE HORNCORE$MEASUREMENTS A AND B EXCLUDED).

FIGURE 3.215DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND

ARCHAEOLOGICAL MATERIAL BY DA FOR THE HORNCORE$MEASUREMENTSE AND F EXCLUDED).

FIGURE 3.216DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE SCAPULA.....uiiiiteiiitnneeeteeiiiasessesiainseessennanaeeaees 587
FIGURE 3.217DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR HUMERL .....ctvuiiiiiiiiiiiiie e eeeiis e e et seeaanin e e e enneans 588
FIGURE 3.218DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATRIBUTED TO THE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE RADIUS.....ciiiiiiiiieieeeeeeeeeeeeeeeeeit e 591
FIGURE 3.219DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE RADIUS(MEASUREMENTSGL AND SD EXCLUDED). 592
FIGURE 3.220DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE ULNA .....uutututttuiiiieaeaeeeeeeeeeeeeeeeeeesesesssssssrannnnnnn 594
FIGURE 3.221SCATTERPLOT OF THE INDIVIDUAL DISCRIMINAN T SCORES ATTRIBUTEDTO THE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE ULNA(EXCLUDING MEASUREMENTS B AND L)........ 595
FIGURE 3.222DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE METACARPAL .....ccutuiiiieieiiiiineeeseeininnsessessinnnaeeeeed 597
FIGURE 3.223DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND

ARCHAEOLOGICAL MATERIAL BY DA FOR THE METACARPAL(EXCLUDING MEASUREMENTS GL AND
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FIGURE 3.224DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE METATARSAL ....ccvtteiitieeeet e eeeeeeeaeeeeaneeeeenneeeees 600
FIGURE 3.225DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTEDTO THE MODERN AND

ARCHAEOLOGICAL MATERIAL BY DA FOR THE METATARSAL (EXCLUDING MEASUREMENTS GL AND

FIGURE 3.226DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRBUTED TO THE MODERNAND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE TIBIA (EXCLUDING MEASUREMENT GL). ................ 603
FIGURE 3.227DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE TIBIA (EXCLUDING MEASUREMENTS GL AND SD)...604
FIGURE 3.228DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE ASTRAGALUS ......ccttttiiiiieeeieeiiiieeeeeiaineeeesennnnnns 606
FIGURE 3.229DIAGRAM OF THE INDIVIDUAL DISCRIMINANT SCORES ATTRIBUTED TO HE MODERN AND
ARCHAEOLOGICAL MATERIAL BY DA FOR THE CALCANEUM ....cceeeeeiiiiiiiininnereeeeeeeeeesessnnsnnnnnneens 608
FIGURE 3.230LOCATION OF THE SITESAND OF MINOR FIELDWORKS (BROWN 2008).RED ARROWS INDICATE
THE AREAS WHERE19941997(LEFT) AND 2005(RIGHT) EXCAVATIONS OCCURRED(IMAGE
REPRINTED FROMBROWN, J. EXCAVATIONS AT THE CORNER OFKINGSWELL STREET AND
WOOLMONGERSTREET, NORTHAMPTON. NORTHAMPTONSHIRARCHAEOLOGY35:173-214,
COPYRIGHT2008,WITH PERMISSION FROMNORTHAMPTONSHIREARCHAEOLOGY, NOw MOLA
NORTHAMPTON). .1 et tttttee e ettt e e s stte et e e e s sabb et e e e sbbe e e e e s sk beeeeeessabbeeeeeabbbeeeesanbbneeeessnbbeeeeesnnbneeeesn 618
FIGURE 3.231LIST OF THE WRITTEN FESOURCES AND THE AREAEOLOGICAL EVIDENCEATTESTING CRAFTS
AT THE SITE (IMAGE REPRINTED FROMSODEN,I. A HISTORY OF URBAN REGNERATION:
EXCAVATIONS IN ADVAN CE OF DEVELOPMENT OF ST PETERG WALK, NORTHAMPTON, 19947,
NORTHAMPTONSHIRARCHAEOLOGY28:61-127,COPYRIGHT199899, WITH PERMISSION FROM AIN
S]] = ) 619
FIGURE 3.232LIST OF THE SPECIESIENTIFIED AT THE SITE BY ARMITAGE IN 1998 1999(RIGHT).
PERCENTAGES OF THE MAN SPECIES BASED ONNISPAT THE SITE (IMAGE REPRINTED FROM
ARMITAGE, P.FAUNAL REMAINS. IN A HISTORY OF URBAN REGNERATION: EXCAVATIONS IN
ADVANCE OF DEVELOPMENT OFF ST PETERGS WALK, NORTHAMPTON, 199497,1. SODEN,102-106,
COPYRIGHT1998-99. NORTHAMPTONSHIRARCHAEOLOGY28, WITH PERMISSION FROMPHILIP
N L T Y] = TR 621
FIGURE 3.233LIST OF THE IDENTIFIED SPECIES FROM TH2005EXCAVATION (IMAGE REPRINTED FROM
ARMITAGE, P.MAMMAL , BIRD AND FISH BONES IN EXCAVATIONS AT THE CORNER OFKINGSWELL
STREET ANDWOOLMONGERSTREET, NORTHAMPTON, J.BROWN, 206-208,COPYRIGHT2008.
NORTHAMPTONSHIRARCHAEOLOGY35, WITH PERMISSION FROMPHILIP ARMITAGE)....c.cccceeernn.. d 622
FIGURE 3.234MAXIMUM DIAMETER TAKE N AT THE BASE PLOTTED AGAINST A RATIO BETWEEN THE
LENGTH AND THE LENGTH OF THE OUTER CURVAURE OF THE HORNCORETHE MODERN DATA ARE
REPRESENTED BY THE QUARE EMPTY SYMBOL, BLUE FOR MODERN GOAB, RED FOR MODERN SHEEP
WHILE THE ARCHAEOLOGCAL MATERIAL IS REPRESENTED BY THE FILIED DOT SYMBOL BLUE FOR

GOATS, RED FOR SHEEP AND GREN FOR SHEERGOAT. ..eccitiiiieitiiieeeeeeeeeeseessssnnsnnnnneneeaeeessssnnnanns 627
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FIGURE 3.235RATIO BETWEEN THE LENGTH AND THE LENGTH GF THE OUTER CURVATUFRE PLOTTED
AGAINST THE RATIO BETWEEN THE MAXIMUM DIAMETER TAKEN AT THE BASE AND THE LENGTHOF
THE OUTER CURVATUREOF THE HORNCORESYMBOLS EXPLAINED IN FIG. 3.234......0cvvvieeeeeiinnns 627

FIGURE 3.236RATIO BETWEEN THE GRRATEST LENGTH OF THEPROCESSUS ARTICOLARAND THE LENGTH
OF THE GLENOID CAVITY PLOTTED AGAINST THE RATIO BETWEEN THEGREATEST LENGTH OF HE
PROCESSUS ARTICOLARAND THE BREADTH OF THE GLENOID CAVITY. SYMBOLS EXPLAINED INFIG.

FIGURE 3.237RATIO BETWEEN THE SHARTEST DISTANCE FROMIHE BASE OF THE SPIE TO THE EDGE OF
THE GLENOID CAVITY AND THE SMALLEST LENGTH OF THECOLLUM SCAPULAEPLOTTED AGAINST THE
RATIO BETWEEN THE GREATEST LENGTH OF THEPROCESSUS ARTICOLARAND THE BREADTH OF THE
GLENOID CAVITY. SYMBOLS EXPLAINED IN FIG. 3.234......ccciiiiiiieieiiee et e e 628

FIGURE 3.238RATIO BETWEEN THE MEDO LATERAL WIDTH OF THE TROCHLEA AND ITS HEIGHT PLOTTED
AGAINST THE MEDIO LATERAL WIDTH OF THE TROCHLEA AND THE DIAMETER OF THE TROCHLER
CONSTRICTION SYMBOLS EXPLAINED IN FIG. 3.234 ...ttt 629

FIGURE 3.239RATIO BETWEEN THE BRADTH OF THE CAPITULUMAND THE DISTAL WIDTH PLOTTED
AGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUMAND THE MEDIO LATERAL WIDTH OF
THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234 ...ttt 629

FIGURE 3.240RATIO BETWEEN THE BRADTH OF THE CAPITULUMAND THE DIAMETER OFTHE TROCHLEA
CONSTRICTION PLOTTEDAGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUMAND THE
MEDIO LATERAL WIDTH OF THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234.......ccccvvviiiiiniinns 630

FIGURE 3.241RATIO BETWEEN THE BREADTH OF THE EPICONDY.E LATERALISAND THE MEDIO LATERAL
WIDTH OF THE TROCHLEA PLOTTED AGAINST THE RATIO BETWEEN THEBREADTH OF THE EPICOIDYLE
LATERALISAND THE WIDTH OF THEDISTAL END. SYMBOLS EXPLAINED IN FIG. 3.234..........ccccvvvee. 630

FIGURE 3.242RATIO BETWEEN THE GRRATEST LENGTH OF THEFACIES ARTICULARISROXIMALISAND THE
GREATEST BREADTH OFTHE PROXIMAL END PLOTTED AGAINST THE DEPTHOF THE PROXIMAL END.
SYMBOLS EXPLAINED IN FIG. 3.234. .ottt ettt ettt a et e e e e e eaab e e e e eeanen 631

FIGURE 3.243RATIO BETWEEN THE BRADTH ACROSS THE COR®OID PROCESS AND THIDEPTH ACROSS
THE PROCESSUS ANCONAEU® THE CAUDAL BORDERPLOTTED AGAINST THEBREADTH ACROSS THE

CORONOID PROCESS ANODHE SMALLEST DEPTH & THE OLECRANON SYMBOLS EXPLAINED IN FIG.

FIGURE 3.244METACARPAL. RATIO BETWEEN THE DIAMETER OF THE MEDIALTROCHLEA AND THE WIDTH
OF THE MEDIAL CONDYLE PLOTTED AGAINST THE RATIO BETWEEN THEDIAMETER OF THEVERTICILLUS
AT THE MEDIAL CONDYLE AND THE DIAMETER CF THE MEDIAL TROCHLEA. SYMBOLS EXPLAINED IN
FIG. .23 et e e e e e aaaas 632

FIGURE 3.245METACARPAL. RATIO BETWEEN THE WIDTH OF THE LATERAL CONDYLE AND THE DIAMETER
OF THE LATERAL TROCH.EA PLOTTED AGAINSTTHE RATIO BETWEEN THE DIAMETER OF THE LATERAL
CONDYLE AND THE DIAMETER OF THEVERTICILLUSON THE LATERAL CONDYLE. SYMBOLS EXPLAINED
N T T2 7 P 632

FIGURE 3.246METATARSAL. RATIO BETWEEN THE DIAMETER OF THE MEDIALTROCHLEA AND THE WIDTH

OF THE MEDIAL CONDYLE PLOTTED AGAINST THE RATIO BETWEEN THE DIAMETER OFTHE VERTICILLUS
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AT THE MEDIAL CONDYLE AND THE DIAMETER CF THE MEDIAL TROCHLEA. SYMBOLS EXPLAINED IN
L TG T2 SO 633
FIGURE 3.247TMETATARSAL. RATIO BETWEEN THE WIDTH OF THE LATERAL CONDYLE AND THE DIAMETER
OF THE LATERAL TROCH.EA PLOTTED AGAINSTTHE RATIO BETWEEN THE DIAMETER OF THE
VERTICILLUSON THE LATERAL CONDYLE AND THE DIAMETER OF THE LATERAL CONDYLE. SYMBOLS
EXPLAINED IN FIG. 3.234.....ceiieeiiiie e ettt e et ettt e e e e e e e e e e e s s s s e aneeeeaeaaaeeeesannnnes 633
FIGURE 3.248METATARSAL. RATIO BETWEEN THE GRRATEST BREADTH OF THEDISTAL END WITH THE
GREATEST LENGTH PLOTED AGAINST THE RATIO BETWEEN THE SMALLEST WIDTH OF THE SHAR AND
THE GREATES LENGTH. SYMBOLS EXPLAINED IN FIG. 3.234.....cuviiiiieeiei e ccciieieeiee e e 634
FIGURE 3.249BREADTH OF THE DISTALEND PLOTTED AGAINSTTHE RATIO BETWEEN THE DEPTH OF THE
MEDIAL (A) AND LATERAL (B) SIDE. SYMBOLS EXPLAINED IN FIG. 3.234.....cccevvvieeeiiiiiciiinieeeeeen 634
FIGURE 3.250RATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE GREATEST DEPTH OF THE
LATERAL HALF PLOTTED AGAINST A RATIO BETWEEN THE BREADTH OF HE DISTAL END AND THE
GREATEST LENGTH OF THELATERAL HALF. SYMBOLS EXPLAINED IN FIG. 3.234......ccooviviiiiiiieeend 635
FIGURE 3.251RATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE GREATEST DEPTH OF THE
LATERAL HALF PLOTTED AGAINST THE RATIO BETWEEN THE BREADTH OF THE DISAL END AND THE
HEIGHT AT THE CENTRAL CONSTRICTION SYMBOLS EXPLAINED IN FIG. 3.234 ... 635
FIGURE 3.252RATIO BETWEEN BREADTHOF THE DISTAL END AND THE GREATEST DEPTH OF THEATERAL
HALF PLOTTED AGAINSTTHE RATIO BETWEEN THE BREADTH OF THE DISAL END AND THE GREATEST
DEPTH OF THE LATERALHALF. SYMBOLS EXPLAINED IN FIG. 3.234.......ccvciiiieiiiiiiiie e, 636
FIGURE 3.253RATIO BETWEEN THE BREADTH OF THE DISTAL END AND THE HEIGHT AT THE CENTRAL
CONSTRICTION AND THERATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE
GREATEST DEPTH OF TH LATERAL HALF. SYMBOLS EXPLAINED IN FIG. 3.234........cccoiiveiriininnnnn 636
FIGURE 3.254RATIO BETWEEN THE LENGTH AND THE BREADTHOF THE ARTICULAR FACET OF THEOS
MALLEOLAREPLOTTED AGAINST THERATIO BETWEEN THE LENGTH OF THE ARTICULAR FACET OF THE
OS MALLEOLAREND THE LENGTH TAKEN FROM THE ARTICULAR FACET OF THEOS MALLEOLAREO
THE END OF THE ARTIQLATION-FREE PART OF THE PROESS SYMBOLS EXPLAINED IN FIG. 3.234.637
FIGURE 3.255RATIO BETWEEN THE DEAH OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLARIPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND

THE BREADTH OF THE RTICULAR FACET OF THE OS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.234.

FIGURE 3.256RATIO BETWEEN THE DEAH OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLARIPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND

THE BREADTH OF THE RTICULAR FACET OF THE OS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.234.

........................................................................................................................................... 638
FIGURE 3.257GREATEST DIAGONAL LENGTH OF THE SOLE PLOTED AGAINST A RATIO BETWEEN THE

GREATEST DIAGONAL LENGTH OF THE SOLE ANDTHE MIDDLE BREADTH OF THE SOLE SYMBOLS

EXPLAINED IN FIG. 3,234 ... oottt ettt e et e e e e e e e e e e e aaan s e e e eeeraen 638

FIGURE 3.258RATIO BETWEEN THE GRRATEST LENGTH OF THEPROCESSUS ARTICOLARAND THE LENGTH

OF THE GLENOID CAVITY PLOTTED AGAINST THE RATIO BETWEEN THEGREATEST LENGTH OF HE
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PROCESSUS ARTICOLARAND THE BREADTH OF THE GLENOID CAVITY. SYMBOLS EXPLAINED IN FIG.

FIGURE 3.259RATIO BETWEEN THE SHARTEST DISTANCE FROMIHE BASE OF THE SPIE TO THE EDGE OF
THE GLENOID CAVITY AND THE SMALLEST LENGTH OF THECOLLUM SCAPULAPLOTTED AGAINST A
RATIO BETWEEN THE GREATEST LENGTH OF THEPROCESSUS ARTICOLARAND THE BREADTH OF THE
GLENOID CAVITY. SYMBOLS EXPLAINED IN FIG. 3.234......ccciiiiiiieiieeeee et 640

FIGURE 3.260RATIO BETWEEN THE MEDO LATERAL WIDTH OF THE TROCHLEA AND ITSHEIGHT PLOTTED
AGAINST THE MEDIO LATERAL WIDTH OF THE TROCHLEA AND THE DIAMETER OF THE TROCHLER
CONSTRICTION SYMBOLS EXPLAINED IN FIG. 3.23 4.ttt 641

FIGURE 3.261RATIO BETWEEN THE BREADTH OF THE CAPITULUMAND THE DISTAL WIDTH PLOTTED
AGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUMAND THE MEDIO LATERAL WIDTH OF
THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234...ccciiiiiiiiiiccieeeee e a e 641

FIGURE 3.262RATIO BETWEEN THE BRADTH OF THE CAPITULUMAND THE DIAMETER OFTHE TROCHLEAR
CONSTRICTION PLOTTEDAGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUM AND THE
MEDIO LATERAL WIDTH OF THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234.......ccccvvviiiiininnns 642

FIGURE 3.263RATIO BETWEEN THE BREADTH OF THE EPICONDY.E LATERALISAND THE MEDIO LATERAL
WIDTH OF THE TROCHIEA PLOTTED AGAINST THE RATIO BETWEEN THEBREADTH OF THE EPIC®IDYLE
LATERALISAND THE WIDTH OF THEDISTAL END. SYMBOLS EXPLAINED IN FIG. 3.234..........ccccvvve. 642

FIGURE 3.264RATIO BETWEEN THE GREATEST LENGTH OF THEFACIES ARTICULARISROXIMALISAND THE
GREATEST BREADTH OFTHE PROXIMAL END PLOTTED AGAINST THE DEFTH OF THE PROXIMAL END.
SYMBOLS EXPLAINED IN FIG. 3,234ttt ettt e et e e e e eaab e e e eeaaes 643

FIGURE 3.265RATIO BETWEEN THE BREADTH ACROS THE CORONOID PROCES AND THE DEPTH ACRSS
THE PROCESSUS ANCONAEU® THE CAUDAL BORDERPLOTTED AGAINST THEBREADTH ACROSS THE

CORONOID PROCESS ANODHE SMALLEST DEPTH & THE OLECRANON SYMBOLS EXPLAINED IN FIG.

FIGURE 3.266METACARPAL. RATIO BETWEEN THE DIAMETER OF THE MEDIALTROCHLEA AND THE WIDTH
OF THE MEDIAL CONDYLE PLOTTED AGAINST THE RATIO BETWEEN THEDIAMETER OF THEVERTICILLUS
AT THE MEDIAL CONDYLE AND THE DIAMETER OF THE MBDIAL TROCHLEA. SYMBOLS EXPLAINED IN
TG T2 SRR 644
FIGURE 3.26 TMETACARPAL. RATIO BETWEEN THE WIDTH OF THE LATERAL CONDYLE AND THE DIAMETER
OF THE LATERAL TROCH.EA PLOTTEDAGAINST THE RATIO BETWEEN THE DIAMETER CF THE
VERTICILLUSTHE LATERAL CONDYLE AND THE DIAMETER OFTHE LATERAL CONDYLE. SYMBOLS
EXPLAINED IN FIG. 3,234 ..o ettt ettt e ettt e e e e e e b s e e e eaaanneeaaees 645
FIGURE 3.268METACARPAL. RATIO BETWEEN THE GREATEST BREDTH OF THE DISTAL END WITH THE
GREATEST LENGTH PLOTED AGAINST THE RATIO BETWEEN THE SMALLEST WIDTH OF THE SHAR AND
THE GREATEST LENGTH SYMBOLS EXPLAINED IN FIG. 3.234....couuiiiiiiiiiiii e 645
FIGURE 3.269METATARSAL. RATIO BETWEEN THE DIAMETER OF THE MEDIALTROCHLEA AND THE WIDTH
OF THE MEDIAL CONDYLE PLOTTED AGAINST THE RATIO BETWEEN THEDIAMETER OF THEVERTICILLUS
AT THE MEDIAL CONDYLE AND THE DIAMETER CF THE MEDIAL TROCHLEA. SYMBOLS EXPLAINED IN
FIG. B.234. e e e e e e raaaa e e e e e e aaa b araaas 646
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FIGURE 3.270METATARSAL. RATIO BETWEEN THE WIDTH OF THE LATERAL CONDYLE AND THE DIAMETER
OF THE LATERAL TROCH.EA PLOTTED AGAINSTTHE RATIO BETWEEN THE DIAMETER OF THE
VERTICILLUSON THE LATERAL CONDYLE AND THE DIAMETER OF THE LATERAL CONDYLE. SYMBOLS
EXPLAINED IN FIG. 3.234.....ceiieeeeiee ettt e e et e e e e e e e e e e s s s e e e e e e e aaeaeeesannnnes 646

FIGURE 3.271BREADTH OF THE DISTALEND PLOTTED AGAINSTTHE RATIO BETWEEN THE DEPTH OF THE
MEDIAL (A) AND LATERAL (B) SIDE. SYMBOLS EXPLAINED IN FIG. 3.234.....cccuvvvieeeiiiiiiiiiiniieeeeen 647

FIGURE 3.272RATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE GREATEST DEPTH OF THE
LATERAL HALF PLOTTED AGAINST A RATIO BETWEEN THE BREADTH OFTHE DISTAL END AND THE
GREATEST LENGTH OF HE LATERAL HALF. SYMBOLS EXPLAINED IN FIG. 3.234...........cccccvvvnnnen, 647

FIGURE 3.273RATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE GREATEST DEPTH OF THE
LATERAL HALF PLOTTED AGAINST THE RATIO BETWEEN THE BREADTH OFTHE DISTAL END AND THE
HEIGHT AT THE CENTRAL CONSTRICTION SYMBOLS EXPLAINED IN FIG. 3.234.......ccvvviveeeeeeeniinnd 648

FIGURE 3.274RATIO BETWEEN BREADTHOF THE DISTAL END AND THE GREATEST DEPTHOF THE LATERAL
HALF PLOTTED AGAINSTTHE RATIO BETWEEN THE BREADTH OF THE DIFAL END AND THE GREATEST
DEPTH OF THE LATERALHALF. SYMBOLS EXPLAINED IN FIG. 3.234......cccviiiiiiiiiiiiiin e 648

FIGURE 3.275RATIO BETWEEN THE BREADTH OF THE DISTAL END AND THE HEIGHT AT THE CENTRAL
CONSTRICTION AND THERATIO BETWEEN HEIGHTAT THE CENTRAL CONSRICTION AND THE
GREATEST DEPTH OF TH LATERAL HALF. SYMBOLS EXPLAINED INFIG. 3.234.......ccciiiiiiiiiiiiinn 649

FIGURE 3.276RATIO BETWEEN THE LENGTH AND THE BREADTHOF THE ARTICULAR FACET OF THEOS
MALLEOLAREPLOTTED AGAINST THERATIO BETWEEN THE LENGTH OF THE ARTICUIAR FACET OF THE
OS MALLEOLAREAND THE LENGTH TAKEN FROM THE ARTICULAR FACET OF THEOS MALLEOLAREO
THE END OF THE ARTIQLATION-FREE PART OF THE PROESS SYMBOLS EXPLAINED IN FIG. 3.234.649

FIGURE 3.277RATIO BETWEEN THE DEAH OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLARIPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND

THE BREADTH OF THE RTICULAR FACET OF THE OS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.234.

FIGURE 3.278RATIO BETWEEN THE DEAH OF THESUBSTENTACULUM TAIAND THE LENGTH OF THE
ARTICULAR FACET OF THE OS MALLEOLARIPLOTTED AGAINST THERATIO BETWEEN THE LENGTH AND

THE BREADTHOF THE ARTICULAR FACET OF THEOS MALLEOLARESYMBOLS EXPLAINED IN FIG. 3.234.

........................................................................................................................................... 650
FIGURE 3.279GREATEST DIAGONAL LENGTH OF THE SOLE PLOTED AGAINST A RATIO BETWEEN THE

GREATEST DIAGONAL LENGTH OF THE SOLE AND THE MIDDLE BREADTH OFTHE SOLE SYMBOLS

EXPLAINED IN FIG. 3234 ... oottt ettt sttt e et e e e et r e e e e s aaa s e e e e eeeaen 651

FIGURE 3.280RATIO BETWEEN THE GRATEST LENGTH OF THEPROCESSUS ARTICOLARAND THE LENGTH
OF THE GLENOIDCAVITY PLOTTED AGAINST THE RATIO BETWEENTHE GREATEST LENGTHOF THE

PROCESSUS ARTICOLARAND THE BREADTH OF THE GLENOID CAVITY. SYMBOLS EXPLAINED IN FIG.

FIGURE 3.281RATIO BETWEEN THE MEDIO LATERAL WIDTH OF THE TROCHLEA AND ITS HEIGHT PLOTTED

AGAINST THE MEDIO LATERAL WIDTH OF THE TROCHLEA AND THE DIAMETER OF THE TROCHLER

CONSTRICTION SYMBOLS EXPLAINED IN FIG. 3.234....cu i 652
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FIGURE 3.282RATIO BETWEEN THE BREADTH OF THE CAPITULUMAND THE DISTAL WIDTH PLOTTED
AGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUMAND THE MEDIO LATERAL WIDTH OF
THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234....ccciiiiiiiiiieiieee et 652
FIGURE 3.283RATIO BETWEEN THE BRADTH OF THE CAPITULUMAND THE DIAMETER OFTHE TROCHLEAR
CONSTRICTION PLOTTEDAGAINST THE RATIO BETWEEN THE BREADTH OFTHE CAPITULUMAND THE
MEDIO LATERAL WIDTH OF THE TROCHLEA SYMBOLS EXPLAINED IN FIG. 3.234..........ccccovuvnnneen. 653
FIGURE 3.284RATIO BETWEEN THE BRADTH OF THEEPICONDYLE LATERALISND THE MEDIO LATERAL
WIDTH OF THE TROCHLEA PLOTTED AGAINST THE RATIO BETWEEN THEBREADTH OF THEEPICONDYLE
LATERALISAND THE WIDTH OF THEDISTAL END. SYMBOLS EXPLAINED IN FIG. 3.234..................... 653
FIGURE 3.285RATIO BETWEEN THE GRRATEST LENGTH OF THEFACIES ARTICULARISROXIMALISAND THE
GREATESTBREADTH OF THE PROXMAL END PLOTTED AGAINST THE DEPTH OF THEPROXIMAL END.
SYMBOLS EXPLAINED IN FIG. 3.234 ..ttt et e e ee sttt e e e e e e e e s st e e e e e e e e e e e e snnnnnes 654
FIGURE 3.286METACARPAL. RATIO BETWEEN THE DIAMETER OF THE MEDIALTROCHLEA AND THE WIDTH
OF THE MEDIAL CONDYLE PLOTTED AGAINST THE RATIO BETWEEN THEDIAMETER OF THEVERTICILLUS
AT THE MEDIAL CONDYLE AND THE DIAMETER CF THE MEDIAL TROCHLEA. SYMBOLS EXPLAINED IN
TG T2 SRS 654
FIGURE 3.287METACARPAL. RATIO BETWEEN THE WIDTH OF THE LATERAL CONDYLE AND THE DIAMETER
OF THE LATERAL TROCH.EA PLOTTED AGAINSTTHE RATIO BETWEEN THE DIAMETER OF THE
VERTICILLUSON THE LATERAL CONDYLE AND THE DIAMETER OF THE LATERAL CONDYLE. SYMBOLS
EXPLAINED IN FIG. 3.23 4. ittt e et e e e e e et s e e e eebanneeeaee 655
FIGURE 3.288METACARPAL. RATIO BETWEEN THE GRRATEST BREADTH OF THEDISTAL END WITH THE
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Chapter 1 Introduction and background

1.1 Research questions and thesis structure

AMany historical evdtls they daim ahatdtheib sulgjdctshas tbeeg i n
neglected, but in the case of the mediay@dt this really is the case. The evidence is
scattered and thin, and although historians and archaeologists have devoted some space
to this animal there isno study afgy | e(Dygrt2004: 20).

The study of the gogCapra hircug has been largely disregarded by British archaeologiats

this neglect is due ta number ofdifferent reasonsln part it is a methodological problem
related to the difficulty of distingishing goat remains from those of the more common sheep
(Ovis arieg. At the same time, the relatigearcityof this species in tharchaeological records
for the Middle Agedc. 1066:1500) has contributed to the perception that this animal was not

important, and therefore not worth analysing in detalil.

There arein fact, various important historical and archaeological questimiated to the
medieval goat thatall for an answerbut their understanding idependent omur ability to
identify goat bong acurately. Bth historical (Dyer 2004) and archaeological (Albarella 1997)
sources indicate a gradual decline of this species in the course of the MiddleAklgesgh

some hypotheses fanis decline have been raised, the dynamics, extent and tiarergill far

from understood. In addition, from the study of Englisiedieval bone assemblages an
intriguing pattern emergesn the one hand, a scarcity of goat bones and teeth is recorded but,
on the other, there is a much greater abundance of hornddriss.has led to different
hypotheses, such as the possibility of an international trade in goat skins (Albarellal2003).
moregeneralterms the overall role that the goat played in Englsédieval husbandry is still

far from clear The goat is, for istance, more commonly recorded in th&-t&ntury Domesday

Book than one would expect from its occurrence in the archaeological record (Albarella 1999).
Whetherthe reason behind this discrepancy is due to an overestimation in the written,sources

or an underrecordingof goat bonedy zooarchaeologistis unclear.

Medieval bone assemblages have been studiediiyearariety of researchergachpossessing
highly variable skills in identifying goat boneand also at different times when different
identification criteria were available. The most commonly usearphological criteria for
sheep/goat postcranial identificati@rere publishedover 40 yearsago (e.g. Boessneck 1969
Boessneclet al. 1964 Kratochvil 1969), but identification methods based athteare much

more recentHalsteadet al. 2002 Payne 198p All these criteria have recently been subjected
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to various refinements and verifications (e.g. Fernandez 2001; Fernandez 2002; Zeder and
Lapham 2010; Zeder and Pilaar 2010).

Despite these coiilwtions, problems still affect the ability of zooarchaeologists to correctly
differentiate the two species. For instance, many of the adopted criteria have been established by
analysing goat specimens from many different parts of the world, and not aleof
necessarily apply to British populations. A further problem is that many criteria are based on
morphological differences whose assessment may be highly subjeasibdity and reliability

of known morphological traits vary according to differeattbrs breed and age of the animals,
ability and experience of the obseryvas well as the completeness of reference colles)tibm
addition since archaeological reportdten include the two taxa (sheep and goat) in a single
sheep/goat category, witlo or little attempt to separate the two, it is very difficult to compare
sites reliably and also get a realistic overview of the importance of the goat in different regions
and at different times in England.

A review of the literatureoncerning theole thatthe goatplayedduring the Middle Ages in
England, have led to the formulationtbé& following aims for this thesis

1. To determine to what extent the published morphological criteria generally used for the
separation of sheep and goat bones ardicapte to breeds and populations from

England.

2. To establish the degree of influence of factors such as sex and age on the visiility a
reliability of morphological criteria.

3. To translate morphological features into biometrical indices, focusing, &b sl

possible, on central and northern European modern animals.

4. To provide a baseline of modern sheep and goat morphometric data useful to
zooarchaeologists.

5. To provide a new methodology based on morphometry, which will:
I.  represent an objective toobrf the identification of sheep and goat
archaeological bones.
II.  have the potential to be applied beyond the Middle Ages as an additional
OvisandCapraidentification tool.
6. To start a reassessment of the role that the goat played during the Middle Ages i
England by reanalysing a number of English medieval sheep and goat bone

assemblages with a proposed new methodology.
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7. Toreconsidethe hypotheses regarding the potential trade in goat horns and skins with

the continent during the medieval period.

1.1.2 Description of the structure of the thesis

This thesis isdivided into two correlatedparts: Part | (Chaprs 1 and 2) focuses on the
development of a new methodology through the study of modern sheep and goat.rRaterial
Il (Chaptes 3 and 9 presats the application of such new metlology on a number of English
medieval sheep and goat assemblagfass assessing the reliability of previous identifications

andestimating the abundance of the goat in such case studies

Part | of the thesis startsitth an opening section on taxonomy (Section 1.2). The
methodological background is outlined in SectibB in order to contextualise the research
questions of the project. In the same Section the limits of previous approaches (morphological,
biometrical ad bio-molecular) are highlighted and the benefits of the proposed new
methodology are discussed. An evaluation of the historical and archaeological issues regarding
the goat in the English medieval period follows (Section 1.4), beginning with a consideriati

the evidence from written sources (Section 1.4.1). The archaeological evidence follows, and an
overview of the relative frequency of goats during the Middle Ages is provided. A brief
explanation of the main hypotheses concerning the decline of &#tiésgaiso included, followed

by the analysis of the anatomical representation of this animal in medieval archaeological
assemblages (Section 1.4.2).

Chapter ds divided into two main sections. The first part is dedicated to-deth description

of the methods and materials (Sections 2.1 and 2.2). The morphological traits selected from
published literature are presented (Section 2.1.2), along with the measurements which form the
new recording protocol. Traditional as well as newly devised measurerBeatof 2.1.3) are
described together with the adopted recording protocol (Section 2.1.4). Section 2.2 is dedicated
to the description of the modern sheep and goat specimens making up the modern samples: the
full set of information regarding the modern raais is provided, including age, sex, breed and
degree of completeness. $ection 2.3 the results of the Inter and k®iaserver Eror trial,
conducted to verify the replicability and reliability of the measurements included in the new

recording protocglare presented.

The second part of Chaptefd@uses on the presentation of the results from the analysis of the
modern material. Section 2.4 presents the study of the reliability of the chosen morphological
traits, leading to a proposed shiist of the most diagnostic and reliable traits. An evaluation of

the effects of sex and age on the reliability and visibility of such traits is also attempted (Section
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2.4.2 and 2.4.3). The following section (Section 2.5) presents the results of the biometrical
andysis: linear measurements and biometrical indices are presented first (Section 2.5.2 and
2.5.3). Statistical analysis then follows (Section 2.5.4). The results from the-\Maitmey U
testand Manova tes(Section 2.5.5) along with Discriminant AnalysiSetion 2.5.6) and
Principal Component Analysis (Section 2.5.7) are then outlined on an element by element basis.
Finally, in Section 2.6, general considerations about the results obtained from the application of

the new methodology on modern materialsunsmarised.

