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This contribution presents the results of the bioarchacological analysis of human skel-
etal remains from excavations at the Nadin necropolis, focusing on the reconstruction
of population demographics and pathological conditions. This site has represented a
methodological challenge for traditional individual-level skeletal analyses because the
primary architectural unit in the necropolis, parcela, contain commingled and frag-
mentary elements with evidence of repeated use, multiple inhumations, and cremations.
Therefore, landmark-based methods for the determination of MINI have been applied
in the analysis of skeletal remains from the 2013 and 2015 excavations. This allowed a
more accurate construction of the demaographic profile for the site in combination with
estimates from previous reports. The minimum number of individuals for the Nadin
necrapolis, combined with the previously published MNI from within the space deline-
ated as parcela (‘cela”) 1 (n=45), is estimated to be 196. These data also show a higher
count of subadult remains (51%, n=99), compared to reports for other Iron Age sites in
the region. Based on paleodemographic evaluations of the connections among younger
age cohorts in skeletal collections, fertility, and population size, high infant and child
mortality suggest population growth.

U prilogu se donose rezultati bioarbeoloske analize ljudskib osteoloskih ostataka s isko-
pavanja nekropole u Nadinu, s naglaskom na rekonstrukciji demografskibh karakteri-
stika populacije i analizi patoloskih promjena. Ovo je nalaziste bilo poseban izazov
u metodoloskom smislu za tradicionalne analize kostiju po pojedinim slojevima jer je
primarna arheoloska jedinica na nekropoli, parcela, sadrzavala izmijesane i fragmen-
tarne elemente koji su upucivali na ponovnu upotrebu, visestruke inhumacije i palje-
vinske ukope. Stoga je primijenjena metoda temeljena na karakteristicnim elementima
da bi se odredio najmanji broj jedinki (MNI — Minimal Number of Individuals)
u analizi kostiju otkrivenih u iskopavanjima od 2013. do 2015. $to je omogucilo
tocniju rekonstrukciju demografskog profila nalazista u kombinaciji s procjenama iz
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prethodnibh izvjeséa. Najmangi broj jedinki s nadinske nekropole, zajedno s prethodno
objavljenim najmanjim brojem jedinki za prostor koji je oznacen kao parcela (,cela”)
1 (n = 45) procijenjen je na 196. Ovi podatci takoder upucuju na vedi udio ostataka
subadultne grupe (51 %, n = 99), u usporedbi s drugim Zeljeznodobnim nalazistima
iz ovog podrudja. Paleodemografska procjena veza izmedu udjela miade populacije u
bioarheoloskom uzorku sa stopom radanja i velicinom populacije, te visokom smrino-
$¢u novorodencadsi i djece upucuje na rast populacije.
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INTRODUCTION

Within the fladlands of Ravni Kotari, between
the Velebit Mountains and the Adriatic Sea, lies
the archaeological site of Nadin (Fig. 1). The
site, which covers 32 hectares, consists of a hill-
top settlement enclosed by a fortification wall of
megalithic lime-stone blocks, quarries and fea-
tures on the slope, and a necropolis near the foot
of the hill.! The entire Nadin-Gradina archaeo-
logical site consists of multiple occupations that
span from the Late Bronze/Early Iron Age to the
17th century, making it an important site in the
reconstruction of Croatian prehistory and histo-
ry.? Excavations on the site have been conducted
as part of the international Nadin-Gradina Ar-
chaeological Project with research design centered
on millennium-scale urbanization, landscape
change, and climate in the eastern Adriatic.> Al-
though the project’s recent research is predomi-
nately based on excavation inside the settlement,
the necropolis has also been examined on multi-
ple occasions (in 2005, 2009, 2013 and 2015).¢

Nadin’s complex occupational history is re-
flected in the variety of mortuary architecture
and burial treatments. Within a few hundred
meters north-east of the hill are multiple Late
Bronze Age and/or Early Iron Age circular
burial tcumuli. These include the 9th- 6th cen-
tury BCE Mound 13, which contained flexed
and extended inhumations, and ceramic urns
with cremains.” Excavations at Mound 13,

1§ BATOVIC, J. CHAPMAN, 1987; S. BATOVIC, J.
CHAPMAN, 1987a; . CHAPMAN, R. SHIEL, S. BATO-
VIC, 1996, 116-125, 231-252; S. KUKOC, 2009; A. BATO-
VIC, S. BATOVIC, 2013; G. ZARO, M. CELHAR, 2018,
54-55; S. KUKOC, M. CELHAR, 2019.

2§, BATOVIC, J. CHAPMAN, 1987; S. BATOVIC, J.
CHAPMAN, 1987a; . CHAPMAN, R. SHIEL, S. BATO-
VIC, 1996, 116; G. ZARO, K. GUSAR, M. CELHAR, 2020,
188-208, Fig. 1.

3 G.ZARO, M. CELHAR, 2018, 49-67.

*  Continued excavation of the necropolis occurred in 2018
and 2019, but the analyses of these remains are not inclu-
ded here. S. KUKOC, 2006; S. KUKOC, S. BATOVIC,
2006; S. KUKOC, 2009; S. KUKOC, M. CELHAR, 2010; S.
KUKOC, M. CELHAR, 2019.

5 S. KUKOC, 2004; S. KUKOC, S. BATOVIC, 2005, 58-63;
P. SIKANTJIC, 2006; S. KUKOC, 2009.

UVvVOD

Arheolosko nalaziSte Nadin smjesteno je
unutar zaravni Ravnih kotara, izmedu Velebita
i Jadranskog mora (SI. 1). Nalazi$te se pruza na
32 ha, a sastoji se od gradinskog naselja ogra-
denog zidom od megalitskih vapnenackih blo-
kova, kamenoloma i arheoloskih formacija na
padini, te nekropole u podnozju brda.' Nala-
ziste Nadin-Gradina sastoji se od naseobinskih
slojeva koji datiraju od kasnog bron¢anog i ra-
nog zeljeznog doba do 17. stoljeca zbog cega je
ovaj lokalitet posebno vazan u rekonstrukciji
hrvatske prapovijesti i povijesti.” Provedena
iskopavanja bila su dio medunarodnog pro-
jekta (Nadin-Gradina Archaeological Project)
koji je bio usmjeren na istrazivanje tisu¢ljetne
urbanizacije, te promjena u krajoliku i klimi
na isto¢nom Jadranu.? lako su recentna istra-
zivanja uglavnom provodena u naseobinskom
dijelu, nekropola je istrazivana u nekoliko na-
vrata (2005., 2009., 2013. i 2015.).4

Slozena povijest naseljavanja Nadina odra-
zava se u raznolikoj pogrebnoj arhitekturi
i nadinu pokapanja. Samo nekoliko stotina
metara od brda su kruzni humci s visestru-
kim ukopima iz kasnog bronc¢anog doba i/
ili ranog zeljeznog doba uklju¢ujuéi i tumul
13, datiran od 9. do 6. stoljeéa, a koji je sa-
drzavao inhumacije u zgréenom i ispruzenom
polozaju, ali i keramicke urne s paljevinskim
ostatcima.’ Istrazivanja tumula 13, kao i ne-

1§, BATOVIC, J. CHAPMAN, 1987; S. BATOVIC, J.
CHAPMAN, 1987a; J. CHAPMAN, R. SHIEL, S. BA-
TOVIC, 1996, 116-125, 231-252; S. KUKOC, 2009; A.
BATOVIC, S. BATOVIC, 2013; G. ZARO, M. CELHAR,
2018, 54-55; S. KUKOC, M. CELHAR, 2019.

2§, BATOVIC, J. CHAPMAN, 1987; S. BATOVIC, J.
CHAPMAN, 1987a; . CHAPMAN, R. SHIEL, S. BATO-
VIC, 1996, 116; G. ZARO, K. GUSAR, M. CELHAR, 2020,
188-208, Fig. 1.

3 G.ZARO, M. CELHAR, 2018, 49-67.

4 Istrazivanja nekropole nastavila su se 2018.12019., ali ana-
lize tih nalaza nisu prezentirane u ovom radu. S. KUKOC,
2006; S. KUKOC, S. BATOVIC, 2006; S. KUKOC, 2009; S.
KUKOC, M. CELHAR, 2010; S. KUKOC, M. CELHAR,
2019.

