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THE PREDICTIVE VALUE OF DENTAL MICROWEAR
IN THE ASSESSMENT OF CAPRINE DIET

Ingrid Beuls*, Leo Vanheck& Bea De CupefeMarleen Vermoere
Wim Van Neet?, Marc Waelkens

Abstract

Over the last decades, much progress has ben adhievthe field of dietary reconstructional studiest least in the use of
the analysis of microscopic defects or microweasent on tooth surfaces. This technique is comparit nature in that it

is based on the characterisation (qualitative angimntitative) of the microwear patterns foundréecent animals with

known diets to infer data on the diet of archaeg®iganimals. In 1996, based on previous archadogmal findings in the

classical city of Sagalassos (Burdur Province, Tyrkan experimental study was set up to gain a rdetailed insight in

the former use and management of caprines. Deritabwear studies were used to detect patternserdigtary intake of

the modern caprines but a secondary aim was towsthe resolution boundaries of the techniqueluine ‘96, February
and August '97, and May and August '98, herds efeghand goats were observed and the dietary infaaected animals
noted. The resulting microwear patterns presera sinearing facet of the right mandibular first mel@re analysed qualita-
tively. Results of this analysis are presented hedrhplications for the analysis of archaeologteath are discussed.

Résumé

Depuis les dernieres decennies, les études daiosriaine de la reconstitution de la diéte ont beapi@rogressé et pas dans
les moindre en utilisant les analyses des défaidsostopiques ou encore la micro-usure présentassurface des dents.
Cette technique est comparative car elle est fosdéda caractérisation (qualitative et/ou quantiggtdes schémas de la
micro-usure chez les animaux actuels avec une atatien connue, en vue d'une application sur legmanx
archéologiques. En 1996, une étude expérimentaté anise au point sur la base des vestiges archiégagues récoltés
auparavant dans la cté classique de Sagalassosu(BRimavince, Turkey), afin d’acquérir connaissaptes détaillée des
modes d’exploitation et de gestion des caprinés. ticro-usures dentaires ont été utilisées powctd¥ les schémas de
consommation des caprinés modernes, mais le séxdritk ce travail était de mettre en évidenceimeitels de la technique.
En Juin 1996, février et aolt 1997 et mai et a@¥8ldes troupeaux de moutons et de chévre onbéene et la consom-
mation d’animaux séléctionnés enregistré. Les selsédes micro-usures résultant de cette consommatibensuite été
analysé qualitativement sur une surface de frictlenla premiere molaire inférieure droite. Le rémutles analyses est
présentée ici et les implications pour I'étude diests archéozoologiques sont discutées.

Keywords: Dietary reconstruction, Caprines, Dentrawear, Qualitative

Mots Clés: Reconstitution de la diéte, Caprinés, Mieare dentaire, Qualitative

Introduction

Faunal assemblages in the Near East, from the tNeotinwards, usually comprise large numbers of
sheep and goat remains. This is also the casegataéSaos, a Roman-Byzantine city situated about 7
km north of the small village of @asun in the Province of Burdur (Turkey). From tnset of exca-
vations in 1990 about 300,000 bones were examigueponderance of caprine material (41.4 % of
the total number of identified bones) was obsea Cupere, 2001).

The importance of these caprines in the subsisteheilages and cities poses the question of their
management and use in those settlements. A posgilyléo approach this type of problem is to try to
determine the dietary pattern of the animals thnoaigtudy of dental microwear. Dietary patternk tel
a lot about feeding habits, and consequently atsthe management of the animals. Thanks to their
structure and durability, teeth represent about dd%e total caprine material identified in Sagala
sos (De Cupere, 2001). Dental microwear has bessh exgensively over the past decades in the study
of dietary or even non-dietary marks on occlusal mon-occlusal surfaces of teeth of various species
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(e.g. Walkeret al. 1978; Teaford and Walker 1984; Van Valkenbuegtal 1990; Puech 1992; So-
louniaset al 1988; Solounias and Moelleken 1992; Lalueza-Fuk Brayer 1997; Kingt al. 1999;
Pérez-Péreert al 1999 ). The use of microwear as a dietary madketeeth of domestic animals
however, has been very limited. Mainland (1994,5809.995b, 1998a, 1998b), using quantitative and
gualitative analytical techniques, managed to destmate a distinction between fodder-fed and natu-
rally grazing domestic sheep. These animals weaeimgy on pastures in a temperate climatic zone.
The present study differs in approach from this/jones work in that sheep and goats were kept under
extensive management in a Mediterranean semi-asigtomment. In dental microwear studies there
has been an emphasis on the use of quantitatitaeitpes to detect the relationship between the mi-
crowear and diet. Mainland (1994, 1995a, 1995b)éwan, has shown the possible usefulness of
combining the quantitative and qualitative appreschn this study, the results of the qualitative
analysis of the dental microwear will be presenteghreliminary qualitative analysis using the data
from June 1996, February 1997, and August 1997akasdy conducted (Beuls 2000a). This study
showed a difference between individuals grazingiimer or summer and between sheep and goats.
The former data were integrated with the data fi®@®8 and reanalysed. The results of the quantita-
tive analyses will be presented in a forthcomirtecler.

Sagalassos and its natural environment: past and psent

The ultimate goal of the dental microwear rese#&db transpose the data recorded on modern refer-
ence material to the archaeological material extealvan site. These observations would be irrelevant
if the plant species grazed upon today by the napnivould be noncomparable to ones present during
the archaeological period under study (1st cerB@yAD 7th century). The 'Sagalassos Archaelogi-
cal Research Project' tries to reconstruct in ashnuetail as possible the natural environment é th
territory of the city. In this article, the ‘tersity’ of the city implies an area of about 1800°%kudefined

by the borders during the heyday of the city. Titye roper is situated at an altitude of 1490 m\ebo
sea level (a.s.l.) to 1600 m a.s.l. on an unduapilatform of limestone and ophiolites in the Tstki
Taurus mountain chain.