Part 1l of thethesis starts with Chapter, 3vhich focuseson the application of thenew

methodology to a number ofedieval English archaeological sheep/goat assemblageéirsihe

case study is the port an dregxammationofthelsheepgas Lynn i n
goat remains from the site is pregmhand discussed in Section.3The second case study is

represented by the site of Flaxengate, Lincoln. Only some key contexts have been chosen from

this site and the relts are presated in Section 3.Finally, the results from the analysis of the

third sheep/goat bones assemblage studied, Woolmonger/Kingswell Street in Northampton, are

outlined in Section 3.4. Section 3/resents a discussion of the level of success of the new

methodological approach on the aedvlogical material. Section 3ré-assesses the likely role

that the goat had in medieval England, in light of the presented results. The thesis proceeds with

an evaluation of how the research could beaexded and improve@ection 3.7.

The tresis concludes with Chapterwhich summarises the results obtained by this project.

1.2 Taxonomy

The domestic goaCapra hircus, belongs tothe mammalian ordeArtiodactyla, suborder
Ruminantia, familyBovidae, sulfamily Caprinaetribe Caprini, genu€apra The sheep@vis

arieg) is also included in the tribe Caprini, and is therefore closely related to the goat.

The genugCapraincludes several specieSdrbet 1978; Corbet and Hill980 in Mason 1984
87; Willson and Reeder 20Q%s shown by Tablg.1.



Table 1.1 List of species ofCaprawith their common name.

Scientific Name Common name

Capra aegagrus | the bezoar or wild goat, the animal which is recognized as the ance
thedomestic goat

Capra ibex the alpine ibex

Capra caucasica | the west Caucasian tur, sometimes regarded as a subspec@saibex
(C.i. severtzoi

Capra the tur of the eastern Caucasus
cylindricornis

Capra pyrenaica | the Spanish ibex or Spanish wildago

Capra falconieri | the markhor

Capra nubiana the Nubian ibex

Capra sibirica the Siberian ibex

Capra wallie the Wallia ibex

The tribe Caprini includeive genera. Apart fron©vis and Capra, the tribe also includes the
tahr of the genusiemitragus,and two species closely related @apra, Ammotragus lervia
(Barbary shegpandPseudois nayaufblue sheep(Gray 1972 in Mason 1984:8%chaffer and
Reed 1972). The tahrs are divided into three spddmmjtragus jayakar{Arabian tahymainly
found in he mountains of Oman)jemitragus jemlahicugHimalayan tahy and Hemitragus

hylocrius(Nilgiri tahr, common in the Nilgiri hills of southern India

The Rocky Mountain goatDreamnos americanus regarded as belonging to the dakily
Caprinae, along uhh Rupicapra rupicapraWalker 197%; they both belong to the same tribe
Rupicaprini (Rideout and Hoffman 1975).

1.3Methodological background

The difficulty in distinguishing between sheep and goat bones is very well known to
zooarchaeologists. One tife most commonly adopted approaches to distinguish the bones of
the two animals is based on the study of morphological differences. Despitsdfulness of

this approach, some limitations have also been identified (e.g. the method is highly subjective,
the visibility and reliability of the morphological traits vary according to many factors).
Consequently, researchers have moved in different directions in order to find new methods

which could make sheep/goat identification easier and more reliable.

In this section the different methodological approaches developed are explored and discussed,

and the contribution of this research to the problem is outlined.



1.3.1 Morphological approach

Boessneck1(969: 331) inhiswelk nown paper @fOst beoveemgheegvis di f fer enc
aries Linné) and goat Gapra hircusLinné)o stated:filt is well known that to distinguish

between the bones of sheep and goat presents great diffigultiesHi s contri buti on, al
other pioneering worksi.¢. Cornevin and Lesbre 88; Gromova 1953; Hildebrand 1955)

paved the way for the development of many other studies, which operated in two main

directions. On the one hand, the focus was on providing new diagnostic morphological traits

and checking their reliability on a variet§ modern and archaeological samples, while, on the

other, the awareness of the limits the morphological approach entailed, led to the dewelopme

of studies aimed at findingew and more objective metrotbr resolving the identification

issue.

1.31.1Post-cranial bones

The paper by Cornevin and Lesbre (1891) is probably the earliest study that brought to light the
problem of sheep and goat identification. In their research, the authors took into consideration a
number of cranial and postcranial elemeftsn a sample of modern sheep and goats. The
analysis carried out included the observation and study of some morphological cisticacter
considered diagnostic by the authors, along with the application of a seinéécesthat relied

heavily on the éngth of the bones. Thstudy revealed that, whilehere were only few
morphological traitsn teeththat could aid species identification, for other anatomical parts the
results were more promising. The cranium and horncore showed diagnostic featuthe and
same was the case for atlas, axis and the other vertebrae. Some other elements, as for example
the humerus and the radius, were considered to be useful. Metaposlialsbservedo have
distinctive morphological traits and the ratio between lengthwddth was also proposed as a
good indicator for species discrimination. Téteape of th&™ phalanx was also regarded to be

diagnostic.

A later study, autbred by Gromova (1953), identifieshorphological traits as well as some

biometricalindices Hildeb r a rstddy(4955) hada more general purpose but it still represents

a valuable contribution to the issue of sheep/goat identification. The author presents a

description of morphological differences not only between sheep and goat but also between

thesetwo species and deer, with the goal of establishing identification keys to be used

independently from a comparatiwellection. Hildebrand proposesbme new morphotical

features, excluded those thad proverto be unreliable and reinstatéue reliabiity of some

other traits. Moreover, he propos#te use of ratios of measurements as an additional tool that

could be used in combination with morphological features. The study concludes that only some

skeletal partsife. metacarpal, scapula, pelvis amitia) bear diagnostic features. The effort put

into the use of biometry and ratios is praiseworthy, although they are used in an obscure way.

The author does not really explain how the measurements were exactly taken; he provides only
6



some dataife. mean,number of specimens, coefficient of variation) leaving the reader to deal
with formulae that are difficult to use. In addition, the lack of diagrams or scatterplots used as a
visual aid to demonstrate the effectiveness of the ratios makes understanttiegb@metry
sedion difficult. Hildebrand basediis obseration on a small modern sampfer which
background information (such as agex sad breed) wa often omitted. Even tugh the
skeletal elements he took into consideratiorremexclusively postemnid, a great variety of
elements ws examined. Although such a widpectrumof anatomical elements greatly
enriches our knowledge of which body part is most diagnostic, it reveals the extent to which the
study was not designed asaid for the zooarchalogist,sinceit includes anatomical parts that

are not usually well preserved in archaeological assemblages.

The study conducted by Boessneaid colleaguefBoessneclet al. 1964), along with its later
shortenedEnglish version (Boessneck 19&ovideda complete analysis of the morphology of
cranial and postranial bone of sheep and goat, with the specific aim of providing a tool to
zooarchaeologists.

The study mainly takes into consideration a wide range of morphological chstastewhich

are described in a standardized way, but also some measurements and ratios. A wide and
heterogeneous sample of modern skeletons of domestic sheep and goat forms the core of the
study. Tre skeletal elements consideredrevenainly postcranial (of which only aviewere
excluded such as the distal end of the tibia considered to lack diagnostic fedhaes)y

cranial elements included weethe horncores. As the whole paper is built around the idea of
finding identification keys suitable for archaeological matgthe researchers also applied their
method to archaeological assemblages from the Gefiidumof Manching and the éman
Emporium of Magdalensberg, in addition to other archaeological assemblages, to test the
criteria. Unfortunately, the results obtad from the application of the method on
archaeological assemblages did not receive enough attention in the publication: the results, in
fact, are not fully shown, so the paper does not provide a clear idea of the extent to which the

features noted on rdern specimens could be reliably applied.

Later studies tried to check the reliability of the criteria proposed by previous literature, as well
as introduce new ones. Schramm (1967), for instance, used a fairly large modern sample to
evaluate the work dsromova (1953) and Boessneztkal.(1964), but also proposed some new
metricindices Many skeletal elements are considered in this study, but biomé&tdozswere

calculated only for the atlas and the scapula.

The gap left by the previous authorgaeding the tibia was soon filled by Kratochvil (1969),
who focused his attention on the morphology of the distal articulation of this skeletal element.
On the basis of observations on modern and archaeological material Kratoahivéd,previous
authors, regarded the distal tibia adiagnostic and suggested some identification criteria.
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Although his archaeological sample is large (n=200) he provides little details about its nature,
and the drawings in his paper ahematic(Fig. 1.D). Nonetheless, Kraohv2 | 6s i s a wusef
paper, filling a gap left by previous literature and highlighting the diagnostic value of a bone

that is commonly found on archaeological sites.

Figure 1.1 Diagnostic characteristics onthe distal tibia (1=goat; 2=sheep; C=lateral side; D= medial side; E=
distal articular surface. Image reprinted from Kratochvil, Z. Species criteria on the distal section of the tibia in
Ovis ammonF. aries L. and Capra aegagrus F. hircus. Acta Veterinaia (Brno), copyright 1969,38: 483490.
Licence available at:https://creativecommons.org/licenses/by/4.p/

The increased interest in sheep/goat identification meant that researchers from all over the world
started to routinely attempt apseration betwen the two taxasing most anatomical elements
(Buitenhuis 1995: 141). An early archaeological application is represented by the analysis of the
faunal remains from Deh Luran Plaitidle 1969. The author used both morphological
characteistics and biometcal indices with the main aim ofinvestigating the origins of
domestication in the Fertile Crescent. The author mostly focused on horncores, distal
metapodials an@“ phalanges as these were considered the most diagnostic elements at that
time. Other dteria and elements were examined but the author did not feel confident enough to
use them, as at t e ¢chaeaddstits)maly beirediablg, but weedid nofi teust me
our own ability to detect the ®lthaughloelyadewf f er ence i
anatomical elements were considered the results were promising, with good clustering of the

t wo species obtained when GindicestFig.d.0 weredused.t a | met apo
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Figure 1.2 Index adopted on the distal metapodials and morphological traits considered for each bone
following Gromova 1953 and Boessneadét al. 1964 (image reprinted from HOLE, F . The context of the caprine
domestication in the Zagros region. InThe oiigins and spread of agriculture and pastoralism in Eurasiad.
D.R. HARRIS, 263281, copyright 1996 London: University College of London press, withpermission from
Kent Flannery, Joyce Marcusand Frank Hole).

In terms of the morphological approach, elehanaged to get good results for the horncore but

lessfor the3™ phalanx.

Anot her contribution which deserves to be me
at the University of Munich. His study dealt with the osteological differencesebat the

Barbary sheepAmmotragus lervip the domestic sheefyis arie3 and the domestic goat

(Capra hircu3. The research, conducted on a small sample size, highlighted the morphological
differences on the post cranial bones of these species (wéthieufar focus on the traits useful

for identifying Barbary sheep). The author also used biometry but only to investigate size
differences, reaching the conclusion that the Barbary sheep is easier to ideittif/aways

bigger tharOvis ariesandCaypra hircus

The research conducted by Prummel and Fr{4&i86) evaluategbreviousy proposed criteria

and suggestedew ones. In order to accomplish the first task, the authors tested the diagnostic
traits on two large aly medieval assemblages from neest Europe- Haithabu and
Oldenburg (Holstein, Geany). The results showed thahile some criteria workedthers

failed. Useful features for discriminating the two species were noticed on several elements
(skull, scapula, humerus, radius, ulna, metkgle, femur, tibia, calcaneum and astragalus),
which were proposedsthe most diagnostic body parts. To contribute to the future development
of the morphological approach, the researchers proposed some new diagnostic features on the
pelvis, with the intat to establish the sex of sheep, and on metapodials to determine the body
size of both species. These new traits, although they represent a valuable addition to
zooarchaeological methods, do not actively contribute to inmpgosur ability to distinguish

sheep and goat.

A few years later, CluttoBrock et al. (1990) published a study whose aim was to categorize
the osteological traits specific to the Soay sheep.sTiy samplewasof a large collection of

Soay sheep, a breed from the Scottish Westsigs, broadly unimproved and therefore
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representing a potentially useful proxy to past animals. The sheep included in the sample were
also reproductively isolated, so that any variation was due to individual differences or sexual
dimorphism rather than tificial selection or breeding strategies. Attention was focused on
testing the morphological traits of several cranial and post cranial elements. For each element,
different morphological charactstics, mainly taken from previous studies (Boessnetch.

1964), were recorded as shdiqe, goatlike or intermediate. A small sample of goats from
Scotland was then used for comparison. The result of the study suggested that only a few traits
were valid for species identification, when used on their owes&hncluded morphological
characteistics of the skull, axis, scapula, femur, metatarsal and'tth&lanx. The authors also
attempted to use some of the biometricalices (following Boessneclet al. 1964); since the
results are highly relevant to shiesearch, they will be discussed in greater detail later in this
chapter. Theauthors concludethat, despite the unreliability of several of the morphological
criteria, when morphology is combined with biometry, identifications to species level could be

made with a higher degree of confidence.

Helmer and Rocheted994) providedurther methodological advancement with the proposal

of some new morphological diagniascriteria. In this studyadditioral taxa werdancluded(i.e.

roe deer, chamois and gdie). Only two anatomical elements, the scapula and the humerus,

were considered as the study was presented as the first part of a larger project in which other
elements would have eventually been discussed. The authors briefly described the
morphologicaltraits along with accurate drawings, providing a useful aid in understanding the
suggested differences. The morphological traits considered were then successively tested on the
animal bone assemblage fromtme-Ne ol i t hi ¢ si t e of Un@duhately, H™ y ¢ k
the application of the method on archaeological material is not explained in detail, so that the

reader is not informed about the number of bones considered or the result obtained.

Buitenhuis (1995) pulished a study aimed at testing the reliability of already known

morphological traits by using a quantitative approach. Wild and domestic modern sheep and

goat material was used by focusing on just one anatomical element, the scapula. Firstly, the

standardmorphological approach was adopted so that six morphological features out of 11 were

considered and scored in theiwmo terms (curved, straight, eicThe results fronthis scoring

system were thaft was impossible to state with certainty to which $gespecimens with

mixed scorewvalues belonged t&tatistics (Principal Component Analysisgre also employed

to better investigate the traits and the extent to which they contributed to the separation of the

specimens. Two functions were found, onddith to the shape of thmllumand theprocessus

of the scapula, the second describing the articulation. The coefficients calculated, when plotted,

showed a separation between genera in both wild and domestic animals. Buitenhuis ran a further

test that inttated that sex did not bias the visibility of morphological characteristics, but age

did. Nevertheless, this influence was shown not to unduly compromise the separation between
10
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the two species. Aware of the importance of applying and testing this newaabpon
archaeological material, Buitenhuis applied the same method on archaedogjmalaefrom

three archaeological sites: the geramicNeolithics i t e o f  Anscenkadl Anatdfid, the;, k
early Neolithic ste of Bougras in Syria and the late Neolithic/lateadcolithic site of Ilipinar in
northrwest Anatolia. The output revealed that the method was successful only in some cases. In
an attempt texplore all the available tools, the author also applied some biomé&tdazadson

the scapula, such as those suggested by Boesshatk(1964), namely ASG:SLC, GLP:BG

and Ld:HS (for the definition of the measurements see Boesstetkl964). Thes indices

when applied to recent comparative material, gave unsatisfactory results as the separation was
not really clear. The same results were unfortunately obtained with some of the agicakol

material: the separatidretwe=n the taxa waambiguousdueto theinterference osize.

It was in the extensive study by Fernandez (2@fiithe morphological differences between
different Eurasian ruminants€. sheep, goat, roe deer and chamois) that a full analytical review

of the reliability of the mguhological differences known from previous literature was
accomplished, along with the introduction of some new criteria She analysed a sampl
composed of modern specimdps which smeinformation was providedFernandezookinto
consideration severabldy parts ite. humerus, radius, ulna, metacarpals, femur, and tibia, along
with some tarsal bones such as th&ragslus, calcaneum and the saaphbboid), whose
morphological charactestics she scorecas O0strongd, o0i nhweanked.i atS
idertified the charactéstics that wee more reliable with the ultimate outcome being
represented by a list of morphological traits with their quantified degree of reliability. This list,

in the specific case of sheepd goat distinction, include8B potentally useful charactéstics

which are located on the distal articulation of the humerus, the proximal articulation of the
radius, the astragalus and the calcaneum. In addition to the extensive analysis of the
morphobgical traits, Fernandez appliesbme peviously published and some new metric
criteria, mainly used to translate morphological traits into biometinchtes The biometrical
approach adopted by Fernandez, of importance for this dissertation, will be discussed in greater
detail later in this lkeapter Overall, it can be said that F
detailed analyses of the morphological characteristics useful for distinguishing between
different caprine species that has been published since Boesshatk(1964); as such it
represents significant contribution to the development of the research. Her technique, as well
as those proposed by Buitenhuis (1995) and ChBtack et al. (1990), permits the
quantification of theprobability of making an incorrect assessment acogrdio which

morphological features have been used.

Subsequently, Ferndndez (2002) published a shortened version of the morphological approach
she presented iner unpublished doctoral thesernandezbrief contribution which focussed

on just a few elments (distal end of humerus, proximal end of radius and ulna, distal end of
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femur and proximal end of tibia), isud to the fact that her method svapplied on the

Switzerland archaeological material by Velarde. Unfortunately, the extent to which thedmeth

can be applied to archaeological materiiably is not really reported. The reader is only

provided with the final results of the analysis, which indicates that of 1726 caprine fragments

9% could be attributed to sheep and 2% to goat, while theofe$te bones could not be

distinguished. A difficulty was the presence of young individuals, which were difficult to assign

to species level. Unfortunately, in this paper no
indices a pity as testing thandiceson other archaeological material would hagsessethe

potential of her approach.

Zeder and L a pnbra mnedent at{erBpd foOapsess the reliability of sheep/goat
identification criteria indicates that the issue is still very mudledl and ontentious. They

useda large and heterogeneous sample of modern domestic and wild sheep and goat. A
selection of the most promising anatomical elements was chosen and the observed criteria
derived mainlyfrom previous literaturéBoessneck 1969Boessnek et al. 1964; Gromova

1953; Helmer & Rochetad994; Kratochvil 1969; Prummel an@riesch 1986) and the
experience and observation of the authors. Each chasticteras scored using a scale which
included three <categori etsentdéocwintsh ssbkaepdvi ahd gdat
identifiabl eb. The results from the testing on
characteastics were reliable especially in goats while in sheep they were often less strongly
expressed; nevertheless, the output way pesitive in both taxa. The only element which
performed poorly was the distal tibia. To add strength to their study, a blind test was also run:
different anatomical elements were given to a group of researchers toyidersifecies using

the same moimlogical criteria. The results of the blind test agreed in general with what was
achieved through the analysis of the modern material carried out by Zeder and Lapham;
nevertheless the higher variability in the blind test showed that training is necbs$agy
attempting to apply the criteria on archaeological assemblédgethis study was includeas

part of awider researciprojecton the domestication of sheep and goat in the Fertile Crescent,
the influence of sex, age and status (feral, wild, dam)esh the morphological features was

also investigated, with the result that sex and switisiot affectthe reliability of the features.

A different result was obtained when ageas considered: when the sample was divided into
different age classes thesults revealed that all the elements performed well in all the age
classes apart from classes A and B, namely animals younger than one year for which there were
more indeterminate assignments. If the modern sample is taken into consideration, two
obsenations can be made. First of all, the sample is clearly biased toward the sheep group
which is significantly more numerous. The results of the analysis show that the cletrester

are generally more reliable in goat than in sheep and this might havenfiaenced by the

higher variability represented in the larger sheep group. Secondly, doubts about the applicability
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of this study on assemblages of later historical periods, where the animals were only domestic,

could arise as most of the modern aninmagéking up the sample were wild.

Finally, it is worth mentioning another study, though this has remained unpublished for many
years. Spearheaded by English Heritage, particularly in the person of Sebastian Payne, a
6sheep/ goatybwavralsi reip thealdtd 18Gs lfpers. comm.). It had two main

purposes:

i to establish which morphological criteria from the known literatusrevused and
considered reliable by zooarchaeologists;

1 to identify the measurements that, chosen according to factors sustefagness,
frequency of occurrence on archaeological material and high reproducibility, could
contribute to the sheep and goat identification; this should eventually led to the
elaboration of a short and standardised list of measurements which coukkde u

internationally.

It was and still is generally known that, among zooarchaeologists, differences are present
regarding not only the anatomical parts considered helpful when dealing with sheep/goat
distinction, but also the degree of reliability attriditto the known morphological criteria by

di fferent researcher s. As a conseqguence, t
working partyd decided to circulate a surve
England, with the specific aim dihding out which anatomical elements were considered to be

more useful for distinguishing the two species and, how reliable the specialists considered the
identifications assessed through the use of these elements. The results revealed that the skeletal
elements mostly used were the horncores and the distal metapodial bones. Several researchers
expressed a preference for theciduous farth lower premolar (df, distal humerus, proximal

radius and third phalanx. The other skeletal parts were used oglly oamot considered at all.

Despite evidence of moderate consensus, among the 24 anatomical parts considenath the fo
lower deciduous premolar (gPand the distal tibia were the elements about which the surveyed
researchers were least in agreementaddition, when the opinions of the surveyed researchers

on the reliability of the traits were considered, the output clearly showed a relationship between
frequencies of elements used for identification and estimates of reliability: horncore and
metapodals were still the elements which were thought to be the most reliable by the
researchers interviewed. The study also included an investigation of which measurements were
most useful for species identification and an analysis of the definition and rejbibiuof

those measurements, the results of which will be explored in the next section.
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Table 1.2 List of the major studies on the topic with a brief description of sample used, the anatomical
elements cosidered, the morphology and/or biometry approaches adopted.

Paper Species Sample Info Elements Morphol. | Biometry | Archaeol. New traits
Cra Post criteria application
nial | Cranial

Cornevin Domestic | - Some | Yes | Yes Yes Some - -
andLesbre | and wild
1891 sheep and

goat
Gromova - Yes Some -
1957
Hildebrand | Sheep; Small (< 30) Some | No | Yes Yes Some - Some
1955 Goat;

Deer
Boessneck | Sheep; Large Some | Yes | Yes Yes Some Yes but not | Some
etal.1964; | Goat (tibia not explained
1969 included)
Schramm | Sheep; Acceptable Some | Yes | Yes Yes Some - -
1967 Goat
Kratochvil | Domestic | Small (<30) - No | Only Yes - Yes but not | Yes
1969 and wild distal explained

sheep and tibia

goat
Cluttor Sheep Large Known | Yes | Yes Yes Some - -

Brock et (Soay);
al. 1990 Goats

Hole1969 | Sheep; - - No | Only Yes Some Yes -
Goat some
Prummel Sheep; Large but only | - Yes | Yes Yes - Yes Some new
andFrisch | Goat archaeological traits but
1986 not
focused on
sheep/goat
separa
tion
Helmer Sheep; - Only No | Only Yes - Yes butnot | -
and Goat; breed humerus explained
Rocheteau | Wild
1994 caprines
Buitenhuis | Domestic | Acceptable Only No | Only Yes, also | Yes Yes -
1995 and wild species Scapula | statistic is
sheep and used
goat
Fernandez | Sheep; Large but Yes No | Yes Yes Yes Yes Yes
2001 Goat; some species

Roe deer;| arenot highly
Chamois | represented

(goats)
Fernandez | Sheep; Large but only | - No | Yes Yes - Yes -
2002 goat archaeological
Zederet al. | Sheep; Large but Some | No | Yes Yes - - -
2010 Goat biased toward

sheep and wild

specimens
English Sheep; Small (<30) - Yes | Yes Yes Yes - -
Heritage Goat
(forthco
ming)

From the above review (see also Tab. 1.2) it can be seen that, although most papers have been
written and developed as independent pieces of work all aimed to solve the same identification
problems, the conclusions reached by different researchers at different times are very similar.
First of all, noindividual traits that allowan entirely unambiguous separation between the two
species. It is, however, often the case that a combinatioaitsfdtan increase the probability of

a specific identification. Secondly, all researchers were aware of the fact that some of the

criteria tend to be less clear or consistent, and therefore less reliable. They also realised that the
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degree of reliabilityis influenced not only by the variability of the samples but also by the
experience of the researcher. This is the reason why many authors highly recommend training
and previous practice before startinguord o st
efficient in identifying the traits and in attributing them to the rigdston Finally, as a
consequence of the high subjectivity of this approach, a number of researchers have
recommended the use of biometry, as an additional tool to be usedréarsing the probability

of assessing sheep/goat identification accurately.

Some common limits to these previous studies can be identified, and they concern mainly three
categories: the method, the analysed sample and the application to archaeologigal. mate
Regarding the method, as soon as the limitations of the traditional morphological approach
emerged, many researchers tried to focus on finding more objective means for identification
purposes. Biometryindicesand statistical analysis were appliad sheep/goat bones but often,
when these tools were applied, they were not fully explored or were not explained in detail. If
the nature of the sample used is considered, two main problems can be detected: the lack of any
information about the origin, ageex and life history of some of the modern animals studied
and the heterogeneous nature of the samples. Although the inclusion of specimens of different
age, sex and breed has the potential to represent all possibtiowait also does not allow the
limitation of these variables. The heterogeneity issue is, in some caseshawlse the
inclusion of wild specimens (often making up a high proportion of the sample). Wild specimens
can present characistics that can be more obvious or simply divergeoin those shown by

their domestic counterparts; the study of the morphological chasticeenon the wild species is
important especially if dealing with archaeological sites where domestication first appeared but,
at the same time, in other contextsisthan be a cause of confusion and bias. Despite the
aforementioned heterogeneity of the samples used, a pattern can be identified which is the
tendency to avoid studying young animals. These are, in fact, believed to be less reliable as,
because of theiyoung age, characistics are thought to be less well defined; this is, however,

an issue that has not yet been properly addressed. Lastly, one of the main critiques that can be
made to the previous studies is that the method has often not been exteaygplield to the
archaeological material (or, when it was, no details were given of the results), in order to check
whether the characistics are as visible and reliable as they were on modern material. This is
an important drawback, especially if theudy itself is aimed to help zooarchaeologists in

dealing with the identification of sheep and goat from archaeological assemblages.

1.31.2Mandibular teeth
Following the development of the previously mentioned studies, several researchers focused
their eforts on identifying morphological features on sheep and goat teeth, with a particular
interest in mandibular teeth, as mandibles tend to survive deposition better than maxillae
(Binford and Betram 1977; Lyman 1984s such mandibular teeth representlaalde source
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of information with the potential to contribute to identification of the two closely related

species.

The most commonly applied method for discriminating mandibular teeth of young sheep and
goat is the one designed by Payh@85). He focusehis attention on a small sample of modern
specimens (12 for each species) belonging to Greek breeds. The teeth taken into consideration
were: first deciduous incisor (@ second deciduous lower premolar {gRhird deciduous
premolar (dB) and, fourthdeciduous premolar (dPand first lower molar (). On these the

author describes several morphological tragsconsiders useful for sheepdg identification

(see Fig. 1.3or some traits identified on the gP

Goat

s @

Sheep

Figure 1.3 Some morphological traits on the fourth deciduous lower premolar (dp proposed by Payn
(image reprinted from PAYNE, S. Morphological distinctions between the mandibular teeth of young she
Ovis and goats,Capra Journal of Archaeological Scienc&2: 139147, copyright 1985, with permission from
Elsevier). 57 are respectively mesial, buccal and distal vieswof a dR, of a kid; 8-10 mesial, buccal and dist:
views of a dR of a lamb.

The outcomes of the study wereomising as some morphological traits were revealed to be
successful on the modern material; nevertheless some caution is suggested by the author
himself. Paye, in fact, strongly suggests tltensideation of a combination of traits when
assedng identification. The authowas also aware of the smallzg of his sample but he
believedin the potential of the identified traits. Unfortunately, he did not try to assess the
effectiveness of his observations on archaeological material. A limitation of tHi®dnist that

the visibility of some charactistics can be linked to different factors, for example some traits

can be visible only if the tooth is loose. An even greater limitation is represented by the degree
of wear of the tooth: if the abrasion is heavie visibility of the charactetic can be

compromised or even impossible to assess, as Payne hatlsetivledged

Helmer (2000) published a paper focused on the study of permanent lower teeth and proposed

diagnostic traits detectable on the thiermanent lower premolar fRand the fourth permanent
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lower premolar (). The criteria were tested on a sample of 40 modern mandibles of sheep and
goat specimens with very promising results, as the traits permitted differentiation of the two
species. Lar, the author applied the new method on arydeéeblithic achaeological sample

from Greece- Dikili Tash - to evaluate if the traits were also effective on archaeological
material. By making a comparison between the relative presence of sheep arstaipiahed
through the analysis of the postcranial bones, and the relative presence of the two taxa defined
through the study of the permanent premolars, the results showed that the output from the two
approaches was consistent. As a consequence, théyafidhe traits on permanent teeth for
sheep/goat differentiation was confirmed. In agreement with Payne, Helmer suggests that more
than one characteristic is considered when evaluating identification. While some traits presented
by Payne are notvisibief t he tooth is in jaw, H edclosalr 6 s t
surface so they are molikely to be recognisable evem inortloose teeth. Despite this
advantage, the influence of the tooth wear on the ability to assess the criteria s@éntpra

constraim of the method; a problethe author is aware of (Fig. }.4

A
iRt

Figure 1.4 Sequence showinghe changesof third and fourth permanent lower premolars (P; and Py)
according to wear stagegimage (Fig. 2) reprinted from Helmer, D. Discrimination des genresOviset Capraa

| 6aide des pr®mol aires inf®rieures 3 et 4 et interpr®t
Anthropozoologica31: 2938, copyright 2000 Copyright Publications Scientifiques du Mugum national
déHi stoire naturell e, Pari s

A more extensive study of the morphologypeirmanenteeth in sheep and goats was published
slightly later (Halsteacet al. 2002). In their paper the authors studiedlarge sampleof
mandibles of modern wild and domestic sheep and goats, in order to allow, in combination with
the use of the criteria proposed by Payne fordbeiduousteeth, identification of sheep and
goat teeth from a wider age span. They establish criterieokinkp at the permanent lower teeth

- some similar to thos&lentified by Helmer (2000} but new traits on the permanent lower
molars and on the mandibul@musare also illustrated. The output of the study shows that the

tested criteria were reliable. &@lauthors warn the reader about the presence of specimens with
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intermediate appearance or with inconsistent chaisiitsrbut, in most cases, the teeth could
unambiguously be attributed to species. In order to test their method, the researcherstapplied i
to various archaeological materials from Greece, Ireland and Scotland and the results confirmed
that they could be used with some confidence on archaeological specimens too. The main
problem experienced during the study loé tarchaeological material wse fragmentation of

the material and the degree of wear of the teeth: factors which evidently limit the visibility of
the morphological features. It must also be addedwhdé the characteristicarewell defined,
accurately described and easily obabte (Halstea@t al. 2002), many intermediate forms can

be found so that, even if a combination of traits is used, assessing the identifieatains

challenging.

A different kind of contribution is represented
distinguish sheep and goat through staple carbon isotopes. The isotopic approach was, however,

coupled with a study of the tooth morphological characteristics, based on Halstdg@002)

and some newly proposed criteria. These newly introduced paived to be reliable but they

can only be seen on loose teeth. Also of interest in this paper are the results obtained from

testing the morphological traits used by Halsteadl. on the Kenyan population of modern

sheep and goats. Most of the traitstbe first and second lower molars ¥hd M, proved to be

unreliable, while better results were obtained from the permanent lower premolars and third

lower molars (M).

The whole dental morphological issue was subsequently reviewed by Zeder an@2Bil@xr
A large sample of sheep and goat domestic and wild modern specimens was analysed. The
criteria adopted were mainly those proposed by previous studies, with the addition of only a few
new criteria. All the morphologicatharacteristicsvere scored aceding to a scale which
included: 6goat 6, 6sheepd and 6bésheep/ goat 6. The
account all the scored traits. The results of the study revealed that certain teeth could not be
reliably assigned to species: in olderimaals, molars appeared to be more unreliable than
premolars, with the first lower molar (Mbeing the least reliable permanent tooth in goats. The
traits on the mandibular ramus also did not provide good results: they were less reliable than the
criteria on teeth, especially in sheep. Of the deciduous teeth, the most unreliable traits were
those on the fourth deciduous lower premolar)dife assessed charaitc of which did not
perform well in either species. Better results were given by the thoidiwbus lower premolar
(dPRs) which seemed to be the only reliable tooth for discriminating younger caprines. It has to
be mentioned that study was conducted on mmodeaterial, which means thahe teeth
evaluated were in jaws. Because of the nature @fntlaterial, some traits, such as the line
between the root and the crown in the,d#hich is considered to be a reliable trait (Payne
1985), could not be assessed. Therefore the low reliability of this d®re likely to be due to
the nature of the matal than the limitation of the metdo The study also revealed thahile
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the criteria were more effective on sheep, they were less reliable on goat; in fact, in the latter
group, traits were more likely to be assigned to the sheep/goat category or wwootige
category. Regarding the effect of age on the reliability of these criteria, the authors claim that
the identification of teeth of younger animals is highly unreliable, the identification of animals
with a moderate state of wear is easier than ergpmr highly worn teeth and that old animals,

with heavy tooth wear, are difficult to classify.

While the paper by Zeder and Pilaar (2010) provides an assessment of the reliability of the
diagnostic morphological traits on teeth in modern material, thkgation by Gilliset al 2011

filled the gap relating to the testing of these same traits on archaeological material. The authors
tested the morphological diagnostic traits for mandibular teeth, taken from the previous
literature, on a very unusual arewdogical assemblage, made up of 90 almost complete sheep
and 13 goat specimens from a burial site in Sudan, dated t&" thed3?® millennia BC. The

aim was to test not only the reliability of the traits but also their efficiency. 38 criteria were
testel and the results demonstrated that the criteria performed bettc@muousteeth than

those on the permanent premolars and molars; the determination of isolated permanent teeth
was shown to be fairly reliable {PM; and My) even though variation in ¢hresults was
recorded according to the age and species of the animals. The authors compared also their
results with the results obtained by Zeder and Pilaar (2010) and what emerged was that, for
most criteria in both studies, there were similarities, @afig concerning the efficiency and

reliability of some traits.

1.3.2 Non morphological approaches
More recently, to overcome the limits inherent to the morphological method and in order to
provide a tool that could permit an unambiguous taxonomic amsigin several non

morphological studies have beemmducted

One of the first attempts to distinguish the two species, by looking at methods other than
morphology, was carried out by Grime¢ al. in 1986. A study conducted on a sample of first
lower permaent molars (M) from 20 caprine specimens was carried out in order to see if the
analysis of the enamel ultrastructure, through the use of a scanning electron microscope, could
reveal differences between the two species. The results showed that it passible to
distinguish between the two closely related species on the basis of qualitative characteristics,
such as enameformation pattern, as both species have the same prism packing pattern.
Nevertheless, when quantitative parameters were consiceme, differences that could allow
discrimination between the two species were found. Unfortunately, this technique has not been
tested on an archaeological sample and, as a consequence, we do not know to what extent it
would be successful on old materigen though the authors alaithat it is not a destructive

method, ashe processesvolved insample preparation are reversible, the preparation requires
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a considerable amount of time and implies the use of sophisticated equipment which would be

very exgensive to acquire.