5 S. KUKOC, 2004; S. KUKOC, S. BATOVIC, 2005, 58-63;
P. SIKANTJIC, 2006; S. KUKOC, 2009.
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ZADAR
{

NADIN gtyovac

FIGURE 1 Map of
northern Dalmatia with
the marked location of
Nadin

SLIKA 1. Karta sjeverne
Dalmacije s oznacenim
poloZajem Nadina

together with recently published data from
other Liburnian sites, testify that our knowl-
edge on burial practice in this area is changing
considerably showing a wider variety of burial
customs then previously known.¢ Still, flexed
burials are the most common type found thus
far in Liburnian territory, with some locally
specific deviations.” The Nadin flat necrop-
olis, used from the Early Iron Age (7th cen-
tury BCE) through the Roman periods (2nd
century CE), similarly includes these mixed
burial styles,® as well as Roman inhumations
and cremations.” However, the necropolis is
flat, meaning that it does not contain tumuli.
During the 1st century CE, the architectur-
ally complex and unique organization of the
Nadin Iron Age flat necropolis was remodeled
into a local form resembling the typical Ro-

6 Z.BRUSIC, 2000; S. KUKOC, 2009a; S. KUKOGC, 2011; B.
MARIJANOVIC, 2011.

7 §.BATOVIC, 1965, 57; S. BATOVIC, 1987, 355; Z. BRU-

SIC, 2000, 12-13; M. BLECIC KAVUR, E. PODRUG,

2014, 85.

However, in the flat necropolis there are no cremations da-

ted to the Iron Age.

® S.KUKOC, M. CELHAR 2019, 16.
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davno objavljeni podaci s drugih liburnskih
nalazi$ta, upucuju na nove spoznaje o naci-
nima pokapanja u ovom kraju.® Ipak, i dalje
su pokopi u zgréenom polozaju najceséi na
liburnskom podrudju, s odredenim lokalnim
specifi¢nostima.” Nekropola na ravnom u Na-
dinu, koriStena od ranog Zeljeznog doba (7.
stoljece prije Krista) i tijekom rimskog razdo-
blja (2. stoljece poslije Krista), takoder sadrzi
ovakve kombinirane nadine pokapanja,® kao i
rimske inhumacije i paljevinske ukope.’ Ipak,
nekropola je na ravnom $to znaci da ne sadrzi
tumule. U 1. stolje¢u poslije Krista, slozena
i jedinstvena arhitekturna organizacija nadin-
ske Zeljeznodobne nekrople preoblikovana je
u lokalnu formu nalik na tipi¢na rimska gro-
blja uz cestu s pravokutnim parcelama.'® Sa-

¢ Z.BRUSIC, 2000; S. KUKOC, 2009a; S. KUKOC, 2011; B.
MARIJANOVIC, 2011.

7 §. BATOVIC, 1965, 57; S. BATOVIC, 1987, 355; Z. BRU-
SIC, 2000, 12-13; M. BLECIC KAVUR, E. PODRUG,
2014, 85.

8 U nekropoli na ravnom nisu zastupljeni paljevinski ukopi
iz zeljeznog doba.

° S.KUKOC, M. CELHAR, 2019, 16.

1§ KUKOC, M. CELHAR, 2019.
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man “roadside” necropolis with linear plots.™
It consists of a grid of rectangular Roman
grave plots or walled parcels of land," here-
on referred to as parcele, enclosed in stone ar-
chitecture (Fig. 2). In several rows, these plots
spread out from both sides of the road that
pass through the necropolis.'?

The depth of occupational history and
changes in mortuary behavior has resulted
in a complex skeletal record that is extensive-
ly commingled, fragmented, and disrupted.
These interments were multi-generational,
reopened, and reused throughout the site’s oc-
cupation, likely both within and between cul-
tural phases. The Roman style enclosures indi-
cate large scale remodeling of the planimetry
of the site and may be responsible for much of
the fragmentation.'® This creates a challenge
for bioarchaeologists seeking to establish past
population structure and history. The ability
for researchers to reconstruct demographic
data, such as population parameters, is central
to discussing broader scale diachronic ques-
tions (e.g., the impact of Roman influence,
sex-based differences in diet/mobility etc.).

The goal of this paper, therefore, is to pres-
ent the results of the bioarchaeological anal-
ysis of the human skeletal remains from the
Nadin necropolis that were excavated between
2013-2015. With collections as fragmentary
and commingled as this, it is difficult to pro-
vide individualized biological profiles (age, sex
etc.). However, by using methods for estima-
tion of the minimum number of individuals
with fragmentary remains, alongside mark-
ers of age, sex, and pathology, we can make
general inferences about the population. The
primary focus of this research was to establish

10 8. KUKOC, M. CELHAR, 2019.

Walled enclosures, outlining graves and postaments or
pedestals. These overlap previous Liburnian walled grave
plots. Since they represent the most recent remodeling of
the site’s architecture, and are very prominent visual featu-
res, they are the main organizing marker of the necropolis’
boundaries (Fig. 2).

2§, KUKOC, M. CELHAR, 2019.

13 8. KUKOC, 2009.
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stoji se od mreze pravokutnih rimskih grob-
nih parcela ili parcela ogradenih kamenom
arhitekturom koje ¢e se u daljnjem tekstu
nazivati parcele (Sl. 2)."" Ove se parcele Sire
u nekoliko redova na obje strane ceste koja
prolazi kroz nekropolu."

Duga povijest naseljavanja i promjene u na-
¢inu pokapanja rezultirali su bioarheoloskim
materijalom koji je pomijesan, usitnjen i u po-
remec¢enom polozaju. Ukapalo se vise genera-
cija, grobovi su otvarani i ponovno koristeni
dok god je naselje trajalo, vjerojatno unutar,
ali i izmedu kulturnih faza. Rimski ogradeni
prostori upucuju na velike promjene u plani-
metriji nalaziSta i mozda se mogu dovesti u
vezu s naglaSenom usitnjeno$¢u materijala,'
Sto je izazov za bioarheoloska istrazivanja u
kojima se nastoji uspostaviti veza izmedu po-
pulacijske strukture i povijesti. Rekonstrukeija
demografskih podataka kao $to su populacijski
parametri klju¢na je u razmatranju $irih dija-
kronijskih pitanja (naprimjer posljedice rim-
skih utjecaja, razlike medu spolovima u pre-
hrani ili mobilnosti i dr.).

Cilj je ovog rada prikazati rezultate bioar-
heoloske analize ostataka ljudskih kostiju s
nekropole Nadin s iskopavanja provedenih
od 2013. do 2015. Kada je materijal izmije-
$an i usitnjen kao $to je ovdje slucaj, tesko je
definirati individualne bioloske karakteristi-
ke (dob, spol itd.). Ipak, metodom procjene
najmanjeg broja jedinki prema fragmentar-
nim ostatcima, uz pokazatelje dobi, spola i
patoloskih promjena, mozemo ste¢i generalni
uvid u populaciju. Osnovni cilj ovog istrazi-
vanja bilo je utvrdivanje najmanjeg broja
jedinki (MNI) na osnovi metode temeljene
na karakteristi¢cnim elementima. Zatim smo
razmotrili strukturu populacije i bioloske
pokazatelje sistemskog stresa ili aktivnosti u

Obzidani prostori koji oznacavaju grobove i postamente
ili postolja te preslojavaju prethodne liburnske ogradene
grobne parcele. Budu¢i da predstavljaju najrecentnije prei-
nake arhitekture na nalazistu, i istaknuti su vizualni orijen-
tiri, glavni su marker granica nekropole (SI. 2).

12§, KUKOC, M. CELHAR, 2019.

13 8. KUKOC, 2009.
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the minimum number of individuals (MNI),
using a landmark based method. Then, we
considered in their historical framework, the
population structure and biological markers
of systemic stress or activity. In this case, the
paleopathological and demographic data sup-
port documented influences of urbanization,
such as population growth, on the Liburnian
people and their physical remains.

METHODS AND DATA
RECORDING PROTOCOLS

We developed a project specific data record-
ing protocol that would allow us to estimate
MNI and record biological data and patho-
logical conditions when applicable. Two of the
authors (TL and KN), collected data between
2016 and 2019 from 61 graves from 9 differ-
ent parcele (2, 3, 4, 5, 6,7, 8,9, and 10)."
Previously published data from parcela 1 and
Nadin Mound 13, a nearby Liburnian burial
mound, will be considered with our results.'
The following data was recorded for every
identifiable human bone fragment larger than
-5 mm?: context (e.g., grave, SU, etc.),' el-
ement, side, landmarks (anatomical features),
estimation of age and sex, evidence of crema-
tion, mineral staining, evidence of trauma or
pathological conditions, and level of fusion.
We also recorded more general information
for unidentifiable fragments (i.e., context, ev-
idence of cremation, mineral staining, level
of epiphyseal fusion, size based on a 50 mm
threshold, and presence or absence of patho-
logical conditions if any)."”

During excavations, the Roman grave plots were successi-
vely numbered. However, since the remains of fence walls
were not discovered around parts of parcele 6, 7, and 8, the-
re is some question as to whether these were as architectu-
rally defined as the remaining plots. Nevertheless, we used
this designation for relative internal spatial organization.

15 P SIKANTJIC, 2006; I. ANTERIC et al., 2011, 145-154.

16 Contexts are organized using by grave, quadrants (a unit
of horizontal stratigraphy), probe (a Harris matrix based
numbering system), and SU (stratigraphic unit).

7" A grave here is an archaeological context that may include

povijesnom okviru. Ovdje su paleopatoloski
i demografski podaci u skladu s dokumen-
tiranim utjecajima urbanizacije (poput po-
pulacijskog rasta) na liburnsku populaciju i
njihove fizicke ostatke.