The palynological analysis of three sediment cepdracted from wetlands in the vicinity of Saga-
lassos (Gravgaz and Canakl) yielded pollen diagrasmich could be divided into several pollen as-
semblage zones (Vermoeareal 2000a; Vermoeret al submitted). One of these zones roughly coin-
cides with a cultivation phasé¥10-240 BC til AD 660-770) comprising the RomaniidBy-
zantine period. A number of primary (e@lea europaealuglans regiaFraxinus ornu¥ and secon-
dary anthropogenic indicators (eRplygonum aviculareCentaurea solstitialisare well represented.
The species shown in the pollen assemblages irdicaumber of plant species still commonly pre-
sent today, e.g. evergreen oak speci@sefcus cocciferaype), Juniperus non-cultivated grasses,
Sanguisorba mingrPlantago lanceolataetc. (Vermoereet al 2000a; Vermoeret al submitted).
The grazed vegetation and flora presented hereaphplvery well reflects the vegetation and flora of
the Roman-Byzantine period. Climatological and gdrbgraphical limitations still dominate the
composition and structure of the vegetation. Noomelpanges in those factors have taken place since
this historic period. The grazed vegetation is eobnly marginally suitable for farming purposes.
The use of these lands for sheep and goat heraéingell as the farming on the arable fields, i sti
very traditional.

Material and Methods
Characteristics of the caprine herds and their gngzarea

Extensively managed herds of she@vi§ ammorf. aries) and goaQJapra hircusf. aegagrus) were
observed in a standardized manner during threeecatise years (1996, 1997 and 1998) covering 3
seasons (winter, spring and summer). A detailedrigi®n of the observation methods and a descrip-
tion of the study areas in June 1996 and Februd®y is given in Beulst al (2000a). Detailed data

on the animals observed and their consumption fiakpressed as the percentage time spent on each



plant class relative to the total feeding time @nesented in Tables 1-5. In the case of the plasses
‘shrub and tree’, the animals mainly consumed iheng shoots and leaves. The consumption of tree
leaves proved to be negligible (Table 3-5) in congoa to the consumption of shrub leaves. In the
statistical analyses, the variable of diet was gdvdetermined by the dietary class eaten most fre-
guently. It was therefore decided to use the diettass ‘leaves’ instead of ‘shrub and tree’ in the
gualitative analyses of the dental microwear. Tihst fime sheep were observed, August 1997, they
were very approachable allowing us to record data#ch individual animal selected. In contrast, in
May and August 1998 the sheep proved to be todsbg observed individually for an extended pe-
riod of time. For those months, average time-conion data were used in the analyses.

In August 1997, the vegetation analysis was comaliosing quadrats with a surface of 100set
out randomly in the grazing area. The species caitipn, cover and abundance were determined in
each quadrat (3 in the grazing area of goats, tRose of sheep) using the decimal scale of Londo
(Londo 1984). In the last two observational perigbay 1998 and August 1998), a different ap-
proach was adopted using smaller circular quadtantg) set out at random as well as selectively (in
spots where animals had eaten). $hecies composition, cover and abundance in theste gvere
assessed using the Braun-Blanquet scale (Kent eker@995). The relative position of the different
grazing areas are indicated on the forest map efréigion (&lasun Ormansletme Sefligi 1997)
(Fig. 1).

The climate today in the region can be charactdrazebeing Mediterranean with mild wet winters
and dry hot summers (Paulissetnal. 1993). In the immediate vicinity of Sagalassas ¢imate can
be described in more detail as being Oro-Mediteaan(cold to very cold and humid to subhumid).
The physically most comparable weather stationSagalassos is located in Isparta at 1000 m a.s.l.
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Fig. 1. Positioning of grazing areas on the foneap of the eastern territory of Sagalassos (1=imgazrea of sheep and
goats in June 1996, 2A= grazing area of sheep guéwLil997, 2B= grazing area of goats in August 198# grazing area

of sheep in May 1998, 3B= grazing area of goats &y #1998, 4A= grazing area of sheep in August 18988, grazing area
of goats in August 1998).



(Paulisseret al. 1993; Donnerst al 2000). The mean annual precipitation for Ispartastimated at

628 mm/yr with a mean annual temperature of 12Tt vegetation in the eastern part of the terri-
tory of Sagalassos today is presented in figufeh&. map shows a mozaic type of landscape with ag-
ricultural areas interspersed with areas of oveegtaand degraded maquis patches, degraded herba-
ceous vegetation, steppe-like vegetation at highi#gudes and some reafforested areas and remnants
of natural woodlands (Vermoeeg al. 2000 b).The soils present in our grazing areas \weyduced
from a flysh or limestone underground (Degreseal. submitted a, submitted b). The clay present on
the flysh underground contains a lot of quartziplgs with a hardness of 7 on Moh's scale. Enamel,
on the other hand, scores 4.5 to 5 on Moh's scaénimg the soil present on a flysh underground can
scratch the enamel. The clay soil on a limestorderground contains mainly calcite and very little
guartz. Calcite scores 3 on Moh's hardness scdlésarot able to scratch the enamel. From Tables 1-
5 it is obvious that the soil in the grazing arégaats in August 1997 and for both sheep and igoat
August 1998 had a scratching capacity. The presenabsence of this soil scratching capacity is in-
cluded as an additional environmental variableugnficing the microwear.

The qualitative analysis of dental microwear

The posterior buccal facet of the occlusal facéhefright first mandibular molar was investigated.
For a detailed description of the techniques usedroduce the replica and SEM micrographs the
reader is referred to Beuts al. (2000a). The qualitative analysis adopts the @ggr and definitions

of the qualitative categories as developed by Maitl(1994) with some modifications. This type of
analysis describes the texture of the occlusabsarbf the tooth under study by noting the presence
or absence of 19 qualitative categories (see Hgr 8/pes of categories and explanation of ablarevi
tions). Features having a northeast-southwest tatien are oriented oblique, in a direction going
from the upper right side to the lower left sideaahicrograph. The reverse is true for featuresngav

a northwest-southeast orientation. It is importanhote that, based on the preliminary qualitative
analysis (Beul®t al 2000a), it was decided to use a different sejualitative categories to describe
more aptly the texture on the occlusal surfacaheteeth. The teeth of 100 animals (40 sheep from
June 1996, August 1997, May 1998 and August 199&ydats from June 1996, February 1997, Au-
gust 1997, May 1998 and August 1998) were examihbree animals (2 sheep and 1 goat) were not
retained for study because of the numerous artefacbrittieness of the facet. A second difference
with the preliminary analysis is that more dataevavailable for the present analysis so that tie-co
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Fig 2. Distribution of qualitative categories (quait) in the variable 'absolute age' (yedlg=< flat surface, une= unew

surface, smo= smooth surface, abr= abraded surf@oe; porous surface, ee= areas of empty enamel= uswderlying

enamel visible, cra= cracked surface, flk= surfag¢h flakes, dee= deep features, sha= shallow featype= pits, pili= pit-

lines, ps= parallel striations, ap= features with anterio-posterior orientation, bl= features withbaicco-lingual orienta-
tion, nesw= features with a northeast-southwest oaiori, nwse= features with a northwest-southeast tai#on).