Some years later, the first attempt to use molecular methods was conducted by Loreille and
colleagues (1997). mtDNA was extracted from a small sample of sheep and goat bones from an
archaeological assemblage in order to establish tchwépecies they belonged. The results
from this study showed that two different mtDNA sequences, without any intermediate
sequence presenting a mixture of them, were found for the two species. The identification made
through the mtDNA analysis agreed withe identification made through enorphological
approach with the only difference that, in some cases where morphological traits could not be
assessed because of their absence, tb&lAanalysis could establisihich species the bones
belonged. As suclthis kind of analysis was shown to be useful not just as a tool for assessing
the identity of bones but also astest of the identification made through the traditional
approach.

A further geneticstudy was undertaken by B&al and colleagues (2003). &Istudy, focused

on ancient DNA analysis, was ca&dli out on caprine bones from a&dlithic site in Israel in

order to discriminate between the two species. The results obtained were successful and showed
the potential of this new method. However, the-miolecular method introduced by B@al et

al. along with the study conducted by Loreileal, presents some problems that must be taken

into consideration. Firstly, DNA can survive only in specific conditigasy. if state of
preservation is very gopdSecondly, the procedure must be carried out carefully in order to
avoid contamination, which can affect the results. Finally, it is a destructive method which also

requires considerable time and special equipment, which is usually expensive.

Balase and Ambrose (20D%resented the result of a study of stable carbon isotope ratios,
applied to modern sheep and goat mandibles from Kenya. The identification of these two
species by using carbon isotopes is based on the assumption that sheep ang gbtiéetent
feeding behavioy while the sheep is a grazing animal and feeds on grass, the goat is a
browsing animal whose diet is based on herbs, bushes and trees. As a consequence, the ratio of
13c/*C isotopes, naturally present in grass and bushgiffexient levels, should be different for

the twotaxa Despite thesuccessfulesults this work produced, some disadvantages must be
highlighted. The most limiting one is that this method can only be applied in areas dominated
where G and G grassland enronment are both present. In addition, this kind of analysis
requires specific tools and is time consuming. l§n# is a destructive methodt, requires the

tooth to be extracted from the mandible and drilled out in various areas of the crowratb extr

samples.

More recently, a successful attempt at using collagen peptide anedysizade by Bakley and
colleagues (2010). They extracted a single collagen peptide from modern specimens of sheep
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and goats from different breeds and then testedptieence of these markers oredlithic
animal bone assemblages from Turkey. Bleemolecular method was shown to have potential
ard also some advantages owgher nommorphological methods. For example, the collagen
peptide markers are not subject to degtiadaas with DNA, there is not such a high danger of
contaminationand the method appears to be easy, quick, cheap and requires only a small
sample.

The potential of the new molecular approach has been confirmed by the latest research but,
unfortunately, rost of the time these methods do not represent an accessible means of study
because of their high costs and destructive nature. In a standard reme@rcbhmmercial
environment, there are rarely sufficient financial resources to be invested in isot@Aor
studies. In addition, these analyses are time consuming, they require particular laboratories,
specialists and scientific tools, which have a high cost and are not always easy to obtain. For
these reasons, and also because the methodology propotes jpoject represents an easier

and more immediate option which can be applied routinely without additional costs, bio
molecular investigations are not considered further, though they can have their value in specific

contexts.

1.3.3 Biometrical approach

The first attempt at translating morphological traits into biometrical indices was conducted by
Boessneclet al.in 1964. Even though their papkrcused on identifying morphological traits,
attention was also given to testing biometrical indices on modsfarence material. For
instance, by looking at the different shape of dolum scapulaeof sheep and goat, they
suggested an index based on two measurements, which were demonstrated to be effective
(Boessnecket al. 1964: 59).0n the metapodials, twimdiceswere found to be particularly
effective as theymeasure particularly usefulistinguishing features: one was based on the
length and the distal breadth of the metapodial bones; the other was basedatin between

the size of the trochlear corldg and the size of theerticulli (this latteris moreeffectiveon the
metacarpal than the metatarsadlhe ratio between the greatest width and the greatest length of
the os malleolaren the calcaneurwas alsaevealed to be effective. However, therbairical
component of the work was only very cursorily dealt with, which explains why, in following

decades, that paper has almost exclusively been used for its morphological potential.

Thestudy conducted by Payne (1969) on the distal metacagsatle first to focus exclusively

on morphometryPaynesuggests two measurements (Fig.)ltkat can be taken on the distal
articulation in order to discriminate the two taxa in archaeological assembtgeapplied the
protocol on a modern collection and safuently on archaeological material from sites dated to
di fferent periods, | ocated respectively 1in

comment that there was no strong separation into two defined clusters, the absence of overlap
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betweenth¢ wo groups (sheep and goat) is indicative of
study on metacarpal bones not only represents a milestone toward the creation of a new and

more objective method for distinguishing betwe@apra and Ovis, but it also povided the

momentum for a series of further studies in whichiéces ard some new ones, were applied

to a variety of archaeological, as well as modern collections, with theeaptoring the

potential of the biometrical approach.

W troch, W troch,

.

1. Lateral view

w troch,

W, cond, w.cond,

2. Distal view

W, cond,

Figure 1.5 Measurements suggested by Payne (1969) as effective for discriminating sheep from goat, on the
distal metacarpal bone(image reprinted from PAYNE, S. A metrical distinction between sheep and goat
metacarpal. In The domestication and exploitation of plants and animalgeds. P.J. UCKO and G.W.
DIMBLEBY, 295 -306, copyright 1969 London: Duckworth, with permission from Sebastian Payng

An example of the impact that Paynadearrigdaper had o
out by RowleyConwy (1998) on the &blithic metapodial bones of sheep and goat from the

Arene Candide cave in Italy. The author had several goals:

to see if a separation between the two species could be obtained by using a metrical method
appled not only on metacarpals but also on metatarsals;

to compare the effectivenessf Payneds andesbmthe distaleendk @ she i ndi c
metacarpals and establish which of the two shows a clearer separation between sheep and goat;

to propose some nemeasurements applicable on the proximal articulation of the metatarsals.

The assemblage Rowl&onwy studied comprised several almost complete metacarpals and

metatarsal already assigned taxonthroughmor phol ogi c al study. Payneds ¢
biometrical indiceswere applied to assess theifectiveness and to see if the morphological

idertification was confirmed bynme t r i ¢ a | anal ysi s. The output was
Boessneckds methods worked well 0 nethadiwag a | met aca

shown to be more effective. Both medial and lateral condyles of the distal end of the metacarpal
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were effective for the separation of the two species, which means that if one of the two condyles
was missing or damaged, identificatito speciesauld still be achievedThe results for the

distal metatarsals were less clear, confirming what Boessneck had noticed before (1969: 355):
the lateral condyles were not particularly helpful for the proposed distinction, while the medial
condyles worked bedt. Nevertheless, metatarsals could also be used with a cextagedof
confidence. fie newindex proposed (Fig. 1)6vas elabaated by taking into account previously
recognisednorphological differences on the pimal end of the metatarsalVhen applid to

the Arene Candide samplié was shown to be effective; unfortunately the extenthich these

new measurementgork on other populations has yet to be investigated.

Figure 1.6 Proximal articulation of goat (left) and shep (right) showing the points atwhich the measurements
were taken by RowleyConwy (image reprinted from ROWLEY -CONWY, P. Improved separation of
Neolithic metapodials of sheep@vis) and goats Capra) from Arene Candide cave, Ligurig Italy. Journal of

Archaeological Scienc@5: 251258, copyright 1998, with permission from Elsevier).

A further application of the biometrical approach proposed by Boessneck and colleagues, was
published in 1990 by ClutteBrock et al. in their analytial study of Soay sheep. The principal
purpose of this study, as discussed before, was an assessment of which morphological traits
were more obvious in Soay sheep and which of those were the most effective for differentiating
this breed from goatdn thisbroader contextt he aut hor s t est e dndice® st o 1
and other nevindiceswith the results that, on a selected sample of Soay sheep, only some of
the indicesused were shown to be genuinely effectiVhe successfuhdiceswere related to
measurements taken on the humerus (the index is based on height of condyle/distal width), the
ulna (Elecranon length/depth andolecranon width/depth) the metapodials (width of the
shaft/length and measurements on the distal condyles, following Boessta¢ck964) and the
calcaneum (length of the lateral process/length of the condyle, following Boessnatk

1964).

A later and useful contribution to the biometrical approach is represented by the already
mentioned research conducted by Fernandez (208h)e 1.3 summarises the list of anatomical

elements anthdicesconsidered by Fermaez in her study.
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Table 1.3 Elements,indicesand summary results from Fernandez (2001).

Element Index Results on modern Results on
material archaeological
material

Scapula Smallest length of theollum Effective. But Variabiity among
scapulaédistance from the spine | identification possibilities| the sample has an
to the edge of the glenoid cavity | are limited to the extremq influence, as such thg

casesfernandez 2001: | separation between
352) the two groups is
blurred Fernandez
2001: 355)
Smallest length of theollum Separation good enough| Higher variability of
scapulaégreatest length of the for most of the sample. | the archaeological
processus articularis Sampe is small, results | goats compared to
have to be taken with the modern material
caution Fernandez 2001; (Fernandez 2001:
356) 357)
Greatest length of therocessus | Limited utility, only the | Index resulted to be
articularis/breadth of the glenoid | extreme values are not useful Fernandez
cavity discriminant. Sample is | 2001: 360)
small, results have to be
taken with caution
(Fernandez 2001: 358)

Humerus Height of the trochlea at the Both effective. Second | Both effective in
central constriction/breadth die | index is better as discriminating the
trochlea measurements are easie| two species
Height of the trochlea/ breadth of to take Fernandez 2001:| (Fernandez 2001:
the trochlea 364) 366)
Anterior-posterior maimum Good to distinguish roe -
depth of the medial epicondyle/ | deer and chamois from
breadth of the trochlea caprines (Fernandez

2001: 367)
Height of the trochlea at the God to distinguish the -
central constriction /anterior genusCaprafrom
posterior maximum depth of the | Rupicapra(Fernandez
medial epicondyle 2001: 367)
Height of the trochlea/anterior Utility for distinguishing -
posterior maximum depth of the | chamois from the other
medial epicondyle caprines (Fernandez
2001: 368)
Anterior-posteror minimum depth| Utility for distinguishing -
at the base of the chamois from sheep
diaphysis/anterieposterior (Fernandez 2001: 368)
maximum depth of the medial
epicondyle
Radius Depth of the proximal Utility for distinguishing -

articulation/length of the proxima
articulation

ibex from chamois
Fernandez 2001: 369)

Maximum depth of the proximal
articulation/length of the proxima
articulation

Utility for distinguishing
chamois from sheep.
Small sample results mus
be taken with caution
(Fernandez 2001369)

Depth of the proximal articulation
/breadth of théacies articularis

Utility for distinguishing
ibex from chamois
(Ferndndez 2001: 369)

Breadth of thdacies
articularis/breadth of the proxima
articulation

Sheep have average vall
for thisindex higher than
the other species
(Fernandez 2001: 370)
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Element Index Results on modern Results on
material archaeological
material
Ulna Breadth across the coronoid Utility for distinguishing
process/depth across thmcessus ibex from chamois.
anconaeus Second index more useft
Breadth across the coronoid than the first (Fernandez -
process/smallest depth of the 2001: 371)
olecranon
Breadth of theolecranon Utility for distinguishing -
tuberosity /length of thelecranon| sheep from chamois. Firs
Length of theolecranon index better than the -
tuberosity/ length of thelecranon| second (Fernandez 2001
372)
Smallest depth of thelecranon/ | Not useful (Fernandez -
length of theolecranon 2001: 372)
Tibia Distal breadth/distal depth of the| Useful to distinguish -
medial side chamois from ibex and
sheep (Fernamt 2001:
373)
Astragalus | Distal breadth/greatest length of | Useful to distinguish -
the medial half chamois and sheep
Depth of the lateral half/ distal (Fernandez 2001: 374)
breadth
Depth of the medial half/ distal | Useful to distinguish -
breadth chamois and ibex
(Fernandez 2001: 374)
Greatest length of the medial Useful to distinguish -
half/greatest length of the lateral| chamois and ibex
half (Fernandez 2001: 374)
Calcaneum | Length of the process/length of | Useful to distinguish -
the condyle chamoisand ibex on one
side, and sheep and goatf
on the other. Caution is
suggested (Fernandez
2001: 375)
Metapodial | Depth of the proximal In metacarpal useful for -
bones articulation/breadth of the distingushing ibex from
(proximal proximal articulation chamois. In metatarsal

articulation)

useful for distinguishing
sheep from chamois
(Fernandez 2001: 376)

Metapodial
bones
(distal

articulation)

Depth of the distal end/breadth o
the distal end

In both metacarpal and
metatarsal good index fol
distingushing sheep from
chamois

Diameter of the external part of
the medial condyle/diameter of th
medialverticillus

In metacarpal useful for
distinguishing sheep fron
goat but sample used is
very small. In metatarsal
is useful to distinguish
ibex from charois
(Fernandez 2001: 378)

Diameter of the external part of
the lateral condyle/ diameter of
the lateralerticillus

For the metacarpal can b
used for distinguishing
between chamois and
sheep. For metatarsal is
useful to distinguish
chamois and ibex
(Ferndndez 2001: 379)

Diameter of the external part of
the medial condyle/width of the

Useful for distinguishing

between sheep and goat
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Element Index Results on modern Results on
material archaeological
material

medial condyle but sample very small.
Metacarpal works better -
then metatarsal, medial
Diameter of the external part of | trochlea better than laterg
the lateral condyle /width of the | (Fernandez 2001: 379).
lateral condyle In both bones thindices
are also useful for

distinguishing between
chamois and ibex

(Fernandez 2001: 379)

Despitethe fact thaf e r n 8 studlyerepéesents a valuable contribution to the sheep and goat
differentiation issue, she only compaigdicesbased on linear measurements andimdices

based on ratios of measurementsthlis way absolute size influences the results and tends to
cloud differentiations based on shape (size in itself is certainly not a useful measure of
sheep/goat separation). There is also no statistical analysis of the biometric patterns which,
considering the very small goat sample utilised (n=4/5), makes the maskiéis uncertain.

Very recently, a study was conducted by Salatmal. (2011)with the purpose of providing a

new biometrical means to differentiaBvis and Capra The authors unfortunately focus their
attention only on two specific Nigerian breedssbheep and goat (for a total of 30 individuals)

of which they studied the pelvis and limb bones. The parameters they took into account were
weight, length and diameter of the proximal articulation,-gfidft and distal articulation. The
results showed thatignificant statistical difference existén the length of all the long bones
examined between the two species, but length is rarely a measurement that is available on
archaeological bones. The difference in weight and diameter of theshaftd and distal
articulation were shown to be highly significant between the two species only on the tibia. As a
consequence, the length of the tibia, along with the entire morphometry of this element, has
been put forward as important for the differentiation of the $pecific breeds of sheep and

goat used for this study.

Finally, the recently accepted thesis by Haruda (2014) on morphological variations existing in
archaeological sheep and goat from different geographic hesam be mentioned. The study
hasin factshown that local environmeirifluences inherited morphologicdiraitsin sheep and

goat Haruda conducted a GMM (Geometric Morphomegjristud; of ankle bone from a
number of archaeological sheep and goat Bronze Age Central Asian assertdiages in
different geographic ass. The analysis revealed thaicross all sites, different morphological
sheep phenotypes were presené analysis however,failed to detect the same phenotyp
variety in the archaeological goasés well as, in elucidating quadtive traits for distinguishing

the astragali of sheep and goat ankle bones.
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1.34 Conclusions

The contributions as well as the limitations of the morphological approach to the separation of
sheep and goat specimens from archaeological sites have beessdd. Despite the usefulness

of this approach, the need for a more objective biometrical tool to be used in tandem with the
morphological criteria should be obvious. Some examples of successful biometrical applications
have been presented, but therpagential for a much more extensive approach.

This project intends to contribute to use both morphological and biometric methods. Through
the study of a large modern sample of English and (matelyiralEuropean sheep and goats, a

list of the morphologial criteria which will have been proven to be more visible and reliable,
will be obtained. This study, focused on particular breeds considered as reasonable proxies for
the unimproved English medieval animals, will lead to a new set of morphologicati@yite
which rely on previous work, but critically select those that seem more promising for an

application to the medieval English archaeological material.

In addition, and most crucially, biometrical analysis will be carried out with the main purpose of
translating morphological differences into measurements. This will lead to the elaboration of a
series of biometricaindicesfor a variety of cranial and postcranial bones. This biometrical
study, supported also by the use of statistical tools, will attéonfill the gap of knowledge on

sheep and goat morphometry left by previous studies.

The combination of the two approaches repr es

the potential to:

1. limit the subjectivity inherent to the more traditioaglproaches
2. be specifically effective for archaeological material from central and northern Europe,

but potentially applicable to other geographic areas.
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1.4 The medieval English goat: setting the scene

The English Middle Ages, which include about fisenturies, are conventionally identified as
the period beginning in 1066 AD, date of the Norman Conquest, and enairig@® AD. It is
divided into different suiperiods (Hills 1999):

1 Early medieval 10661250 AD;
1 High medieval 12561400 AD;
i Late nedieval 140061500 AD.

The medieal period is an age charactexsby a series of highly significant events and, as such,
witnessed huge transformations in England. THE @l 13 centuries are characterised by a

rise in population that led to the expansafrcultivable lands at the expenses of pasture. This
phase ended with a climatic deterioration, which led to progressively cooler weather and a series
of harvest failures. The crisis culminated in 1315 when one of the most devastating events of the
Middle Ages occurred: the great famimdnich resulted irthe loss ofc. 10% of the population
(Kershaw 1973). But the T4entury is also marked by another traumatic event, the advent of
the Black Death (134&350), which resulted in the decimation of the papigh. As a
consequence of the decreased population, the demand for food dropped, and the market in grain
consequently suffered. Animal husbandry became more prominent and, major areas, previously
used for cultivation, were once again converted to padflinirsk 19%; Thomas 2005b;
Williamson 2002. Severe recession charactesigshe period following thelggue and a long

time will passbefore the ppulation could grow againin the 18' century) Wrigley and
Schofield 1981). All these events had a profbimpact at both economic and social levels.
Agriculture and husbandry were deeply affected, bringing significant transformations and
preparing the groundfo t he phenomenon knoewo lausAlbaretiaed G Agr i cul
1997;Albarella and Davis 199@;homas 2005bThomaset al. 2013 for a revised analy$is

To understand the complexity of the medieval historical events it is important to combine
different lines of evidence, such as those produced by archaeological and historical research.
Concerning radieval husbandry, both archaeological and historical evidence agree on the fact
that it was dominated by the use of cattle, sheep, pig and horse (Albarella 1997; Dyer 1994;
Grant 1984; Grant 1988ykes 2006Thirsk 1967;Thomas 20050 Cattle were mostlysed as
traction animals. This role did not change until the (gradual) introduction, in the Later Middle
Ages, of the horse as the main animal used for agricultural actijiteesydon 1986) This
introduction determines a shift in the role of cattlenfrmain ploughing animals to main meat

and milk producer. Sheep in the Early Middle Ages were bred for their meat, milk and wool, but

by the 1% century the emphasis was mainly on wool production. English wool acquired the
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status of the best wool in Europad became extensively traded. Pigs, due to their inability to
provide secondary products, were almost exclusively used asamdat providersAlbarella
20089.

1.4.1 The historical evidence for the medieval goat

Written sources for the Middle Ages goovide valuable information, though the quality of the
available evidence, which includes survey texts, tax assessments, manorial accounts, archives
and charters¥yer 2004 Thomas 200Ris variable. Nevertheless, the impression that one gains
is that thegoat was mainly valued asmilk producer. Goat dairy products and, to a lesser
extent, meat could represent a valuable additional contribution to the family economy; milk,
cheese and butter surplus, along with (occasional) kids, would have been Belthatket. The
meat of older goats was more likely to be consumed by the lower levels of thg,sehikt kid
meat was consumed by the higher | evels, as
(Dyer 2004; Dyer 2006; Noodle 1994; Wilson 1978 well as archaeological evidence
(Albarella and Davis 1996; Sykes 2006; Thomas 2005).

During the Early Middle Ages goats are rather frequently mentioned in places (for
example Gateriggg o a t 0 sin MorthdRidimg or Gatescarthg 0 a t s-Gn Westrsodand)
dating back to the period (Dyer 2004: 22). Even more significant is the evidence from the
Domesday Book, completed in 1086 (Darby 1977), which provides many details about the
numbers of goats present in some English counties. The imprgssid is that goats, though

far less common than sheep, weresprg in fairly high numbers (Tald.4) (Albarella 1999;

Dyer 1991 2004 Hallam 1988. Nonetheless, the Domesday Book is not representative of the
whole of England (animal numbers only swevifor eight counties: Cambridgeshire, Cornwall,

Devon, Dorset, Essex, Norfolk, Somerset and Suffolk).
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Table 1.4 Numbers of goat flocks asreported by the Domesday Book i(nage reprinted from Darby, H.C.

Domesday England copyright 1977, Cambridge: Cambridge University Press, with permission from
Cambridge University Press).

Norfolk  Suffolk  Essex Cambridge Dorset Somersst Devon  Cornwall
Sheep 46,076 37817 47,013 20312 23035 46,868 jop024 13,059
Wethers —_ — — —_ 207 948 15§ 240
Swine 8,082 9,780 13,529 4,591 1,501 6,980 3,694 513
I Goats 3,01% 4,348 3,642 22§ 8o 4482 7,246 926 I
Cows 23 9 160 2 59 123 23 [1]
Calves — - 77 — —_ — -— —
Oxen — —_— — — 9 — —_ —_
Bult — — — — - - — 1
Animalic 2,102 3,052 3,808 958 §2I 4343 7,341 1,002
Horses 1] 127 3 — — —_— v_— —
Rouneeys 767 §27 793 170 123 448 159 21
Mares 56 — 21 11 13 35 1 12
Wild mares —_— — — 24 1z 318 5% 152
Forest mates 139 114 — —_ — 38 162 58
Toals 2§ — 103 7 12 —_ —_— —
Hereerarius — —_ —_ 1 — — —_ —_
+ Mules I — 1 1 — o —

Donkeys 2 2 26 24 I 3 z —
Foals — — e z — . —

After the 11" century, a drop in goat numbers is attested by evidence such as manorial accounts
and archival documents. Duringe 13" and early 14 centuries, a period in which a higher
number of written resources is available, goats are so scarcely mentioned that this species seems
to be almost completely absent (Dyer 2004; Woolgar 2006). Nevertheless, this situation does
not reflect the complete reality, and in the western and northern regions of England the goat
continues to be present. Records such as the Berkeley Castle accounts (1346 AD) and the
Alkington accounts (13312 AD) in Gloucestershire and the Bolton Priory &staccount
(129697 AD) in North Yorkshire (Dyer 2004: 228) all attest to the enduring presence of this
animal. The usefulness of this kind of written documents is exceptional but it has limits as well,

which have to be taken into consideration.

Written sources refer mainly to the higher levels of the society, but goats were animals of
potentially low economic value, and were therefore likely to be owngaebgantsof whom

less is known. This lack of information can partially be compensated by arsiaraflyhe tax
records. What emerges is that these animals were confined to specific localities, the west and
north of the country, and werare(Dyer 2004). In addition, several documents referring to the
trespasses of goats, attest to the extent tohathie voracious eating habits of this animal, made

it unwanted Dyer 1991, 2004Fussell 193h

During the 18 and 18 centuries, written sources mentioning goats are even scantier than in

previous periods. The trend observed for the earlier periodssseevertheless, to repeat itself:
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the presence of goats in the north and west areas of England persists, but to a smaller scale
(Dyer 2004).

1.4.2 Zooarchaeological evidence for the medieval goat

Medieval archaeological sites1avhich goat bones haveeén found are scattereder many
parts of the countryNeverthelessthe overall impression gaindtbm theliterature is that the
goat was not regl a common farmyard animal in edieval EnglandRegardless of the
geographical areas, a common patteprésent across all Englishedtieval sitesthe number of
remains belonging t€aprais always extremely low compared to other domestic aninaats

it is particularly low whertompared to the most commgriound Ovis bonesWhenever sheep
and goat are meiohedin the same report, sheep is almost invariably and overwhelmingly the

most common species (Albareial. unpublishedl

Due to the perceived rarity of the gohtit also to the difficulties that distinguishing between
sheepand goat entaik, an attemptto separate tlse twotaxa has not alwaysbeenmadeby
zooarchaeologistdess than 25% of studies for the IrAge period according to Albareli al.
unpublishedl In the casesin which a discrimination betweethe twotaxais carried outthe
nunbersrelated to the goaare so low hat raw data are often omitta@esd further information

are often excludeffom the reportAn example of such attitude is given by the report on the
animal bone$rom Saxon and edieval Hereforgwritten by Baxter (unpolished). In his report

the authomentionsthat 78% of the caprine remains have been attributed to sheep and 22% to
goats- these latter are mainly representsdhorncores and metapodialdut noraw numbers

are given.

In many cases, attempts ddferentiatehave not been carried oat all, so that the twdaxa
appear combined in the communal category sheep/gbatreport writterby Hamilton-Dyerd s
on the faunal renias excavated at the Saxon anddieval site of Barking Abbey (2008 an
example The authodoes noinclude a methodology section so that the readgherknows if
a discrimination betweesheep and goatas attemptednor on which traits it was basedll

caprineremains are included the generic category of sheep/goat.

Sometimeszooarchaeologists are so certain about the abserhe gbatthat all the remains

are attributed to the sheep. An example of ihigiven byGe b b el s & r e peofaunal ( 197
remains found at the edieval site of Great Yarmouth. The autdoesnot mention anyattempt

to discriminateOvis from Capra Furthermoreon the list of identifiedspecies onlydOvis spd

appearswhile even the safsheep/goat category is absent.

These are only a few examples ofvalespreadattitude This limits the possility to assess
accurately the presence oktgoatin medieval Englandhut alsothe possibility toquantify the

relative proportions of sheep and goat
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More recently thanks to an increadeawareness of thenethodological problems related to
sheep and goadentification, ando a renewed interest in theleoof the rareranimalsin the
medieval archaeological recqgnahore attention has bededicatedn trying to better understand
the role thathegoat had irmedievalEngland.

An interesting contributio to thetopic is providedy Noddle.According toNoddle (1994: 120)

the presence of gbaaries, as there are Englistedieval sites where only a few goat bones

have been found and others where several have been unearthed. At Exeter (Devon, Maltby

1979),Li ncol n (Lincolnshire, O6Connor 1982), Winches
2009) and Yor k (Bond and (0X0) Connor 1999) goat
(HerefordshireNoddle and Harcourt 1935, Kingds Lynn (Norfol k, Noddl e
(Hampshire, Bourdillon and Coy 1980), Monmouth and Chepstow (Monmouthshire) on the

Welsh border oddle and Harcourt 1985Noddle 1991,1994) and at Perth, Aberdeen and

Elgin in Scotland Klodgson 1980 in Noddle 199#odgson 198Ba large number have been

found.

Noddl edbs assertion does, however, require verifi
indicated sucha prominence of the goat in the archaeological record. The absence of an

objective methodology used for identification purposes (seedBetil), along with the dearth

of comprehensive reviews of the archaeological records for the goat nationwide, has limited the

possibility of reaching a realistic overview of the importance of this animal in different regions

and at different times in Erahd. Nevertheless, relatively recent works have started clayifyin

the situation (Albarella 1992003; Stallibrass 1995).

If we consider the archaeological evidence in chronological order, for the Saxon peried (400
1066 AD) assemblages are usually damhial by cattle, sheep and pig remains (with some
variations according to the status of the site), which represent the main domestic animals. Sheep
remains are always overwhelmingly more common than goat renfaibarella et al.
unpublishedHolmes unpubhed; Stallibrass 1995).

Another trend which has emerged from the Albaretlal. (unpublished) review is that the goat
appears to be present in a higher proportion during the Saxon period than during the previous
Roman period, reaching its peak in thatd. Saxon perio@Fig. 1.7) The phenomenon of an
increase in the presence of goat during the course of the Saxon period has also been noted by
Noddle (1980) at North ElImham in Norfolk{@5" century) and Crabtree (1989) at West Stow

in Suffolk (5"-7" century). For the south and the northern areaketountry, such a trend has

not been observedowever(Holmes unpublished; Stallibrass 1995). Nevertheldss, may

reflectthe lack of archaeological evidence on it.
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Identification of goat
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Figure 1.7 Percentageof occurrence of identified goat specimens bpody part in post-lron Age period-sites
(Image reprinted from ALBARELLA, U., with T. PIRNIE and S. VINER. (unpublished). Animals of our past:
a review of the zooarchaeolo@yf Central England with permissionfrom Umberto Albarella).

According to Albarellaet al. (unpublished)Capraremains appear to be more commoriate
Saxonurban rathethan rural sites, consistewith finds for the Roman periogFig. 1.8) This

patern is mainly due to accumulations of goat horncores in towns, such as Thetford in Norfolk
(Clutton-Brock 1976. These assemblages, interpreted as the result of industrial activities, are
more likely to reflect an interest in heworking rather than otheéndustrial activities (tanning),

which areless wellrepresentedhronologicallyin this period. Accumulations of horncores have
also been recorded by Holmes (unpublished) in the south but none of them include goat
horncores (only cattle horncores are ti@med). Nevertheless, the existence of goat horncores

is reported at Mawgan Porth, Cornwalll§tton-Brock 197§.

The achaeological evidence for theextieval period is different. A decrease in goat numbers
seems to be suggested by written evidence @dmmve) and is also supported by the
archaeological record (Albarella 1997, 1999, 20@allibrass 1996 (Fig. 1.7) Some
researchers have suggested that, as a consequence of population pressure”imritiel¥2
centuries, areas previously left uncudtied due to poor soil and used as a primary communal
grazing source for the goat herds of villages or estates, declined (cButtck 1976; Noddle

1994). Others suggest that, when land enclosure became common, the number of goats fell as a
consequence dheir voracious nature; goats were perceived as hedge destroyers (Albarella
1997;Burke 1834 Dyer 2004; Noddle 1994). The decline of the goat has also been linked to its
changing importance as milk producer. In the 1% century, when farmers developéte
techniques to produce milk from cows without the presence of a calf, they became the primary

source of dairy product s, |l eading to a decre
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decrease in the number of goats (Albarella 1997; Noddle 189i) still uncertain which of
these factors were key to the decline in goat importance, but it is possible thatllithey a

contributed.

During this period the presence of goat ks#®ems to be commado a number ohigh staus
medieval sites. AtLauncesbn Castle in Cornwall(Albarella and Davisl996 as well as at
Dudley Castle inWest Midlands(Thomas2002 a number of kidbones have beem fact
identifiedand has been interpreted as consumption of kid flesh.

The pattern observed during the Saxongaernamely that a larger number of goat horncores
depositsare found in the more urbasites(in the Saxon period 47.8%, in the medieval period
19.6%)whilst goat bons have more frequently been recorded inrtival sites is also attested

for the nediewal period (Albarella 1999, 2003lbarellaet al. unpublishell (Fig. 1.8).In this

period, however, the tanning industry had become predominant, while horn trade declined
(Albarella 2003), and therefore such accumulations are more likely to be linkeel formfer

activity.
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identified goat specimens, bybody part and site type {(mage reprinted from ALBAREL LA, U., with T.
PIRNIE and S. VINER. (unpublished). Animals of our past: a review of the zooarchaeology of Central England
with permission from Umberto Albarella).

As Figure 1.8 showsagccumulations of goat horncores (and very occasionally foot boaes) h
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been faind at various sites in England. Despite ttia, frequency of horncomominated goat
assemblages decreasswhen maing from east to wesfThis is due to the fact thateheastern
regions of the country, which were the most urbanised, are twbgch have revealed the
highest concentratioof such deposits.

At the siteof Harrison Street in Hereford (Hertfordshire,"&entury) Baxter unpublished)

22% of the caprines remains (agdithe 78% attributed tthe sheep) have been identified as
goass. The goat assemblageonsisted mainly of horncores and metapodials (numbers not
given). At the site ofSkeldergate in York (Yorkshire, 1xi®th century(O6 Conno,;34 198 4)
completegoat horncoresverefound along with very few postcraniglsumbersnot given).At

the site ofHornpot Lane inYork (Yorkshire, 14th century) Wenham 1964)500 horncores

mainly from oxenand goats were recovered (no further details are givEajthermore,66
complete goat horncores were uneartaethe site oEmpire Cnema in Bedford (Bdfordshire,
11th12th centuryGrant 1983)and an accumulation of goat horncores were also fatitite

site of St Johns Street 289 in Bedford (Bdfordshire, 11tHL3th century)(Grant 1979)
(numbers are not givenNoddle (1975) alsanentionsaccumulations of goat horncores at the
sitesof St . Mary i n Br i s Nafblk (ia both casdés munbess arfe nat given) n
Specific deposits indicating the use of goat skins and horns in the southern and northern regions
of England arescantier, while deposits of cattle horncores are much more frequently reported
(Holmes unpublished; Stallibrass 1995).

Since horncores bear very clear morphological traits, allowing sheep and goat to be easily
distinguished, the possibility needs to bensidered that an owveepresentation of these
elements may be related to an identification bias. However, this bias would not explain why
other easily identifiable anatomical elements, such as metapodials, are almost completely absent

from the English meeéival archaeoldgal record (Albarella 2003).

To sum up,the overall archaeological evidence explored sdrfdicates that goat bones are
scarce in radieval England, regardless of status and geographical location. In the east in
particular there is a ging bias in favour of horncores, while post cranial bones and teeth are

always rargFig. 19).
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sites=39; central sites=87; east sites 59. Graph redrafsom Albarella 2003).

In urbanised and industrially specialised centres (mostly located on the east coast), the goat is
likely to have mainly been used for its skin and, to a lesser degree, its horabs€hee/under
representation of goat postcranial bones points toward the hypothesis of a trade in goat skins
with southern Europe, where this species was more abundant (Albarella 1999, 2003; Noddle
1994).