METODE I OBRASCI BILJEZENJA
PODATAKA

Razvili smo poseban obrazac za biljezenje
podataka samo za ovaj projekt koji nam je
omogucio procjenu MNI i biljezenje biolos-
kih podataka i patoloskih stanja, ako ih je bilo.
Dvoje autora (T. L. i K. N.) prikupili su po-
datke izmedu 2016. i 2019. iz 61 groba iz 9
razli¢itih parcela (2, 3, 4, 5, 6,7, 8,91 10)."
Prethodno objavljeni podatci za parcelu 1 i
nadinski tumul 13, obliznji liburnski tumul,
bit ée razmotreni zajedno s nasim rezultatima.”
Sljede¢i su podatci zabiljezeni za svaki pre-
poznatljivi fragment ljudske kosti ve¢i od -5
mm?: kontekst (npr. grob, SJ itd.),'® element,
strana, karakteristicni element (anatomske
znacajke), procjena dobi i spola, tragovi spa-
ljiivanja, promjena boje uslijed djelovanja mi-
nerala, tragovi trauma ili patoloskih stanja i
stupanj srastanja. Takoder smo zabiljezili opée
podatke za neprepoznatljive ulomke (npr.
kontekst, tragovi spaljivanja, promjena boje
uslijed djelovanja minerala, stupanj srastanja
epifize, veli¢ina prema omjeru od 50 mm i
prisutnost patoloskih promjena)."”

Tijekom iskopavanja rimske grobne parcele su oznacene

brojevima. Ipak, bududi da ostatci ogradnih zidova nisu

otkriveni oko parcela 6, 7 i 8, pitanje je jesu li one bile jed-

nako arhitekturalno definirane kao i ostale parcele. Bez

obzira na to, koristili smo se ovim oznakama za relativhu

unutarnju prostornu organizaciju.

15 P SIKANJIC, 2006; I. ANTERIC et al,, 2011, 145-154.

¢ Konteksti su definirani grobovima, kvadrantima (jedinica
horizontalne stratigrafije), sondama (sustav oznacavanja
temeljen na Harrisovoj matrici) i stratigrafskim jedinica-
ma (S]).

17 Grob je ovdje arheoloski kontekst koji moze sadrzavati vise

od jednog ukopa, ili nijedan; moze biti od kamenih ploca,

ili u ogradenom prostoru, s kamenom poklopnicom ili bez

nje, ili bez ikakve formalne grobne arhitekture.
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MNI ESTIMATION

There are three main methods for analyz-
ing fragmentary skeletal remains and deriving
MNI. For whole bone, MNI is calculated by
separating the skeletal elements into right and
left sides (or dividing by two if side is unknown)
and using the highest number present. When
dealing with fragmentary remains the tradition-
al technique is similar, but involves recording
the percentage of observed completeness of each
fragment, and using those to estimate the num-
ber of elements present.'® The zonation method
developed by Kniisel & Outram' determines
MNI by recording fragments by zones’ in or-
der to estimate the number of elements present.
This method avoids a limitation of the previ-
ous methods where the observer mistakenly
underestimates the total number of elements
(and therefore individuals) by counting as one
complete element, two fragments of a bone that
clearly preserve the same zonal features. These
features, when examined, indicate that they be-
long to two different individuals even though
their percentage of representation may only in-
dicate one. Finally, the feature based system is
similar to the zonal MNI method, but allows
more precision as the recorder identifies specific
anatomical landmarks rather than just zones of
each bone.? These landmarks are used to assess
MNI and can reveal differences in preservation,
level of fragmentation, and even mortuary cus-
toms.*!

In this research, we estimated MNI using a
modified version of the feature based method
developed by Osterholtz and colleagues.” The

more than one interment or none at all and may be in a
stone burial cist or stone enclosure, with or without a stone
lid, or without any formal grave architecture.

18 J. BUIKSTRA, D. UBELAKER, 1994, 9; D. UBELAKER,
2014.

1 C.KNUSEL, A. OUTRAM, 2004, 85-98.

2 N. LAMBACHER et al, 2016, 674-683; E. SUSSMAN,
2017.

2 A.J. OSTERHOLTZ et al,, 2014; N. HERRMANN, J. DE-
VLIN, J. STANTON, 2014, 51-66.

2 A. STODDER, A. J. OSTERHOLTZ, 2010, 243-278; A. J.
OSTERHOLTZ et al., 2014, 35-50.
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PROCJENA MNI

Tri su osnovne metode za analizu fragmen-
tarnih ostataka kostiju i izratunavanje MNI.
Za cijele kosti, MNI se izratunava odvajanjem
kostiju na desnu i lijevu stranu (ili dijeljenjem
sa dva ako je strana nepoznata), rabi se najvedi
zastupljeni broj. Kad je rije¢ o fragmentarnim
ostacima, tradicionalna tehnika je sli¢na, ali
ukljucuje biljezenje postotka uocene cjelovito-
sti svakog fragmenta, koji se rabi za procjenu
broja zastupljenih elemenata.'® Metoda zona-
cije koju su razvili Kniisel i Outram' odreduje
MNI na osnovi biljezenja fragmenata po zo-
nama kako bi se procijenio broj zastupljenih
elemenata. Ova metoda uspjesno izbjegava
ogranicenja prije spomenute metode u kojoj
istraziva¢ moze greskom podcijeniti ukupan
broj elemenata (i time jedinki) ako broji kao
jedan cjeloviti element dva fragmenta kosti
koji o¢ito imaju iste zonalne karakteristike.
Ove karakeeristike, kad se poblize ispitaju,
upucuju na pripadnost dvama pojedincima
iako postotak njihove zastupljenosti indicira
samo jednu osobu. Kona¢no sustav temeljen
na znacajkama slican je zonalnoj MNI metodi,
ali omogucava veéu preciznost jer istrazivac bi-
ljezi specifi¢ne anatomske znacajke, a ne samo
zone za svaku kost.?” Ovi se elementi upotre-
bljavaju za procjenu MNI i mogu otkriti razli-
ke u ocuvanju, stupnju fragmentiranosti, ¢ak i
u pogrebnim obicajima.?!

U ovom istrazivanju procijenili smo MNI
koriste¢i se modificiranom verzijom metode te-
meljene na znacajkama (feature based method)
koju su razvili Osterholtz i suradnici.”> Osnovni
cilj ove modificirane metode temeljene na ka-
rakteristi¢cnim elementima jest utvrdivanje naj-

8] BUIKSTRA, D. UBELAKER, 1994, 9; D. UBELAKER,
2014.

1 C.KNUSEL, A. OUTRAM, 2004, 85-98.

#  N. LAMBACHER et al., 2016, 674-683; E. SUSSMAN,
2017.

2 A.J. OSTERHOLTZ et al., 2014; N. HERRMANN, J. DE-
VLIN, J. STANTON, 2014, 51-66.

2 A.STODDER, A. J. OSTERHOLTZ, 2010, 243-278; A. .
OSTERHOLTZ et al., 2014, 35-50.
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primary goal of this modified landmark meth-
od was to determine the most probable min-
imum number of individuals (MNI) in the
cemetery, the minimum number of elements
(MNE), the number of independent specimens
(NISP) and assess the effects of bone density on
the level of fragmentation and representation
at the necropolis.”? We utilized this method to
estimate the MNI by context at different lev-
els, and made adjustments to more accurately
reflect the likely number of individuals based
on visual observation of different age and size
elements in the same contexts where landmarks
did not overlap. This avoids underestimation
of MNI when age and size clearly indicate that
there is more than one individual present. In
some cases, we were able to refit conjoining el-
ements (particularly broken long bones), assist-
ing in the interpretation.

POPULATION PARAMETERS
AND PALEOPATHOLOGY

Sex and age estimates are essential compo-
nents of the analysis of human skeletal re-
mains;** and combined with MNI, can guide
further directions of research. It is difficult,
though not impossible, to generate these esti-
mates from commingled and fragmentary re-
mains. Conservative approaches are required,
and estimates should be considered tentative,
as cautioned by numerous authors working
with similar collections.”” Additionally, meth-
odologies developed using skeletal remains
representing modern U.S. populations on
both archaeological and modern European
populations have been the subject of concern,*
so researchers have stressed using methods de-
veloped from a sample population similar to

23 T.LOEWEN, K. NYSTROM, M. CELHAR, manuscript in
preparation.

#  A.J. OSTERHOLTZ, 2018.

»  S.NAJIetal, 2014, 33-56.