parison between years could be replaced by the adsam of seasons. This last approach is more
meaningful archaeologically speaking. As a requdtyever, the preliminary and current analysis are
not directly comparable.

The nature of our data-set (nominal variables, nbimber of variables involved and their non-
conformity with the assumptions of multivariate lyse) necessitated keeping the statistical part of
the analysis fairly simple (Siegel and Castellar1988; Sokal and Rohlf 1995; Hat al 1998). The
exploratory correspondence analysis (CA) was agiptiieachieve a perceptual mapping of all the
cases and variables involved (Heiral. 1998). A non-parametric Spearman rank correlatshwas
conducted on both data-sets to see how signifis@né the associations between variables noted in
the CA. The non-parametric Pearsph was used, sometimes with the Yates correctiorsifoall
sample sizes applied, to test the statistical Begmce of differences (Siegel and Castellan J8819
Sokal and Rohlf 1995). All statistics were conddatsing the statistical software package STATIS-
TICA.

Results
The grazing analysis

The detailed presentation and discussion of thetedign analyses carried out during the observa-
tional periods will be discussed elsewhere. OnBuits relevant to the microwear data will be dis-
cussed here. No quantitative assessment of theueqi®n patterns are available for the two first
observational periods. However, a list of specengo be consumed in June 1996 could be assem-
bled (Beulset al. 2000b). Both sheep and goats showed a wide yaneheir dietary choice with 20
species and 22 species consumed respectively. éotliler hand, a very small number of plant spe-
cies was eaten very frequently by either sheepoatsg Goats particularly preferred the leaves of
Quercus cocciferaat that time the newly formed first year leaves] tma lesser extent the leaves of
Juniperus excelsa&Sheep especially preferred small herbs and ggasse undergrowth d. coc-
cifera, although on occasion the leavesQaiercus cocciferavere eaten as well. As a result of the
very limited time we could spend following the gderds in wintertime (February 1997), no plant
species seen to be eaten were sampled. In thisrsghs goats in general ate the leaveQuoércus
cocciferaand ofJuniperus excelsa

Considering the consumption data for the 3 consexutbservation periods (August 1997, May
1998 and August 1998), it was noted that goats]liB periods, mainly consumed leaves. In August
1997, 61.3% of their feeding time was dedicatelbéwes of shrubs while another 9.3% of their time
was spent on tree leaves. In springtime, dietagfepences shifted slightly with less time spenthan
leaves of shrubs (54.5%). The consumption of teeeds was completely negligible (0.1%) but sur-
prisingly, herbs were consumed more frequently4A@0of total feeding time). In August 1998, the
picture was again quite similar to the data of AgtglO97 with 59.8 % of time spent on shrubs and
7.1 % of time spent on trees (total consumptioretitn67%). Interestingly, when comparing the for-
aging time data for each plant (compared to t@edting time in percentages) it is obvious that gust
few species in each observational period prevaiRugust 1997Astragalusspec dominate (46% of
total feeding time), considerably surpass®gdrus libani(7% of feeding time)Quercus coccifera
again is generally preferred during spring (alntf¥) as in the summer of 1998 (28%). The second
most important species in August 199&imtaegusspec. (+ 9.5%) followed by the dry seeds of sev-
eral Medicago spec. andTrifolium spec. comprising about 9% of total feeding timée TSheep,
mainly preferred the expected grasses in the summaths (47.7% and 65% respectively), although
herbs also proved to be important (46.5% and 33%6taf feeding time respectively). In contrast, in
May 1998, herbs were the most consumed plant ¢is®st 86% of total feeding time). The identi-
fication of the plant species consumed by sheepmasg difficult than in the case for goats. Sheep
were much more shy in general and needed seversitda@et accustomed to the observers. An addi-
tional problem was the way these animals feed.eSihey eat mainly grasses and herbs, their heads
are always pointed to the ground. When they are atherd of sheep will vigorously stick together
making a proper observation of consumed plant spa@ry difficult. In addition they always grasp a
mouthful of herbs and grasses containing severtigg at a time. The often degraded state in which



the vegetation was found during summer also hardpgrecise identification. In the observational
period of August 1997, 46% of total feeding timesvgpent on unidentified grasses, about 15 % of
time on unidentified herbs and 11% of time\d&arbascunspec. The identification of plant species,
recorded in the vegetation analysis, showed thit bh grass species were present in the grazing
area. They all belonged to the family of the PoaqBaomus cappadocicu8. tectorumB. tomentel-

lus, Elymus taurj Festuca jeanpertiiF. pinifolia, F. valesiacaKoeleria cristata Phleum montanum
Poa angustifoliaand P. compressa The herbs favoured in spring were several typfeBabaceae
(62.5% of total feeding time) in addition @oronilla parviflora, Medicago minimaM. rigidula and
other Medicago specie3yifolium scabrum T. hirtum T. speciosumT. spumosunand Trigonella
monspeliacaln the last observational period (August 1998pw 52% of the total feeding time of
sheep was spent on unidentified grasses, almostazRemidentified herbs, 6.5% on the gr&sso-
don dactylorand 6% on a horsetafEquisetum ramossissimunihe unidentified grasses will proba-
bly contain portions of all grasses commonly foundthe area Bromus japonicusB. tectorum
Cynodon dactylonElymus repensdHordeum vulgarePhleum subulaturand the cultivatedriticum
durum

The qualitative analysis of the dental microwear

From the start, the intention of this study hasnbieobserve extensively managed sheep and goat
herds in their natural habitat, in this case amesadviediterranean degraded environment. An attempt
is made to establish to what extent microwear d¢stinduish dietary features from other species spe-
cific and environmental specific characteristics.