According toPrummel (1978 and Schmid (1969)when the skins were prepared for further
treatments, which eventually led to the final transformation of skin into leather, the foot bones
and hoof were retained. This raises the question of why this material is usually missing from the
archaeological recorth England. With the hypothesis of a trade in goat skins in mind, this
anomaly reinforces the theory of long distance trade, for which it would have been useful to
eliminate as much weight as possible in order for the goods to be more easily storadeohd tr

It follows from this supposition that the part of the skin most suitable to be discarded were
indeed the foot bones, which were not considered as valuable source of working material as the
horncores Albarella 2003 Noddle 1994 Schmid (1974) argudhat keeping the horn would

also have provided a means for establishing the age of the animal the skin belonged to. Clearly
the horns, probably sold or given to other manufacturers, had a value, but were definitely of
secondary use to the skins (Noddl®4p

Similar situation has been identified in other countridthgrella 1999 Noddle 1994 Sites
such as D o rHertogeabdsciGentrd in thé Netherlands (Prummel 1982) have
produced accumulations of goat horncores and, in the case of the ittenlso goat
metapodials, something unknown at English sites. In Germany, at the site of Haithabu

(Reichstein and Tiessen 1974) a few goat bones along with several remains of goat leather have
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been discovered. At other German sites the proportion of tgostieep is about 1:10; these
include UlmWeinhof (Anschutz 1966) and Werttenbukjifinhold 1971 Schatz 1968 At the
Norwegian site of Gamlebyen, accumulations of goat metapodials (but no horncores) have been
found; for this site, historical sources@lmention the existence of an import trade in goat skins
(Lie 1988 inNoddle 1994: 120).

The hypothesis that a trade in gbatns rather tharsking could have existed thus explaining

the overrepresentation of this element, lesobeenevaluated (Allrella 2003). Nevertheless,
considering thatl) no documentary evidence Hasen found to support this ide), the hora

working industry during the Middle Ages was in decline while thatHer industry was
developing and3) documents exist proving the igbence of a commerce in goat skins in
England and in other countries, it is more plausible that the trade was focused on goat skins

rather than horns.

Despite the fact that no documentation has yet been found that specifically refers to a goat skin
trade between the more urbanised east of England and other European countries, a series of
documents confirming the movement of goat skins from Ireland to western En@lankison

1966) does exist and seems to support the idea that a similar trade couldxist®d m the

eastern part of the country. In addition, written records confirming the presence of a
contemporary international trade in goat skins in other countries (as in the Norwegian case

mentioned earlier), makes this supposition even more plasilbiarella 2003; Noddle 1994).

The situation discussed above in relation to urban industrial sites cannot be applied to rural sites
(or to urban sites outside industrialised areas), for which no evidence of goat horncore
accumulations existsCapraremans have been recorded in a few rural sites, among which are

the 12-early 13"cent ury Bot el er orwickdie{RinteBellowO108Jramd ey Wa
the site of Walton, Alesbury, Buckinghamshire dated to th2" century (Noddle 1976). At

both, a small number of goat bonesereunearthed and concentrations of goat horncores were

not found, suggesting that goat was only occasionally used and was husbanded rather than used
in industrial activities. Unfortunately, our knowledge of rural faunal assemblegscant. In

fact, the western and more rural areas of the country remain, to this day, insufficiently
documented (Albarellaet al. unpublished). This is, at least to some degree, because
investigations have mainly been focused on large urban ceeimgg rural villages in need of
greater attention (Stallibrass 1995). This dearth of informatiements us from undertaking an

in-depth study of regional patterns.

During the Postedieval period (18 century to the present day) further goat decliratissted
(Albarella 1997; Noddle 1994; Stallibrass 1995)trend also supported by documentary
evidence.This isthe period inwhich a phenomenoknown asthei Agr i c ul lutuircan o ,Re v o

which marks among other phenomenahe beginning of a new husbagdsystem, starts to
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clearly manifest itself. Zooarchaeological studies, as well 8céftury written records attest
to the occurrence of important changesthe type and way sheep and goatre used
Zooarchaeologically, these changes in husbandrdetectedhroughan increase in size dhe
main domesticanimak with took placen different regions oEnglandat a different pacefor
eachspeciesAlbarella 1997: 21; Davis and Beckett 1999: 6; Thomas 2013:)3BB4 reasons
behind such increase amewadays still unknown but may be linked to environmental as well as
genetic factors, i.e. the introduction of new morphogifreed of sheep/goat (Albarella 1997;
Davis and Beckett 1999; Thomas 2018). the case ofdomestic Beep and goatthis
phenomean, which according tdhoma® s t (20d3: 834¢9)can be datethackas early as
the 14" century could blur some of the criteria useat fdentificatiors, makingthe distinction
more challengingMaltby 1979)

It is clear that there are still importagaps in the historical and archaeological evidence that
preclude us from reliably assessing the role of the goat in the English Middle Ages. Paramount
to an improvement of current knowledge is the necessity to gain greater confidence in the
identification of sheep and goat bones. This dissertation aims to contribute to the matter by
proposing a new methodology to distinguish between the bones of sheep and goat. The new
methodology will allow more confidence in the identification of the two species anhd wil
represent the basis on which aassessment of the role of the Englisadmval goat can be
undertake.
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Chapter 2 Study of the morphological traits and biometry of the

modern material

2.1 Methods

2.1.1 Introduction

In the previous chaptéChapter 1, Sewin 1.3, the different approaches adegtin the past for
tacklingtheissueof sheeggoatidentificationhave beemliscussedThecritical evaluation of the
currently availablemorphological approaches haiowed usto understand andssesshar
contributions andlimitations. The mainproblemwith a purelymorphological approacts that
the abiity to distinguish between tthevo closely related taxia highly subjective.

Pioneering biometrical stlies however, also exist antheir potential and applichility to
archaeological materidas been demonstrat@eernandez 200naret al. 2008 Payne 1985
Rowley-Conwy 1998). Neverthelessthere is scope for a much more extensive biometrical
approach to sheep/goat identification

This projecttacklessheepgoat identification byadoptingboth morphological and biometrical
approachesThis is achieved by studyingiodern reference collectis of sheep and goatsf
known age and semainly belonging toBritish andcentralEuropean breeds. This samplas
chose for its potential inrepresenihg a better proxyfor English medieval animals than the
Near Eastnd eastern Mediterranea@nimalspredominatelyusedin previous studiesOn this
selectedsample morphologicaland biometricaldata were collectedith two main goak. The
first concerns morphological traits; asnyzooarchaeologistknow, not all traitsidentified in
previous literature areeliably and consistently identifiabli@ animals from different regions
and breedsA selection of morphological tita has beemecordedo find out which can be more
reliably recognisd and correctly classifiedin the selected sampland eventually applied to

archaeological material

The secondgoal is to test a new methodology based on biometrgich can beused in
combination with the morphological approatiiysenhanang the possibility of identification to
species levelThis new method idased on measurements which designedto translate
biometrically some of the morphologicatharacteristis used todistinguish Ovis ariesand
Capra hircus Some of the used measurements have previously been used in the literature, while

others have been creatad hocfor this project

In the following sectiog, the morphological traitselectedrom previousstudiesare presented

along withan explanation of how the scoring process was carried out on the modern material
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(Section2.1.2). A description of the measuremenibsit makeup thenew biometricaimethod
follows (Section2.1.3), along with abrief explanation of howhe recordingprotocol was
applied Gection2.14). Finally, a detailed description of the modesampleincluded in the
study, along with information regarding age, sex, breg@hen known)and degree of
completenessf the animalgsis provided(Section2.2).

2.1.2 Morphological Approach

It has already beementionedthat despiteits unquestionable potentialhe morphological

appro&h can be problematicThe visiblity and reliability of knownmorphologicaltraits vary

according to different factorsud as the breed and ageof the animals the ability and
experiencef the observea s wel | as the compl eteness of oneds

Becauseof these issues, the morphologicalcriteria used to identify the two specielsave
recently been regwed ly Zederand Lapham2010post cranial bongsand Zeder and Pilaar
(2010 mandibularteeth). This researchsupplements such previous work lkgnducing a
parallel study on the reliability of selected morphologicaharacteristis on a (relatively)
controlledsheep and goat modern sample

The advantages oesting morphologicatriteriaon modern materidirst and subsequentlyon
archaeological specimenare several. First of alinodern collections often host complete
skeletonsn good conditios of pregrvation so that the visibility of theharacterists should
be at its bestSecondly in modern collectionsmportant informatiorsuch asex, age and breed
of the specimenare sometimes, permitting greater understanding of influence Gizbéeand
shape Thirdly, the studyof modern materiapermitspreliminary results on the validity of the
new methoalogy adoptecand makes it possibléo improvethe protocolbefore applying ito
the archaeological materidfinally, thecollectedmodern data repsent a useful baselirtbat

can beused infuture studies

The anatomical elementiscluded in the studywere selectedy taking into accounseveral
factors The firstwas based othe fact that theim of theprojectis the application ofthe
methodto archaeological material, which is usually fragmentéds known from previous
studies thatbecause of theidiffering densities,some skeletal elementre better able to
survive deposition(Binford and Betram 1977,yman 1984 and as a consequence ethare
more frequently representéd archaeological assemblagd@hose elementsavepreferentially

been chosefor the study

The secondfactor is relatedto the fact that somanatomicalelementsbearmore dagnostic
traitsthan othersHorncores and etapodialdor example arghe skeletal elements massily

assigned to species ledrle totheir distinctive morphologis

Forthereason®utlined abovethe following skeletal elements have basetected
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T Cranium

(0]

(0]

(0]

Horncores
Mandible
Mandibular tedt

 Postcranial:

(0]

O O O 0o o o o o o

The selection of the morphologicetharacteristis was made after thorough evaluatioof the
previousliterature In addition, apilot study wascarried outon the sheep and goat specinsen
hosted at th&ooarchaeology aboratoryof the University of SheffieldThis collection mainly
composedof English andMediterranean specimengas used a trial/training material and

assisted withhe refinement of the criteria teeincluded in theprotocol

Tables2.1 to 2.19 providethereference from which theorphologicakcharactestics have been

Glenoidcavity andarticulation of theScapula
Distal articulation of the Hmerus

Proximal articulation of the &lius

Proximal articulation otheUIna

Distal articulation of thévietacarpal

Distal articulation of the Mtatarsal

Distal articdation of the Tbia

Astragals

Calcaneum

1%t 2 and ¥ Phalanx

selected ad a briefdescription of théraits.
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Table 2.1 Referencefor the morphological traits chosen for this study.

Element References

Horncore Clutton-Brock et al.199Q
Schmid 1972.

Deciduous3™ lower premolar Payne 1985

dP;

DeciduousA™ lower premolar Payne 1985

dP,

Permanentower 3° premolar Halsteacet al2002

P Helmer 2000.

Permaentlower 4" premolar Halsteacet al. 2002

P, Helmer 2000.

Permanentower 3% molar
M3

Balasse and Ambrose 2Q05
Halsteacet al. 2002

Helmer 2000.
Mandible Halsteackt al. 2002
Scapula Boessneck 969

Boessneclet al. 1964
Helmer and Rochetedl994
Prummel andFrisch198a

Distal Humerus

Boessneck 969
Boessneclet al. 1964
Helmer and Rochetau 1994
Prummel andrrisch1986;
Zeder and_apham 2010.

Proximal Radius

Boessneck 1969
Boessneclet al. 1964;
Prummel andrriesch1986;
Zeder and_.apham 2010

Proximal Ulna

Boessneck 1969;
Boessneclet al. 1964;
Prummel and Frisch 1986

Distal Metapodial

Boessneck 1969;
Boessneclet al. 1964;
Prummel and Frisch 1986
Zeder and Lapham 2010.

Distal Tibia

Kratochvil 1969;
Prummel andFrisch1986
Zederand Lapham 2010.

Astragalus

Boessneck 1969;
Boessneclet al. 1964;
Prummel andrrisch 1986;
Zeder and Lapham 2010.

Calcaneum

Boessneck 1969;
Boessneclet al. 1964;
Prummel andrrisch 1986;
Zeder and Lapham 2010.

1% Phalanx

Boessneck 1969;
Boessneclet al. 1964;
Zeder and Lapham.

2" Phalanx

Boessneck 1969;
Boessneclet al. 1964;
Zeder and Lapham.

3 Phalanx

Boessneck 1969;
Boessneclet al. 1964.
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Table 2.2 Morphol ogical characteristics adopted for the horncore (trait 1: image reprinted from SCHMID, E.
Atlas of animal bones: for prehistorians, archaeologists and quaternary geologidtsisterdam: Elsevier,
copyright 1972,by permission of Joerg $hibler. Trait 2: imagesreprinted from BOESSNECK, J. Osteological

differences between sheepyvis ariesLinné) and goat Capra

hircusLinné). In Science in archaeology: a survey

of progress and researcheds. D. BROTHWELL and E. HIGGS, 331358, copyright 1969. London: Thames

and Hudson, with permission from Thames and Hudson).

Horncore

Ovisaries(sheep)

| Caprahircus (goat)

TRAIT 1: SECTION

TRAIT 2: CURVATURE

The section of the horn is more or less triangular
In males. horns have a D shape with the ante
edge more rouretl and broader than thapered
posterior edge It curves tightly outwards an
backwards spiralling around the sawith the tip
pointed forward

In females: the horrs areless robust and muc
shorter than in males, they have sharp -sbelpe
anterior and posterior edges ande agenerally]
flattened medidaterally. The tip of the horn i
rounded(Clutton-Brock et al. 1990: 1014; Schmid

The section of the horis more or les:
plancconvex. The horrcores arg
relatively narrower than those of the
sheepandrise verti@lly from the top of
the headTheydo not curve as tightly a
in sheep.The tip is sharp (Clutton
Brock et al. 1990: 1014; Schmid 1972
90).

1972: 90)
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Table 2.3 Morphological characteristics adopted for

the & deciduous premolar (images reprinted from

PAYNE, S. Morphological distinctions between the mandibular teeth of young sheefvis and goats,Capra
Journal of Archaeological Scienc&2: 139147, copyright 1985,with permission from Elsevier).

3 DeciduousPremolar

Ovisaries

Caprahircus

TRAIT 1: OVERALL SHAPE

1

-

The toothis heavier and squared in sha
(Payne 1985: 143)

The tooth is narroer and triangular in shap
(Payne 1985: 143)

TRAIT 2: APPEARANCE

OF THE METACONOID

\

1=

v

=

The metaconoid, espially if the tooth is no
heavily worn, is strorly definedand linked by
a short ridge running bucatistally to connecl
with the distal part of the toottiPayne 1985

143)

The metaconoid tends to be weaker ang
linked by a ridge running buceawoesally to
connect with a more ms&l part ofthe crown
(Payne 1985: 143)

Table 2.4 Morphological characteristics adopted for

the 4" deciduous premolar (images reprinted from

PAYNE, S. Morphological distinctions between the mandibular teeth of young sheefvis, and goats,Capra
Journal of Archaeological Sciencé&2: 133147, copyright 1985,with permission from Elsevier).

4™ Deciduous Premolar

Ovisaries |

Caprahircus

TRAIT 1. CROWN ASPECT

TRAIT 2: PRESENCEOR ABSENCE OF BASAL SWELLING

TRAIT 3: PRESENCE OR ABSENCEOF THE INTER -LOBAR PILLAR

—_—

The crown is more hypsodont, relative
highercrowned,and is less proneto a basal
swelling. The Inter-lobar pillaris often absen
between the middle and distalbles (Payne
1985: 143)

The crown is less strongly hypsodo
relatively lowercrowned with more bas:
swelling at the buccalistal cornerThe Inter-

lobar pillaris often preseniespecially betwen
the middle and distal lob€Bayne 1985: 143)

TRAIT 4: ENAMEL DEVELOPMENT

ON MEDIAL AND DISTAL FACE
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4™ Deciduous Premolar

Ovisaries

Caprahircus

Mesial view Distal view

Mesial view Distal view

(Payne 1985: 143)

The base of the enamel on the dia¢ and
distal face of the tooth rises more steep

The base of the enamel on the diaé and
distal face of the tooth rises less steef
(Payne 1985: 143)

Table 2.5 Morphological characteristics adopted for the 3; permanent premolar (images reprinted from
HALSTEAD, P., P. COLLINS and V. ISAKKIDOU . Sorting the sheep from the goats: morphological
distinctions between the mandibles and mandibular teeth of adul®vis and Capra Journal of Archaeological
Science29: 545553 copyright 2002,with permission from Elsevier).

3Y Permanent Premolar

Ovisaries

| Caprahircus

TRAIT 1. OVERALL SHAPE

el

The tooth tends tbe broader and squared
shapg(Halsteackt al. 2002:547)

The tooth tends to be longer arstender

rectangular in shapgHalsteadet al. 2002:
547)

TRAIT 2: ASPECT MIDDLE VERTICAL RIDGE

v

]

A strongly developed vertical ridge sesent
in the middle of the lingual face. The lingu
edge of the occlusal facedsl ear | vy
(Halsteadkt al.2002: 547 Helmer 200031).

A less developed vertical ridge @esentin
the middle of the lingual face. The lingu
edge of the occlus#aceusually formsa more
or less straight lineinclining buccdly in a
posteior-anterior direction (Halstead et al.
2002: 547 Helmer 200031).

TRAIT 3: ASPECT MESIAL -BUCCAL ANGLE

=

Nl
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3 Permanent Premolar

Ovisaries

Caprahircus

The meial part of the buccal face slop
inwards lingually and in a less strongly
posterioranterior direction. fie mesial face is
typically perpendicidr to the axis of thg
mandible; a a reslt, the mesio-buccal quarte
of the todh tends towards a right ang

(Halsteackt al.2002:547).

The meial part of the becal face slope
inwards lingually and in a more strongly
posterioranterior direction. fie mesial face
often slopes anterilyr in a buccelingual
direction; & a result, the ns#o-buccal quarte
of the toothtends towards a more open an
(Halsteadet al. 2002:547).

Table 2.6 Morphological characteristics adopted for the 4" permanent premolar (images reprinted from
HALSTEAD, P., P. COLLINS and V. ISAKKIDOU . Sorting the sheep from the goats: morphological
distinctions between the mandibles and mandibular teeth of adu®vis and Capra Journal of Archaeological
Science29: 545553 copyright 2002,with permission from Elsevier).

4™ Permanent Premolar

Ovisaries |

Caprahircus

TRAIT 1: OVERALL SHAPE

S

The tooth tends tte broader and squared
shape (Halsteaet al.2002:547).

The tooth tend to be longer and ahder,
rectangular n shape (Halstea@t al. 2002:
547).

TRAIT 2: ASPECTOF TH

E MENSIO-LINGUAL RIB

Y

=

The meio-lingual corner is tyjally marked
by a vertical ribprojecting lingually (Halsteag
et al.2002:547).

The rib on the m&o-lingual corner is weak 0O
absent (Halsteagt al.2002:547).

TRAIT 3: ASPECT OF THE MESIO-BUCCAL ANGLE

[

SN

The mesic-buccal quarter of the tooth forn
an angle closer to a right anglélélsteacet al.
2002: 547 Helmer 2000: 3L

The meio-buccal quarterfahe tooth forms ar
open angleHalsteadet al. 2002: 547 Helmer
2000: 3).
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Table 2.7 Morphological characteristics adopted for the 3¢ molar (imagesreprinted from HALSTEAD, P., P.
COLLINS and V. ISAKKIDOU . Sorting the sheep from the goats: morphological distinctions between the
mandibles and mandibular teeth of adultOvis and Capra Journal of Archaeologcal Science29: 545553

copyright 2002,with permission from Elsevier).

3 Molar

Ovisaries |

Caprahircus

TRAIT 1. ASPECT MESIAL FACE

[

(65

The flange of the medial face tends to
broader(Halsteadet al.2002:548549).

The flange of the medial factends to be
narrower(Halsteacet al.2002:548549)

TRAIT 2: ASPECT BUCCAL EDGE ANGLE

C

3

The mesial part of the buccal edge of th
mesial buccal cusp is typically conve
(Halsteadkt al.2002:548-549).

The mesial part of the buccal edge of tf
mesal buccal cusp is concave or fidalstead
et al.2002:548-549).

TRAIT 3: DIRECTION OF CENTRAL CUSP

TRAIT 4: SYMMETRY AN

D SHAPE OF THE CUSPS

A

N/

The buccal edge of the disbuacal and the
centrebuccal cusps are relatively
symmetrcal. They tend tohave arounded
Aar cadedo (Halptendet al. 2002
548549).

The buccal edge of the distmccal and the
centrebuccal cusps often points strongly in
posterior direction. They tend to be point
withaft ri angul ar 0 aeptple
202: 548549).

TRAIT 5: ASPECT OF THE DISTAL FLUT E

N
4

—>

74

The distal margin of the distal puhas &
buccaly def i neetali2002:

The distal margirof the distal cuparely hasa
buccaly def i ne dtali2002:

548549).

548549).

Table 2.8 Morphological characteristics adopted for the mandibula (imagesreprinted from HALSTEAD, P.,
P. COLLINS and V. ISAKKIDOU . Sorting the sheep from the goats: morphological distinctions betweehd
mandibles and mandibular teeth of adultOvis and Capra Journal of Archaeological Science&9: 545553

copyright 2002,with permission from Elsevier).
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Mandibula
Ovisaries | Caprahircus
TRAIT 1. PRESENCE/ABSENCE OF THE FORAMEN

On the face of themandible, a foramen i On the face of the mandible, a foramen
frequently found below PP, (Halsteadet al.| absent or less commonly present but ante
2002: 549). to the B (Halsteadet al.2002: 549).

TRAIT 2: ASPECT OF THE HOLLOW

Behindthe M3, the lateral face of the mandib Behind the M, the lateral face of th
has a slightly pronounced or absent holll mandible has a more pronounced holl
(Halsteadet al.2002: 549) (Halsteadet al.2002: 549)

Table 2.9 Morphological characteristics adopted for the scapula(images reprinted from BOESSNECK, J.
Osteological differences between sheeyis ariesLinné) and goat (Capra hircus Linné). In Science in
archaeology: a survey of progress and raseh, eds. D. BROTHWELL and E. HIGGS, 331358, copyright 1969.
London: Thames and Hudson, with permission from Thames and Hudson).

Scapula
Ovisaries | Caprahircus
TRAIT 1: SHAPE OF THE GLENOID TUBERCULE

The superglenoiduberculeis more developeq The siperglenoid tuberde is less developec
andreaches frther down beyond the gleno| and reaches ledsr down the glenoid cavity
cavity. Viewed laterally it appears mor¢ (Boessneck 1969: 33Boessneclet al. 1964:
roundel-off (Boessneck 196837;Boessneck 56-61; Helmer and Rocheteau 1994:;
et al. 1964: 56-61;, Helmer and Rocheteg Prummel and Frisch 1986: 569

1994: 8 Prummel and Frisch 1986: 569

TRAIT 2: SHAPE OF THE GLENOID CAVITY
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The denoid cavity is elliptical in shapg The denoid cavity is circular in shaps
(Boessneck 969: 337 Boessneclet al. 1964:| (Boessneck 1969: 33Boessneclet al. 1964:
56-61; Prumnel and Frisch 1986: 569) 56-61;, Prummel and Frisch 1986: 569)

Table 2.10 Morphological characteristics adopted for the distal humerus(traits 1 and 2 images reprinted
from BOESSNECK, J. Osteological differences between sheeP\s ariesLinné) and goat Capra hircus
Linné). In Science in archaeology: a survey of progress amdearch eds. D. BROTHWELL and E. HIGGS,
331-358, copyright 1969. London: Thames and Hudson, with permissiondm Thames and HudsonTrait 3 to
5: imagesreprinted from ZEDER, M.A. and H.A. LAPHAM . Assessing the reliability of criteria used to

identify postcranial bones in sheepQvis and goats,Capra Journal of Archaeological Scienc@&7: 28872905,
copyright 2010,with permission from Elsevier).

Humerus: distal articulation

Ovisaries | Caprahircus
TRAIT 1. SHAPE OF THE LATERAL EPICONDYLE

The ejicondyle lateralis is larger and robust The epicondyldateralis is thinner. t projects
it projects more laterally and it rumbliquely | less laterally and it runs straigfBoessneck
(Boessneck 1969: 34Boessneclet al. 1964: | 1969: 341 Boessnecket al. 1964: 6167,
61-67; Helmer and Rocheteau 1994:1 Helmer and Rocheteau 1994:17; Prummel
Prummel and Frisch 1986: 5630) Frisch 1986: 56%70).
TRAIT 2: ASPECT OF THE GROOVE AT THE POSTERIOR SIDE ON THE
LATERAL CONDYLE
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Humerus: distal articulation

Ovisaries

Caprahircus

Lapham 20102889.

The grave of the podrior aspect of the
lateral condyle is continuous and unbrok
right up to the lateral condyl¢Zeder and

The gramve on the posterior aspect of t
lateral condyle is bisected by a raised rig
running lateral medially st below the lteral
epicondyle (Zeder and Lapham 2010: 2889

TRAIT 3: ASPECT OF THE PIT ON THE LATERAL EPICONDILAR SURFACE

",
¥y,

- =

=y

&N

/

surface which is broad and
(Boessneck 196841 Boessneclet al. 1964:
61-67; Zeder and Lapham 2010: 2889)

The pit of the lateral epicondyle is surrounc
by a more strongl developed epicondylg
shallov

The pit of the latal epicondyle is les
developed, sharply defined and dee
(Boessneck 1969: 34Boessneclet al 1964:
61-67; Zeder and Lapham 2010: 2889).

TRAIT 4: PRESENCE/ABSENCE OFA THICKENING ON THE LATERAL BORDER
OF THE EPICONDILAR SURFACE (crest -like process)

The trochlear surface often shows a gran
thickening at the end of the lateral borc
(Boessneck 1969: 34Boessneclet al. 1964:
61-67; Helmer and Rocheteau 19948;
Prummel and Frisch 1986: 5&30; Zeder

The granular thickening at the end of t
lateral border of the trochlear surface is abg
or slighty pronouncedBoessneck 1969: 34!
Boessnecket al. 1964: 6167; Helmer and

Rochetea 1994: 18; Prummel and Fris
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Humerus: distal articulation

Ovisaries

Caprahircus

and Lapham 2010: 2889).

1986: 569570; Zeder and Lapham 201
2889)

EPICO

TRAIT 5: ASPECT OF THE ANGLE ON THE DISTAL PART OF THE MEDIAL

NDYLE

The distal part of the medial epicondyle e
in an angle that isdiween a right and obtug
angle(Boessneck 1969: 34Boessneclet al.
1964: 6167, Helmer and Rocheteau 19941
Prummel and Frisch 1986: 5890 Zeder

The distal part of the medial epicondyle et
in an angle that is oblique atabks like it has
beencut off (Boessneck 1969: 34Boessneck
et al. 1964: 6167, Helmer and Rocheteq
1994: 16; Prummel and Frisch 1986: S5/,

and Lapham 2010: 28R9

Zeder and Lapham 2010: 2889

Table 2.11 Morphological characteristics adopted for

the proximal radius (imagesreprinted from ZEDER,

M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheevis,
and goats, Capra Journal of Archaeological Science87: 28872905 copyright 2010, with permission from

Elsevier).

Radius: proximal articulation

Ovisaries

Caprahircus

TRAIT 1: ASPECT OF THE LATERAL TUBEROSITY

A stronger development of the lateral bicipi]
tuberosity isvisible (Boessneck 1969: 341
Boessnecket al. 1964: 7071; Prummel ang
Frisch 1986: 570; Zeder and Lapham 201
2890).

The development of the lateral bicipital
weak (Boessneck 1969: 34Boessneclet al.
1964: 7071; Prummel and Frisch 1986: 57
Zeder and Lapham 2010: 2890)

TRAIT 2: OVERALL ASPECT OF THE

PROXIMAL ARTICULAR SUR FACE
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Radius: proximal articulation

Ovisaries

Caprahircus

The medial margin of the proximal articul
surface is oval or rounded in shape. 1
central margin of the articular surface is le
with both the lateral and medial margi
(Boessneck 1969: 34Boessneclet al. 1964:
70-71; Prummel and Frisch986: 570;Zeder

and Lapham 2010: 2890).

The medial margin of the proximal articul
surface is angular and squared in shape.
central margin of the articular surface
indented and more angular with \& shape
(Boessneck 1969: 34Boessneclet al. 1964:
70-71; Prummel and Frisch 1986: 570; Ze
and Lapham 2010: 2890)

Table 2.12 Morphological characteristics adopted for the proximal ulna (images reprinted from
BOESSNECK, J. Osteological differences bateen sheepQ@vis ariesLinné) and goat Capra hircusLinné). In
Science in archaeology: a survey of progress and reseasas. D. BROTHWELL and E. HIGGS, 331358,
copyright 1969. London: Thames and Hudson, with permission from Thames and Hudson).

Ulna: Olecranonand proximal articulation

Ovisaries

Caprahircus

TRAIT 1: PROJECTION OF THE LATERAL CORONOID PROCESS

The lateral coronoid process tietulna does
not projectso farand it doesnot unite with
the radius(Boessneck 1969: 34Boessneck
et al. 1964: 70 Prummel and Frisch 198
570).

The lateral coronoid process of the ulna grg
together with the lateral facet of the rad
and with it, forms a laterally projecting edd
(Boessneck 1969: 34Boessneclet al. 1964:
70; Prummel and Frisch &6: 570).

TRAIT 2: OVERALL SHAPE OF THE OLECRANON
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Ulna: Olecranonand proximal articulation
Ovisaries Caprahircus

The olecranonis shorter.The inner side is
slightly curved. On the tuber olecranj a
laterally sloping smoother faceand its
terminating border are absen{Boessneck
1969: 343 Boessneclet al. 1964: 74).

The olecranonis longer. Its tuber is thicke
The outer side is more strongly curved and
inner edge, viewed from above, igasght or
even slightly bentOn the tuber olecrania
laterally slopingsmoother face can be sedis
partial lateratermination is formed bg more
distinct border which runs dorawlarly
(Boessneck 1969: 34Boessneclet al. 1964:
74).

Table 2.13 Morphological characteristics adopted for the metapodials(traits 1, 2, 5: imagesreprinted from

from BOESSNECK, J. Osteological differences between shee@\is ariesLinné) and goat Capra hircus
Linné). In Science in archaeology: a survey of progress and reseastds. D. BROTHWELL and E. HIGGS,
331-358, copyright 1969. Lowon: Thames and Hudson, with permission fom Thames and HudsonTraits 3, 4
and 6. imagesreprinted from ZED ER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to
identify postcranial bones in sheepQvis and goats,Capra Journal of Archaeological Sciencg7: 28872905,
copyright 2010,with permission from Elsevier).

Metapodials: distal articulation

Ovisaries | Caprahircus

TRAIT 1: DIMENSION OF THE PERIPHERAL PART OF THE TROCHLEAR
CONDYLES

TRAIT 2: DEFINITION OF THE PERIPHERAL PART OF THE TROCHLEAR
CONDYLES

The peripheral parts of the trochlear condy
are relatively bigger. Theverticilli on the
trochlea are less sharpdged (Boessneck
1969: 354355; Boessnecket al. 1964: 115
116;Zeder and Lapham 2010: 2892)

The peripheral pés of the trochlear condyle
are relatively smaller. They are more shar
defined against the axial part of the trochl
condyle and are more deeply notched
immediately adjoining theverticillus. The
verticilli of the trochlea are sharply defin
and steeper (Boessneck 1969: 35365
Boessnecket al. 1964: 115116 Zeder and
Lapham 2010: 2892)

TRAIT 3: ASPECT OF THE PERIPHERAL PART OF THE TROCHLEAR
CONDYLES
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Metapodials: distal articulation

Ovisaries

Caprahircus

are flatter(Zeder and Lapham 2010: 2§92

The peripheral parts of the trochlear condy

The peripheral parts of the trochlear condy
go outward from the axial part of the bo
(Zeder and Lapham 2010: 2892)

TRAIT 4: DIRECTION

OF THE VERTICILLI

The axial halves of the trochlear condyles W
the verticilli run almost parallel im proximal
direction (Boessneck 1969: 35Boessnek et
al. 1964: 107 Prummel and Frisch 1986: 57
Zeder and Lapham 2010: 2892

The axial halves of the trochlear condyles w
the verticilli diverge more strongly ina
proximal direction (Boessneck 1969: 55;
Boessnecket al 1964: 107; Prummel an
Frisch 1986: 571; Zeder and Lapham 20
2892)

TRAIT 5: DEVELOPMENT OF THE FOSSAE ON THE PROXIMAL PART OF THE
DISTAL TROCHLEAR CONDYLES

The fossae which join on to the dista
trochlear condyles proximally two each

Thefossaewhich join on to the distal trochlez
condyles proximidy, two each dorsally an

dorsally and volarly or plantarly over ea

volarly or plantarly over each rochlea, are
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Metapodials: distal articulation

Ovisaries

Caprahircus

trochlea, are less strongly develof
(Boessneck 1969: 35Boessneclet al. 1964
107).

strongly developed(Boessneck 1969: 351
Boessneclet al. 1964: 107.

TRAIT 6: ASPECT OF THE JUNCTION

DISTAL DAIPHYSIS ABOVE THE DISTAL EPIPHYSIS (METATARSAL ONLY)

ON THE ANTERIOR ASPECT OF THE

The junction between the™3and the &
metatarsals on the anterior aspect of the d
diaphysis ight above the distal epiphysis
flat and not indentedBoessneclet al. 1964:
117-119; Zeder and Lapham 2010: 2892)

The junction between the™3and the 2
metatarsals on the aniar aspect of the distg
diaphysis ight above the distal epiphysis
grooved with two prominent ridges on eith
side (Boessnecket al 1964: 117119; Zeder
and Lapham 2010: 2892)

Table 2.14 Morphological characteristics adopted for

the distal tibia (traits 1, 2, 5 and 6: imagegeprinted

from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify postcranial bones
in sheep, Ovis and goats, Capra. Journal of Archaeological Sence 37: 28872905, copyright 2010, with
permission from Elsevier Traits 3 and 4 Imagesreprinted from Kratochvil, Z. Species criteria on the distal
section of the tibia in Ovis ammon F. aries.. and Capra aegagrus F. hircud.. Acta Veterinaria (Brno),
copyright 1969, 38: 483490. License at: https://creativecommons.org/licenses/by/4.0/).

Tibia: distal articulation

Ovis aries |

Capra hircus

TRAIT 1: DORSAL PROMINENCE

The contour of the dorsal prominence
laterally more tortuous (Kratochvil 196

485). with the medial contour fo the distal
prominence. The c¢tgour of the dorsa
prominence is laterally more ptotic (Kratoch
1969: 485).

The periphery of the articular surface is, in
medial section, more regularly circular and fu

TRAIT 2: M EDIAL MALLEOLUS
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Tibia: distal articulation

Ovis aries

Capra hircus

If viewed from the anterior side, the med
malleolus is straight so that the articu
surface faces laterally (Kratochvil 196
485; Zeder and Lapham 2010: 2891).