*  E.H. KIMMERLE, A. ROSS, D. SLICE, 2008.

vjerojatnijeg najmanjeg broja jedinki (MNI) na
grobljima, najmanjeg broja elemenata (MNE),
najmanjeg broja odredivih uzoraka (NISP) i
procjena utjecaja gustoée kostiju na razinu fra-
gmentacije i zastupljenost na nekropoli.”* Kori-
stili smo se ovom metodom da bismo procijeni-
li MNI po kontekstima na razli¢itim razinama,
te smo napravili prilagodbe da bi to¢nije pred-
stavili vjerojatan broj pojedinaca na osnovi vi-
zualnog opazanja raznih elemenata dobi i spola
u istim kontekstima gdje se karakteristi¢ni ele-
menti nisu preklapali. Na ovaj se nacin izbjega-
va preniska procjena MNI kada dob i veli¢ina
jasno upucuju na to da je rijec o vise pokojnika.
U odredenim sluc¢ajevima uspjeli smo spojiti
elemente (osobito slomljene kosti nogu), $to je
olaksalo interpretaciju.

POPULACIJSKI PARAMETRI I
PALEOPATOLOGIJA

Procjene spola i dobi osnovne su komponen-
te analize ostataka ljudskih kostiju,* i u kom-
binaciji s MNI, mogu usmjeriti daljnja istra-
zivanja. Tesko je, iako ne i nemogude, izvudi
te podatke iz izmijesanih i fragmentarnih
ostataka. Zahtijevaju se konzervativni pristu-
pi, a procjene bi se trebale uzimati s oprezom,
kao $to upozoravaju mnogi autori koji se bave
ovom tematikom.” Usto, problemati¢na je
primjena metodologija razvijenih za skeletne
ostatke suvremenih populacija iz SAD-a na ar-
heoloskim i suvremenim europskim populaci-
jama, % pa bi se stoga istrazivaci trebali koristi-
ti metodama koriStenim na uzorku populacija
sliénih onima koje se analiziraju.?’

Za subadultnu grupu, procjena dobi teme-
lji se na stupnju srastanja epifiza i fetalnom/
perinatalnom rastu i razvoju.”® Kada je to bilo

»  T.LOEWEN, K. NYSTROM, M. CELHAR, u pripremi.

% A.J.OSTERHOLTZ, 2018.

3 S NAJI etal, 2014, 33-56.

% E.H.KIMMERLE, A. ROSS, D. SLICE, 2008.

¥ ] BUIKSTRA, L. KONIGSBERG, 1985, 54-57; L.
WRIGHT, C. YODER, 2003, 43-70.

3 1 FAZEKAS, E KOSA, 1978; B. BAKER, T. DUPRAS,
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the population under study.?”

For subadult remains, age estimates are
based on epiphyseal union and fetal/peri na-
tal growth and development.®® When pos-
sible, age and sex estimations were based on
methods developed on Eastern European
skeletal collections or those most often cited
in Croatian anthropological literature since
these provide a methodological baseline for
comparison. Due to the fragmentary nature of
the collection, we had to use broad age cat-
egories that reflect growth and development
patterns similar to those used by previous au-
thors working in Liburnian contexts.”” The
following age categories were used: perinate
(prenatal to 24 months); juvenile (about 2
to 12 years old); adolescent (about 12 to 20
years old); young adult (about 21 to 35 years
old); adult (showing signs of complete union,
but not degeneration); and degenerating adult
(adult showing signs of age related skeletal
degeneration). Sex estimation was based on
pelvic and cranial morphology *° and femoral
subtrochanteric sagittal and transverse diame-
ter measurements.>!

Population parameters (average age at death,
life expectancy at birth) were estimated using
age estimates and are limited by the accuracy
of these methods and the representativeness of
the skeletal collection.’? Should one of these
change, population level inferences would be
affected and require reevaluation. Average age
at death is an arithmetic mean of each age co-
hort’s size weighted medians that are averaged
together. This was calculated with the sexes
pooled. Life expectancy at birth (), also uti-
lizing pooled sexes, was determined using sta-

7 ], BUIKSTRA, L. KONIGSBERG, 1985, 54-57; L.
WRIGHT, C. YODER, 2003, 43-70.

2 1. FAZEKAS, E KOSA, 1978; B. BAKER, T. DUPRAS,
M. TOCHERI, 2005; M. SCHAEFER, 2008, 536-545; M.
SCHAEFER, S. BLACK, L. SCHEUER, 2009.

» I ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011.

% G. ACSADI, J. NEMESKERI, 1970; J. BUIKSTRA, D.
UBELAKER, 1994.

31 T.JERKOVIC et al,, 2016, 59-67.

32 R.HOPPA, S. SAUNDERS, 1998, 1-14.
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mogucée, procjene dobi i spola temeljene su
na metodama razvijenim za isto¢noeuropske
uzorke kostiju ili su u skladu s metodama koje
su naj¢esce citirane u hrvatskoj antropoloskoj
literaturi jer pruzaju metodolosku osnovu za
usporedbu. Zbog fragmentarne prirode uzor-
ka, morali smo se koristiti okvirnim dobnim
grupama koje odrazavaju rast i razvojne obras-
ce sli¢ne onima kojim su se koristili autori koji
su se bavili liburnskim kontekstima.? Koriste-
ne su sljede¢e dobne grupe: perinatalna (pre-
natalni period do 24 mjeseca); juvenilna (ca od
2. do 12. godine); adolescentska (ca od 12. do
20. godine); mlada odrasla (ca od 21. do 35.
godine); odrasla (vidljivi znakovi potpunog
srastanja, ali ne degeneracije) i degenerativna
odrasla (odrasli s dobno uvjetovanim degene-
rativnim promjenama na kostima). Procjena
spola temeljila se na morfologiji zdjelice i kra-
nija* te mjerenjima femoralnog subtrohante-
rijskog, sagitalnog i popre¢nog promjera.”!

Populacijski parametri (prosje¢cna dob u
trenutku smrti, o¢ekivano trajanje Zivota pri
rodenju) procijenjeni su na osnovi procjena
dobi, a ograniceni su to¢nos¢u ovih metoda i
reprezentativno$éu uzorka kostiju.** Ako bi se
jedna od ovih stavki promijenila, to bi utjecalo
na zakljucke o populacijskim znacajkama te bi
bila potrebna reevaluacija. Prosje¢na je dob u
trenutku smrti aritmeticka sredina medijana
za svaku dobnu kohortu. Spolovi nisu odva-
jani pri ovom izracunu, kao ni pri odrediva-
nju ocekivanog trajanja zivota pri rodenju (e ),
gdje je kori$tena statistika za tablice mortalite-
ta prema dobnim grupama.”

Konacno, zabiljezili smo patoloske promjene
na pojedinim ostatcima. Normalno stanje kosti
karakterizira uravnoteZena osteoblasti¢na (iz-
gradnja) i osteoklasti¢na (razgradnja) aktivnost.

M. TOCHERYI, 2005; M. SCHAEFER, 2008, 536-545; M.
SCHAEFER, S. BLACK, L. SCHEUER, 2009.

2 I ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011.

% G. ACSADI, J. NEMESKERI, 1970; J. BUIKSTRA, D.
UBELAKER, 1994.

31 T.JERKOVIC et al,, 2016, 59-67.

2 R.HOPPA, S. SAUNDERS, 1998, 1-14.

3 T.GAGE, S. DEWITTE, J. WOOD, 2012, 695-755.
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tistics developed for abridged life tables.?
Finally, we recorded pathological expres-
sions on isolated remains. Normal states of
bone are characterized by balanced osteoblastic
(building), and osteoclastic (cleaving) activity.
Pathological stimuli create an imbalance in this
process, resulting in expressions of new woven
or lamellar bone,* which may be expressed as
osteophytic responses, such as osteoarthritis,
marginal lipping, bone spurs, and robusticity
at fibrous and cartilaginous joints. They can
also result in nonspecific inflammatory re-
sponses, like periosteal, alveolar, or apposition-
al bone growth, and osteolytic activity, such as
Schmorl’s nodes, macroporosity, and necroses.
We recorded observance of osteophytic or os-
teolytic growth, as well as non-specific apposi-
tional periosteal growth lesions. Lastly, we ob-
served responses that can arise from infectious,
metabolic, and other disease states, as well as
responses to traumatic injury, resulting in micr-
oporosity (cribra orbitalia, porotic hyperostosis)
or eburnation. Many of these conditions were
observed in remains at the site and are presented
by the minimum number of elements (MNE)
they affected per context or by the minimum
number of individuals those occurrences re-
flect; however, they could not be individuated.

RESULTS
NISP and MNI

In total, 9,022 skeletal fragments were record-
ed. Of these, 4,049 fragments (44.8%) were
identifiable based on observable landmarks. Af-
ter refits were made for adjoining skeletal frag-
ments, the total number of identifiable and refit
fragments (NISP) was 3,873 (Table 1).