A first animal-linked variable to note (Table 14S)the sex of this individual. Most animals were
females (89 females as opposed to 11 males). Beaduthe low number of males, their different
ages and the fact that they include castrates Hsasv@on-castrates, it was decided to leave the se
variable out of the analysis. A second variablédoconsidered is age. The shepherds provided the
age of each individual and it is therefore not isgble that over- or under-estimations have ocdurre
especially in the case of older animals. As a teud Mandibular Wear Stage, as defined by Grant
(1982), was included in the analysis as an alter@ab the absolute age. An additional argument in
favor of the MWS is that gross wear, and not the@ghe animal as such, is responsible for thepos
ible differences in texture on the occlusal surfaotteeth, due to changes in occlusion and in the
shape of the occlusal surface. Trends in the @iakt data for age and MWS are presented in Figure
2 and 3. For each MWS class and each absolutehagdidtribution of the qualitative categories is
considered. The trends within categories remaielgrsimilar regardless whether the absolute age or
the Mandibular Wear Stage is used, except in tee ohthe qualitative category ‘uneven surface’. In
the old individuals there is an marked declinehis tategory while such a clear trend is not seen i
the data-set using the MWS. In the interpretatibtihese distributions it is important to keep imuohi
the low number of individuals in the lowest agegauf<l year: 2 individuals) and in the lowest MWS
classes (0-5 and 6-10: 2 and 3 individuals respag)i. No major trend in the distribution of theagu
litative categories is obvious for 9 out of 16 gatees in variable of ‘age’ and ‘MWS'. In both the
individuals who were older either in absolute datige terms (higher MWS class), fewer individuals
show the presence of the qualitative categorieke’ and ‘abrasion’. Considering these arguments
together with the similarity in the presence oreailt® of qualitative categories it was decided ® us
the MWS as an estimate of age in the remainddreohalyses.

The third variable to be considered is the facspeties’ (Fig. 4). This factor does not seem ttdyie
substantial differences in any of the qualitatiaéegories. Categories worth mentioning are ‘piesin
(pili) and ‘underlying enamel visible’ (uev), botii which occur more in goats than in sheep. On the
other hand, relatively more sheep show the presehtee features ‘cracks’ (cra) and ‘abraded sur-
face’ (abr) compared to goats. Other differencesapparently negligible.

‘Season’ (winter, spring, summer) is another \@eaconsidered here. The graphic display of the
different qualitative categories is given sepayatet goats (Fig. 5) and sheep (Fig. 6) since reeph
were observed in winter. Looking at the goats ivient that individuals slaughtered in winter are
qualitatively characterized by having the featuedsaded surface’ (abr), ‘porous surface’ (po)i-‘pi
lines’ (pili) and ‘features with a bucco-linguali@ntation’ (bl) present. Animals from spring, oreth
other hand, distinguish themselves by the lowestgnce of the qualitative categories, ‘cracksg)cr
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‘flakes’ (fla) and ‘features with a bucco-linguatientation’ (bl). The sheep, only observed and
slaughtered in spring and summer, had many fewahnhess individuals with an ‘abraded’ (abr),
‘cracked’ (cra) or ‘flaking’ (fla) surface in spignas compared to summer.

A last variable to be considered in this data-s¢hé soil scratch capacity (Fig. 7). The graplie d
play of the data indicates no obvious differencetsvben individuals grazing in an area where thie soi
did have a scratching capacity (in the flysh agajid not (in the limestone area).

The diet of the animals is of course an importast Variable to be considered. This variable iy onl
available for the observational periods of Augud®7, May 1998 and August 1998. The distribution
of qualitative categories is shown in Figure 8. Taktively high percentage of individuals having
abraded and cracked tooth surfaces with flakes lyjnainen consuming grasses is immediately evi-
dent

The perceptual mapping of the data from all obdemal periods is presented in Figure 9. The first
two axes in this correspondence analysis (CA) éxmgaly about 31% of the variability in the data.
To be able to further interpret this CA, it is inmf@nt to note that the MWS classes have been rdduce
to 5 relative age categories.The very young indiald were proven to be outliers in a preliminary CA

MWS class CA variable (relative age)
0-10 Very young (veyo)

11-20 Young (yo)

21-30 Middle aged (mid)

31-40 Old (old)

41-50 Very old (veold)

(not presented here) and were excluded from fudhatyses. The first dimension (x-axis) of the CA,
explaining about 17% of the variability in the datt, is determined by the variables of 'species'
(sheep), 'season' (winter) and 'MWS class' (vatty. dlhe second dimension (y-axis) explaining about
14% of the variability in the data-set, is defir®dthe feature categories of ‘cracked’ (cra), ‘aled
(abr) and ‘flaked’ (fla). The cases are dividedititiree groups (A, B and C). Group A and B, to the
left of the y-axis, are mainly goats of which groi@are individuals from winter and spring. Appar-
ently part of group A, goats slaughtered in wingee closely associated with the qualitative catego
ries of 'porous surface' and 'pit-lines'. Groupv8y close to the y-axis, comprises goats from sum-
mer. Sheep are placed to the right side of theiy-@roup C). A positive association is evident be-
tween several of the variables considered. Theabba$ 'sheep' and individuals slaughtered in
'summer' are associated as are the ‘'very old'ithdils and individuals having grazed in an area
where the 'soil had a scratching capacity'. 'Gaasalso tightly linked with 'middle aged' indivils
and the animals slaughtered in 'winter' with 'youngdividuals. In short the CA reveals some associa
tion between the factors 'age' and 'species' atveeba the factors of 'species’ and 'season’. Tdsese
sociations confirm some observations made in tBeipus graphic analysis of the data.

The CA on the data-set incorporating the dietamysomption shows a good grouping of cases
linked to their distinctive variables (Fig. 10).dfirst axis of the CA explains almost 19% of tlaeiv
ability in the data and is defined in order of impace by the variables 'grass’, 'goat’, and 'sh€ke
second axis explains 14 % of the variability andafined by the variable 'herb'. The individualesas
are indeed grouped according to the variablesisgend 'diet'.