If viewed from the anterior side, the med
malleolus is twistedo that more of the articulg
surface is exposed to view (Kratochvil 19¢
485; Zeder and Lapham 2010: 2891).

TRAIT 3: PRESENCE/ABSENCE OF THE INTERRUPTION ON THE PLANTAR
LIMBUS

The plantalimbusof the articular surface i
deeply curved and verpften interrupteo
(Kratochvil 1969: 488; Prummel andisch
1986: 573).

The plantatimbusof the articular surface is les
curved and rarely interrupted. (Koahvil 1969:
488; Prummel andrisch 1986: 573).

TRAIT 4: LATERAL PROFILE

When viewed o the lateral side, the medi

When viewed on the lateral side, the meg

section of the tibia can be seen. The lati

section is covered. The lateral profile ry
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Tibia: distal articulation

Ovis aries Capra hircus
profile runs internally but with an obtug internally formirg an acute angle (Kratochy
angle (Kratochvil 1969: 488). 1969: 488).

TRAIT 5: SHAPE OF THE ANTERIOR SIDE OF THE MALLEOLUS

TRAIT 6: ASPECT OF THE MEDIAL MALLEOLUS

When viewed from the medial aspect, { When viewed from the medial aspect, |
medial malleolus is rounded on its antery medial malleolus is angular on its anterior si
side, and slopes gradually dts posterior| and slopes steeply on its posterior side. It is
side. It appears bulbous, bulging d and concave (Zeder and Lapham 2010: 2891
convexly in a medial direction (Zeder al
Lapham 2010: 2891).

Table 2.15 Morphological characteristics adopted for the astragalus(traits 1, 2, 3 and 6: imageseprinted

from BOESSNECK, J. Osteological differences between sbe (Ovis ariesLinné) and goat (Capra hircus
Linné). In Science in archaeology: a survey of progress and reseastds. D. BROTHWELL and E. HIGGS,

331-358, copyright 1969. London: Thames and Hudson, with pmission from Thames and Hudson Traits 4

and 5: imagesreprinted from ZEDER, M.A. and H.A. LAPHAM . Assessing the reliability of criteria used to
identify postcranial bones in sheepQvis and goats,Capra Journal of Archaeological Scienc&7: 28872905

copyright 2010,with permission from Elsevier).

Astragalus

Ovisaries Caprahircus

TRAIT 1. DEPTH OF THE SULCUS OF THE TROCHLEA

TRAIT 2. INCLINATON OF THE LATERAL PART OF THE TROCHLEA

The sulcus between the two ridges of | The sulcus between the two ridges of
trochlea is deeper. The trochlea or its lat¢ trochlea is less deep. The trochlea or its lat
articular ridge standdgraight without an angl¢ articular ridge is inclined slightly mediall
(Boessneck 1969: 35@oessneclet al. 1964: | with reference to the heg@oessneckl969:
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Astragalus

Ovisaries

Caprahircus

101-103.

350 Boessneclet al.1964: 101103).

TRAIT 3: SHAPE OF

THE MEDIAL RIDGE

When viewed from the anterior aspect,
medial articular ridge is
expressed and more horizontally orien
(Boessneck 1969: 35Bo0essneclet al. 1964:
101-103; Zeder and Lapham 2010: 2893)

less strong

When viewed from the anterior aspect,
medial articular ridge is strongly express
and angled obliquely in a distal directi
(Boessneck 1969: 35Boessneclet al. 1964:
101-103; Zeder and Lapham 2010: 2893).

TRAIT 4: SHAPE OF THE DISTAL ARTI
ASP

CULAR SURFACE ON THE LATERAL
ECT

o o~

—

—

When viewed from the lateral aspect, the di
articular surface is sergircular in shape with
a straight proximal edge that runs across
entire lateral face of the bor{®rummé and
Frisch 1986: 574; Zeder and Lapham 20
2893).

When viewed from the lateral aspect, |{
distal articular surface forms a tednop
shape, with a convex proximal edge that d
not extend to either the plantar or the do
edge of the lateral facd the bone(Prummel
and Frisch 1986: 574; Zeder and Laph

2010: 2893).

TRAIT 5: ASPECT OF THE PROXIMO -PLANTAR PROJECTION ON THE MEDIAL
ARTICULAR RIDGE OF THE TROCHLEA

The proximeplantar projection of the medi
articular ridge of the trochlea fosma large anc
bulbous lobe (Boessneck 1969: 35]
Boessneclet al. 1964: 101103; Prummel an
Frisch 1986: 574; Zeder and Lapham 20

The proximeplantar projection of the medi
articular ridge of the trochlea is smaller a
flatter and may be morpointed (Boessneck
1969: 352 Boessnecket al. 1964 101-103;
Prummel and Frisch 1986: 574; Zeder

4

q

2893)

Lapham 2010: 2893).

TRAIT 6: ASPECT AND DIRECTION OF

THE ARTICULAR SURFACE ON THE
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Astragalus

Ovisaries

Caprahircus

PLANTAR SIDE

The articular surface on the plantar side of
bone goes up higher proximaliyedially in a
plantar direction. The medial edge of t
articular surface usually projects noticeal
over the lateral edge. A pad or thickenir
connecting piece runs from the medial edgge
the articulation to the plantar lobef the
medial articular ridggBoessneck 1969: 35
Boessneclet al. 1964: 101103; Prummel an(
Frisch 1986: 574; Zeder and Lapham 20
2893)

The medial edge of the articular surface g
the lateral edge project roughly equally in
planta direction. The pad or thickening
connecting piece is absent or just sligh
indicated(Boessneck 1969: 35Boessneclet
al. 1964: 101103; Prummel and Frisch 198
574; Zeder and Lapham 2010: 2893).

Table 2.16 Morphological characteristics adopted for the calcaneum(traits 1 and 2: imagesreprinted from

ZEDER, M.A. and H.A. LAPHAM . Assessing the reliability of criteria used to identify postcranial bones in
sheep, Ovis and goats, Capra Journal of Archaeological Scieoe 37: 28872905 copyright 2010, with
permission from Elsevier Trait 3: i mage reprinted from BOESSNECK, J. Osteological differences between
sheep Qvis ariesLinné) and goat (Capra hircusLinné). In Science in archaeology: a survey of progress and
reseach, eds. D. BROTHWELL and E. HIGGS, 331358, copyright 1969. London: Thames and Hudson, with
permission from Thames and Hudson).

Calcaneum

Ovisaries |

Caprahircus

TRAIT 1. OVERALL ASPECT

It is shorter and thicker. The depth of the bq
of the bonancreases more in a distal directi
(Boessneck 1969: 35Boessneclet al. 1964:
104-105; Prummel and Frisch 1986: 574)

It is longer and slimmer and slightly curv
plantarly. The depth of the body of the bg
increases less strongly in a distal direact
(Boessneck 1969: 35Boessneclet al. 1964
104-105; Prummel and Frisch 1986: 574)
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Calcaneum

Ovisaries

Caprahircus

TRAIT 2: LENGTH OF THE OS MALLEOLAREVSLENGTH OF THE ENTIRE
PROCESS

The length of the articular facet foos
malleolare on the lateral process is grea
than h#f of the length of the entire proce;
(Boessneck 1969: 358Boessneclet al. 1964:

104-105; Zeder antlapham2010: 2894)

The length of the articular facet foos
malleolare on the lateral process is less th
half of the length of the entire proce
(Boessneck 1969: 353pessneclet al. 1964:
104-105; Zeder and Laphaf©10: 2894).

TRAIT 3: PRESENCE/ABSENCE OF THE JUNCTION BETWEEN THE TWO
INTERNAL ARTICULAR SURFACES

The two articular surfaces of thmlcaneum
the narrow one on the medial side loé tlater
process for the lateral side of the ankimne
and the large one on thgubstentaculum tal
for the plantar face of thealcaneum, daot
join  together Boessneck 1969: 35!
Boessneclet al. 1964: 104105; Prummel ang
Frisch 1968: 574; Zeder andapham2010:

join

2894).

The two articular surfaces of thmlcaneum
the narrow one on the medial side of the I3
process for the lateral side of the arbtme
and the large one on thsubstentaculum ta
for the plantar face of thealcaneum, oftet
together (Boessneck 1969: 35
Boessneclet al. 1964: 104105; Prummel an(
Frisch 1968: 574; Zeder andapham 2010:
2894).
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Table 2.17 Morphological characteristicsadopted for the £ phalanx (images reprinted from BOESSNECK, J.
Osteological differences between sheefyis ariesLinné) and goat Capra hircus Linné). In Science in

archaeology: a survey of progress and researetls. D.

BROTHWELL and E. HIGGS, 331358, copyright 1969.

London: Thames and Hudsm, with permission from Thames and Hudson).

1% phalanx

Ovisaries

| Caprahircus

TRAIT 1. SHAPE OF THE GROOVE OF THE PROXIMAL END

and U shaped (Boessneck 1969:356;

Lapham2010: 2895).

The groove between the peripheral and a
articulations of the proximal end is shallg

Boessnecket al. 1964: 119121; Zeder and

The groove between the peripheral and a|
articulations of the proximal end is deeper §
V shapedBoessneck 1969: 3580essneclet
al. 1964: 119121; Zeder and.apham2010:
2895).

TRAIT 2: PRESENCE OF THE SCARS FOR THE MUSCULAR LIGAMENTS ON THE
POSTER

IOR SIDE

The originating points for ligaments on t
posterior side toward the distal end are ab

(Boessneck 1969: 35@o0essneclet al. 1964:
119121; Zeder antlapham2010: 2895).

or only visible as a flat scar or outlin

The originating points for ligaments on t
posterior side toward the distal end are rai
and pronounced (Boessneck 1969: 35¢
Boessnecket al. 1964: 119121; Zeder ang
Lapham2010: 2895).

TRAIT 3: ASPECT OF THE POSTERIOR SIDE

The posterior side dhe body of the bone i
mostly flax or convex(Boessneck 1969: 35¢

The posterior side of the body of the bong
concaveor more rarely flat(Boessneck 1969

Boessneclet al. 1964: 119121).

356, Boessneclet al. 1964: 119121).
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1% phalanx

Ovisaries

Caprahircus

TRAIT 4: SHAPE OF THE

DISTAL ARTICULATION

The posterior edge of the distal articu
surface is open or straight so that the artic
sections of the distal end are har
distinguished from one anothdBoessneck
1969: 356;Boessnecket al. 1964: 119121;
Zeder and_.apham2010: 2895).

The posterior edge of the distal articu
surface forms a V with its vertex at t
articular grmve between the articular sectio
of the distal end(Boessneck 1969: 35¢
Boessnecket al. 1964: 119121; Zeder and
Lapham2010: 2895).

Table 2.18 Morphological characteristics adopted for the 2% phalanx (imagesreprinted from ZEDER, M.A.
and H.A. LAPHAM. Assessing the reliability of criteria used todentify postcranial bones in sheepQvis and
goats,Capra Journal of Archaeological Scienc87: 28872905 copyright 2010,with permission from Elsevier).

2" phalanx
Ovisaries | Caprahircus
TRAIT 1: ASPECT OF THE AXIAL PART OF THE POSTERIOR SIDE OF TH E
DISTAL ARTICULATION
\

/.. \“\\\,‘__,__- ?!

‘ )

fl

The axial part and peripheral halves of |
distal trochlear condyle both project or
slightly distally, giving the articular end
symmetrical appearanc€Boessneck 196¢
357, Boessnecket al. 1964: 121123; Zeder

The axial part and peripheral halves of
distal trochlear condyle project more distal
giving the articular end an asymmetrig
appearancé€Boessneck 1969: 35Boessneck
et al.1964: 121123; Zeder antlapham2010:

and Lapham2010: 2896).

2896).

TRAIT 2: ASPECT OF THE RIDGE ON THE POSTERIOR EDGE OF THE DISTAL

ARTICULATION

The posterior edge of the distal articu
surface is straight or only slightly indented a

The posterior edge of the distal articu
surface is more sharply indented and

the peripheral and axial halves of the articy

peripheral and axial halves of the articu
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2" phalanx

Ovisaries Caprahircus

surface form a ridge that continues toward
proximal endgiving the distal articular surfag
an asymmetrical appearan@oessneck 1969
357 Boessnecket al. 1964: 121123; Zeder
andLapham2010: 2896).

surface are relatively symmetricd3oessnek
1969: 357 Boessnecket al. 1964 121-123;
Zeder and_apham2010: 2896).

Table 2.19 Morphological characteristicsadopted fa the 3 phalanx (images reprinted from BOESSNECK, J.
Osteological differences between sheefyis ariesLinné) and goat Capra hircus Linné). In Science in
archaeology: a survey of progress and researedls. D. BROTHWELL and E. HIGGS, 331358, copyright1969.

London: Thames and Hudson, with permission from Thames and Hudson).

39 phalanx

Ovisaries |

Caprahircus

TRAIT 1: PRESENCE/ABSENCE OF A SADDLE ON THE DORSAL EDGE

The dorsal edge is generally blunter. T
processus extensorius relatively lage and
in front of it, there is a saddléBoessneck
1969: 358 Boessneclet al.1964: 123124)

It looks like it has been pressed flat betwg
two fingers in the anterior half. A sharp dor
edge is formed with an extremely varial
course. Theprocesss extensoriuss relatively
small (Boessneck 1969: 358oessneclet al.
1964: 123124).

TRAIT 2: SHAPE OF THE SOLE

The side edges of the sole surface are n
curved, the outside edge conyeke inner
edge in is anterior third also convex buttime
middle part concavgBoessneck 1969: 35]
Boessneclet al. 1964: 123124).

The narrow sole surface forms an isosc
triangle with a very short base. The s
surface stands almost vertically to the sag
plane from proximoaxial to disteperiphel
direction (Boessneck 1969: 35Boessneclet
al. 1964: 123124).

Every chosen morphological trait has been obserretbrded on an access workshestd

scoredby using thescaleshownin Table 220.

Table 2.20 List of the scores giverfor each morphological traits evaluated.
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Code | Meaning

C Consistent withCapra when thecharacteristiccould be attributedinambiguouslyto
Capra

©) Consistent witfOvis when thecharacteristicould be attributednambguouslyto Ovis

CL Capralike; when thecharacteristican be attributed t€aprawith a certain degree ¢
confidence

OL Ovislike; when thecharacteristiccan be attributed t@vis with a certain degree ¢
confidence

O/C | Not clearly identifiable; whethe characteristicannot be attributkto Capraor Ovis

NA (Not Available) Thecharacteristiés nd visible because the bone is broken in the reg
where the traishould be visibleor, in the case of teetlyhenthe tooth is too heavily
worn

2.1.3 Biometrical approach

The aim of tle biometrical approaclis to give zooarchaeologista (relatively) new and
alternative toolfor distinguishing the two species, but particularly to present the proposed
identifications in a more objective way that is open scrutiny. All methods have their
inevitable limitations an@ combination of the two approaches, biometrical and morpholpgical
is proposed

The biometrical method cabe used both as atool to verify identificatiors based on
morpholog or to attempt idetifications for specimens that could not be attributed to species on

the basis of morphological traits

As previously mentioned biomety hes been used in the paston both modern and
archaeological materiand the results obtained havevealedits poential (Davis in press
Fernandez22001; Onar et al. 2008 Paynel1969 RowleyConwy 1998). Nevertheless, athe
method wasapplied onlyto a limited selection ofanatomical elementdurther analysisis
desirable This projet applesthe biometricalappro@h to a variety of cranial and post cranial
elementsin the hope of finding other indices that can be usedlieep/goadistinction thus
supplementing and extenditize informationprovidedby previous research

Like for the morphological criteria, aselection of anatomical elements andrelated
measurements/as made Some of the criteria used for the selection are the same as for the
morphology approach €8tion 21.2), but, in additionthe choice of measurements was made

according to

9 acritical analsis ofprevious studies focused on biometry;
9 a selectiorof importantmorphological criteriaon the selected body pattsat could be

translatedelatively easilyinto measurements

Measurementsuggested in previous studid3aisin press Fernande2001; Payne 1969, as

well assome of thoseoutinely takerby zooarchaeologists (cfon den Driescimanual 1976)
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have been selectedo these new measurementdesignedo describe biometrically diagnostic
morphological differences havalso beendevised and recorded The following anatomical

elements have been selectedthe biometrical approach

T Cranium

o0 Horncores

o Mandible

0 Loose nandibular teeth
1 Postcranial:

0 Glenoid cavity and articulation of thec&@pula
Distal artculation of the imerus
Proximal articlation of the Rdius
Proximal articulation otheUIna
Distal articulation of the Mtacarpal
Distd articulation of the Mtatarsal
Distal articulation of the ibia
Astragalis
Calcaneum
3 Phalanx

O O O o o o o o o

The anatomidaelements selected are essenfialhe samewhich were chosen forthe
morphologicalstudy, with the exceptionof the £' and 2° phalanx. These elemertigve been
includedin the morphological tsidy because they bear valuable morphological traits but they
have beenexcluded from the biometricalstudy becase these criteria were naasily

translatable into measurements.

Although teeth inthe mandible were not excluded from the study, loose teeth were generally
preferred. Thichoice was madfor two main reasons. Fitgt loose teeth are more commmn
archaeologicahssemblages thammpletemandibles witlrows of teettstill in place. Secondly,
because the measuremeaosthe tooth aréaken (later in this secin) in an areavhichis often
hidden (either by the mandible bone or by the contatt thi¢ other teethj the tooth is stillin

situ andor not completely eruptedn both cases thesultsarethe samemeasurementsannot

be taken apositioring the callipercorrectly and consistentig not possible

Table2.21 shows respectively theeference fom which the measuments have been adopted
anda description ofwhich morphological differencgheytry to translate. Tabg2.22 t02.33
explain and displayhow to take the measuremesntFictures areprovided only for the new

measuremestandthose thahave beeslightly modifiedfrom the previous literature
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Table 2.21 References for the chosen measurementsth reference to the morphological traits they translate.
Measurements in which the autlers name is cited with an asterisk are thoséhat have been slightly modified
from the original version, while those onlyrepresented byan asteriskhave beemewly devised by the author.

Element Measurements| Bibliography Morphological trait translated
dp; B von den Driescl Shape of the toothds.1)
1976*
L von den DriescH
1976*
dpP, Bl * Shape of the tooth
B2 *
B3 *
L von den DriescH
1976*
P; B von den Driescll Shape of the toothR.1)
1976*
L von den DriescH
1976*
P, B von den Driescll Shape of the toothR;.1)
1976*
L von den DriescH
1976*
M, Bl * Shape of the tooth
B3 *
L von den DriescH
1976*
Mandible | H * Position and presence of t
B * foramen on the facof the mandible
PF * (Mandible.1)
Horncores | A von den Driesch Section of the baseHc.1)
1976
" B von den Driesch
‘qc:‘J 1976
= C * Section of te middle of the
< D * horncore Hc.1)
T E * Curvature Setion of the baseHc.2)
< F von den Driesch
O 1976
Scapula BG von den Driescl] Shape of the gleid cavity Gc.2)
1976
LG von den DriescH
1976
GLP von den Driescll Shape of the area between the ne
1976 the spine and the glenoid cavity
SLC von den Driesch
1976
ASG English Heritage
forthcoming
Fernande2001, *
Humeus BT Payne and Bull | Shape of the trochlea and the dig
1988 end
Bd von den Driesch
1976
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Element Measurements| Bibliography Morphological trait translated
HT Davis 1996;
HTC Payne and Bull
1988;
BE *
Dd Fernande2001,*
BEI * Shape of the taral epicondyle
(Hu.1)
Radius Bp von den Driescl Shape bthe proximal end
1976 (Ra.1 and 2)
BFp von den Driesch
1976
Dp Fernandez 2001;
*
GL von den Driescli Shape of the bone
1976
SD von den Driesch
1976
Ulna B Fernandez 2001;| Shape of thelecranon(Ul.2)
*
L Fernandez 2001;
*
DPA von den Driesclh
1976
BPC von den Driescll Shape of theprocessus anconael
1976 (ULL1)
SDO von den Driesclh
1% 1976
g | Tibia Bd von den Driescl] Shape of the distal end
g 1976
© Dd(a) von den Driesclh
© 1976*
E Dd(b) *
Q | Astragalus | Bd von den Driescli Shape of the bone
0
o 1976 _
GLm von den Driesch
1976
GLI von den Driesch
1976
Dm von den Driesclh
1976
DI von den Driesclh
1976
H * Depth of the cetral constriction
(Ast.1)
BpT * Projection of the medial edge dfet
articular surface ahthe lateral edg
(Ast.6)
Calcaneum | BS von den Driescl] Shape of the bon€¢.1)
1976*
GL von den Driesch
1976
c Fernandez 2001;| Relationship between the articul
* facet of theos malleolareand the
d Fernandez 2001;| entire processdc.2)
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Element Measurements| Bibliography Morphological trait translated

*

B Boessnecl 969 | Breadth of thedos malleolare
Boessnecket al.
1964,

DS English Heritage
forthcoming

Gd Albarella and
Payne2005

Metapodials| GL von den Driescll Shape of the bone

1976

SD von den Driesch
1976

BatF Davis 1996

BFd Davis 1996

a Payne 1969; Relative dimensionof the medial
Davis 1996 and lateral trochlea and of tf

b Payne 1969; verticilli (Mc/Mt.1 and 2)
Davis 1996;

1 Payne 1969*%;
Davis 1996

2 Davis 1996

3 Davis 1996

4 Payne 1969*%;
Davis 1996

5 Davis 1996

6 Davis 1996

39Phalanx | DLS von den Driescll Shape of the bone

1976

MBS von den Driesch
1976

Table 2.22 Measurements taken on teeti{dP,: image reprinted from PAYNE, S. Morphological distinctions
between the mandibular teeth of young sheef)vis and goats,Capra. Journal of Archaeological Scienc&2:
139147, copyright 1985, with permission from Elsevier M: image reprinted from HALSTEAD, P., P.
COLLINS and V. ISAKKIDOU . Sorting the sheep from the goats: morphological distinctions between the
mandibles and mandibular teeth of adultOvis and Capra Journal of Archaeological Science9: 545553
copyright 2002, with permission from Elsevier).

Description of the measurements
dP; B= greatesbreaith;
L = greatestength
dr, B1; B2; B3= greatest
brealth of the first,
second ad thrd pillar; || L
L = greatestength.
Bl || B2 B3
Ps B= greatesbrealth;
L = greatestength
P, B= greatesbrealth;
L = greatestength
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Description of the measurements

Y

Ma B1; B3= greatesbreaith - B3
of the first and third

pillar;

L= greatestength

Table 2.23 Measurements taken on the mandibl¢imagesreprinted from HALSTEAD, P., P. COLLINS and

V. ISAKK IDOU. Sorting the sheep from the goats: morphological distinctions between the mandibles and
mandibular teeth of adult Ovisand Capra Journal of Archaeological Scienc@9: 545-553 copyright 2002, with
permission from Elsevier).

Description of the measurenents

H= Height of the mandible from the alveolus
the dRB/P, to the basal edge of theamus
mandibulare

B= breadth of the mandible taken close to
alveolus of the di?P,,

PF= position of the foramen taken from t
dP2/P2 alveolus. Theneasurement will have B PF
plus before the value if the foramen is located
the space between the canine and the pren
where the di?P, alveolus is, aminusif located e
after the dpP, alveolus. Callipes have to be
placed on the anterior edge othe dR/P,
alveolus.

Table 2.24 Measurements taken on the horncordimagesreprinted from SCHMID, E. Atlas of animal bones:
for prehistorians, archaeologists and quaternary geologismsterdam: Elsevier, copyright 1972 with
per missionfrom Joerg Shibler).

Description of the measurements

A= Maximum diameter of the hotore
at thebase

B= Minimum diameter of the honore
at thebase
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Description of the measurements

C= Maximum diametertaken at the
middle of the horoorelength

Later view of the horn

D= Minimum diameter taken at the
middle of the horoorelengh.

E= Length of the horcore from the
anteremedial edge of the basettte tip

F= Length ofthe outer curvature of th
horrcore taken with a tape measure

Table 2.25 Measurements taken on the scapulgimage reprinted from BOESSNECK, J. Osteological
differences between sheeyvis ariesLinné) and goat Capra hircusLinné). In Science in archaeology: a survey
of progress and researcteds. D. BROTHWELL and E. HIGGS, 331-358, copyright 1969. London: Thames
and Hudson, with permission from Thames and Hudson).

Description of the measurements
BG= breadth of the glenoid cavity
LG = length of the glenoid cavity

GLP= greatest length of & processus
articularis.

ASG= shortest distance from the base of
spine to edge of glenoid cavity

SLC= the smallest length of theollum
scapulae
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Table 2.26 Measurements taken on the distal tmerus (image 1 reprinted from BOESSNECK, J. Osteological
differences between sheepVis ariesLinné) and goat (Capra hircusLinné). In Science in archaeology: a survey
of progress and researcheds. D. BROTHWELL and E. HIGGS, 331358, copyright 1969. Lmdon: Thames
and Hudson, with pemission from Thames and Hudson Image 2 reprinted from ZEDER, M.A. and H.A.
LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheepQvis and goats,
Capra. Journal of Archaeological Sciere 37: 28872905, copyright 2010, with permission from Elsevierlmage

3 (Fig. 32e) reprinted from von den Driesch A. A guide to the measurement of animal bones from

archaeological sitesPeabody Museum Buktins, vol. 1. Copyright 1976 with permission fom the President
and Fellows of Harvard Collegg.

Description of the measurements
BT= greatest breadth of the trochliedken on thg
edges

Bd= greatest breadth of the distal end

HT = greatesheight of the trochlea

HTC= diameter of the rochlea at centra
constriction

BE= breadthof the capitulum

BEI= breadth of the epicondylateralis taken on
a depth of 2/3 mms from tHateralmargin

s

BEI

Dd= depth of the distal end

Dd

Table 2.27 Measurements taken on theradius (image reprinted from ZEDER, M.A. and H.A. LAPHAM.
Assessing the reliability of criteria used to identify postcranial bones in sheefvis and goats,Capra Journal
of Archaeological Scienc87: 28872905 copyright 2010, with permission from Elsevier).

Description of the measurements
Bp= greatest breadth of the proximal end
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Description of the measurements
BFp= greatest breadth of tHacies articularis
proximalis

Dp= depth of the proximal end

GL = greatest length

SD= smallest breadtbf the diaphysis

Table 2.28 Measurements taken on the ulngimages Figs. 33b and 33e€) reprinted from von den Driesch, A.A
guide to the measurement of animal bones from archaeological siféesabody Mugum Bulletins, vol. 1.
Copyright 1976 with permission from the President and Fellows of Harvard College

Description of the measurements

B= breadth of th@lecranontaken by keeping th
arns of the callipes parallel to the medial face.

L= length oftheolecranon

BPC= greatest breadth across the coror
process

DPA= depth across thgrocessus anconaeus

SDO= smallest depth of thelecranon
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Table 2.29 Measurements taken on he metapodials (image 1 reprinted from ZEDER, M.A. and H.A.

LAPHAM. Assessing the reliability of criteria used to identify postcranial bones in sheepQvis and goats,
Capra Journal of Archaeological Scienc87: 28872905 copyright 2010, with permissionfrom Elsevier. Image
2: reprinted from BOESSNECK, J. Osteological differences between shedp\s ariesLinné) and goat Capra
hircus Linné). In Science in archaeology: a survey of progress and researdts. D. BROTHWELL and E.
HIGGS, 331-358, copyright1969. London: Thames and Hudson, with permission from Thames and Hudson).

Description of the measurements

BatF= breadth of the distal end in t
point of fusion with the diaphysis

BFd=breadth of the distal articulan.

BatF

BFd

a= medielateral width of the medial
condyle

b= medioelateral width of the laterg
condyle

1= diameter of the external trochlea
the medial condyleCallipers need to beg
positioned at the external edge of the
trochlea

2= diameter of theverticillus on the b
medial condie.

3= diameter of the internal trochlea (lateral)
themedial condyle

4= diameter of the external trochlea
the lateral condyle Callipers need to bg
positioned at the external edge of {
trochlea

5= diameter of theverticillus of the
lateral condyle

6= diameter of internal trochlea of tk
lateral condyle

a

(medial)

GL= greatest length

SD= smallest breadth of the diaphysis
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Table 2.30 Measurements taken on the tibigimagereprinted from Kratochvil, Z. Species criteria on the distal
section of the tibia in Ovis ammon F. ariesL. and Capra aegagrus F. hircud.. Acta Veterinaria (Brno),
copyright 1969, 38: 483490. Licenseavailable at: https://creativecommons.org/licenses/by/4.0/).

Description of the measrements
Bd= greatest breadth of the dis
end

Dd (a)= depthof the distal endon
the mediside

Dd (b)= depth of the distal endn
the laterakide

GL = greatest length
SD= smallest breadth of th
diaphysis

Table 2.31 Measurements taken on the astragalugimages reprinted from BOESSNECK, J. Osteological
differences between sheepVvis ariesLinné) and goat Capra hircusLinné). In Science in archaeology: a survey
of progress and reseah, eds. D. BROTHWELL and E. HIGGS, 331358, copyright 1969. London: Thames
and Hudson, with permission from Thames and Hudson).

Description of the measurements
Bd= greatest breadth of the dis

end

GLm= greatest length of th
medial half

Dm= greaest depth of the medi:
half.

GLI = greatest length of the later,
half.

DI= greatest depth of the later
half.

H= height at the central
constriction

BpT= smallest breadth of the
plantar trochlea
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Description of the measurements

BpT

Table 2.32 Measurements taken on the calcaneurimage 1 fig. 42b): reprinted from von den Driesch, A.A
guide to the measurement of animal bones from archaeological sifesabody Museum Buktins, vol. 1.
Copyright 1976 with permission from the President and Fellows of Harvard College Images 2 and 3
reprinted from ZEDER, M.A. and H.A. LAPHAM. Assessing the reliability of criteria used to identify
postcranial bones in sheepQvis and goats,Capra Journal of Archaeological Scienc87: 28872905 copyright
2010, with permission from Elsevier Image 4 reprinted from BOESSNECK, J. Osteological differences
between sheepQvis ariesLinné) and goat (Capra hircusLinné). In Science in archaeology: a survey of progress
and researcheds. D. BROTHNVELL and E. HIGGS, 331-358, copyright 1969. London: Thames and Hudson,
with permission from Thames and Hudson).

Description of the measurements
BS= breadthtaken at the height of th
substentaculum tal

BS
GL =greatestength
c= lengthof the articula facet
d=length fromthe articular facet to th
articulationfree part of the process
DS ? e :\ ‘7 C
DS= greatest épth of thesubstentaculun -

tali.

B= brealth of the articular surface for th
os malleolare
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Description of the measurements

Gd= greatestbreadth of the distal pa
(taken from the surfaceof the os
malleolare to the plantar side in if
maximum point of expansion

Table 2.33 Measurements taken on the 8 phalanx.

Description of the measurements
DLS= greatest diagon&ngth of the sole
MBS= middle breadth of the sole

The reliability of measurements astool of study in archaeology has been investigdigd
multiple researcherdDavis 196; Johnston2004 Lyman & VarPool 2009; Popkirt al.2012;
Simpsonet al. 196Q Write 2019. In zooarchaeology, the importance of measurements as a tool
of investigation became even clearer after the introduction of the guide for measuring animal
bone from archaeological sitgayblished by Angela von den Driesch (1976). Von Deiesch

and, more recentlyalso Lyman and VanPool in their paper on the use of metric data in
archaeology (2009), give a list of tltharacteristicsneasurements musave in order to be
reliable: comparability, standardisation, and measurability. Thegmrtant concepts will be
analysedin further depthin another sectionSection2.3). In this section, theproblem of

measurability will be discussed as experienced by the author during the study.

Measurability isdefinedas the possibility of takingneasurementsn a precise wayig. the
precision is thesimilarity of repeated measurements of the same specirsensuLyman &
VanPool 2009: 487). As von den Driesch acknowledgd®er book (1976: 6), some elements
are more precisely measureablenttothes because thejeatureeasily and precisely defined

points.

78



During the data collection phase of this project and afterwards, when the data from the modern
material were analysed, it became clear that this phenomenon was affecting some of the
measurementicluded in the recording protocol. A list of the measurements affected follows
along withanexplanation of why the probleotcurred

While the other measurement taken on the mandible (PF) has well defined landmarks where to
position the cdipers, in B and H (breadth and height of the mandible taken close talteelus

of the dR/P,), clear fixed points on the bone are not so easily recognif&lade 2.1) In
addition, in the case of ,ihe process of taking the measurement idereven harder by thadt

thatthe surface of the mandible has a crest on the-aiweolar border which maketsdifficult

to holdthe calipersfirmly.

Figure 2.1 Left mandible of a modern specimen of sheep from the referee collection of Kiel (n. 22339)
showing the ridge on themter-alveolar edge of the bone.

Some imprecisiorwas recorded when Aand B were taken, mainly due to the problem of
identifying where the horncore starts on the skull and, consequently, wheositiorpthe

calipers (Fig. 2.2) In some specimens the area of tramsifrom the skull to the horncore is not

clearly marked with a bony ring as in other spedfesaresult some confusion may occur. For

C and Dthe problem was related to the factthuniversad e f i ni t i on of ft aken
t h e h ois difficaltrtoepéovide this locationwill always depend on the size and shape of

theindividual specimen.

Finally, E and F share with A and B the problem of establishing where the herstents, but,
in the case of F, the fact that the measurement is taken with a tape and then tratwsferred
calipers to male it readablejnevitablyinfluences the measurability. This process is extremely

imprecise, no matter the care [nib the task.
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Figure 2.2 Left horncore of a modern sheep specimen from the reference collection of Portsmouth (n. 2832)
showing abarely visible separation between the horn and the skull.

ASG measures the shortest digta from the base of the spine to the edge of the glenoid cavity
(Fig. 2.3) Because of the nature of the area measured, the arms ofliperzdb notgrip the
surfaces butmay onlybe locatedclose to the region kere the crest arises, so that the tool
cannot be held firmly. In addition, the area at the base of the spine is not nmreaddriendly:

it is a rounded area on which theligars camot be held witlout difficulty. In the case of SLC

the problem is that a pectemay sometimes bgresent orthe neck of the scapula. In this case

the cdlipers have been positioned in the region below the pecten so that the bulging area is left

out of the measuremerafter English Heritagdorthcoming.