Based on landmarks alone, without any al-
lowances for obvious differences in bone de-
velopment and size that clearly differentiate

individuals, the MNI for the Nadin necropolis

3 T.GAGE, S. DEWITTE, J. WOOD, 2012, 695-755.
¥ C.ROBERTS, K. MANCHESTER, 2007.

Patoloski poticaji stvaraju neravnotezu u ovom
procesu $to rezultira novim tkanim ili lamelar-
nim kostima,* koje se mogu pojaviti u vidu
osteofitskih formacija kao $to je osteoartritis,
kostani izdanci oko rubova zglobnih plostina,
kostani trnovi i robustnost na vlaknastim i hr-
skavi¢nim zglobovima. Takoder se mogu mani-
festirati u nespecifiénim upalnim reakcijama,
kao $to su periostealni, alveolarni ili apozicijski
rast kosti i osteolitskim pojavama kao sto su
Schmorlovi defekti, makroporoznost i nekroze.
Zabiljezili smo osteofitske i osteolitske tvorbe,
kao i nespecifi¢ne lezije apozicijskog perioste-
alnog rasta. Konac¢no, uocili smo reakcije koje
mogu biti posljedica infekcija, metabolickih i
drugih bolesti, kao i reakcije na traumatske oz-
liede koje rezultiraju mikroporoznos¢u (cribra
orbitalia, poroti¢na hiperostoza) ili eburnaci-
jom. Mnoga od ovih stanja primije¢ena su na
ostacima s ovog lokaliteta i predstavljena su naj-
manjim brojem elemenata (MNE) na kojima se
pojavljuju po kontekstu ili najmanjim brojem
jedinki kod kojih se ove pojave javljaju; svejed-
no nisu mogle biti individualizirane.

REZULTATI
NISP i MNI

Ukupno je zabiljezeno 9022 kostanih fra-
gmenata od kojih je 4049 fragmenata (44,8
%) identificirano na osnovi prepoznatljivih
karakteristi¢nih elemenata. Nakon $to su spo-
jeni odgovarajudi fragmenti, ukupan broj pre-
poznatljivih i spojenih fragmenata (NISP) bio
je 3.873 (Tablica 1).

Ako razmotrimo samo karakteristi¢ne ele-
mente, bez obzira na ocite razlike u razvoju
kosti i veli¢ini koje jasno diferenciraju poje-
dince, MNI za parcele 2—-10 s nadinske nekro-
pole iznosi 138. Parcela 9 nije sadrzavala ljud-
ske ostatke koji bi bili obradeni u ovoj studiji,
ali je u istom kontekstu pronadena amfora s

3 C.ROBERTS, K. MANCHESTER, 2007.
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parcele 2-10 came to 138. Parcela 9 had no hu-
man skeletal remains recorded in this analysis,
however, the context contained a burial am-
phora.”> When landmark data and judgements
based on visual observations of different indi-
viduals by context are considered, the MNI is
adjusted to 151. Finally, when combined with
the previously published MNI for parcela 1
(n=45),% there is a total minimum number of
individuals of 196. These are detailed by age
and sex in Tables 2 and 3.

Percent of Completeness and
Population Parameters

Preliminary results from initial analyses in
the summer of 2016 revealed the limits of the
methods we could use for age, sex, and stature
determination by identifying the most com-
plete bones in the context. In order to evaluate
how element fragmentation would impact our
ability to derive key demographic data such as
age, sex, and stature estimation, we calculat-
ed the “percent of completeness” (%C).*” Low
values of %C indicate that fragmentation will
negatively impact our ability to derive data.
For instance, the majority of equations used in
stature estimation require complete, or near-
ly complete, long bones. At Nadin, the %C
of bones typically used for stature estimation,
such as femora and humeri were low; 15% and
22% respectively. Although other long bones
had higher completeness rates, (ulnae: n=194,
%C=37%; radii: n=166, %C=43%), these
results indicated that total length dependent
stature estimation would be impractical.

In contrast, both age and sex estimation
rely upon morphological features of the cra-
nium and pelvis, and diagnostic features of
these bones can remain intact and observable
despite the level of fragmentation present at

% The amphora contained a small amount of unanalyzed
cremains.

* L ANTERIC etal,, 2011, 145-154.

7 J.E.MACK et al,, 2015, 524-536; N. LAMBACHER et al,,
2016, 674-683.

ukopom.® Kad se uzmu u obzir podaci o ka-
rakeeristiénim elementima i procjene temelje-
ne na vizualnim prepoznavanjima jedinki po
kontekstima, MNI je prilagoden na 151. Ko-
nac¢no, u kombinaciji s prethodno objavljenim
MNI za parcelu 1 (n = 45),% ukupni najmanji
broj jedinki je 196. U tablicama 2 i 3 navedeni
su detaljni podatci o spolu i dobi.

Postotak cjelovitosti i
populacijski parametri

Preliminarni rezultati pocetnih analiza u lje-
to 2016. otkrili su ograni¢enja metode kojom
smo se koristili za odredivanje dobi, spola i vi-
sine prepoznavanjem najcjelovitijih kostiju u
uzorku. Da bismo procijenili kako fragmenta-
cija elemenata utjete na moguénost dobivanja
klju¢nih demografskih podataka kao sto su
dob, spol i visina, izracunali smo postotak cje-
lovitosti (%C).” Niske razine %C pokazuju
da ¢e fragmentacija negativno utjecati na nasu
sposobnost dobivanja podataka. Primjerice,
vedina jednadzbi koristenih u procjeni visine
zahtijeva cjelovite ili uglavnom cjelovite duge
kosti. U Nadinu, %C kostiju koje se obi¢no
rabe za procjenu visine, kao $to su bedrena i
nadlakti¢na kost, bio je nizak: 15 % i 22 %.
lako su ostale duge kosti imale vedi postotak
cjelovitosti (lakatne kosti: n = 194, % C = 37
%; paléane kosti: n = 166, %C = 43 %), ovi
su rezultati pokazali da bi bilo neprakti¢no te-
meljiti procjenu visine isklju¢ivo na ukupnoj
duzini.

Nasuprot tomu, procjene dobi i spola osla-
njaju se na morfoloske karakteristike kranija
i zdjelice, a dijagnosticka svojstva ovih kosti-
ju mogu ostati uocljiva i netaknuta unato¢
stupnju fragmentacije zastupljenom u Nadi-
nu. Spomenute metricke metode odredivanja
spola takoder se mogu primijeniti na fragmen-

% Amfora je sadrzavala manju koli¢inu spaljenih ostataka
koji nisu analizirani.

* L ANTERIC etal,, 2011, 145-154.

7 J.E.MACK et al,, 2015, 524-536; N. LAMBACHER et al,,
2016, 674-683.
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TABLE 2 Number and percentage of individuals within each parcela by osteological sex estimation; including totals

from previous studies for comparison

TABLICA 2. Broj i postotak jedinki u svakoj parceli prema osteoloskoj procjeni spola ukljucujuci ukupne brojeve iz
prijasnjih analiza radi usporedbe

Nadin Indeterminate - All Indeterminate -
Parcela Female Male Adult Adult All Subadult Study Totals
Nadin Zena Muskarac Neodredeno - Sve, Neodredeno - Literatura | Ukupno
Parcela odrasli Odprasli subadultno
Mound 13 9 9 12 30 7 P. Sikanji¢ 37
Tumul 13 (24%) (24%) (32%) (81%) (19%) 2006
23 22 1. Anterié
Parcela 1 > ? ? (51%) (49%) etal. 2011 4
5 7
Parcela 2 0 1 4 (42%) (58%) 12
15 17
Parcela 3 2 3 10 (47%) (53%) 32
Parcela 4 0 1 0 ! ! 2
(50%) (50%)
8 3
Parcela 5 0 1 7 (73%) (27%) 11
25 22
Parcela 6 6 8 11 (53%) (47%) 47
9 13
Parcela 7 0 2 7 (41%) (59%) 22
8 13
Parcela 8 2 2 4 (38%) (62%) 21
Parcela 10 0 2 1 3 ! 4
(75%) (25%)
Parcele 74 77
7-10 10 20 44 (49%) (51%) 151
Necropolis
Total 15 29 53 97 99 196
Nekropola (8%) (15%) (27%) (49%) (51%)
ukupno
Necropolis
Total &
Mound 13 24 38 65 127 106 233
Nekropola (10%) (16%) (28%) (55%) (45%)
ukupno i
tumul 13

Nadin. Metric based methods for estimating
sex (discussed above) are also estimable from
fragmentary remains and provided addition-
al demographic data.”® Since age is estimable,
population parameters are as well.

Sex and age data are presented in Tables 2
and 3. Although there is no distinct patterning
in the sex estimation data, there are observable

3 1.JERKOVIC et al,, 2016, 59-67.
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tarnim ostacima i posluzZiti za otkrivanje do-
datnih demografskih podataka.’® Budu¢i da se
dob moze odrediti, isto vrijedi i za populacij-
ske parametre.