Group A is formed by sheep consuming mainly grasgesip B are the sheep consuming mainly
herbs and slaughtered in spring and group C argdats consuming mainly leaves. The sheep eating
grasses and slaughtered in summer, being of rekatbld age, are characterised by a ‘cracked’ (cra)
‘abraded’ (abr) surface with ‘flakes’ (fla). An as&sation is evident between the variables 'goat’,
'leave’ and 'young' and between the variables';hedny old' and 'spring’. The sheep slaughtened i
spring and of a relatively very old age are negdyiVinked with the categories of ‘porous’ surface
(po) and the presence of ‘pit-lines’ (pili).

In the data-set with all observational periodsudeld, a significant correlation was noted (p<0.05)
between all 3 variables (season, MWS and speds}he other hand, in the data-set including the
variable 'dietary intake' (observational periodsigist 1997, May 1998 and August 1998) only one
significant correlation (p<0.05) was present (spgeind dietary intake).
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To test the statistical significance of differencedged in the graphical analyses, the Peapsbrest
was conducted. Starting with the variable 'spetiestest indicated that significantly more shdemt
goats have ‘abraded’ tooth surfaces (p <0.05) wdigmificantly more goats have their ‘underlying
enamel visible’ (p<0.001). The main difference bedw older and very young to young individuals
(MWS classes 0-5 and 11-15) is in the presencefaiuits on the surface. They show ‘cracks’, 'flakes
or an 'abraded' surface significantly more freqyethtan the older individuals (starting from MWS
class 21-25) while the opposite is true for thespnee of a 'flat' surface or features with an feorte
posterior orientation'. The MWS classes showingifigant differences are presented in Table 6. Ad-
ditionally the MWS classes of the relatively middénges (26-30 and 31-35) when compared with
the relatively older animals show significantly rdpit-lines' and have their 'underlying enamei-vis
ble'. The goats slaughtered in winter showed aifstgntly higher number of individuals with a 'flat
surface (p<0.05), ‘pit-lines’ (p<0.01) and a ‘posbosurface (p<0.01) when compared to individuals
slaughtered in summer. When the dental surfacdbese winter goats were compared to the ones
slaughtered in spring the former showed signifigamore features with a 'bucco-lingual' orientation
(p<0.05). Significantly more goats from spring asnpared to summer had 'pit-lines' and a 'porous’
surface present (p<0.05). When comparing the peesenabsence of the different qualitative catego-
ries for sheep slaughtered in different seasonsitgr and spring), however, no significant differ-
ences could be found. The Pearg@rtest also noted a significant difference in thespnce of a ‘flat’
surface (p<0.05), an ‘uneven’ surface (p<0.01) faatures with a 'bucco-lingual orientation' between
individuals grazing in an area where the soil didlid not have a scratching capacity. If the sas A
scratching capacity fewer individuals have teetthwlat' surface and features with a 'bucco-lingua
orientation' but more individuals show an ‘unevsarface. Considering the dietary differences, a sig
nificant distinction between grass eating and leating individuals was noted in the higher presence
of 'abraded' surfaces (p<0.05) and the lower pmsehsurfaces with the 'underlying enamel visible'
(p<0.05) in grass eating animals. When comparieggttass with leaf consuming animals, the same
distinction as with herb eating individuals was awbt Significantly more grass eating individuals
showed an 'abraded' (p<0.001) surface and signtficéess a surface with the 'underlying enamel
visible' (p<0.05). In addition, significantly moemimals showed 'cracks' (p<0.001) but significantly
fewer had features with an' anterior-posteriorraagon'.

Discussion

The first conclusion which can be drawn from thasalyses is that 10 of the 19 qualitative categorie
are found to be important in defining a significdifference between the texture in the variables un
der consideration ('species’, 'season of slauglgtehielative age of slaughtering’, 'Soil Scra@apac-

ity or 'diet’). The other categories are not digantly different for any of the independent vétiss.
Considering the significant differences, sheep seebe characterised by the presence of an 'abraded
surface, while goats have their ‘'underlying enavimble'. Interestingly, when examining the dietary
data and comparing individuals with mainly a greeg to individuals with a leaf or herb diet, the
former can be recognised by having an 'abradefiicibut no 'underlying enamel visible'. This close
association between the variables 'species’ aathrgiintake' was also shown by the correspondence
analysis. When combining all dietary data for theb3ervation periods (Tables 3-5) it appears that
57% of the sheep spend most of their time on gsaas®pposed to 39% on herbs and 4% on the con-
sumption of shrubs. On the other hand, only 4%aaitg) show a preference for grasses, 20% of them
eat mainly herbs but the majority (80%) like thaves of shrubs best. This explains the agreement
between the two variables. One could be temptezbtelude that an individual eating grasses will
always be a sheep and be characterised by havirgbeaded surface' present and no 'underlying
enamel visible'. When examining the consumptioradatthe different seasons the picture corre-
sponds with the expectations for the sheep, eatisgmmer (94% of sheep eating mainly grass, 0%
herb, 6% shrub respectively) but in spring theaditun changes dramatically (100% eat mainly herb,
0% grass, 0% shrub). The goats, very conveniekdgp favouring the consumption of shrubs in
summer and spring (82% of individuals in summer532 of individuals in spring, no data available
for winter). Consequently the concordance betwéendualitative characterisation of the 'species'
factor and the 'diet’ factor is not absolute.