Figure 2.3 Left scapula of a modernsheepspecimen from the reference collection of Portsmouth (n. 3282)
showing the presence of a pecten on the caudal side of the neck. It is also possible to see the rounded area at
the base of the spine mentioned in the text.
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The difficulty in taking BE (breadth of theapitulun) is due to the fact that no clear landmarks

are detectable, especially on the medial part ofdpeulum(Fig. 2.4) In this area, the dgbers

cannot be held firmly as the arms do gop a surfice; they caonly be heldlose to the part of

the bone to measure. For BEie problem is the definition of the measurement and the nature
of the area where it is taken. BEI is the breadth of the lateral epicondyle taken on a depth of 2/3
mm. 2/3 millimetre camot be preciselymeasuredds it would bevery impracticaland would

require too muchtime), in addition the area has no clear landmarkisowing where to
consistentlyposition the clipers. As a consequence, taking this measurement consistergly wa
difficult.

Figure 2.4 Distal right articulation of the humerus of a modern sheep specimen from the reference collection of
Portsmouth (n. 1496) showing the lack of landmarks in the region where BE is take

B (breadth of theolecranontaken by keeping the @diapers parallel to the medial surface) is
particularly difficult to take in sheep as the shape ointleelial surface of thelecranonis such
that there is not a straight surface whichto hold thecdlipers (Fig. 2.5) As aresult, the

measurement cannot be taken in a very consistent way.

Figure 2.5 Left olecranonof an ulna from a modern specimen of sheep from the reference collection of Kiel (n.
22339) which shows how the medial side of the bone can be conveiris
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The problem for Dm (greatest depth of the medial half) affects mainly ggatsthis region
goats have a developed ridge which runs méaderally and projects oFig. 2.6) When the
arms of the déipers are positioned, they cannot be held firmly as the bone@sdencyto
swing around the two points of contact the medial surface has with thgergélarms as von
den Driesci{1976: 89)notes

Figure 2.6 Left astragalus (frontal and medial side) of a modern specimen of goat from theeference
collection of Halle (n. Cswd 2) showing the lateral projection of the ridge.

A problem emerged gardingmeasurement df (i.e. the length of the articular faggtFig. 2.7)

The beginning of this area, which is clearly visible on the bone (a line defines the articular
face), may, in some specimengoincide with the areathat projects out forming the os
malleolare but, in other specimenthe beginning of the articular facet is visible before it starts

to project out.lt was decided, for theakeof consistency, to take ¢ on the area where the
articular facet starts to project out in all specimens.

Figure 2.7 Calcaneafrom a modern specimen of goat (right, n. 1315) and sheep (left, n. 1496) from the
reference collection of Portsmouth showing how thenorphology of the area where the articular facet othe os
malleolareattaches can vary.
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The measurability issue that some measurements have raised hetadhe omission of all
of them from theadoptedprotocol though it must be borne in mind during interpretatiés
the main purpse of this projet is finding Biometricalmdices(Bl) for sheep/goat identification,
the measurements which have proved to be effective for the identifiteti@beenretained
while those which have shown not to have potential in discriminating have been discarded

2.1.4 The Recording Protocol

A systemwas created whichonsists ofour main database structuresvdtables were set up
for recordingteeth and mandibldataand two forrecording thgostcranial bones. Each pair of
database structusecontains a tablevhich was designedto collect the measurements and
another used for recording morphological traftse tables were then joinéogether in order to
link the morphological traits and the measurements to the specithenlink between tables

was also usefun order toavoid information redundancy.

The anatomical parts of the skeleton were recorded wheghibgenarea was present and
preserved almostompletely that is,whena fractured/missing part did not affect thessibility
of takingat least aneasurementor of makingobservatios of the morphologicatharacteristis

The sde of teeth and bones was recordéidwas decided to record only one side, the left, of
every specimenf the left side wasot availablgthere were no significant differercbetween
right and left side)the right side was measured and scored in order to hawarascomplete
specimens as possible.

The degree of fusion was also recorded. Only fused and fusing bones were ingltided
analysis and measured. The decidioexcludethe urfused bones was made priorstarting

due tothe followingfactors:

because the morphological criteria are les#l defined on immature bones;

becausgafter severalattempts during the research, it was clear that taking measurements on
unfused epiphyses was more complicaad timeconsuminghan using adult bongs

because of thdlifficulty of finding enough immature and juvenile modern specimens for a

representative study.

If fused and wiused bones belonged to the same specimely,the fused keletal elements
were recorded and measurdfdiecordable elementsere fused togethdi.e. radius and lna),
they were recordedand measuredseparately reference to each otherasmade inthe

comments.

Regarding teeth,he degree of toothvear wasrecorded following Paynel®73 1987 and

measurements were taken only when there was sufficient enamel preserved.
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All the measurements were takienmillimetres, with only one decimal point (i.ethey are
approximated to the tenth of millimetrey using digital cHipers. Exceptionwas made for
thosemeasurementsakenwith the measuring box or measuring tape, wiieke no decimal
point (i.e.they areapproximated to thmillimetre).
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2.2 Material s

A detaileddescription of the material makjrup the modern reference samjgeprovidedin

this section The reasons behind the selection Briitish and central European breed sample
have already beementioned Neverthelesssome Mediterranean and Near East specimens have
been included in the alyais in order to increase the sample sespecially for the goat group
asBritish modern goat spetiens were very difficult tobtain

Different institutions have been visited in order to collect a wide sample of modern sheep and
goat specimengis far as sheep are concerned, toee of themodernsample derives from the
collection hosted atHistoric Englandin Portsmouth. The Fort Cumberland modern collection
was chosen because it could provide a wide number of specoheiféerent age and sexf
Shetlan and Soay bresdThesebreeds areonsidered oparticular interest because they retain
someprimitive traits as unimproved animals, they are considered breeddéiiairesemble

the medievahnimals(Clutton-Brock et al. 1990; Davis 1996)In additionto thelarge sample

from the Historic Englandcollection severalother sheepspecimens belonging to different
breed were included. Some Mediterranean specinf@sedat the University of Sheffieldand

some German, Alpine and Near Eastbreedsvere recorded at the Naturaiskbry Museum of

Berlin andatthe Zooarchaeologydboratory at th&niversity of Kiel (Germany).

For the goat the situation wanore complicated. Studying goats fr8nitish breeds would have
represented the perfestenariobut, now as in the pasgoats arenot particularly commorin
Britain. Because of this lack of modern specimehg attention was focused ocentral
European goatsAs mentioned for the sheep modern sampleewdfit institutions were visited
the Zooardaeology laboratory at the University of Sheffielthe Zooarchaeology aboratory

at the University of Yorkthe Natural History Museum in Berlin (Germanyhe Museum of
Nat ur al JfiwsiKéhmdneHalld (Germany), the ZooarchaeologwpHtoratory of tk
University of Kiel (Germany and the Barbara Noddle English goat sample at Netional
Museum of Catiff. As a consequencthe goat samplis more heterogeneous in term of breeds
than the sheep samplé.includes in fact, mainly modern German morpipaty Black Forest
goat, German Improved white goat, Langensalza)gaahg with some English (Old English
goat, Feral Galloway, Feral Rhum/RurBagot goat, Northumberland ghaa few Alpine
(Balkan goat, Grisons Chamassloured goat, Saanen goat, Saiatingoat, Toggenburg goat,
Valais Blackneck goatand Near East specimefBezoar goat, Angora goat, Damara goat,
Damascus goat, Mamber goat). The presence among the sanapiisvaff goat must be also

mentioned.
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Table 2.34 Total number of sheep and goat specimens included in the study along with the description of their

completeness.

Species Total Number | Complete Almostcomplete| Incomplete
Ovis aies 78 37 41 0
Capra hircus | 79 28 47 4
Total 157 65 88 4

Table 234 gives the total number for each species included in this study with the description of
their completeness.HE categories acompleté almost complet@anddncompletdhave been
createdas a rough guided @mpleté were regarded to behose specimens in which all the
elements could be recordea this categorythe specimenthat were polled (i.ein which the

lack of horns since birth is natural. This condition affects only fesmalsome breeds, in others
both sexesRyder 1983: 37yvere &so includedf the horncores were the only missing pahe
category ofalmostcompleté&was used for those specimens in whictly two elementsvere
missing while dncomplet® was usedto define those specimens in which ore thantwo

elements werenissing

Table 2.35 Goat specimens included in the sample studiedhe information given in this table (breed, sex and
age)is asprovid ed by the collection databases.

Species| ID Number Location Origin Breed Sex Skeleton Age
Capra | 90 Sheffield Halkidiki, - I Almost 11 years
hircus University Macedonia, Complete
Greece
Capra | 91 Sheffield Macedonia, - I Complete 7 years
hircus University Greece
Capra 94 Sheffield Halkidiki, - I Complete -
hircus University Macedonia,
Greece

Capra 502 Sheffield Katerini, - - Almost -
hircus University Greece Complete
Capra 762 Sheffield Assiros, - - Almost -
hircus University Greece Complete
Capra | 784 Sheffield Assiros, - Almost -
hircus University Greece Complete
Capra 790 Sheffield Assiros, - - Almost -
hircus University Greece Complete
Capra | 808 Sheffield Kartere, - I Complete -
hircus University Greece
Capra | 1053 Sheffield Mystras, - - Almost -
hircus University Greece Complete
Capra | 1581 Sheffield Tony Legge| - - Almost -
hircus University Collection* Complete
TOTAL NUMBER OF SPECIMENS FROM SHEFFIELD 10
Capra | 45dg English Scotland - - Complete -
hircus Heritage,

Portsmouth
Capra | 1315 English - Toggenburg | 1l Almost 3.5 years
hircus Heritage, Complete

Portsmouth
Capra | 1631 English Cyprus Damascus | | Almost 7 months
hircus Heritage, Complete

Portsmouth
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Species| ID Number Location Origin Breed Sex Skeleton Age
Capra | 2199 English England Old English | I Almost 15
hircus Heritage, Complete months

Portsmouth
Capra | 2774 English Durham Bagot I Almost 2 years 7
hircus Heritage, Complete months

Portsmouth
Capra | 3318 English Islay, Feral I Almost Adult
hircus Heritage, Hebrides Complete

Portsmouth
Capra | 3323 English Islay, Feral I Complete Adult
hircus Heritage, Hebrides

Portsmouth
Capra | 501 English Whipsnade White goat | |l Almost 2 years
hircus Heritage, Z0o0, Complete

Portsmouth Bedfordshire
Capra | 502 English - White goat | Il Complete Unknown
hircus Heritage,

Portsmouth
TOTAL NUMBER OF SPECIMENS FROM PORTSMOUTH
Capra | 511 York - Saanen | Almost 2 years
hircus University Complete
Capra 512 York - Saanen I Almost 7 months
hircus University Anglo- Complete

Nubian

Capra | 515 York - Unknown | Complete 4 years
hircus University
Capra | 544 York - Saanen | Incomplete Adult
hircus University
Capra | 700 York - - I Almost Adult
hircus University Complete
TOTAL NUMBER OF SPECIMENS FROM YORK 5
Capra | 112004011 | National Noddle Feral Rhum | - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004012 | National Noddle Feral Rhum | - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004016 | National Noddle - - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004019 | National Noddle - Almost -
hircus Museum Collection - Complete

Cardiff
Capra | 112004020 | National Noddle Feral - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004021 | National Noddle Feral - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004022 | National Noddle Feral - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004032 | National Noddle Welsh goat | | Almost 8 months
hircus Museum Collection Complete

Cardiff
Capra | 112004033 | National Noddle Feral Rhum | - Almost -
hircus Museaum Collection Complete

Cardiff
Capra | 112004034 | National Noddle Feral Rhum | - Almost -
hircus Museum Collection Complete

Cardiff
Capra | 112004035 | National Noddle Feral - Almost -
hircus Museum Collection Galloway Complete

Cardiff
Capra | 112004036 | National Noddle Golden - Almost -
hircus Museum Collection Guernsey Complete

Cardiff
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Species| ID Number Location Origin Breed Sex Skeleton Age
Capra | 112004040 | National Noddle Northumber | - Almost -
hircus Museum Collection land goat Complete
Cardiff
Capra | 1120040401| National Noddle Northumber | - Almost -
hircus Museum Collection land goat Complete
Cardff
Capra | 112004080 | National Noddle - - Almost -
hircus Museum Collection Complete
Cardiff
Capra | 112004081 | National Noddle - - Complete -
hircus Museum Collection
Cardiff
TOTAL NUMBER FROM CARDI FF 16
Capra | Cigz 3(82) | Julius Kahn| - Langensalza) | Complete Adult
hircus Museum, er
Halle
Capra | Cigz 1(83) | Julius Kahn| - Langensalza) |l Complete Adult
hircus Museum, er
Halle
Capra | Cswd?2 Julius  Kahn| - Schwarzwal | | Complete 8 years 11
hircus Museum, der months
Halle
Capra | Cfrb1l Julius  Kahn| - Freibuger I Complete Adult
hircus Museum,
Halle
Capra | C3 Julius  Kahn| - Weile Complete Adult
hircus Museum,
Halle
Capra | Chdn2 Julius  Kahn| - Bundener I Almost Adult
hircus Museum, Complete
Halle
Capra | Cbdn3 Julius  Kahn| - Bundener I Complete Adult
hircus Museum,
Halle
Capra | Chdn4 Julius  Kahn| - Bundener I Complete (bought
hircus Museum, 25/10/188
Halle 6 dead
06/05/188
8
Capra | C19 Julius  Kahn| - - Complete -
hircus Museum,
Halle
Capra | Cd1 Julius  Kahn| - - Hermap | Complete Adult
hircus Museum, hrodite
Halle
Capra | Csaa3 Julius  Kahn| - Saanen I Complete 3 years 2
hircus Museum, months
Halle
Capra | Cggb1 Julius  Kahn| - Guggisberg | Il Complete 2 years 7
hircus Museum, er months
Halle
Capra | Cappzl Julius  Kahn| - Appenzeller | | Almost Adult
hircus Museum, Complete
Halle
Capra | Csaa6 Julius  Kahn| - Saanen Complete Adult
hircus Museum,
Halle
Capra | Csaa7 Julius  Kahn| - Saanen Complete 2 years 1
hircus Museum, month
Halle
Capra | Csaal Julius  Kahn| - Saanen I Complete 3 years 5
hircus Museum, months
Halle
Capra | Cwal6 Julius  Kahn| - Walliser I Almost 4 years 2
hircus Museum, Complete months
Halle
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Species| ID Number Location Origin Breed Sex Skeleton Age
Capra | Cwal 8 Julius  Kahn| - Walliser | Almost 2 years 9
hircus Museum, Complete months
Halle
Capra | Csaa?2 Julius  Kahn| - Saanen | Complete 3 years 5
hircus Museum, months
Halle
Capra | Cwal7 Julius  Kahn| - Walliser I Incomplete 2 years 6
hircus Museum, months
Halle
Capra | Cblk2 Julius  Kahn| - Balkan | Complete
hircus Museum, (bought
Halle 1916
dead
1917)
TOTAL NUMBER OF SPECIMENS FROM HALLE 21
Capra | 1912 Zoologisches | - Zwerg | Almost Adult
hircus museum Kiel Complete
Capra | 7176 Zoologisches | - Ziegenbock | |l Complete Adult
hircus museum Kiel
Capra | 7535 Zoologische | - Saanan I Almost Adult
hircus museum Kiel Complete
Capra | 18719 Zoologisches | - Weilze | Almost Adult
hircus museum Kiel Deutsche Complete
Edekiege
Capra | 19506 Zoologisches | - Damara | Complete Adult
hircus museum Kiel
Capra | 22221 Zoologisches | - - - Almost Adult
hircus museunKiel Complete
Capra | 22222 Zoologisches | - - I Incomplete Adult
hircus museum Kiel
Capra | 30447 Zoologisches | - Walliser | Almost 11 years
hircus museum Kiel Schwarzhals Complete
Capra | 33040 Zoologisches | - Weile I Almost Adult
hircus museum Kiel Deutshe Complete
Edekiege
TOTAL NUMBER OF SPECIMENS FROM KIEL 9
Capra | 100 Naturkunde - Bezoar I Almost -
hircus museum Complete
Berlin
Capra | 1556 Naturkurde - - | Almost 8 years
hircus museum, Complete
Berlin
Capra | 1854 Naturkunde - Angora | Almost -
hircus museum, Complete
Berlin
Capra | 3638 Naturkunde - - I Almost -
hircus museum, Complete
Berlin
Capra | 4487 Naturkunde - Beden | Almost -
hircus museum, Complete
Berlin
Capra | 6945 Naturkunde - Mamber | Almost -
hircus museum, Complete
Berlin
Capra | 6998 Naturkunde - Sardinische | Il Complete -
hircus museum, Heidschnuc
Berlin ke
Capra | 7555 Naturkunde - - - Complete -
hircus museum,
Berlin
Capra | 94892 Natukkunde - - - Incomplete Y. of a
hircus museum, year
Berlin
TOTAL NUMBER OF SPECIMENS FROM BERLIN 9

TOTAL NUMBER OF GOAT

79
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Table 2.36 Sheep specimenincluded in the sample studiedThe information given in this table (breed, sex and
age) is as provided by the collection dathases consulted.

Species ID Location Origin Breed Sex | Skeleton Age
Number
Ovis aries| 4 Sheffield - - - Almost Sub-adult
University Complete
Ovis aries| 5 Sheffield Sheffield Blackface - Almost -
University Complete
Ovis aries| 20 Sheffield Oaker farm - Complete Adult
University
Ovis aries| 21 Sheffield Peak District,| - - Almost Adult
University Derbyshire Complete
Ovis aries| 23 Sheffield - - - Almost -
University Complete
Ovis aries| 28 Sheffield - - - Almost Adult
University Complete
Ovis aries| 29 Sheffield Sheffield - - Almost Sub-adult
University Complete
Ovis aries| 43 Sheffield Flag Fen,| Soay I Complete Elderly
University Peterborogh,
Cambridgeshire
Ovis aries| 45 Sheffield Flag Fen,| Soay Complete | Adult
University Peterborough,
Cambridgeshire
Ovis aries| 48 Sheffield Graves Park rar¢ White-faced Almost 6-7 years
University Breeds Centre| woodland Complete
Sheffield
Ovis aries| 50 Sheffield Graves Park| Portland Complete 5 years
University Sheffield
Ovis aries| 66 Sheffield - - - Almost Adult
University Complete
Ovis aries| 191 Sheffield Flag Fen,| Soay Complete More
University Peterborough, than 8
Cambridgeshire years
Ovisaries | 193 Sheffield Flag Fen,| Soay Complete More
University Peterborough, than 8
Cambridgeshire years
Ovis aries| 220 Sheffield Langdale, Lake Herdwick - Almost -
University District Complete
Ovis 251 Sheffield Flag Fen,| - Almost Adult
orientalis University Peterborogh, Complete
Cambridgeshire
Ovis aries| 410 Sheffield 2km outside| - - Complete -
University Krithia, on road to
Assiros
Ovis aries| 436 Sheffield Biggin Dale, | - - Almost -
University Hartington, Complete
Derbyshire
Ovis aries| 500 Sheffied Quarry near| - - Almost -
University Korinos, Katerini, Complete
Greece
Ovis aries| 501 Sheffield Quarry near| - - Almost -
University Korinis, Katerini, Complete
Greece
Ovis aries| 505 Sheffield Quarry near| - Almost -
University Korinis, Katerini, Complete
Greece
Ovis aries| 637 Sheffield Picos de Europa - - Incomplete | -
University Spain
Ovis aries| 668 Sheffield Merv, Afghan Arabi? | - Almost -
University Turkmenistan (local name) Complete
Ovis aries| 711 Sheffield Beeley Moor,| - - Almost Adult
University Chatsworth, Complete
Derbyshire
Ovis aries| 819 Sheffield Langdale, Lakel Herdwick - Complete | -
University District
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Species ID Location Origin Breed Sex | Skeleton Age
Number

Ovis aries| 928 Sheffield Assiros, Greece - - Almost Juvenile
University Complete

TOTAL SPECIMENS FROM SHEFFIELD 26

Ovis aries| 1307 English - Soay Complete 12 years
Heritage,
Portsmouth

Ovis aries| 1310 English - Soay Almost 21-25
Heritage, Complete months
Portsmouth

Ovis aries| 1311 English - Soay Complete 10 years
Hertage,
Portsmouth

Ovis aries| 1317 English ex. Woburn Soay Complete 54
Heritage, months
Portsmouth

Ovis aries| 1487 English Hirta, St. Kilda Soay I Complete | Adult
Heritage,
Portsmouth

Ovis aries| 1488 English Hoy, Orkney Shetland Complete | 4 years
Heritage, and 7
Portsnouth months

Ovis aries| 1490 English Hoy, Orkney Shetland Complete 79
Heritage, months
Portsmouth

Ovis aries| 1491 English Hoy, Orkney Shetland Complete | 4 years
Heritage, and 7
Portsmouth months

Ovis aies | 1494 English Hoy, Orkney Shetland Complete 6 years
Heritage, and 7
Portsmouth months

Ovis aries| 1496 English Hoy, Orkney Shetland Complete 67
Heritage, months
Portsmouth

Ovis aries| 1540 English - Soay I ? | Almost -
Heritage, Complete
Portsmouth

Ovis aries| 1553 English Hoy, Orkney Shetland 1| Almost 24
Heritage, Complete | months
Portsmouth

Ovis aries| 1555 English Hoy, Orkney Shetland II'1 | Almost 39
Heritage, Complete months
Portsmouth

Ovis aries| 1556 English Hoy, Orkney Shetland 'l | Almost 27
Heritage, Complete | months
Portsmouth

Ovis aries| 1558 English Hoy, Orkney Shetland II'1 | Almost 30.5
Heritage, Complete months
Portsmouth

Ovis aries| 1585 English Hoy, Orkney Shetland 'l | Almost 525
Heritage, Complete | months
Portsmouth

Ovis aries| 1587 English Hoy, Orkney Shetland 'l | Almost 45
Heritage, Complete months
Portsmouth

Ovis aries| 1588 English Hoy, Orkney Shetland 'l | Almost 525
Heritage, Complete | months
Portsmouth

Ovis aries| 1591 English Hoy, Orkney Shetland I Almost 22
Heritage, Complete months
Portsmouth

Ovis aries| 1593 English Hoy, Orkney Shetland I Almost 28
Heritage, Complete | months
Portsmouth

Ovis aries| 1594 English Hoy, Orkney Shetland I Almost 24
Heritage, Complete months
Portsmouth
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Species ID Location Origin Breed Sex | Skeleton Age
Number

Ovis aries| 2224 English - Soay I Almost 42
Heritage, Complete months
Portsmaith

Ovis aries| 2228 English - Soay Complete 41
Heritage, months
Portsmouth

Ovis aries| 2229 English - Soay Complete 41
Heritage, months
Portsmouth

Ovis aries| 2582 English Hoy, Orkney Shetland I Complete 23
Heritage, months
Portsmouth

Ovis aries| 2777 English Cambridgeshire Shetland Complete 6.75
Heritage, years
Portsmouth

Ovis aries| 2778 English - Soay Complete 45
Heritage, months
Portsmouth

Ovis aries| 2801 English Durham Soay II'l | Complete 35
Heritage, months
Portsmouth

Ovis aries| 2806 English Suffolk Soay Complete 10 years
Heritage,
Portsmouth

Ovis aries| 2832 English Cambridgeshire Soay II'l | Complete 13 years
Heritage,
Portsmouth

Ovis aries| 2866 English - Shetland 1| Almost 2  years
Heritage, Complete and 8
Portsmouth months

Ovis aries| 2868 English - Shetland 1| Almost 20
Heritage, Complete months
Portsmouth

Ovis aries| 2938 English - Shetland I'1 | Almost 18
Heritage, Complete months
Portsmouth

Ovis aries| 2943 English - Shetand 1| Almost 3 years
Heritage, Complete and 7
Portsmouth months

Ovis aries| 2944 English - Shetland II'1 | Almost 2 years
Heritage, Complete and 7
Portsmouth months

Ovis aries| 2978 English Hoy, Orkney Shetland 1| Almost 45
Heritage, Complete months
Portsmouth

Ovis aries| 3217 English Hoy, Orkney Shetland II'1 | Almost C. 941
Heritage, Complete days
Portsmouth

Ovis aries| 3218 English Hoy, Orkney Shetland 1| Almost 941 days
Heritage, Complete
Portsmouth

Ovis aries| 3272 English St Kilda Soay I Complete 31
Heritage, months
Portsmouth

Ovis aries| 3281 English Hoy, Orkney Shetland I Complete 2 years
Heritage, and 7
Portsmouth months

Ovis aries| 3282 English Hoy, Orkney Shetland I Complete | 2 years
Heritage, and 7
Portsmouth months

Ovis aries| 3283 English Hoy, Orkney Shetland I Complete 31
Heritage, months
Portsmouth

Ovis aries| 3288 English Hoy, Orkney Shetland I Complete | 2 years
Heritage, and 7
Portsmouth months
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Species ID Location Origin Breed Sex | Skeleton Age
Number

Ovis aries | 3289 English Hoy, Orkney Shetland I Complete 2 years
Heritage, and 7
Portsmouth months

Ovis aries| 3420 English Butser Iron Age| Soay Complete | Adult
Heritage, Farm
Portsmouth

TOTAL NUMBER OF SPECIMENS FROM PORTSMOUTH 45

Ovis aries | 15815 Zoologisches | - Heidschnucke I Almost -
museum Complete
Kiel

Ovis aries | 21640 Zoologisches | - Ostfriesisches I Complete -
museum Milch
Kiel

Ovis aries | 22339 Zoologisches | - Blu Domane Complete -
museum
Kiel

Ovis aries | 22639 Zoologisches | - Heidschnucke I Almost 14/16
museum Romanow Complete months
Kiel

Ovis aries| 22711 Zoologisches | - Heidschnucke I Almost -
museum Complete
Kiel

Ovis aries | 23629 Zoologisches | - Deutsches Complete 2 years
museum WeiRkdpfiges
Kiel Fleischschaf

Ovis aries| 31005 Zoologisches | - Rotkopf I Complete | -
museum
Kiel

TOTAL NUMBER OF SPECIM ENS FROM KIEL 7

TOTAL NUMBER OF SHEEP 78

FromTables2.35and2.36it can be seen thawhile the sheep sample is mainly dominated by
Shetland and Soay breeds, the goat sample is more heterogéifemtctal sampleize is of
157 animals, 79 goatnd 78 sheefirab. 2.34) Most of them are complet almost complete

(only two body pag missing), while onlyafew spe@mens were incomplete.
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2.3Inter-Observer Eror and Intra-Observer Error. consistency tesd

Despite the process of generating measurements affects and influences most branches of
archaeology, the topisas rarely been subject tocritical review. Due to the numerical nature

of measurements, it is commonly thought that they represent an entirely objective tool and, as a
consequence, are immune to observer fallibility (Lyman and VanPool 2009: 486). Nonetheless,
recent stdies Qavis 1996; Johnstone 200Byman and VanPool 2009; Popkeat al. 2012;

Write 2013) have acknowledged that several potentially biasing factors must be taken into
consideration when measurements are taken. Measurements, to be considered as an effective
and reliable study tool, must be adequately reported, comparable (they must be taken in the
same way by everyone) and standardized (the measured dimension has to be defined precisely;
Lyman and VanPool 2009: 487; Simpsairal. 1960: 2122).

Since the new ptocol devised for this project includes some new and some revised
measurements from the previous literatdihe need to have it tested by other researchers was
considered important for many reasons. First of all, it was essential to verify whether the
measurements contributing to the new protocol could easily be taken by anyone. Secondly, it
was important to test whether the instructions concerning how to take the measurements,
especially for the newly introduced ones, were clear to whoever was usingtbeopfor the

first time (standardization). Thirdly, having them tested by a team of zooarchaeologists would

reinforce the value/reliability of my research tool.

Considering the fact that one of the aims of this project is to propose a mdilubdcoutl be
usal by anyone, an InteDbserverkrror test (i.e. when the same measurement, taken more than

once, is recorded differently by different people) was conducted.

Nevertheless, measurements not only need to be reproducible over time and refatabl
different people, but alsby a single individual. For this reason, antra-Observer Eor test
(i.e.when the same measurement, is recordpdatedlypy the same persom)as carried outin
addition, & previous studiehave suggestedhat the Intra-Obsever Eror is generally lower
(Johnstone 2004Popkinet al. 2012; Ulijaszek andl.ourie 1994;Utermohle andZegura 1982)
thanthe Inter-Observer or, cartying out thisfurthertest was considerezh additional means

to check the reliability of the measumens themselves

For the IntefObserver Eor test, he new recording protocol was presented to a group of eight
colleagues, including the writer, all of them experienced zooarchaeologists. The trial included
four skeletons, two sheep and two goats belango the Zooarchaeologyaboratory of the

University of Sheffield. These specimens were chosen according to their completeness and, as a
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consequence, the possibility of taking most of the required measurements. Only one side of the
animal was measurede left. Whenever the left bone was not available, it was replaced with
its right counterpart. All my colleagues were provided with a copy of the recording protocol in
which a written description and a visual aid of how to take the measurements corezetly w
included. In addition, callipers, ropes, measuring boxes and a form on which to record the
measurements (TaR.37), were provided. The author was present on most of the occasions
while the colleagues were carrying out the test, to provide extrairhese of doubts and to
collect suggestions and opinions. Very few questions were asked during the trial, which was

interpreted as evidence of the ease of applicability of the measurements.

The IntraObserver Eor was conducted orhé same specimens uskxt the InterObserver
Error. All four specimens were repeatedheasured a tdal of four times per specimerover
several daysMeasurementsvere takenonly on postcranial elements and horncorebhis
choice was made because the results from the-@ibserver Eor test which wasconducted
before the IntréDbserver testrevealedthe inconsistency of the measurements taken on the

cranial elements.

Table 2.37 Form provided to the group for recording the measurements. The form included all the
measurements, even though some of them could not be taken on the selected specimens.

Element Specimen 1 | Specimen 2 | Specimen 3 Specimen 4
(goat n.0762)| (goat n.0094)| (sheep n.0043) (sheep n.0045)
dP; B
L
drP, Bl
B2
B3
L
Ps B
L
P B
L
Ms B1
B3
L
Mandible | H
B
PF
Horncores | A
B
C
D
E
F
Scapula BG
LG
GLP
SLC
ASG
Humerus BT
Bd
HT
HTC
BE
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BEI

Radius Bp

BFp

Dp

GL

SD

Ulna B

BPC

DPA

SDO

Metacarpal| GL

SD

BatF

BFd

OO |WIN|F

Metatarsal | GL

BatF

BFd

OO (WIN|F-

Tibia Bd

Dd(a)

Dd(b)

GL

SD

Astragalus | Bd

GLm

GLI

Dm

DI

BpT

Calcaneum| SB

GL

DS

Gd

3%Phalanx| DLS

MBS




2.3.1 Reliability Tess

Once the data weraecorded by the ght operators as well as by the author, they were
transferred to an SPSS&sstics data editor in order to run a reliability test. The aitmodifitess

was to verify the reliability of the recording protocol rather than the recorders. Prior to
discussing the specifics of the chosen test, | will clamfiyat, statistically is ment by
6reliabilityd and why it differs from the co

Reliability and agreement are in fact, often confused and used interchangeably but they refer to
different concepts. Reliability refers to reproducibility, namely the degree to whpsated
measurements provide the same results, while agreement measures how close the results of the
repeated measurements are (deatetl. 2006: 1033). In the context of this research, reliability

is intended as the repeatability or consistency oftbasurements (as defined by Brugtral.

2000: 94).

Many methods for testing reliability can be used, such as Coomrlaioefficients (i.e.
Pear sle@ 8EM) (Standard Error of Basurements), Coefficient of Variation (CV), Bland
and Al t manits of agréebtent! (1986). For this study the Interclass Correlation
Coefficient test was chosen for three main reasons:

1. ICC is commonly used for helping to establish andmjifly reproducibility (Rankin and
Stokes 1998: 187199); it is useful for estimatginterrater reliability on quantitative
data because it is more flexible than, for example, the Pearson correlation) test (
(Brutonet al.2000: 96).

2. ICC is preferable to the more commonly used Coefficient of Variation (CV), which is
no longer considetk useful to estimate reliability (Brutoet al. 2000; Rankin and
Stokes 1998). ICC is in fact considered the most appropriate reliability parameter for
repeated measurements on a continuous scale (dg ®e2006: 1037).

3. Since | had a wide range of dakight observers, and four specimens on each of which
an average of 40 measurements were taken, all the other techniques explored were
either too complicated to compute manually (SEM) or they simply could not be applied

for the above explained reasons

For the IntefObserverBor,th e | CC t ype appl i éMday( Raln)d oinmc Inmoc
which was chosen because it is the model used when many raters, which are considered
representative of a larger population, score each case only once (Landers 2041A b s ol ut
agreement 6 was adopted as specificity rathe
looks only at the ranking (i.e. the process of transforming raw scores into numbers that represent

their position on an ordered list of those scored; fle 2009: 792) without ¢
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systematic variability, the absolute agreement looks not only at the order of the scores but also
at the values to which the scores are linked (Field 2009: 788). Even though the ICC has been

pointed as the begiptions, it has some disadvantages which make it unsuitable for use in
isolation. Taking this into account, the ICC test was performed along with Bland and Altman

plots Appendix | Fig. A1.1 to A1.79 so that an alternative and supportive way of exptpri

the reliability of the measurements was conducted

For the IntraObserver [Eor, thel CC

type

(1,1)

which is the option to select when you have the same, raesidered as representative of a

larger populatin, measuring each caseseveral occasions (Landers 2011).

As with other kinds of reliability coefficientfor ICC there is not a standard eoftf for

establishing the acceptance of the level of reliability: it ranges usually from 0 to 1 where values

closer to 1 are the most reliable.

The results from the tesfollow on an element by element basis. Some preliminary statistical

data which include Mean, Standard Deviation (SD) and Coefficient of Variation (CV) for each

measurement for each specimen aremiv Table 238.