Podaci o spolu i dobi predstavljeni su u ta-
blicama 2 i 3. U slucaju odredivanja podataka
o spolu nema prepoznatljivih obrazaca, $to ne

vrijedi za dob. U nadinskoj parceli 1, 48,9 %

3 1.JERKOVIC et al,, 2016, 59-67.
% 1. ANTERIC et al,, 2011, 145-154.
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TABLE 3 Number and percentage of individuals within parcele by age category
TABLICA 3. Broj i postotak jedinki u svakoj parceli prema dobi

Unknown | Young Older
Parcela Perinate Juvenile | Adolescent | Subadult Adult Adult Adult Total
Parcela | Perinatalni | Juvenilni | Adolescenti | Nepoznati | Mladi Odrasli Stariji Ukupno
subadultni | odrasli odrasli
1 4 2 . .
2 (8%)9 (33%) 0 (17%) 0 5 (42%) 0 12 (8%)
4 4 2 7 15 .
3 (125%) | (12.5%) (6%) (22%) 0 (47%) 0 32 (21%)
4 0 ! 0 0 0 ! 0 2 (1%)
(50%) (50%) ’
1 1 1 1 4 3 .
> (9%) (9%) (9%) (9%) (36%) (27%) 11(7%)
4 8 6 3 18 4 o
6 (9%) (17%) (13%) (6%) (38%) (9%) 47 31%)
7 4 1 1 6 2 .
7 (32%) (18%) (5%) (5%) 27%) (9%) 22 (15%)
6 3 3 0 7 1 .
8 (29%) (14%) (14%) (33%) (5%) 21 (14%)
1 1 2 .
10 0 (25%) 0 @25%) | (50%) 0 4(3%)
Total 23 26 13 6 58 10 151
Ukupno (15%) (17%) (9%) (10%) (4%) (39%) (7%)

All ages ranges suggest typical biological ages based on growth and development patterns and are not definitive. Percentages are

rounded to nearest tenth.

Svi rasponi u dobi upucuju na tipi¢nu biolosku dob baziranu na rastu i obrascima razvoja te nisu definitivni. Postotci su zaokru-

Zeni na najblizu desetinu.

patterns in age. For Nadin’s parcela 1, 48.9%
of recorded remains (n=22%) belonged to sub-
adults. Similarly, for parcele 2 through 10,51%
(n=77) of individuals were identified as sub-
adults. The combined subadult totals show that
51% of the individuals buried at Nadin’s ne-
cropolis were ~ < 20 years old when they died
(n=99). The combined totals for parcele 1-10
show that 8% of the adults were female (n=15),
15% male (n=29), and 27% were adults of in-
determinate sex, making a total of 49% adults
(n=97). Mean age at death was estimated at 23
years of age, while life expectancy at birth was
estimated to be 24 years old. When subadults
were removed, this raises to 40 years of age.

% I ANTERIC et al,, 2011, 145-154.

“ The authors recorded the total subadult remains in par-
cela 1 differently on two occasions: as 21, L. ANTERIC, 7.
BASIC, S. ANDELINOVIC, 2011, 82, and later as 22, L.
ANTERIC et al,, 2011, 145-154. We use the results from
the later report.

analiziranih ostatka (n=22%) pripadalo je dje-
ci. Sli¢no tomu djece je u parcelama 2-10 bilo
10,51% (n=77). Ukupni kombinirani brojevi
za subadultnu populaciju pokazuju da je 51%
pojedinaca sahranjenih na nekropoli u Nadinu
bilo -~ < 20 godina u trenutku smrti (n=99).
Ukupni kombinirani brojevi za parcele 1-10
pokazuju da je 8% odraslih bilo Zenskog spola
(n=15), 15% muskog (n=29), a za 27% odra-
slih spol nije nilo moguée odrediti, $to ¢ini
ukupno 49% odraslih (n=97). Prosje¢na dob
u trenutku smrti procijenjena je na 23 godine,
dok je ocekivano trajanje Zivota pri rodenju
procijenjeno na 24 godine. Ako se ne ra¢unaju
djeca, ova se dob dize na 40 godina.

0 Autori su zabiljezili razli¢it broj dje¢jih ostataka iz parcele
1 u dvama radovima: prvo 21, L. ANTERIC, Z. BASIC, S.
ANDELINOVIC, 2011, 82, i zatim 22, I. ANTERIC et al,,
2011, 145-154. Koristili smo se podatcima iz kasnijeg iz-
vjedca.
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Paleopathology

Traditionally, pathological data is present-
ed as a percentage of the total number of in-
dividuals identified in a skeletal collection.
Given the nature of the Nadin collection, we
simply cannot report that type of individu-
al level results. There are instances, howev-
er, where we can discuss the observation of a
specific pathology on presumed “individuals”
when that pathology is observed on multi-

TABLE 4 MNI with pathological occurrences by grave

Paleopatologija

Podatci o patoloskim promjenama obic¢no se
prikazuju kao postotak u ukupnom broju po-
jedinaca prepoznatih u bioarheoloskom uzor-
ku. S obzirom na prirodu nadinskog uzorka,
ti su nam podatci nedostupni. Ipak, u poje-
dinim slucajevima mozemo obratiti pozornost
na specifi¢ne patoloske promjene na pretpo-
stavljenim ,,pojedincima® kad su te promjene
uocene na dijelovima istog elementa (recimo

TABLICA 4. MNI (najmanji broj jedinki) s patoloskim promjenama po grobu

O0.A. & Other Porotic H.O.
Vert O.A. O.Phytic Schmorl’s Appositional O.Lytic & C.0.
Grave Alone Activity Nodes growth/ periostitis Activity Poroticna | Trauma
Grob Samo vert. | Osteoartrits | Schmorlovi Apozicijski rast / Ostale hiperostozai| Trauma
osteoartritis | i osteofitske defekti periostitis osteoliticke cribra
tvorbe tvorbe orbitalia
34 1
39 1 1
41 1
42 1
43 1
44 1 1
47 1
48 1 1 1 1 1
49 1 1
51 1 1 1 2 1
58 1 1 1 1
62/63 2 2
64/67 2 2 1 1
68 1 1 2
73 1
77 1 1
78 1
79 1 1 1 1
80 1 1 1
83 1
Other* 4 3 6
NISP+ 39 71 9 19 3 19 10
MNI Total 12 14 4 5 3 10 4

Unprovenienced, not included in MNI
Bez konkretnog mjesta nalaza; nije uklju¢eno u MNI

T Includes remains from unprovenienced contexts, those outside of graves or parcele
T Ukljucuje ostatke iz nekonkretnog konteksta, tj. one pronadene izvan grobova ili parcela
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ples of the same element (e.g. right humerus)
within a given context (e.g. grave 34). There-
fore, we report how many fragments and how
many graves exhibited pathological changes.
Out of the total number of identifiable, refit
fragments (n=3,873), evidence of patholog-
ical activity was observed on 215 elements
(-6%). Individuals (n=105) from defined
grave contexts were used to estimate the min-
imum number of individuals with patholog-
ical or traumatic skeletal stress markers. Al-
though fragments found outside of graves
with identifiable pathological markers were
not counted towards the estimate of individ-
ual persons with those markers, they were in-
cluded in the total NISP (Table 4). Of the 61
graves contexts, one-third (n=20) contained
at least 1 individual that had expressions of
trauma or pathology. A total of 15 (14%) po-
tential individuals stood out as having com-
plex age and activity related expressions, such
as osteoarthritis.

We noted both osteophytic activity and
degenerative osteoarthritis in vertebral joints
(Fig. 3, 4, 5). Vertebral joint manifestations
can be indicative of certain metabolic condi-
tions, such as DISH, but are more likely to be
associated with genetic, body mass, and age
related concerns.*! Vertebral osteophytosis,
included under the umbrella of age-related
osteoarthritis, was the most prevalent patho-
logical expression on vertebrae. Osteoarthri-
tis (OA) is typified by three major markers,
osteophytes (bone spurs or marginal lipping),
porosity of the joint surface, and eburnation.*
All three of these were observed throughout
the collection, both isolated and co-occur-
ring. OA was found in 9 cervical vertebrae
and 30 thoracic vertebrae. These were spread
among graves 39, 44, 48, 49, 51, 58, 62/63
(two separate individuals), 64/67 (two sep-

4 E. WEISS, R. JURMAIN, 2007; B. QUISPE, E CENGLE
WILLIAMS, 2019.

] BUIKSTRA, D. UBELAKER, 1994; J. BUIKSTRA, 2000;
D.J. ORTNER, 2003; R. JURMAIN et al., 2012, 531-552; T.
WALDRON, 2012.

desnog humerusa) u danom kontekstu (npr.
grob 34). Stoga ¢emo navesti koliko je fragme-
nata imalo patoloske promjene i u koliko se
grobova takvi fragmenti pojavljuju. Od uku-
pnog broja prepoznatljivih, spojenih elemena-
ta (n=3,873), patoloske su promjene uocene
na 215 elemenata (-6 %). Pojedinci (n=105)
iz definiranih grobnih konteksta koristeni su
za odredivanje najmanjeg broja jedinki s pa-
toloskim promjenama ili pokazateljima trau-
matskog stresa na kostima. lako fragmenti s
patoloskim markerima koji su nadeni izvan
grobova nisu bili uzeti u obzir u izra¢unavanju
broja pojedinaca s takvim markerima, ukljuée-
ni su u ukupni NISP (Tablica 4). Od 61 grob-
nog konteksta, jedna tre¢ina (n=20) sadrzavala
je bar jednog pojedinca koji je imao neki znak
traume ili patolosku promjenu. Ukupno 15
(14 %) potencijalnih pojedinaca se izdvaja u
uzorku po kompleksnim promjenama kao $to
je osteoartritis, a u vezi s dobi ili aktivnostima.