Mainland (1995a, 1995b, 1998) could distinguishiviitilals (sheep or goats) who have been fed
leafy hay from the ones having eaten grassy hahdéwabsence of a porous surface and deep features,
by the absence of a polished surface and by thsiliity of the underlying enamel structure. Sec-
ondly, the distinction between grazing and grassy4mating individuals was based on the presence of
an abraded surface with areas devoid of featureésleep features without an anterior-posterior erien
tation in the grazing individuals and a porous acefin the grassy-hay eating individuals. A compari
son with the results reported here is not stragghiérd since in none of our observation periods did
the animals eat only hay (grassy or leafy). In s@mrmonditions of the vegetation were in general
very dry but the animals often managed to locagegiteen shoots between the dried out vegetation
and showed a preference for them. Some agreemeldady evident between both studies, for ex-
ample in the visibility of the underlying enamelgrass eating as compared to leaf eating individual
On the other hand, the differences found are neayd between the same dietary classes as for ex-
ample in the case of the qualitative category duia In both studies an abraded surface is cleract
istic for grass eating individuals. In Mainlandtmdies (1995a, 1995b, 1998) however, this is com-
pared to grassy-hay eating individuals while irs thiudy it is compared to leaf and herb eating-indi
viduals. A porous surface was characteristic faasgy-hay eating individuals in the study by
Mainland (1995a, 1995b, 1998) but in the presese d¢iais characteristic of goats slaughtered in-win
ter. As previously mentioned, goats slaughterediimer could not be observed extensively. The in-
formation gathered from our brief observations wes# the goats mainly consumed the leaves of
Quercus cocciferandJuniperus excelsalhe shepherd of the different herds did not mentay
foddering of the goats in this season.

To explain the various structures observed, aliofacinvolved in the process of creating character
differences on the occlusal surfaces of teeth shbalconsidered. In sheep and goats, the cell wall
fibre of food plants is digested through microlagthck by retaining it in an expanded fore-gutdor
considerable amount of time. A mechanical breakdofwhe food prior to fermentation in the gut is
necessary since it is directly dependent on thd faaticle size and volume (Janis 1976; Lanyon and
Sanson 1986). The efficiency of this mechanicabkdewn is under the control of the masticatory
apparatus (the teeth, tongue and jaw muscles).déhétion exerts a concentrated bite force on the
food but at the same time, the pressure must nsblggeat as to cause cracks in the enamel (Rarteli
1985; Hiiemae and Crompton 1985; Popowics 1999 &mamel is, in fact, designed to withstand
shearing and compression forces and to preveritcfemm appearing or if they do appear, to prevent
these from propagating too far (Fortelius 1985; iigswaldet al 1987; Younget al 1987; Kierdorf
et al 1991; Maas 1991). Two factors are involved inpb&ential production of a worn occlusal sur-
face, the shearing and the compression forcesglatiewing. Another factor to consider is the food
itself. A large number of different plant speciemiin calcium oxalate or silica phytoliths. Thé-ca
cium oxalate deposit in the cell can occur in salvparts of the plant leaf, stem, root, and infkere
cence. They have a crystalline form and can beeptan various shapes (solitary, as druses, as raph
ides), while the silica deposits are mainly opatmel amorphous in nature (Franceschi and Horner Jr.
1980; Sangster and Parry 1981; Fahn 1990). A numibericrowear studies have proven that both
calcium oxalate (Danielson and Reinhard 1998) dith phytoliths (Lalueza Fort al 1994; Lucas
and Teaford 1995) can scratch enamel and causewsar. A number of studies have shown that
microwear can be produced by grit if it has a grebhairdness on Moh's scale than enamel (e.g. Peters
1982; Ungar 1994; Teaford and Lytle 1996). It hasrb mentioned previously that the soil in the
grazing area of goats in August 1997 and for bb#ep and goat in August 1998 had a scratching
capacity. It remains to be verified to what extgrit was present in the higher reaches of the aeget
tion where goats are browsing. A study by Ungfaal (1995) has shown that grit was present in the
canopy of the vegetation where primates were feettirthe forests of Indonesia and Costa Rica. In
our case, conditions in August 1997 were dry aedgtlazing area of the goats was located in a newly
reforested area of main{yedrus libanistands with a strongly eroded soil on a flysh ugdmind. An
abrasive action of grit on their teeth can thusbetompletely excluded. The grazing area of sireep
May 1998 was also located in an area with a flysttenground. During and before the observational
period rain was superfluous. The assumption wasmaabed on these observations, that most of the
grit would probably be washed away from the plastsfaces and would not be blown up again be-
cause of the wet conditions. Plants in May addéilyrwere in their optimal growing period, often in
bloom, as a result of which grazing did not takacpl so close to the soil as compared to the summer



observation periods. These assumptions lead tcsuhigestion that the abrasive action of grit is
probably of more importance in summer.

An aspect not treated in the previous qualitategearch of dental microwear (Mainland, 1995a,
1995b, 1998) was the influence of the factor agénoour case relative age, through the Mandibular
Wear Stage. Results presented here show a possiblerence of age related factors with diet re-
lated factors. The occlusal surfaces of teeth unger individuals show a greater amount of rough-
ness and defaults while in older individuals temth seemingly flattened. These findings may be the
result of the decrease in the height of teeth @salt of the wear process. This wearing down ef th
tooth implies a less tight fit of the occlusal suds against one another which might lead to a de-
creased compressive load during mastication, mresulting in a decreased occurrence of texture on
the occlusal surface (Rensberger 1973; Forteli@;1diiemae and Crompton 1985).

Conclusions

The conducted qualitative analysis was based oprémence and absence data of 19 qualitative cate-
gories. The study revealed a strong, although bsoblate, agreement between the variable of species
(sheep, goat) and the variable of dietary intakagg herb or leaf). Sheep were distinguished from
goats by the presence of an abraded tooth surfatéha invisibility of the underlying enamel as was
the case for individuals (sheep, goat) consumiagsgs compared to the ones eating leaves or herbs.
Individuals eating grasses were additionally dggished from animals eating leaves by the presence
of cracks and by the absence of features with &rianposterior orientation. The goats slaughtered
in winter differ from the ones slaughtered in sgramd summer by the presence of pit-lines and a
porous surface. The age of the caprines also setmdy a role of some significance. The overall
texture of the occlusal surface diminished as tiotht was worn down. Animals grazing in an area
where grit had a scratching capacity were distisiged by the presence on their teeth of a flat and
uneven surfaces. An attempt at explaining soménedd differences is made by discussing the ob-
served differences in the light of characters ieheto the diet (phytoliths), the environment (gaihd

the animal itself (mastication, dentition). As hetpredictive value of this type of analysis of t@én
microwear in the determination of dietary habit@nfhaeological animals, one must keep in mind the
following consideration: Although significant diflences were found between the variables under
study using several of the qualitative categotites,same categories often recurred in the determina
tion of these differences. Additionally the diffaoes in the frequencies of observation of the tpsal
tive categories, when expressed as a percentage tftal number of individuals observed, although
statistically significant, were not on the order96for 100% but at most in the order of 50%. Thss |
tifies the conclusion drawn that a qualitative e of dental microwear can possibly aid in predic
tions based on a quantitative analysis of dentafowiear. It is, however, not advisable, to use this
type of analysis on its own to make predictionsedher of the variables considered in the reported
study on an individual slaughtered in archaeolddinzes.
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Table 1 Characteristics of sheep and goats observed inlRBfand of the location and the type of grazieg dMWS =
Mandibular Wear Stage) (Pecenek: 37°32'N/30°31'E).