Table 2.38 Mean, Standard Deviation (SD) and Coefficient of Variation (CV) for each measurement for each
of the specimenscalculated from the measurements provided by the eight operatorsThe measurements

highlighted with an asterisk are those which could
speci mens6 column indicates the number of speci mens
Number
Element of Goat Specimenl Goat Specimen 2
Specimens
MEAN SD Ccv MEAN | SD CcVv
Ps B* 2 5.9 0.6 10.9 6.3 0.6 10.3
L* 2 7.9 0.7 9.4 8.2 0.4 5.0
P, B* 1 7.1 0.5 6.7 - - -
L* 1 10.0 0.5 4.9 - - -
Mandible H* 2 14.7 0.7 4.8 14.6 0.8 5.1
B* 2 10.8 0.4 34 8.9 0.6 6.3
Horncores | A 2 296 2.8 9.5 18.1 1.1 6.0
B 2 22.9 3.1 13.3 14.7 1.8 12.7
C 2 21.1 1.6 7.5 14.2 0.6 4.8
D 2 16.2 1.6 9.7 13.5 1.7 16.3
E* 2 161.8 4.9 3.0 117.6 6.2 5.2
F* 2 187.5 8.1 4.3 136.4 11.2 8.2
Scapula BG 2 24.4 0.3 1.0 24.9 0.4 1.7
LG 2 37.0 0.6 1.7 261 1.0 3.8
GLP |2 29.4 2.7 9.3 34.3 0.3 0.9
SLC |2 23.5 0.4 1.8 20.2 0.2 1.2
ASG |2 24.9 2.6 104 28.5 3.2 11.4
Humerus BT 2 31.4 0.6 1.8 31.2 0.4 1.3
Bd 2 34.8 04 1.2 32.9 0.3 0.8
Dd 2 19.7 0.3 1.7 19.5 0.4 23
BE 2 14.1 0.3 2.1 14.5 0.4 2.6
BEI 2 9.3 1.1 11.7 10.1 0.9 9.3
HTC |2 26.7 0.6 2.1 28.3 0.6 2.1
HT 2 6.2 0.3 4.1 5.5 0.9 16.9
Radius Bp 2 32.9 0.1 0.4 32.0 0.7 2.1
BFp |2 30.3 0.5 1.8 30.6 0.8 2.6
Dp 2 17.3 0.7 3.8 16.0 0.2 15
GL* 1 205.1 87.9 42.9 - - -
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Number

Element of Goat Specimenl Goat Specimen 2
Specimens
SD* 1 20.2 0.4 2.0 - - -
Ulna B* 1 11.8 15 12.5 - - -
L* 1 26.8 0.7 2.8 - - -
BPC* | 1 28.7 1.0 3.4 - - -
DPA* | 1 21.2 0.1 0.7 - - -
SDO* | 1 23.8 0.6 2.4 - - -
Metacarpal | GL 2 119.7 0.5 0.4 122.9 0.9 0.7
SD 2 17.2 0.2 1.2 15.2 0.1 0.9
BatF | 2 29.3 0.4 15 26.8 0.1 04
BFd 2 29.9 0.1 0.3 28.0 0.2 0.7
a 2 13.7 0.7 5.3 12.8 0.2 1.2
b 2 13.6 0.5 3.6 12.6 0.2 1.6
1 2 10.3 0.5 4.4 9.9 0.4 4.2
2 2 17.1 0.2 1.0 16.6 0.1 0.6
3 2 14.0 0.1 1.1 13.6 0.1 0.7
4 2 10.4 15 14.7 9.9 1.6 16.2
5 2 17.2 1.0 6.0 16.4 0.1 0.5
6 2 13.6 1.6 12.0 13.1 1.4 10.8
Metatarsal | GL 2 129.8 0.4 0.3 131.2 1.4 1.1
SD 2 13.7 0.1 0.9 12.1 0.2 1.3
BatF | 2 26.7 0.2 0.7 23.7 0.1 0.5
BFd 2 27.4 0.1 0.3 24.8 0.2 0.7
a 2 12.7 0.4 3.3 11.5 0.2 2.1
b 2 11.8 0.2 2.1 11.1 0.2 1.4
1 2 10.2 0.4 3.4 9.4 0.3 3.7
2 2 16.9 0.1 0.4 15.9 0.2 15
3 2 13.7 0.1 0.6 13.3 0.1 0.7
4 2 10.0 1.3 12.9 9.7 15 15.8
5 2 16.1 0.3 2.0 15.4 0.2 1.2
6 2 13.3 15 11.6 12.8 1.4 11.0
Tibia Bd 2 27.9 0.4 1.3 24.5 1.7 7.1
Dd(@) | 2 219 0.6 2.8 19.5 0.2 1.3
Ddb) | 2 19.0 0.7 3.6 17.5 0.5 2.9
GL* 1 234.2 0.5 0.2 - - -
SD 2 17.4 0.4 2.1 14.0 0.2 1.7
Astragalus | Bd 2 20.4 0.2 1.1 18.7 0.1 0.5
GLm | 2 29.6 0.0 0.2 29.3 0.2 0.6
GLI 2 275 0.1 0.5 275 0.2 0.7
Dm 2 15.5 0.3 2.1 15.1 0.3 2.2
DI 2 176 0.8 4.5 16.6 0.1 0.6
H 2 23.8 0.3 1.3 23.8 0.3 1.3
BpT 2 13.9 0.4 3.2 12.1 0.3 2.2
Calcaneum| SB 2 61.4 0.1 0.2 60.4 0.6 1.0
GL 2 16.6 2.2 13.1 16.7 0.6 3.9
C 2 11.1 1.1 10.1 10.8 0.5 4.5
d 2 22.1 1.0 4.6 22.3 0.8 3.7
B 2 7.1 0.5 7.5 6.2 0.3 4.1
DS 2 19.3 0.4 2.2 18.8 0.2 1.1
Gd 2 24.2 1.2 4.8 23.8 1.2 5.1
39phalanx | DLS | 2 37.5 0.1 0.2 36.7 0.4 1.1
MBS | 2 6.6 0.3 4.0 5.7 0.2 3.6
CV MEAN 4.7 3.4
Number
Element of Sheep Specimen 3 Sheep Specimen 4
Specimens
MEAN SD Ccv MEAN | SD CVv
P, B* 0 - - - - - -
L* 0 - - - - - -
P, B* 1 - - - 5.9 0.5 7.7
L* 1 - - - 8.8 0.5 5.1
Mandible H* 0 - - - - - -
B* 0 - - - - - -
Horncores | A 2 50.2 3.3 6.6 31.6 4.7 14.7
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Number

Element of Goat Specimenl Goat Specimen 2
Specimens
B 2 43.4 4.3 9.9 21.9 4.6 20.8
C 2 43.0 4.0 9.3 28.3 5.0 17.7
D 2 31.6 5.4 17.0 18.6 4.8 25.6
E* 1 - - - 86.3 4.2 4.9
F* 1 - - - 104.7 4.8 4.6
Scapula BG 2 21.2 0.4 2.0 19.7 0.2 1.0
LG 2 24.5 0.4 1.6 23.1 0.8 3.4
GLP 2 32.9 0.2 0.5 30.5 0.1 0.2
SLC |2 20.1 0.5 2.7 17.1 0.7 4.2
ASG | 2 22.5 3.5 15.5 20.4 1.4 7.1
Humerus BT 2 29.5 0.4 1.4 26.2 0.5 1.9
Bd 2 31.8 0.5 1.7 28.8 1.1 3.8
Dd 2 18.8 0.6 3.3 17.0 0.4 2.4
BE 2 14.5 0.3 2.3 12.3 0.7 5.9
BEI 2 8.0 0.8 10.2 7.6 0.8 10.7
HTC 2 24.8 0.3 1.2 21.9 0.1 0.5
HT 2 8.2 0.8 10.0 6.1 0.6 9.5
Radius Bp 2 32.9 0.4 1.1 29.1 0.2 0.5
BFp 2 294 0.5 15 26.0 0.9 3.3
Dp 2 16.7 0.2 1.1 14.7 0.1 1.0
GL* 2 179.6 87.6 48.8 171.2 87.5 51.1
SD* 2 17.8 1.7 9.4 17.3 1.1 6.5
Ulna B* 2 10.7 0.4 3.3 9.1 0.4 4.0
L* 2 23.8 1.0 4.1 21.4 1.1 5.2
BPC* | 2 27.7 0.4 1.6 25.0 0.4 1.7
DPA* | 2 21.9 0.2 0.9 18.3 0.1 0.7
SDO* | 2 24.0 0.6 2.4 19.8 0.5 2.7
Metacarpal | GL 2 126.4 0.5 0.4 115.3 0.3 0.2
SD 2 14.3 0.6 4.3 12.1 0.2 1.8
BatF | 2 25.0 0.4 1.7 22.7 0.2 0.9
BFd 2 24.8 0.4 1.6 22.7 0.3 1.5
a 2 11.4 0.3 2.9 10.5 0.1 1.1
b 2 11.0 0.2 2.2 10.0 0.0 0.5
1 2 11.2 0.2 2.0 9.9 0.2 1.7
2 2 16.2 0.3 15 14.6 0.1 0.4
3 2 13.6 0.1 0.9 12.2 0.3 2.1
4 2 10.6 1.6 15.2 9.7 1.0 10.0
5 2 15.9 0.2 1.4 14.0 0.1 0.7
6 2 13.3 1.0 7.9 11.8 1.0 8.4
Metatarsal | GL 2 135.2 11 0.8 126.8 0.5 0.4
SD 2 11.9 0.1 1.0 10.8 0.3 2.8
BatF | 2 22.9 0.2 0.7 21.3 0.1 0.7
BFd 2 23.8 0.6 2.5 21.9 0.5 2.4
a 2 11.2 0.1 0.8 10.2 0.2 1.9
b 2 10.2 0.1 1.0 9.5 0.1 1.4
1 2 10.4 0.2 2.3 9.4 0.1 1.3
2 2 16.2 0.1 0.7 14.6 0.0 0.3
3 2 131 0.2 1.8 11.9 0.2 1.6
4 2 10.0 1.2 12.2 9.2 1.1 12.4
5 2 15.3 0.1 1.0 13.7 0.1 0.5
6 2 12.6 1.3 10.4 11.6 1.2 10.4
Tibia Bd 2 25.7 0.3 1.2 234 0.5 2.0
Dd(@ | 2 20.6 0.6 2.7 18.3 0.3 1.4
Dd(b) | 2 17.7 0.5 3.0 16.2 0.3 1.6
GL* 2 198.4 0.3 0.1 185.1 0.3 0.2
SD 2 14.4 1.1 7.9 12.8 0.8 6.6
Astragalus | Bd 2 17.9 0.2 0.9 16.3 0.1 0.7
GLm | 2 27.3 0.3 1.0 24.0 0.4 1.6
GLI 2 27.3 0.3 1.2 23.9 0.2 0.9
Dm 2 15.9 1.1 6.6 14.5 0.9 6.0
DI 2 16.6 1.1 6.9 15.2 0.9 5.8
H 2 22.9 0.5 2.3 19.8 0.1 0.7
BpT 2 12.2 0.6 5.3 11.2 0.3 3.0
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Number
Element of Goat Specimenl Goat Specimen 2
Specimens
Calcaneum| SB 2 54.2 0.4 0.7 48.8 0.3 0.6
GL 2 16.5 0.7 4.4 15.8 1.8 11.6
c 2 11.0 1.2 10.8 10.2 0.7 6.7
d 2 20.5 1.7 8.2 18.7 1.1 6.1
B 2 6.3 0.2 2.7 5.8 0.1 2.3
DS 2 18.5 0.5 2.8 15.9 0.5 3.2
Gd 2 22.0 0.9 4.0 19.7 0.7 3.8
39Phalanx | DLS 2 29.4 0.3 1.0 27.2 0.2 0.6
MBS | 2 6.8 0.3 4.2 6.1 0.3 4.6
CV MEAN 4.2 4.6

Since measurements with a higher Mean tend to have a higher Standard Deviation (the Standard
Deviation is the estimate of the average varigbiita set of data and, as it is the square root of

the variance, it is heavily based on the Mean), the Coefficient of Variation (CV) was considered
as this was much less dependent on the measurement size. CV values in fact, attest not only the
variability of the spread of the dat&dquro 20042015, but they can also provide some
preliminary ideas about the performance ehethod: if the CV alue is low, this means that

little difference was present between the results given by the different obs&hisraould be

an indication that the measurements were taken fairly consistently.

By comparing the CV Mean values for each specimen presented in Ta8lét 2an be seen

that three of the four produced similar means, whereas this is lower for specinteis 2
generally accepted that CVs of 5% or less usually attest to a good method performance, while
CVs of 10% and higher, indicapmor performanceé//estgard 2000 Most of the measurements

making up the new recording protocol (TalB3& have CV valueshat are lower than 5%. In
particular, the measurements which provided the lowest CV values are, as shown [3/3Bable

those already known from previous literatyven den Driesch 1976) to be well defined (for
example the humerus BTollowing Payne andull 1988;the astragalus Bd, GLm and GLI;

GL, SD, Bat F and BFd on the metapodial s) . Th
were close to one another; as a consequence, the measurements were taken fairly consistently by

the different operats.

Figure 238 shows the CV value for each measurement taken on the four specimens and it can

be seen that similar patterns affect the results for all the sheep and goat specimens:

! measurement B on tH&° lower premolar shows CV values higher than &0 ioth
specimens on which it could be measured, which means that the taking of
measurements wasconsistent.

1 high CV values are provided by all the measurements of the horncore for all the

specimens. Especially high values are those related to the nmmaxand minimum
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diameter at the base and at the middleheftiorncore (A and B; C and Djie highest
values are those obtained for specimen 4);

1 a high CV has also been noticed for the scapula ASG in all specimens. Conversely, the
scapula GLP measuremenbpided a high score only in specimen 1;

1 in the humerus, the measurements which provided the highest CVs were BEI and HT,
consistently high in all the four specimens;

9 for the radius, the pattern involvesainly GL which has providing exceptionally high
CVs for all specimens. To a lesser degree SD also provided high CVs (only for
specimen 3 and 4);

T for t he cal caneum, high CV values are given m:
(for specimen 1 and 3) and then Ipindne and B (the
of the four specimens);

9 finally, for the metapodials, measurement 4 and 6 have constantly provided high CV

values in all specimens.

The high CV values (CV>5%) indicate that the measurements were taken with a low degree of
consistency by the rawrThe inconsistency can be due to different factors: the difficulty of
defining accurately a measurement, the difficult for it to be taken consistently because of the
nature of the bone itself and, finally, because a human error occurred (typing mistake,
calibration problem, etc.). These factors could have influenced the results but, while the
presence of a degree of variation due to the nature of the measurement or the nature of the
element itself is important to this research, the presence of extrelis@so(dcores which are

very different from the others; Field 2009: 791) is usually an indicator oahuwerrors. As the

goal of this IntetObserver Eor analysis is to test how easily and consistently replicable the
measurementare the inclusion of oliers due to human error could undermine the reliability

of the method for biases which are not related to the measurements themselves but to the raters;

therefore they must be excluded.

Table 2.39 List of the measurements which provided the lowest CV values per species.

Lowest CV values (<2)
Element | Measurement per species
Goat Sheep
Sc BG -
SLC -
- GLP
Hu BT BT
Bd -
HTC
Ra - Bp
- Dp
ul - BPC
DPA
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Lowest CV values (<2)
Element | Measurement per specieg
Mc GL GL
SD SD
BatF BatF
BFd BFd
2 2
3 -
- 5
Mt GL GL
SD SD
- a
- b
BatF BatF
BFd BFd
2 2
3
5 5
Ti - Bd
- GL
Ast Bd Bd
GLm GLm
GLI GLI
H -
Cc SB SB
3“Ph DLS DLS

Table 2.40 List of the measuremeis which provided the highest CV values per species.

Highest CV values (>5)
Element | Measurement per specieg

Goat Sheep
P; B -
Hc A A

B B

- C

D D
Sc ASG ASG
Hu BEI BEI

- HT
Ra - GL

- SD
Ti - SD
Mc 4 4

6 6
Mt 4 4

6 6
Ast - Dm

- DI
Cc - c

- d

Most measurements that have provided high CV values @4). are difficult to be defined
accurately or/and to take consistently (for example: A, B, C and D on the horncore, ASG on the
scapula, BEI on the humes, 4 and 6 on the metapals). As such, the high variability shown

is hardly surprising.

The reason behind the extremely high CV values related tedefitied measurements, such as

GL in radius, must be different. In this case, thebfgm was made clear when thevrdata
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were analysed one raterhad given consistergxtremely high values for this measurement,
influencing heavily the Mean and, as a consequence the Stddelaation (SD) and the CV. If
the extreme scores given by this rater are excluded from the analysia)Jués for radius GL
for each specimen changes radically:

9 Specimen 1: Mean 174.0, SD 0.7, CV QetsusMean 205.1, SD 87.9, CV 42.9;
1 Specimen 3: Mean 148.6, SD 0.9, CV @aBsusMean 179.6, SD 87.6 and CV 48.8;
1 Specimen 4: Mean 140.3, SD 0.8, CV @aBsis Mean 171.2, SD 87.5 and CV 51.1.

The extreme values present for this measurement were clearly odi@e human error.
Consequentlythey were excluded from further analysis and the same approach has been used
for other measurements for which extremelyatiéint values, given by mistake, were provided.

All these cases were acknowledged éxitluded from the analysis in order to evaluate the

performance of the method rather than the raters.

The overall impression, based on the preliminary analysis of theallids; is that most
measurements have been taken with a fairly good degree of consistency by the raters (low CV
values). Nevertheless some inconsistency has been noted and it seems to follow clear patterns
(related to specific measurements on specificlprobtic area of the bones). As mentioned

above the CV is, however, a useful indicator of variability rather than a reliability test, therefore

the Inter Correlation Coeffient test will be considered now
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Figure 2.8 CV for each of the four specimens for all the different measurements.
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2.3.2Inter -Observer Error: Inter Correlati on Coefficient
Table 2.41shows the Inter Correlation Coefficient for each measurement kedifferent
elements for the foumodern sheep and goat specimeRse analysis of the results on an

element by element basis follows.

Table 2.41 ICC value and 95% Confidence Interval values for different measurements taken on different
anatomical elements.

Lower P

Intraclass Correlation Coefficient measurement B

Intraclass Correlation Value 95% Confidence Interva

Lower BoundUpper Boung

Single Measures .134 -.019 .995

Intraclass Correlation Coefficient measurement L

Single Measures ‘.031 -.051 .989
Lower P,

Intraclass Correlation Coefficient measurement B

Intraclass Correlation Value 95% Confidence Intenl

Lower BoundUpper Bound

Single Measures 774 .312 1.000

Intraclass Correlation Coefficient measurement L

Single Measures .031 -.051 .989
Mandible

Intraclass Correlation Coefficient measurement H

Intraclass Correlation Value 95% Confidene Interval

Lower BoundUpper Boung

Single Measures -.018 -.036 .931

Intraclass Correlation Coefficient measurement B

Single Measures ‘.887 .533 1.000
Horncore

Intraclass Correlation Coefficient measurement A

Intraclass Correlation 95% Confidace Interval

Lower BoundUpper Boung

Single Measures .944 .783 .996

Intraclass Correlation Coefficient measurement B
Single Measures ‘.923 ‘.703 ‘.994

Intraclass Correlation Coefficient measurement C
Single Measures ‘.934 ’.779 ’.995

Intraclass Correlation Coefficient measurement D
Single Measures ‘.851 ‘.570 ‘.988
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Intraclass Correlation Coefficient measurement E

Single Measures ‘.969

g5 |

1.000
Intraclass Correlation Coefficient measurement F
Single Measures ‘.925 ‘.649 ‘1.000

Intraclass Correlation Coefficient for A without outliers

Intraclass Correlation Value

95% Confidence Interval

Lower Bound

Upper Bouncg

Single Measures .996 .983 1.000
Interclass Correlation Coefficient for B without outliers

Single Measures ‘.995 ‘.982 ‘1.000
Interclass Correlation Coefficient for C without outliers

Single Measures ‘.993 ‘.973 ‘.999
Interclass Correlation Coefficient for D without outliers

Single Measures ‘.959 ‘.860 ‘.997
Interclass Correlation Coefficient for E without outliers

Single Measures ‘.964 ‘.890 ‘.988
Interclass Correlation Coefficient for F without outliers

Single Measures ‘.949 ‘.864 ‘.982

Scapula

Intraclass Correlation Coefficient measurement BG

Intraclass Correlation Value

95% Confidence Interval

Lower Bound

Upper Boung

Single Measures .982 .936 .999
Intraclass Correlation Coefficient measurement GLP

Single Measures ‘.757 ‘.435 ‘.979
Intraclass Correlation Coefficient measurement LG

Single Measures ‘.982 ‘.936 ‘.999
Intraclass Correlation Coefficient measurement SLC

Single Measures ‘.962 ‘.868 ‘.997
Intraclass Correlation Coefficient measurement ASG

Single Measures ‘.592 ‘.244 ‘.956

Humerus

Intraclass Correlation Coefficient measurement BT

Intraclass Correlation Value

95% Confidence Interval

Lower Bound

Upper Boung

Single Measures .963 .872 .997
Intraclass Correlation Coefficient measurement Bd
Single Measures ‘.935 ‘.793 ‘.995
Intraclass Correlation Coefficient measurement Dd
Single Measures ‘.871 ‘.638 ‘.990
Intraclass Correlation Coefficient measurement BE
Single Measures ‘.827 ‘.537 ‘.986

Intraclass Correlation Coefficient measurement BEI
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Lsse

L231 L954

Single Measures

Intraclass Correlation Coefficient measurement HTC

Single Measures ‘.975 |.912 |.998
Intraclass Correlation Coefficient measurement HT

Single Measures ‘.731 ‘.400 ‘.975

Radius

Intraclass Correlation Coefficient measurement Bp

Intraclass Correlation Value

95% Confidence Interval

Lower BoundUpper Bound

Single Measures .956 .853 .997
Intraclass Correlation Coefficient measurement BFp

Single Measures ‘.905 ‘.717 ‘.993
Intra class Correlation Coefficient measurement Dp

Single Measures ‘.897 ‘.695 ‘.992
Intraclass Correlation Coefficient measurement GL

Single Measures ‘.039 ‘.006 ‘.615

Intraclass Correlation Coefficient for GL without outlier

Single Measures ‘.997 ‘.994 ‘.999
Intr aclass Correlation Coefficient measurement SD

Single Measures ‘.780 ‘.437 ‘.981

Ulna

Intraclass Correlation Coefficient measurement B

Intraclass Correlation Valy95% Confidence Interval

Lower Bound

Upper Bound

Single Measure|.684 .290 .989

Intracl ass Correlation Coefficient measurement L

Single Measure‘.891 ‘.572 ‘.997

Intraclass Correlation Coefficient measurement SDO

Single Measure‘.942 ‘.783 ‘.998

Intraclass Correlation Coefficient measurement BPC

Single Measure‘.888 ‘.615 ‘.997

Intraclass Carelation Coefficient measurement DPA

Single Measure‘.990 ‘.956 ‘1.000
Metacarpal

Intraclass Correlation Coefficient measurement GL

Intraclass Correlation Valuy95% Confidence Interval

Lower Bound

Upper Bound

Single Measure|.985 .943 .999
Intracl ass Correlation Coefficient measurement SD
Single Measure‘.974 ‘.911 ‘.998
Intraclass Correlation Coefficient measurementBatF
Single Measure‘.987 ‘.953 ’.999

Intraclass Correlation Coefficient measurement B
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Single Measure‘.992 ‘.972 ‘.999

Intraclass Correlation Coefficient measurement a

Single Measure|.922 ‘.758 ‘.994

Intraclass Correlation Coefficient measurement b

Single Measure‘.968 ‘.893 ‘.998

Intraclass Correlation Coefficient measurement 1

Single Measure|.749 ‘.422 ‘.977

Intraclass Correlation Coefficient measurement 2

Single Measure‘.979 ‘.923 ‘.998

Intraclass Correlation Coefficient measurement 3

Single Measure|.955 ‘.845 ‘.997

Intraclass Correlation Coefficient measurement 4

Single Measure|.056 -.003 .536

Intraclass Correlation Coefficient for 4 without outliers

Single Measure‘.648 ‘.269 ‘.965

Intraclass Correlation Coefficient measurement 5

Single Measure‘.863 ‘.621 ‘.989

Intraclass Correlation Coefficient measurement 6

Single Measure|.261 .056 .840

Intraclass Correlation Coefficient for 6 without the outliers

Single Measure|.975 911 .998

Metatarsal

Intraclass Correlation Coefficient measurement GL

Intraclass Correlation Valy95% Confidence Interval

Lower Bound Upper Bound

Single Measurel.930 779 .995

Intra class Correlation Coefficientmeasurement SD

Single Measure‘.975 ‘.911 ‘.998

Intraclass Correlation Coefficient measurement BatF

Single Measure‘.995 ‘.983 ‘1.000

Intraclass Correlation Coefficient measurement B

Single Measure‘.969 ‘.891 ‘.998

Intracla ss Correlation Coefficient measurement a

Single Measure‘.939 ‘.804 ‘.995

Intraclass Correlation Coefficient measurement b

Single Measure‘.975 ‘.909 ‘.998

Intraclass Correlation Coefficient measurement 1

Single Measure‘.780 ‘.447 ‘.981

Intraclass Correlation Coefficient measurement 2

Single Measure‘.980 ‘.930 ‘.999

Intraclass Correlation Coefficient measurement 3

109



Single Measure‘.957 ‘.856 ‘.997

Intraclass Correlation Coefficient measurement 4

Single Measure‘.O?O ‘.010 |.537

Intraclass Correlation Coefficient for 4 without outliers

Single Measure‘.697 ‘.342 ‘.972
Intraclass Correlation Coefficient measurement 5

Single Measure‘.959 ‘.862 |.997
Intraclass Correlation Coefficient measurement 6

Single Measure‘.ZlZ ‘.043 ‘.799

Intraclass Correlation Coefficient for 6 without outliers

Single Measure‘.896 ‘.689 |.992
Tibia

Intraclass Correlation Coefficient measurement Bd

Intraclass Correlation Valy95% Confidence Interval

Lower Bound Upper Bound
Single Measure|.810 522 .984
Intraclass Correlation Coefficient measurement Dd(a)
Single Measure‘.glg ‘.746 ‘.994
Intraclass Correlation Coefficient measurement Dd(b)
Single Measure‘.825 ‘.544 ‘.985
Intraclass Correlation Coefficient measurement GL
Single Measure‘l.ooo ‘.999 ‘1.000
Intraclass Correlation Coefficient measurement SD
Single Measure‘.876 ‘.636 ‘.990
Astragalus

Intraclass Correlation Coefficient measurement Bd

Intraclass Correlation Valy95% Confidence Interval

Lower Bound Upper Bound
Single Measure|.991 .968 .999
Intraclass Correlation Coefficient measurement GLI
Single Measure‘.984 ‘.942 ‘.999
Intraclass Correlation Coefficient measurement DI
Single Measure‘.577 ‘.230 ‘.954
Intraclass Correlation Coefficient measurement GLm
Single Measure‘.991 ‘.967 ‘.999
Intraclass Correlation Coefficient measurement Dm
Single Measure‘.336 ‘.057 ‘.896
Intraclass Correlation Coefficient measurement H
Single Measure‘.966 ‘.885 ‘.998
Intraclass Correlation Coefficient measurement BpT
Single Measure‘.860 ‘.617 ’.989
Calcaneum

Intraclass Correlation Coefficient measurement GL
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Intraclass Correlation Valy95% Confidence Interval

Lower Bound Upper Bound

Single Measure|.006 -.062 .540
Intraclass Correlation Coefficient for GL without the outliers

Single Measure‘.462 ‘.189 ‘.687
Intraclass Correlation Coefficient measurement SB
Single Measure‘.995 ‘.983 ‘1.000
Intraclass Correlation Coefficient measurement ¢
Single Measure‘.llz ‘-.010 ‘.720
Intraclass Correlation Coefficient measurement d
Single Measure‘.esz ‘.297 ‘.965
Intraclass Correlation Coefficient measurement B
Single Measure‘.757 ‘.418 ‘.978
Intraclass Correlation Coefficient measurement DS
Single Measure‘.923 ‘.756 ‘.994
Intraclass Correlation Coefficient measurement Gd
Single Measure‘.799 ‘.459 ‘.983

3 Phalanx

Intraclass Correlation Coefficient measurement DLS

Intraclass Correlation Valy95% Confidence Interval

Lower Bound Upper Bound
Single Measure|.997 991 1.000

Intraclass Correlation Coefficient measurement MBS
Single Measure‘.??l 445 .980

1 3“lower premolar

The measurements for this element could only be taken on two specimens (both goats) as, in the
other specimens, the tooth was missing. Both measurements have very wide confidence
intervals (i.e. a range of values around the statistics that are believashtiin, with a
probability of 95%, the population value. Field 2009: 783) and ICC values whiclarafrerm

being close to 1 (Tab. 211As a consequence, they cannot be considered as taken consistently
by the raters.

1 4" lower premolar

The measuremestcould be taken on only two specimens (a sheep and a goat), as the tooth was
not presentri some of the mandibles. Table 2stiows thaB has a ICC value which is closer
to 1,thusit can be considered acceptable. On the other hand, L has a very fieierdecloser

to 0 suggesting that the measurement has not been taken as consistently as B.
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1 Mandible
H and B on the mandibleould be taken on two specimens (ghads the other two presented a
pathology in the region where these measurements sheulsken. PF was excluded from the
analysis as it could be taken on only one specimen, thus it was not representative of the sample.
The ICC value for H is small, negative and very far from 1 while the value for B is closer to 1.

Consequently B has beerkéam in a moe consistent way than H (Tab. 241

In teeth and mandildethe difference of variation that has been noted among the raters can be
due to the different way measurements have been taken. In fact, in the description provided on
the protocoljt was not clearly explained where to position the calliper, so that some colleagues
may have taken the measurement on the occlusal surface of the tooth as suggested by von den
Driesch (1976: 557) and not above enamginction Taking the measurement this area

(which is not where the crown of the tooth shrinks to connect with the root but the area just
above it) allows greater consistency as it can be taken also on heavily worn teeth. We must also
consider that the approximation to the tenth of milti@eapplied to the measurements, has a

greater influence on smaller measurements.
1 Horncore

A, B, C, and D on the horncore were taken on all four specimens while E and F only @ tw
sheep and a goat) becauke horncores were not colafe in some caseslable 2.41shows

that all measurements have pied very high ICC scores (close 1). It is surprising to note

that, despite the fact that E and F may be difficult measurements to take (i.e. no clear and
constant landmarks are present and recognizabldne bone indicatinwhere to position the
calliper9, they have given good results attesting that, although some practical problems may

occur, they can be taken in a relatively consistent way.

The use of Bland and Altman plots havealed the presenad some outliers Appendix |
Figs. A1.7A1.12). In order to evaluate threinfluence ICC was recalculated for all the
measurements, leaving out the anomalous values given lyf tdmeraters (rater 1) (Tab. 241
The results improve substantially whitre outliers are taken out showing how sensitive this test

is to the presence of extreme values.

1 Scapula
The complete set of measurements could be taken for the scapula on all specimens. All the ICC

scores are closer to 1 than O, attesting to the censysbf these measurements (Tab41).
ASG (mainly) and GLP have clearly the lowest scores and widest confidence intervals, showing

that they have been taken less consiktahan the other measurements. A possible reason for
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the inconsistency of ASG ithat the area of the bone where the callipers should be placed is
hard to define (see ChapterSection 2.1.8

Y Humerus

All the measurements could be taken on all specimeimsogk all the ICC scores (Tab. 2)41

are high and closer to 1. BEI is the leasnsistent measurement as its score is the lowest;
nevertheless it is still closer to 1 than 0, indicating a certain degree of consistency. The lower
consistency of BEI may have been caused by the difficulty of positioning the callipers in the
right way: thee areno clear landmarks to take as fixed pointsthe lateral epicondyg to
position thecallipers Some variation is present also for measurements HT, Dd and BE, though
to a lesser extent than BEI. Thus, the overall reliability is not affected.

f Radius
Bp, BFp, Dp and SD were taken on all specimens, while GL was taken only on three (two sheep
and one goat) as the distal end of this bone for one specimen was not fused, thus the
measurment could not be taken. Table 2.glows that most of the valuebtained are very
high and closer to 1 than O, supporting the idea that these measuremszattaken
consistently. GL is the only measurement which, as it has the lowest coefficient, has been taken
with less consistency by the raters. SD, despite havitgwar coefficient than the other
measurements (Bp, BFp and Dp), shows a certain degree of consistency. The inconsistency
found for GL is due to the fact that rater 1 has consistently taken measurements completely
differently than the other raters, affeithe overall result. This pattern is made even cldgrer
Figure A1.28Appendix ).
As previously observed with the horncore measurements, if the outlieexc@neledfrom the
analysisthe resit changes significantlythe ICC value for GL is closer tbthan 0, as suclit

has indeed been taken in a consistent way by the different (Badrs2.41)

f Ulna
All the measurements could be taken on only three spesi(t&n sheep and one goat)the
olecranon was not fusedfor one specimenThe ICC values(Tab. 2.4) are, for the
measurements on the ulna as well, close to 1, showing a high level of consistency. Measurement
B has the lowest coefficient and a wider confidence interval than the other measurements,
attestingto the factthat it was taken lessonsistently taken than all the others. An explanation
for that can be found in the fact that measurement B is taken in an area which is rounded and
bumpy, especially in sheep. It is therefore very difficult to position the callipers in a consistent

way (seealsoChapter ZSection 2.1.8
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1 Metacarpal
All of the measurements related to the metacarpal could be taken on all theefourens. The

ICC values (Tab. 2.4lare very high for almost all the measurements demonstrating that
consistency was adoptedhile colleagues were taking them. The measurements which have
been taken less consistently are 1, 4 and 6, which have lowest coefficients in comparison to all
the others. The reason behind the inconsistency of 1 and 4 might be that the description
regardirg where to position the calliper on the external trochlea of the medial and lateral
condyles is unclear. As a consequence, some colleagues dlare it more medily (as
suggestecby Davis 1996and Payne 1969), rather than on the external edgeriginaly

intended.

In the case of measurementadd 6 (Appendix | Figs. Al1.44 and Al.46)there are some
extreme outliersvhich can explain the lower result given by the ICC test. In order to understand
the extent to which the outliers influence the resatsiew ICC test was run excluding the
extreme values provided by some raters. The results show that the ICC for measurement 4, and
even more in the case of measurement 6, is closer now to 1 than 0, making the measurement
more reliable and consistently takéfonetheless some variability is still noticeable (especially

for measurement 4Yab. 2.41)

The Bland and Altman plots have revealed an interesting pattern among theAppensdix |

Figs. A1.35A1.46): rater 1 has givemarkedlydifferent scores fomost of the measurements.

This may relateto an error in calliper calibration. In the case of the metacarpal, a problem of
identification/confusion of medial and lateral condyle may also have occurred. Nevertheless, as
the raters were all experienced aothaeologists, and the bones not fragmented, this last

hypothesis appears to be unlikely.

1 Metatarsal
As with the metacarpal, the full set of measurements of the metatarsal could be taken on all
specimens. e 2.41shows the same pattern observed ferrtfetacarpal: measurements 4 and
6 have the widest intervals and the lowest coefficients obtained, suggesting that they were taken
less consisteht than all the other measuremef(riaters were more corssent in taking GL, SD,
BatF, BF, a, b, 2, 3 and)5 Overall, most of the measurements taken on this anatomical
element have shown consistency. The reason behind the low ICC given for the metacarpal can

also be applied to the metatarsal as the shape oftibasas very similar.