Uodili smo i osteofite i degenerativni osteo-
artritis na vertebralnim zglobovima (SL. 3,
4, 5). Promjene na vertebralnim zglobovima
mogu upudivati na odredene metabolicke po-
remecaje, kao DISH (difuzna idiopatska ske-
letna hiperostoza), ali su ¢esée u vezi s genet-
skom predispozicijom, tjelesnom masom ili
dobi.*! Vertebralna osteofitoza koja se dovodi
u vezu s osteoartritisom povezanim sa staro$¢u,
bila je najées¢a patoloska promjena na kraljes-
cima. Osteoatritis je zastupljen s trima glav-
nim predstavnicima: osteofiti (kostani trnovi
i ko$tani izdanci oko rubova zglobnih plosti-
na), poroznost zglobnih plostina i eburnacija.*?
Sve tri pojave primijecene su u cijelom uzor-
ku, izolirane ili u kombinaciji. Osteoartritis
je potvrden na 9 cervikalnih i 30 torakalnih
kraljezaka, iz grobova 39, 44, 48, 49, 51, 58,
62/63 (dva zasebna pojedinca), 64/67 (dva
zasebna pojedinca), 77 i 79. Pojavljuje se kod

4 E. WEISS, R. JURMAIN, 2007; B. QUISPE, E CENGLE
WILLIAMS, 2019.

4 1. BUIKSTRA, D. UBELAKER, 1994; ]. BUIKSTRA, 2000;
D. J. ORTNER, 2003; R. JURMAIN et al., 2012, 531-552;
T. WALDRON, 2012.
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F1GURE 3 Pathological vertebrae from Nadin, parcela 8 grave 67. Left: inferior view of thoracic vertebrae with
osteolytic and osteophytic activity; right: articulating. Scale in cm (photo by T. Loewen)

SLIKA 3. Kraljesci s patoloskim promjenama iz Nadina; parcela 8, grob 67. Lijevo: donja strana torakalnih
kraljezaka s osteolitickim i osteofitskim tvorbama; desno: artikulacija. Mjerilo u cm (foto: T. Loewen)

FIGURE 4 Pathological vertebrae from Nadin, parcela 8 grave 67. Left and center: superior and right lateral view of
upper thoracic vertebra. Pathological vertebrae from Nadin, parcela 6. Right: posterior view of axis cervical vertebra

(photo by T. Loewen)

SLIKA 4. Kraljesci s patoloskim promjenama iz Nadina; parcela 8, grob 67. Lijevo i u sredini: gornja i desna strana
gornjih torakalnih kraljeZaka. Kraljesci s patoloskim promjenama iz Nadina, parcela 6. Desno: straznja strana

drugog cervikalnog kraljeska (os) (foto: T. Loewen)

arate individuals), 77, and 79, occurring in
presumably 12 individuals, 8 of whom were
afflicted in the upper cervical spine. Other
vertebral changes included Schmorl’s nodes
which were found on 9 thoracic or lumbar
vertebral bodies, 2 each in graves 51 and 58,
one in 80 and 67, and 3 others in non-grave
contexts.

Osteoarthritis was also observed elsewhere
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vjerojatno 12 pojedinaca, od kojih je 8 imalo
promjene na gornjem cervikalnom dijelu kra-
ljeznice. Ostale promjene na kraljeznici uklju-
¢uju Schmorlove defekte koji su nadeni na 9
torakalnih ili lumbalnih kraljezaka, po dva u
grobovima 51 i 58, jedan u grobovima 80 i 67,
te jos tri u drugim kontekstima izvan grobova.

Osteoartritis je primije¢en i na drugim dije-
lovima tijela na jos 32 fragmentarna elementa
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F1GURE 5 Pathological vertebrae from Nadin, parcela 5 grave 48. Left: superior view of atlas cervical vertebra.
Pathological vertebrae from Nadin. Center: posterior view of thoracic vertebra; right: inferior view of cervical
vertebra. Notice the pathological lesion’s non-bilateral occurrence (photo by T. Loewen)

SLIKA 5. Kraljesci s patoloskim promjenama iz Nadina; parcela 5, grob 48. Lijevo: gornja strana prvog cervikalnog
kraljeska (atlas). Kraljesci s patoloskim promjenama iz Nadina. U sredini: straznja strana torakalnog kraljeska;
desno: donja strana cervikalnog kraljeska. Primjetna je jednostrana pojava patoloske lezije (foto: T. Loewen)

in the body in an additional 32 fragmentary
elements throughout the site (Table 4). These
32 include: extensive (over 30% of the articu-
lar surface) macroporosity of the glenoid fossa
of the scapula; pseudarthrosis of a second met-
atarsal; proximal eburnation of the radius, and
thinning with eburnation of the acetabular
margin. In total, it is likely that a minimum of

na nalazi$tu (Tablica 4) koji ukljucuju sljedece
manifestacije: ekstenzivna (vise od 30% arti-
kularne povrsine) makroporoznost glenoidne
supljine lopatice; pseudoartroza druge meta-
tarzalne kosti; proksimalna eburnacija palca-
ne kosti i stanjivanje acetabularne margine s
eburnacijom. Sveukupno, ¢ini se da je bar 14
pojedinaca imalo osteoartritis, uz potencijalno

FIGURE 6 Pathological femoral shafts from Nadin, western part of parcela 6. Left: anterior and posterior views of
femur with osteophytic growth. Pathological femoral head from Nadin, parcela 6 grave 51. Right: posterior view of

femoral head with lytic activity (photo by T. Loewen)

SLIKA 6. Patoloske promjene na srednjem dijelu femura iz Nadina, zapadni dio parcele 6. Lijevo: prednji i straznji
dio femura s osteofitskim tvorbama. Glava femura s patoloskim promjenama iz Nadina; parcela 6, grob 51. Desno:
straznja strana glave femura s litickim tvorbama (foto: T. Loewen)
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14 individuals were affected by OA, with po-
tentially numerous others from commingled
and cremated contexts (particularly in parcela
6). There were also numerous non-vertebral
examples of synovial degeneration in acetab-
ular-femoral, humero-glenoid, and foot bone
joints.

Other reoccurring patterns of interest were
entheseal robusticity and lipping or deepen-
ing of the femoral fovea capitis. Though not
necessarily pathological, sacralized last lumbar
vertebrae and supraorbital foramen were also
two distinct and recurring morphological var-
iants. Additionally, one large myosotis ossifi-
cans on the lateral anterior aspect of an adult
femur in parcela 6, and one mushroomed and
collapsed necrotic proximal femur were also
observed (Fig. 6). Porotic hyperostosis, often
attributed to nutritional anemia,* was seen in
only slight to moderate forms (0-30% cover-
age) in 10 individuals.

DISCUSSION

This study builds on previous research which
aimed to understand how Liburnians lived
experiences affected their bodies and health.*
Prior studies have considered mortality, age at
death, and disease, and our results contribute
to those reconstructions.

Paleodemographics

Average age at death has commonly been used
as a point of comparison for changes in popu-
lation mortality, particularly for analyses of the
Agricultural Revolution.® It has predominantly
been replaced by first life tables, and more re-
cently hazard models. However, its one-time
ubiquity makes it a more accessible parameter

3 A. GOODMAN, D. MARTIN, 2002, 11-60.

# P SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011.

4 M. COHEN, G. ARMELAGOS, 1984; S. R. JOHANSSON,
S. HOROWITZ, 1986; D. DUMOND, 1990.
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mnogo vedi broj iz izmijesanih i spaljenih osta-
taka (posebno u parceli 6). Brojni su i primjeri
sinovijalne degeneracije u acetabularno-femo-
ralnim i humero-glenoidnim zonama te na
zglobovima stopala.

Druge zanimljive patoloske promjene su
robusnost enteza i okostavanje ili produ-
bljivanje femoralne udubine (fovea capitis).
Sakralizacija zadnjeg lumbalnog kraljeska i
supraorbitalni usjek dvije su izrazite morfo-
loske varijante koje se ¢e$ée pojavljuju, iako
nisu nuzno patoloske. Zastupljen je i jedan
primjer osificiraju¢eg miozitisa na lateralno-
anteriornoj strani femura odrasle osobe iz
parcele 6, i jedan gljivoliki i uruseni nekroti¢-
ni proksimalni femur (SI. 6). Poroti¢na hipe-
rostoza koja se Cesto pripisuje slabokrvnosti
zbog lose prehrane® primije¢ena je samo u
blagim ili umjerenim oblicima (pokrivenost

0-30 %) kod 10 pojedinaca.