Register Species Breed Age MWS Sex Location Soil type
number
96-55 M1 Goat I Kegi 5yr 40 F Pecenek Limestone
96-55-M2 Goat K Kegi 5yr 43 F Pecenek Limestone
96-55-M3 Goat K Kegi 5yr 41 F Pecenek Limestone
96-55-M4 Goat K Kegi 5yr 41 F Pecenek Limestone
96-55-M5 Goat K Kegi 5yr 44 F Pecenek Limestone
96-55-M6 Goat Kl Kegi 4-5 mo 3 F Pecenek Limestone
96-55-M7 Goat K Kegi 4-5 mo 3 M Pecenek Limestone
96-55-M8 Goat K Kegi 4-5 mo 4 M Pecenek Limestone
96-55-M9 Goat K Kegi 4-5 mo 3 M Pecenek Limestone
96-55-M10 Goat K Kegi 4-5 mo 6 F Pecenek Limestone
96-55-M11 Sheep Karag6z 2yr 34 F Pecenek Limestone
96-55-M12 Sheep Karag6z lyr 23 F Pecenek Limestone
96-55-M13 Sheep Karag6z 3yr 49 F Pecenek Limestone
96-55-M14 Sheep Karagdz 3yr 45 F Pecenel Limestone
96-55-M15 Sheep Karagdz 4yr 45 F Pecenel Limestone
96-55-M16 Sheep Mandak 3yr a7 F Pecenek Limestone
96-55-M17 Sheep Mandak 4yr 43 F Pecenek Limestone
96-55-M18 Sheep Karag6z 1yr 26 F Pecenel Limestone
96-55-M19 Sheep Karag6z 4yr 46 F Pecenel Limestone
96-55-M20 Sheep Mandak 2yr 32 F Pecenek Limestone

Table 2. Characteristics of sheep and goats obsérveebruary 1997 and of the location and typerafing area (Eyuplar Koyu:
SE of Egirdir, Bedre Boluk: NW of Eirdir, Bagoren Bedre: NW of girdir, Yukari Gokdere: SE of grdir,

Egirdir:37°51'45"N/30°48'55"E).

Register Species Breed Age (yr) MWS Sex Location Soil type
number
97-011-M1 Goat K Kegi 1 17 F Eyuplar Koyu Limestone
97-11-M2 Goat K Kegi 2 25 F Eyuplar Kéyu Limestone
97-011-M3 Goat K Kegi 3 35 F Eyuplar Koyu Limestone
97-011-M4 Goat K Kegi 3 33 F Eyiplar Koyl Limestone
97-011-M5 Goat K Kegi 5 42 F Eyiplar Koyl Limestone
97-011-M6 Goat K Kegi 1 12 M Bedre Boluk Limestone
97-011-M7 Goat K Kegi 2 24 F Bedre Boluk Limestone
97-011-M8 Goat K Kegi 7 44 F Bedre Boluk Limestone
97-011-M9 Goat K Kegi 1 14 M Bagoren Bedrg Limestone
97-011-M10 Goat K Kegi 1 14 F Bagoren Bedre Limestone
97-011-M11 Goat K Kegi 2 26 -M Bagoren Bedre Limestone
97-011-M12 Goat K Kegi 3 36 M Bagoren Bedre Limestone
97-011-M13 Goat K Kegi 3 33 F Bagoren Bedre Limestone
97-011-M14 Goat K Kegi 4 45 -M Bagoren Bedre Limestone
97-011-M15 Goat K Kegi 4 39 F Bagoren Bedre Limestone
97-011-M16 Goat K Kegi 5 41 M Yukari Gok- Limestone
dere
97-011-M17 Goat K Kegi 6 35 M Yukari Gok- Limestone
dere
97-011-M18 Goat K Kegi 2 26 F Yuléari Gok- Limestone
ere
97-011-M19 Goat K Kegi 4 36 F Yukari Gok- Limestone
dere
97-011-M20 Goat K Kegi 1 15 F Yukari Gok- Limestone
dere




Table 3. Characteristics of sheep and goats obsémvdgust 1997 and of the location and the typgraing area (Ugr=
Intake of grass in % of total feeding time, Uhetake of herbs in % of total feeding time, Ushr=ak# of shrubs in % of
total feeding time, Utr= Intake of trees in % oftalofeeding time, %ft= % of total feeding time) glasun 1:

37°41'03"N/30°31'31"E, glasun 2: 37°40'47"N/30°32'44"E).