The Blandand Altman satterplots Appendix I, Figs. A1.56-A1.58) have revealedsome

patterns related tmeasurements 4 andf®r which outliers have been identifigfonsequently
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a new ICC test was run with the exclusion of the outliers for measurement 4 andv@ludse
increasesignificantly (Tab. 2.4lshowing that measurements 4 and 6 were taken vaéntain

degree of consistency.
1 Tibia

Bd, Dd(a), Dd(b) and SD have been taken on three specimens while GL only on two, as the
proximal end of one of the specimens was nsefl) as such the measuent could not be
taken. Table 2.43shows that all the measurementsvéhaelatively high coefficients in
particular Dd(a), SD, Dd{lkand Bd (in decreasing ordergonfirming that thg have been taken
consistently.

1 Astragalus
All measurements could be taken on all specimens chosen. If we consider the ICC values, DI

and Dm scores are lower than the other measurements, showing that these measurements have
been taken with less consistency by the raters. This can be explained bgpbetthe lateral

and medial side of the astragalus: they are not regular surfaces (particularly the medial side in
goat) and, as such, they are difficult to measure in a consistent way (see also GigguttoR

2.1.3. A better performance was givey Bd, GLm, GLm, H and, to a lesser extent, BpT; all

these measurements have coefficients which are highi@selto 1 (Tab. 2.41).

1 Calcaneum

The full set of measurements could be takenlbtha chosen specimens. Table 2iddicates

that GL and c haw very low coefficients. B and d show some degree of inconsistency, but the
overall result is acceptable. Better performance was given by SB, DS and Gd. The reason
behind the low performance of GL, which is a straightforwaui rantinely taken measurement

(von den Driesch 1976: 9@1), is not clear. For c on the other hand, the problem could be the
shape of the articular facet. Boessneck himself (1969: 353) defines this measurement as

imprecise.

Scatterplot A1.71(Appendix ), related to measurement GLhavs the presence of some
outliers (rater 1 and 3). If the outliers are left out of the analysis, the ICC value increases as
shownby Table 2.41Nevertheless the score is still low showing that this measurement has not

been t&en consistently by the rager
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1 3“Phalanx

All the measurements were taken on the speas. The ICC values in Table 2.4how that
both values are satisfactory. Nevertheless, DLS seems to have been taken more consistently
than MBS as the former has a seatoser to 1 than thettar.

2.3.3Intra -Observer Error: Inter Correlation Coefficient

Table 2.42 shows theesults of the Intr@bserver Eor test (CC). Results are presentéor
each measurement takby the same rater (author) t¢ime samefour modern sheep and goat
specinensused for therterObserver Eor test

Table 2.42 ICC value and 95% Confidence Interval values for different measurements taken on different
anatomical elements.

Horncore
Intraclass Correlation Coefficient measurement A
Intraclass Correlation 95% Confidence Interval
Lower Bound Upper Bound
Single Measures 1.000 .998 1.000
Intraclass Correlation Coefficient measurement B
Single Measures ‘ 1.000 ‘ .999 ‘ 1.000
Intraclass Correlation Coefficient measuranent C
Single Measures l 1.000 ‘ .999 ‘ 1.000
Intraclass Correlation Coefficient measurement D
Single Measures ‘ 1.000 ‘ .999 ‘ 1.000
Intraclass Correlation Coefficient measurement E
Single Measures l 1.000 ‘ 1.000 ‘ 1.000
Intraclass Correlation Coefficient measuremehF
Single Measures ‘ 1.000 ‘ 1.000 ‘ 1.000
Scapula

Intraclass Correlation Coefficient measurement BG

Intraclass Correlation 95% Confidence Interval
Lower Bound Upper Bound
Single Measures .995 .978 1.000
Intraclass Correlation Coefficient measuremeniGLP
Single Measures l .998 ‘ .990 ‘ 1.000
Intraclass Correlation Coefficient measurement LG
Single Measures ‘ .998 ‘ .993 ’ 1.000
Intraclass Correlation Coefficient measurement SLC
Single Measures ‘ 975 ‘ .893 ‘ .998
Intraclass Correlation Coefficient measurement ASG
Single Measures ‘ .992 ‘ .967 ’ .999
Humerus
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Intraclass Correlation Coefficient measurement BT

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .995 .978 1.000
Intraclass Correlation Coefficient measurement Bd

Single Measures ‘ .999 | .994 ‘ 1.000
Intraclass Correlation Coefficient measurement Dd

Single Measures ‘ .999 ‘ .997 ‘ 1.000
Intraclass Correlation Coefficient measurement BE

Single Measures ‘ .985 | .934 ‘ .999
Intraclass Correlation Coefficient measurement BEI

SingleMeasures ‘ 975 ‘ .895 ‘ .998
Intraclass Correlation Coefficient measurement HTC

Single Measures .989 ‘ .951 ‘ .999
Intraclass Correlation Coefficient measurement HT

Single Measures .990 ‘ .957 ‘ .999

Radius

Intraclass Correlation Coefficient measurement BFp

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .996 .982 1.000
Intraclass Correlation Coefficient measurement Bp

Single Measures ‘ .961 ‘ .840 ‘ .997
Intraclass Correlation Coefficient measurement Dp

Single Measures .968 ‘ .869 ‘ .998
Intraclass Correlation Coefficient measurement GL

Single Measures .999 ‘ .995 ‘ 1.000
Intraclass Correlation Coefficient measurement SD

Single Measures ‘ .997 ‘ .986 ‘ 1.000

Ulna

Intraclass Correlation Coefficient measurement B

Intraclass Coelation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .989 .942 1.000
Intraclass Correlation Coefficient measurement L

Single Measures .995 ‘ 974 ‘ 1.000
Intraclass Correlation Coefficient measurement SDO

Single Measures .985 ’ 935 ‘ .999
Intraclass Correlation Coefficient measurement BPC

Single Measures .993 ‘ .970 ‘ 1.000
Intraclass Correlation Coefficient measurement DPA

Single Measures .993 ’ 971 ‘ 1.000

Metacarpal
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Intraclass Correlation Coefficient measurement GL

Intraclass Corretion

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .998 .989 1.000
Intraclass Correlation Coefficient measurement SD
Single Measures l .998 l .991 1.000
Intraclass Correlation Coefficient measurement BatF
Single Measures ‘ .993 ‘ .968 .99
Intraclass Correlation Coefficient measurement BE
Single Measures .998 l .991 1.000
Intraclass Correlation Coefficient measurement a
Single Measures ‘ .998 ‘ 991 1.000
Intraclass Correlation Coefficient measurement b
Single Measures l .997 ‘ .985 1.000
Intraclass Correlation Coefficient measurement 1
Single Measures ‘ .982 ‘ 921 .999
Intraclass Correlation Coefficient measurement 2
Single Measures l .995 ‘ .980 1.000
Intraclass Correlation Coefficient measurement 3
Single Measures ‘ 991 ‘ .959 .999
Intraclass Correlation Coefficient measurement 4
Single Measures l .968 ‘ .867 .998
Intraclass Correlation Coefficient measurement 5
Single Measures ‘ .997 ‘ .986 1.000
Intraclass Correlation Coefficient measurement 6
Single Measures l .991 ‘ .960 .999

Metatarsal

Intracla ss Correlation Coefficient measurement GL

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .999 .996 1.000
Intraclass Correlation Coefficient measurement SD
Single Measures .993 ‘ .969 1.000
Intraclass Correlation Coefficient measurement BatF
Single Measures .999 ‘ .994 ‘ 1.000
Intraclass Correlation Coefficient measurement Bl
Single Measures ‘ .987 ‘ .944 ‘ .999
Intraclass Correlation Coefficient measurement 1
Single Measures ‘ .985 ‘ .935 .999
Intraclass Correlation Coefficient measurement 2
Single Measures ‘ .995 ‘ .979 1.000
Intraclass Correlation Coefficient measurement 3
Single Measures ‘ .998 ‘ 991 1.000
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Intraclass Correlation Coefficient measurement 4

‘ 946 ‘ 789 \

Single Measures .996
Intraclass Correlation Coefficient measurement 5
Single Measures ‘ .996 ‘ .981 ‘ 1.000
Intraclass Correlation Coefficient measurement 6
Single Measures ‘ .997 | .985 ‘ 1.000
Tibia

Intraclass Correlation Coefficient measurement Bd

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .998 .991 1.000
Intraclass Correlation Coefficient measurement Dd(a)
Single Measures .995 ‘ 977 1.000
Intraclass Correlation Coefficient measurement Dd(b)
Single Measures .991 ‘ .959 ‘ .999
Intraclass Correlation Coefficient measurement GL
Single Measures ‘ 1.000 ‘ .999 ‘ 1.000
Intraclass Correlation Coefficient measurement SD
Single Measures ‘ .995 ‘ .978 ‘ 1.000
Astragalus

Intraclass Correlation Coefficient measurement Bd

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .988 .949 .999
Intraclass Correlation Coefficient measurement GLI
Single Measures ‘ .999 ‘ .997 ‘ 1.000
Intraclass Correlation Coefficient measurement DI
Single Measures ‘ .993 ‘ .968 ‘ .999
Intraclass Correlation Coefficient measurenent GLm
Single Measures .999 ‘ .996 ‘ 1.000
Intraclass Correlation Coefficient measurement Dm
Single Measures ‘ .992 ‘ .963 ‘ .999
Intraclass Correlation Coefficient measurement H
Single Measures .995 ‘ 979 ‘ 1.000
Intraclass Correlation Coefficient measuremenBpT
Single Measures .992 ‘ .964 ‘ .999
Calcaneum

Intraclass Correlation Coefficient measurement GL

Intraclass Correlation

95% Confidence Interval

Lower Bound

Upper Bound

Single Measures .999 .997 1.000
Intraclass Correlation Coefficient measurement 8
Single Measures .994 973 1.000
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Intraclass Correlation Coefficient measurement ¢

Single Measures ‘ .984 ‘ .930 ‘ .999

Intraclass Correlation Coefficient measurement d
Single Measures ‘ .990 ‘ .955 ‘ .999
Intraclass Correlation Coefficient measurement B
SingleMeasures l 971 ‘ .880 | .998
Intraclass Correlation Coefficient measurement DS
Single Measures ‘ .997 ‘ .985 ‘ 1.000
Intraclass Correlation Coefficient measurement Gd
Single Measures l 971 ‘ .878 | .998
3 Phalanx
Intraclass Correlation Coefficient measurement DLS
Intraclass Correlation 95% Confidence Interval
Lower Bound Upper Bound
Single Measures 1.000 .998 1.000

Intraclass Correlation Coefficient measurement MBS

Single Measures ‘ .989 ‘ .953 .999

Oneway random effects model where people effects are random

9 Horncore

Table 2.42 shows that all measurements on the horncores have provided very high ICC scores
confirmingthe results obtained from thetér-Observer Eor.

1 Scapula
All the ICC scores for all measaments taken on the scapula are closer to A hattesting to

their consistency (Tab. 2.42). ASG has provided a higher ICC Htamehe one obtained with
the Inter-Observer Eor, showing that it can be taken considiienSLC is the measuremeaon
the scapulavhich has given the lowest scqt€C= 0.975)however, athe score ifar closer to

1 than Qit has been taken consistently

 Humerus

All the ICC scores (Tab. 2.42) tfe measurements taken on the humerus are high and close to
1. BEI, consistety with what observed with the Int®bserve Error, ha the bwestscore

(ICC= 0.975) neverthelessasit is far closer to 1 than Gt hasbeentaken with consistency.

1 Radius
Table 2.42hows thaall the values obtained are very high and closer to 1 than 0, supporting the

idea that the measuremtson the radiusvere taken consistentlythe measurements which
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gave the lowest ICGcores for the radiugre Bp (CC= 0.961) and Dp (ICC= 0.968As both

values are far closer fbthan Gtheycan be considerezbnsistentlytaken

f Ulna
The ICC valuegTab. 2.42 are, for the measurements on the ulna as well, close to 1, showing a
high level of consistencyartially consistent with what observed with the ldaserver Error
test, neasurement B(ICC= 0.989) and SDO (ICC= 0.98%ave providedthe lowed
coefficiens. Nevertheless, as the coefficients are still very kgt closer to 1 than, ®oth

measurementshow tohave been taken with consistency.

1 Metacarpal
All of the measurements related to the metacanpse provided highCC values (Th. 2.2)

demonstrating thathey were taken witltonsistencyby the autharThe measurements which
havegiven the lowest ICC values ateand 4 (respectively ICC= 0.982 and 0.9@®nsistently
with what observed witlthe InterObserver Eor. Nevertheless, thesvalues are still very high
showing thathe author has taken thexonsistetly.

1 Metatarsal
Very similar results have been obtairfeain the metatarsal (Table 2.4R)easurements 4 and 6
have the lowest coefficieni{gespectively ICC= 0.985 and 0.94&uggesting that they were
taken less consistently than all the other measurenmidetgerthelesstheir ICC scores ardar

close to 1than Q thus have been takeonsistently

M Tibia

All measurementiaken on the tibia have provided very high ICC scaresfirming that they

haveall been taken consistently.

1 Astragalus
Table 2.42 shows thatl aneasurements taken ¢ime astragus have been taken consistently by

the author as th&CC valuesare all close to 1 The pattern observed for the Int@bserver
Error, according to whiclDI and Dmwere the less consistently taken measurements, is not

confirmedhere

I Calcaneum

All measurements taken on tlalcaneumhave provided high ICC values. Consistgnwith

what observed for the Int€@bservertest, measureemt ¢ has given one of the lowest values
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(ICC= 0.984). B and Gd have also givelightly lower results (respectively ICC= 0.971dan
0.971) compared to the othersewerthelesshey arefar closer to 1 than 0, suggesting that they

have been taken consistign

1 3“Phalanx

All the measurements taken on Biéphalanx have givesatisfacton)CC values.

2.3.4 Conclusions
The dudy of the hterObserver Eor has revealed some interegtitrends. The analysis of the
Coefficient of Variation (CV) has indiced a fairly high level of consistency in the way mos

measurements were takieythe eight ratefsmostCV values were lower than 5%.

Of the measurements proposed, some gave good results (i.e. measurements on the radius, ulna,
tibia and & phalanx) whilesome others were taken less consistently (i.e. all measurements on
the horncore, especially A, B, C and D; tooth measurements; ASG on the scapula; BElI and HT

on the humerus; 4 and 6 on the metapodials; ¢c and d on the calcaneum).

The more appropriately ed Inter Correlation Coefficient test (ICC) revealed thiag
measurements that were taken less consistbgtlg number or different ratexgere mainly
those described by previous literature, vatity a few newly introduced measurements.

The measuremesitvhich gave the lowest ICC valuegh the hter-Observer Eor test namely

were taken less consistently, were:

BandLon R

Lin Py

H and B on the Mndible;
ASG in Sapula;

BEI in Humerus;

Dl and Dm in the Atragalus;

=A =4 =4 4 4 -4 =4

c in the Glcaneum.

Different reasons have been identified to explain such inconsistency. The first is related to the
nature of the surface or area in which the measurements are taken: it is difficult to measure
consistently bones that do not provide clear landmarks or a straifgteson which to place

the callipers (as in the case of ASG in the scapula, BEI in the humerus, DI and Dm in the

astragalus). The second reason is that some problems may have occurred because the
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measurement was not sufficiently well defined, leaving réandoubt (as in the case of BEI in

the humerus and c in the calcaneum).

Similar trerds have been observed when the Kteserver Eor test was conductedlotably

all measurements, even though to a different degree, gave hifDeraluescompared tohe
values given byhe Inter-Observer Eor. This confirms what observed by previous researchers
(Johnstone 2004; Popket al. 2012; Ulijaszek and Lourie 1994; Utermohle and Zegura 1982

namely thatheIntra-Observer Eor is generally lowethan the Iter-Observer Eor.
The measurements which gave the lowest ICC valithsthe IntraObserver Eor were:

ASG and SLC in &pula;
BEI in Humerus;

Bp and Dp in Rdius;

4 in the Metapodials;

= =4 -4 -4 -

B in the Gilcaneum.

In conclusion, both testsshow thatthere is strong evidence for the repeatability of the
measurementmaking up the new recording protoc&ven though someneasurements have
revealed to be slightly morgroblematicto be taken consistently (disregarding the influence of
extreme outliers due to ham error) the overall results are successful; thus there is no need to

exclude any measuremdnim the recording protocol

Neverthelesstiis important to rake sure that the explanationhaiw to take theneasurements,
especially those which have prded lower ICC valuess as clear as possible. It must also be
accepted that, because of the naturesahebone themselvessome measurements can be
subject to more variability than others.
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2.4 Morphological results

Analytical studies of the relially of known and new morphological criteria for distinguishing
sheep and goat specimens have been carried out in the past by a variety of researchers (Clutton
Brock et al. 1990; Fernande2001; Zeder and Lapham 2010; Zeder and Pilaar 2010). As most

of the® studies were carried out on highly heterogeneous modern samaiteshle in terms of

age, sex and breedtesting the morphological traits on a more homogenous sample was

identified as an important step. The aims for such a study were:

1. to check and idntify which, among the known morphological traits, were more visible
and reliable on English arméntral European sheep and goat modern specimens;

2. toinvestigate the extent to which the visibility and reliability of the morphological traits
are affectedby factors such age and sex;

3. to create a shortlist of more reliable traits thatldobe used to analyse English

medieval sheep/goat assemblages.

The list of the morphological traits that have been evaluated and the reasons why they were
chosen have alegly been explained. The descriptions of each of the morphological features
have been outlined in Chapter 2 (Section 2.1.2) along with the scoring system used to record
each trait (Chapter 2, Tap20).

In the following sections the results of the studyttee morphological traits on the modern
material are presented. The first section is focused on establishing which morphological features
are more reliable for species identificati(®ection 2.4.1). A study of the influence that sex
(Section 2.4.2) andge (Section 2.4.3) can have on the visibility and reliabifythe traits

follows.

2.4.1 Reliability of the morphological diagnostic traits

Table 2.42presents the results when the reliability of the morphological traits was tested to see
which elemerg and features were more successful in identifying each species. A list of the
anatomical elemeas, morphological traitand number of specimens is provided, along with the
percentage of correct matchings given f@wn The first column presents the pemtage of

correct matches when the morphological trait was successfully attributed totaen the
specimen belonged to. The second and third column show the percentages, for each species,
when a combination of scores was taken into account (for exa@eapra + CL (Capra

like) and, C Caprg +CL (Capralike) + OC QOvis/Caprg. For instance, the difference in
percentage between the first and second colurchamacteristi@ for the mandible is due to the

fact that some of th€apra specimens were clsified asCapra like. In the third column the
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specimens classified a@vis/Capraalso contribute to the percentage. The results are also
displayed withthe use of charts (Figs. 282.69.

Table 2.42 shows that some traits have achieved higher perceritsd6) of successful
species assignment in both species. Tables 2.43 and 2.44 display the list of these more

successful traitsespectively for goat and sheep.

Table 2.43 Matchings of morphological identifications with actual taxa. C= Capra O= Ovis CL= Capralike,
OL= Ovislike, OC= OQvis/Capra.

Anatomical Morphological | N. Capra hircus Ovis aries
Elements Trait of Specimens
C @) % of matching % of matching
C C+CL | C+CL O O+0L O+0OL
+0C +0OC
Horncore 1 36 30 100 100 100 100 100 100
2 36 30 100 100 100 100 100 100
Mandible 1 62 71 22.6 22.6 96.8 43.7 43.7 81.7
2 58 69 69 94.8 100 91.3 98.6 100
dpP; 1 6 9 83.3 100 100 55.6 88.9 88.9
2 4 5 25 50 100 0 20 100
dpP, 1 3 5 0 0 100 20 20 100
2 4 7 0 50 50 100 100 100
3 6 8 83.3 100 100 100 100 100
4 4 5 75 75 100 60 60 100
Ps 1 52 49 63.5 80.8 82.7 40.8 71.4 85.7
2 52 49 76.9 84.6 98.1 63.3 83.7 91.8
3 52 49 82.7 92.3 96.2 57.1 71.4 85.7
Py 1 52 55 36.5 63.5 88.5 63.6 94.5 98.2
2 52 55 40.4 59.6 84.5 67.3 87.3 100
3 52 55 59.6 88.5 94.2 70.9 94.5 98.2
$ | Ms 1 47 58 36.2 57.4 97.9 0 1.7 345
é 2 48 58 25 50 89.6 39.7 56.9 100
o 3 49 58 61.2 85.7 98 39.7 51.7 56.9
'g 4 49 58 28.6 75.5 98 5.2 32.8 89.7
O 5 46 55 91.3 95.7 97.8 50.9 65.6 78.2
Scapula 1 74 73 58.1 85.1 90.5 91.8 100 100
2 74 73 824 89.2 94.6 60.3 68.5 72.6
Humerus 1 76 71 76.3 100 100 94.4 100 100
2 76 71 47.4 78.9 934 64.8 915 100
3 76 71 78.9 88.2 96.1 64.8 915 100
4 76 71 73.7 80.3 85.5 78.9 91.5 93
5 76 70 85.5 96.1 98.7 97.1 100 100
Radius 1 74 72 85.1 91.9 94.6 100 100 100
2 74 72 81.1 87.8 95.9 83.3 97.2 97.2
Ulna 1 59 59 86.4 94.9 96.6 74.6 76.3 76.3
2 56 58 57.1 92.9 96.4 63.8 94.8 96.6
Metacarpal 1 58 62 93.1 98.3 98.3 98.4 100 100
2 58 62 70.7 93.1 98.3 53.2 87.1 96.8
3 58 62 224 74.1 100 33.9 75.8 96.8
4 58 62 79.3 96.6 96.6 91.9 100 100
5 58 62 94.8 98.3 98.3 85.5 87.1 93.5
Metatarsal 1 62 64 85.5 98.4 98.4 98.4 100 100
2 62 64 71.0 96.8 100 344 77.1 96.9
3 62 64 16.1 64.5 96.8 21.9 66.2 90.6
4 62 64 79 95.2 98.4 93.8 100 100
5 62 64 96.8 100 100 82.8 84.4 90.6
6 62 64 93.5 95.2 98.4 98.4 98.4 98.4
Tibia 1 72 69 58.3 75 79.2 75.4 82.6 84.1
2 72 69 77.8 93.1 95.8 49.3 59.4 65.2
] 3 72 69 63.9 70.8 75 31.9 69.6 76.8
_§ 4 70 69 714 84.3 90 88.4 98.5 100
= 5 71 69 45.1 90.1 95.8 37.7 88.4 100
'g 6 72 69 72.2 95.8 98.6 65.2 97.1 98.6
O | Astragalus 1 73 73 53.4 80.8 90.4 93.2 98.7 100
7 2 74 73 97.3 98.6 100 28.8 50.7 61.6
& 3 73 73 87.7 97.3 98.6 76.7 91.8 91.8
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Anatomical Morphological | N. Capra hircus Ovis aries
Elements Trait of Specimens
C O % of matching % of matching
C C+CL | C+CL O O+0L O+0OL
+0C +0C
4 74 73 37.8 54.1 63.5 91.8 97.3 98.6
5 74 71 78.4 91.9 95.9 84.9 97.3 97.3
6 74 73 90.5 100 100 74.0 98.7 100
Calcaneum 1 61 62 83.6 96.7 100 58.1 80.6 88.7
2 61 62 86.9 95.1 984 90.3 98.4 100
3 60 62 73.3 78.3 80 90.3 98.4 100
1% Phalanx 1 68 68 72.1 91.2 94.1 66.2 72.1 79.4
2 69 69 50.7 82.6 94.2 85.5 92.8 98.6
3 69 69 10.1 275 60.9 91.3 94.2 100
4 69 69 82.6 98.6 100 75.4 91.3 95.7
2" Phalanx 1 66 67 90.9 955 97 37.3 52.2 56.7
2 67 67 70.1 94 98.5 82.1 91 92.5
39 Phalanx 1 67 69 74.6 85.1 89.6 87 95.7 100
2 67 69 71.6 82.1 92.5 94.2 100 100

Table 2.44 Morphological traits which have provided a high pecentage oftaxon attributions for goat (>90%).

GOAT
Morphological
Anatomical Element| Trait % of matching
C | C+CL | C+CL+0OC
Horncore 1 100 | 100 | 100
2 100 | 100 |100
Ms 5 91.3/95.7 |97.8
Metacarpal 1 93.1/98.3 |98.3
5 94.8/98.3 |98.3
Metatarsal > 96.8| 100 100
6 93.5/95.2 984
Astragalus 2 97.3]98.6 |100
6 90.5{100 |100
2" Phalanx 1 90.9]95.5 |97

Table 2.45 Morphological traits which provided a high percentage otaxon attributions for sheep (>90%).

SHEEP
Anatomical element | Morphological | % of matching
Trait
o O+0OL | O+0OL+0OC
Horncore 1 100 | 100 100
2 100 | 100 100
Mandible 2 91.3| 98.6 100
dP, 2 100 | 100 100
3 100 | 100 100
Scapula 1 91.8| 100 100
HUMErus 1 94.4| 100 100
5 97.1] 100 100
Radius 1 100 | 100 100
Metacarpal 1 98.4| 100 100
4 91.9| 100 100
1 98.4| 100 100
Metatarsal 4 93.8 | 100 100
6 98.4| 984 98.4
Astragalus 1 93.2| 98.7 100
4 91.8| 97.3 98.6
Calcaneum 2 90.3| 98.4 100
3 90.3| 98.4 100
1% Phalanx 3 91.3| 94.2 100
2"Phalanx 2 94.2 | 100 100
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Two patterns can be noticed. First of all, the horncore is the only anat@t@ment which has
provided100% of morphological identifications in both species for both traits. This element is
clearly highly diagnostic. The other elements thaehanovided good results in both species are

the metapodials; in particular trait 1 in the metacarpal and 6 in the metatarsal. These results are

consistent with previous literature.

Some other morphological traits, as shown in Tabl&8 2nd 2.44 have povided high
identification percentages fonly on one of the two specie@verall, the species for which a
higher number of traits and elements have provided high percentagesméttributions is, in

this study, the sheep. Thus, the morphologicalstiai this sample were more variable for the

goat group than the sheep grodese outcomes do not agree with what Zeder and Lapham
(2010: 2904) stated in their study. According to the two researchers, traits in goat were easier to
detect becausthney wee more strongly expressed while in sheep they were more subtle. This
different result might be due to the fact that while the samples of modern sheep and goats
studied by Zeder and Lapham were both highly heterogeneous with the presence of a high
number ofwild goats (37 out of 49} for which the traits may have been more strongly
expressed the modern samples in this study war®re homogeneous, as both groups were
exclusively made up of domestic animals. Such homogeneity is particularly true for ¢ipe she
whose sample is almost completely represented by two British breeds. It therefore makes sense
that the morphological traits could be more consistently observed in the sheep sample, whereas

the goat sample was more heterogeneous.

Some morphological tits have not provided very high percentages of specific attributions, but
the matching gets much higher (>95%) when more tentative identificali@aprglike and
Ovislike) are added. These are shown in Ta&x}sfor goat and in Tablg.46for sheep.

Table 2.46 Morphological traits for the goat group which provide a high score (>95%) only when different
categories were combined (C+CL).

GOAT
Anatomical Morphological
Element Trait % of matching
C C+CL C+CL+OC
dpP; 1 83.3 100 100
dr, 3 83.3 100 100
1 76.3 100 100
Humerus 5 85.5 96.1 98.7
Metacarpal 4 79.3 96.6 96.6
1 85.5 98.4 98.4
2 71 96.8 100
Metatarsal 4 79 95.2 98.4
Tibia 6 72.2 95.8 98.6
Astragalus 3 87.7 97.3 98.6
1 83.6 96.7 100
Calcaneum 2 86.9 95.1 98.4
1%'Phalanx 4 82.6 98.6 100

Table 2.47 Morphological traits for the goat group, which provide a high score (>95%) only when different
categories were combined (O+OL).
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These traits, despite not providing 100% accuracy still useful. Some traits that provide 90%

SHEEP
Anatomical Morphological .
Element Trai? ? % of matching
(0] O+0OL 0O+0OL+0C

Radius 2 83.3 97.2 97.2

4 88.4 98.5 100
Tibia 6 65.2 97.1 98.6

5 84.9 97.3 97.3
Astragalus 6 74 98.7 100
39 Phalanx 1 87 95.7 100

of correct attributions to sheep (i.e.dfPait 3, humerus traits 1 and 5, metacarpal trait 4,

metatarsal trait 1 and 4 and, calcaneus trait 2) (Zald), reach a high score also in goat, but

only when tle Capralike category is added. This confirms on the one hand the higher degree of

variability in

goat

reasonably good results in both species.

Those traits that provide high idéittation percentages only when the categOmis/Caprais
added (C+CL <70%) appear to be less reliable. These include:

© N o o0 s~ w NP

Mandible, trait 1;
dP;, trait 2;

dP,, trait 1, 2 and 4;
P,, trait 1 and 2;
M, trait 1 and 2;
Metatarsal, trait 3;
Astragalus trait 4;
1% Phalanx, trait 3.

While for sheep (O+0OL<70%) are:

© ® N o g DR

Mandible trait 1;
dP;, trait 2;

dP,, trait 1 and 4;
M, all traits;
Scapula, trait 2;
Tibia trait 2 and 3;
Metatarsal, trait 3;
Astragalus, trait 2;

2" Phalanx, trait 1.

and,

on

t he

ot her

t hat

Traits on teeth and mandibperformed poorly in both species. This is in agreement with the

results obtained by Zeder and Lapham (2010). Nevertheless, a distinction has to be made as the
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degree of reliability of some traits can be linked to different factors. In teeth an impesiaat i
affecting the probability of correct identification is represented by the degree of wear. In
addition, some morphological traits (such as 1, 2 and 3 jnadfid trait 5 on M) are located in
positions that can be difficult or impossible to see whentdloth is embedded in the jawan

issue that affects in particular the-fitagmented modern reference material.

As concerns trait 2 on the scapula, the difficulty may berelggéed. In sheep the elliptical shape

of the glenoid cavity turns into a morércular shape as the animal gets older, making the
separation with the goat more challengiigr the tibiathere 8 much variabilitymaking
identifications sometimes diffittu(as also olerved by Zeder and Pilaar 2Q1@ high degree

of variation tas asobeennoted in trait 3 on the metapodials, traits 2 and 4 on the astragalus and

trait 1 on the Tand 2° phalanx.
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N. Specimens
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Figure 2.9 Horncore trait 1 (section): number of specimens attributed to the differentcategories for the two
species(CH=Capra hircus OA= Ovis aries; scores on horizontal axis C= Capra; CL= Capralike; OC=
Ovis/Capra; OL= Ovidike; O= Ovis).
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Figure 2.10 Horncore trait 2 (curvature): number of specimens attributed to the different categories for the
two speciesFor details seeFig. 2.9.
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Figure 2.11 Third deciduous lower premolar dP;, trait 1 (overall shape): number of specimens attributed @
the different categories for the two species:or details sed-ig. 2.9.
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Figure 2.12 Third deciduous lower premolar dP;, trait 2 (metaconoid): number of specimens attributed to the
different categories forthe two speciesFor details see Fig. 2.9.
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Figure 2.13 Fourth deciduous lower premolar dR, trait 1 (crown aspect): number of specimens attributed to
the different categories for the two species:or details see Fig. 2.9.
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Figure 2.14 Fourth deciduous lower premolar dR, trait 2 (presence/absence of basal swelling): number of
specimens attributed to the different categories for the two specigSor details e Fig. 2.9.
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Figure 2.15 Fourth deciduous lower premolar dR, trait 3 (presence/absence of interlobar pillar): number of
specimens attributed to the different categories for the two specieBSor details seeFig. 2.9.
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Figure 2.16 Fourth deciduous lower premolar dR, trait 4 (enamel development): number of specimens
attributed to the different categories for the two species-or details see Fig. 2.9.
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Figure 2.17 Third permanent lower premolar Pj, trait 1 (overall shape): number of specimens attributed to the
different categories for the two specied-or details see Fig. 2.9.
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Figure 2.18 Third permanent lower premolar Pj, trait 2 (middle vertical ridge): number of specimens
attributed to the different categories for the two specied-or details see Fig. 2.9.
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Figure 2.19 Third permanent lower premolar P, trait 3 (mesial-buccal angle): number of specimens attributed
to the different categories for the two species:or details see Fig. 2.9.
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Figure 2.20 Fourth permanent lower premolar P,, trait 1 (overall shape): number of specimens attributed to
the different categories for the two species:or details see Fig. 2.9.
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Figure 2.21 Fourth permanent lower premolar Py, trait 2 (mesio-lingual rib): number of specimens attributed
to the different categories for the two species$:or details see Fig. 2.9.
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Figure 2.22 Fourth permanent lower premolar P, trait 3 (mesio-buccal angle): number of specimens
attributed to the different categories for the two specied-or details see Fig. 2.9.
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Figure 2.23 Third lower molar M3, trait 1 (mesial face): number of specimens attributed to the diffrent
categories for the two species:or details see Fig. 2.9.
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Figure 2.24 Third lower molar M, trait 2 (buccal edge angle): number of specimens attributed to the different
categories for the two species-or details see Fig. 2.9.

134



o

20

15 | mCH

N. Specimens

HOA

Figure 2.25 Third lower molar Mj, trait 3 (direction of central cusp): number of specimens attributed to the
different categories for the two speciedzor details see Fig. 2.9.
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Figure 2.26 Third lower molar M, trait 4 (symmetry and shape of cusps): number of specimens attributed to
the different categories for the two species:or details see Fig. 2.9.
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Figure 2.27 Third lower molar M, trait 5 (distal flute): number of specimens attributed to the different
categories for the two species:or details see Fig. 2.9.
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Figure 2.28 Mandibl e, trait 1 (presence/absence of foramen): number of specimens attributed to the different
categories for the two species-or details see Fig. 2.9.
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Figure 2.29 Mandible, trait 2 (hollow): number of specimers attributed to the different categories for the two
speciesFor details see Fig. 2.9.
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Figure 2.30 Scapula, trait 1 (glenoid tubercle): number of specimens attributed to the different categories for
the two speciesFor details see Fig. 2.9.
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Figure 2.31 Scapula, trait 2 (shape of glenoid cavity): number of specimens attributed to the different
categories for the two species:or details see Fig. 2.9.
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Figure 2.32 Humerus, trait 1 (lateral epicondyle): number of specimens attributed to the different categories
for the two speciesFor details see Fig. 2.9.

Figure 2.33 Humerus, trait 2 (grove at the posterior side of the lateral epicondyle): number of specimens
attributed to the different categories for the two specied-or details see Fig. 2.9.
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