Register Species Breed Agel MWS | Sex Ugr Uhe Ushr Utr Location Soil type
number () (%ft) (%ft) (%ft) (%ft)
97-070-M1 Sheep Karagdz 5 45 i 54 34 8 0 gladunl | Limestone
97-070-M2 Sheep Karag6z 3 39 H 5] 43 5 4 gladunl Limestone
97-070-M3 Sheep Karagdz 1 24 i 65 34 1 Q gladunl | Limestone
97-070-M4 Sheep Karagdz 5 43 i 72 24 2 0 gladunl | Limestone
97-070-M5 Sheep Ala Kuyun 1 26 F 83 16 0 1 glasun 1 Limestone
97-070-M6 Sheep Karagdz >4 39 A 13 A( 46 Q) glasunl | Limestone
97-070-M7 Sheep Karag6z 4 42 R 56 39 5 q gladunl Limestone
97-070-M8 Sheep Mandak x| 4 43 F 71 27 1 0 #asun 1l | Limestone
Karag6z
97-070-M9 Sheep Mandak 2 32 H 54 38 8| gd gladun 1l Limestone
97-070-M10 Sheep Kuyuruksuz 5 46 M 17 81 2 q gladunl | Limestone
97-070-M11 Goat K Kegi 3 33 F 10 24 56 11 #asunl | Flysh
97-070-M12 Goat K Kegi 2 29 F 0 29 64 7 #asunl | Flysh
97-070-M13 Goat K Kegi 2 28 F 11 13 64 12 #asunl | Flysh
97-070-M14 Goat K Keci 1 19 F 7 27 57 9 #asun 1 Flysh
97-070-M15 Goat K Kegi 1 22 F 10 57 25 8 #Aasunl | Flysh
97-070-M16 Goat K Keci 4 44 F 8 3 70 19 #asun 1 Flysh
97-070-M17 Goat K Kegi 2 29 F 0 28 65 7 #asunl | Flysh
97-070-M18 Goat K Kegi >4 43 F 16 54 27 2 @asunl | Flysh
97-070-M19 Goat K Keci 4 43 F 4 7 84 5 #asun 1 Flysh
97-070-M20 Goat K Kegi 4 37 F 7 27 57 9 #asunl | Flysh

Table 4. Characteristics of sheep and goats obséaniddy 1998 and of the location and type of grgzinea (Canakl:
37°34'55"N/30°31'12"E, Kiprit: 37°34'16"N/30°30'®)"

Register Species Breed Age| MWS | Sex Ugr Uhe Ushr utr Location Soil type

number (yn) (%ft) (%oft) (%ft) (%oft)

98-35-M1 Sheep Unknown| 5 42 F 10 86 4 0 Canakli shFly
98-35-M2 Sheep Unknown| 5 43 F 10 86 4 0 Canakli shrly
98-35-M3 Sheep Unknown| 5 39 F 10 86 4 0 Canakli shiFly
98-35-M4 Sheep Unknown| 3 33 F 10 86 4 0 Canakli shrly
98-35-M5 Sheep Unknown| 4 45 F 10 86 4 0 Canakli shrly
98-35-M6 Sheep Unknown| 2 45 F 10 86 4 0 Canakli shiFly
98-35-M7 Sheep Unknown| 2 22 F 10 86 4 0 Canakli shrly
98-35-M8 Sheep Unknown| 6 45 F 10 86 4 0 Canakli shiFly
98-35-M9 Sheep Unknown| 3 44 F 10 86 4 0 Canakli shiFly
98-35-M10 Sheep Unknown 4 35 F 10 86 4 0 Canakl ystFl
98-35-M11 Goat K Kegi 2 17 F 23 31 46 0 Kiprit Limestone
98-35-M12 Goat K Kegi 1 21 F 1 38 59 2 Kiprit Limestone
98-35-M13 Goat K Kegi >4 40 F 16 32 52 0 Kiprit Limestone
98-35-M14 Goat K Kegi 5 45 F 16 32 52 0 Kiprit Limestone
98-35-M15 Goat K Kegi 1 33 F 52 11 37 0 Kiprit Limestone
98-35-M16 Goat K Kegi 3 26 F 13 44 43 0 Kiprit Limestone
98-35-M17 Goat K Kegi 1 19 F 5 49 46 0 Kiprit Limestone
98-35-M18 Goat K Kegi 5 44 F 0 40 59 0 Kiprit Limestone
98-35-M19 Goat K Kegi 2 29 F 16 23 62 0 Kiprit Limestone
98-35-M20 Goat K Kegi 2 26 F 20 18 62 0 Kiprit Limestone




Table 5. Characteristics of sheep and goats obséarnagust 1998 and of the location and type okigrg area (4lasun
3: 37°41'27"N/30°32'06"E, @lasun 4: 37°40'27"N/30°31'31"E).

Register Species | Breed Age | MWS | Sex | Ugr Uhe Ushr | Utr Location Soiltype

number (yn (%ft) (%ft) (%ft) (%ft)

98-83-M1 Sheep Karagbz 4 40 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M2 Sheep Karagbg 3 34 F 65 33 1 1 | Aglasun 3 Flysh/limestone

98-83-M3 Sheep Karagbz 7 46 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M4 Sheep Karagbz 3 36 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M5 Sheep Karagbg 6 32 F 65 33 1 1 | Aglasun 3 Flysh/limestone

98-83-M6 Sheep Karagbz 3 31 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M7 Sheep Karagbg 2 37 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M8 Sheep Karagbg 3 37 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M9 Sheep Karagozr 4 38 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M10 | Sheep Karagdg 3 44 F 65 33 1 1 | Adlasun 3 Flysh/limestone

98-83-M11 | Goat Ku 5 43 F 2 21 56 20 Adlasun 3 Flysh/limestone
Kegi

98-83-M12 | Goat Ku 3 32 F 9 48 37 6 Adlasun 3 Flysh/limestone
Kegci

98-83-M13 | Goat Ku 6 37 F 11 25 59 4 Adlasun 3 Flysh/limestone
Kegi

98-83-M14 | Goat Ku 7 44 F 3 15 79 3 Adlasun 3 Flysh/limestone
Keci

98-83-M15 | Goat Ku 5 42 F 11 31 52 6 Adlasun 3 Flysh/limestone
Kegi

Table 6. Results of the Pearsg2 test for the MWS

classes.

Test between Qualitative category| P valu
0-5 and 21-25 cra <0.05
0-5 and 36-40 flk <0.05
0-5 and 41-45 fla <0.05
0-5 and 41-45 abr <0.05
0-5 and 41-45 cra <0.01
0-5 and 41-45 flk <0.05
0-5 and 41-45 ap <0.05
11-15 and 21-25 cra <0.05
11-15 and 26-30 flk <0.05
11-15 and 36-40 flk <0.01
11-15 and 41-45 cra <0.05
11-15 and 41-45 po <0.05
11-15 and 41-45 abr <0.01
21-25 and 41-45 nwse <0.05
26-30 and 41-45 pili <0.01
26-30 and 46-50 pili <0.05
26-30 and 46-50 uev <0.05
31-35 and 41-45 pili <0.01
31-35 and 46-50 uev <0.05
36-40 and 41-45 abr <0.05