RASPRAVA

Ova se studija oslanja na prethodna istrazi-
vanja koja su bila usmjerena na razumijevanje
utjecaja nac¢ina zivota Liburna na njihova tijela
i zdravlje. “ Dosadasnje su studije uzimale u
obzir mortalitet, dob u trenutku smirti, i bole-
sti, a nasi ¢e rezultati pridonijeti ovim rekon-
strukcijama.

Paleodemografija

Prosje¢na dob u trenutku smrti obi¢no se ra-
bila za usporedbu promjena u mortalitetu popu-
lacije, posebno u analizama neoliticke revoluci-
je.® Zamjenjuje se prvo tablicama mortaliteta, a
u posljednje vrijeme i modelima hazarda. Ipak,
njezina nekadasnja sveprisutnost ¢ini je primje-

3 A. GOODMAN, D. MARTIN, 2002, 11-60.

4 P, SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011.

4% M. COHEN, G. ARMELAGOS, 1984; S. R. JOHANSSON,
S. HOROWITZ, 1986; D. DUMOND, 1990.
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for contexts such as those at Nadin. One prob-
lem with average age at death, as well as oth-
er demographic parameters like age specific
mortality, is that they are easily influenced by
subadults in the collection, driving mean age
down.* Average age at death is neither a good
indicator of morbidity nor mortality;*” however,
the effect of subadults on the parameters can be
revealing of population changes related to fertil-
ity and growth. Studies have found that mean
age at death is the outcome of increased fertility
and birth rate, such that when the average age at
death is low, that this is indicative of population
growth.®® Since a higher population increases
the proportional representation of all younger
people, their representation among the dead will
also be higher. Therefore, we can infer the in-
verse of the above statements, that higher num-
bers of subadults in skeletal series, particularly
perinates, will result in lower mean age at death
and life expectancy at birth scores.”” Additional-
ly, since increased fertility is a sign of a dynamic
population, a higher proportion of younger age
individuals indicates that a population is grow-
ing.> So, if we identify lower than expected av-
erage ages at death and life expectancy at birth
in a population that clearly demonstrates an in-
creased representation of young individuals, we
might infer that the population is experiencing
growth due to a change in fertility.”’

Life expectancy at birth for Iron Age, Gre-
co-Romans and Mediterranean populations has
been estimated between 25-30 years of age.”?
Such a low age specific mortality was not un-

% A. COALE, 1956, 79-114; L. SATTENSPIEL, H. HAR-
PENDING, 1983, 493; S. HOROWITZ, G. ARMELA-
GOS, K. WACHTER, 1988, 190.

# L. SATTENSPIEL, H. HARPENDING, 1983; ]. WOOD et
al., 1992.

4% A. COALE, 1956, 79-114; L. SATTENSPIEL, H. HAR-
PENDING, 1983, 489-498; S. R. JOHANSSON, S. HO-
ROWITZ, 1986, 238-241.

# S.R.JOHANSSON, S. HOROWITZ, 1986, 238-241.

% S.HOROWITZ, G. ARMELAGOS, K. WACHTER, 1988,
190.

' S.DEWITTE, 2018.

2 B. FRIER, 1982, 213-251; A. ALESAN, A. MALGOSA,
C. SIMO, 1999, 285-301; W. SCHEIDEL, 1. MORRIS, R.
SALLER, 2007; T. PARKIN, 2013, 40-61.

dinski. Problem s dobi u trenutku smrti, kao i s
drugim demografskim parametrima kao $to je
dobno specifi¢na stopa mortaliteta, jest utjecaj
subadultne grupe u uzorku, koji rusi srednju vri-
jednost. Prosje¢na dob u trenutku smrti nije
dobar pokazatelj ni morbiditeta ni mortaliteta,”
ali utjecaj subdultnog segmenta na parametre
moze otkriti populacijske promjene u vezi s
fertilitetom i rastom. Studije su pokazale da je
prosje¢na dob u trenutku smrti rezultat poveca-
nog fertiliteta i stope radanja, pa se tako niska
prosje¢na dob u trenutku smrti dovodi u vezu
s rastom populacije.”® Buduéi da veca popula-
cija povecava i proporcionalni udio svih mladih
ljudi, njihova ¢e zastupljenost medu umrlima
takoder biti veéa. Dakle, mozemo zakljuditi
obrnuto od gore spomenutog, veéi broj suba-
dultnih pojedinaca (posebno perinatalne dobi)
u skeletnom uzorku, rezultirat ée nizim stopama
prosje¢ne dobi u trenutku smrti i ocekivanog
trajanja zivota pri rodenju.” Nadalje, bududi da
je rast fertiliteta znak dinami¢ne populacije, veci
udio mladih pojedinaca pokazuje da populacija
raste.”® Stoga, ako su prosjecne dobi u trenutku
smrti i ocekivano trajanje zivota pri rodenju nize
od ocekivanih u populaciji koja jasno pokazuje
povecanu zastupljenost mladih pojedinaca, mo-
zemo zakljuditi da ta populacija raste zbog pro-
mjene fertiliteta.’!

Ocekivano trajanje zivota pri rodenju za Ze-
ljeznodobne, greko-rimske i mediteranske po-
pulacije procijenjeno je na 25 do 30 godina.”
Tako niska dobno specifi¢na stopa mortaliteta
nije neuobicajena u predindustrijskim drustvi-

% A. COALE, 1956, 79-114; L. SATTENSPIEL, H. HAR-
PENDING, 1983, 493; S. HOROWITZ, G. ARMELAGOS,
K. WACHTER, 1988, 190.

¥ L.SATTENSPIEL, H. HARPENDING, 1983; ]. WOOD et
al, 1992.

4 A. COALE, 1956, 79-114; L. SATTENSPIEL, H. HAR-
PENDING, 1983, 489-498; S. R. JOHANSSON, S. HO-
ROWITZ, 1986, 238-241.

# S.R.JOHANSSON, S. HOROWITZ, 1986, 238-241.

% S.HOROWITZ, G. ARMELAGOS, K. WACHTER, 1988,
190.

>t S.DEWITTE, 2018.

2 B. FRIER, 1982, 213-251; A. ALESAN, A. MALGOSA,
C. SIMO, 1999, 285-301; W. SCHEIDEL, . MORRIS, R.
SALLER, 2007; T. PARKIN, 2013, 40-61.
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characteristic for preindustrial societies.® If an
individual survived till adulthood however, the
average age of Roman populations was 35 years
old while the total life expectancy was estimated
to be 47 years old.** Among Liburnian Iron Age
populations, mean age at death for adults (not to
be confused with life expectancy), ranged from
33 to 44 years depending on sex.”® At the Na-
din necropolis, mean age at death (23 years) and
life expectancy at birth (24 years) were markedly
lower than either would be expected for the re-
gion and time period. When subadults were re-
moved from the mean age at death calculation,
the adult estimate of 40 years accords with the
previous analysis of adults from the Nadin ne-
cropolis parcela 1 (36-46 years),® as well as the
rest of the region and Roman populations. The
differences remain only between the population
parameters that include subadults.

These data demonstrate that the age specific
(at birth) mortality and the lower mean age at
death at Nadin differs from the rest of the re-
gion due to the influence of the high number of
subadults (51%, n=99). This stands in contrast
to the number of subadults observed at regional
Iron Age sites such as Ljubad, (24%) and Na-
din Mound 13, (23%)°” which are all consist-
ent with Veljanovska and others™® expectation
that subadults generally make up one-third
of the population. This estimate of one-third
aligns with the results of Anteri¢, Basi¢, and
Andelinovi¢ * who found that the pooled rep-
resentation of sub-adults at Liburnian sites was
27.06%. Their preliminary results of only the
first parcela at Nadin® foreshadowed what we

5 T.GAGE, S. DEWITTE, J. WOOD, 2012, 695-755.

st B.FRIER, 1982, 213-251.

55 M.SLAUS, 2002; I. ANTERIC, Z. BASIC, S. ANDELINO-
VIC, 2011, 89.

56 1. ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011, 82-89.

57 P. SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 91.

5 F VELJANOVSKA, 1990, 233-255; T. PARKIN, 2013, 40-
61.

% P, SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 90.

% They only examined the bones from the graves, not co-
mingled bones around graves.
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ma.”® Ako je pojedinac uopée dozivio odraslu
dob, prosje¢na starost u rimsko doba bila je 35
godina dok je ukupna oéekivana dob bila 47
godina.** Medu liburnskim Zeljeznodobnim po-
pulacijama, prosje¢na dob u trenutku smrti za
odrasle (ne treba je mijesati s ocekivanim traja-
njem Zivota), varirala je izmedu 33 i 44 godine,
ovisno o spolu.”” Na nadinskoj nekropoli, pro-
sje¢na dob u trenutku smrti (23 godine) i oéeki-
vano trajanje zivota pri rodenju (24 godine) bili
su znatno nizi nego $to bi se oéekivalo s obzirom
na prostorne i vremenske relacije. Kada se su-
badultni pojedinci uklone iz izratuna prosjecne
dobi u trenutku smrti, procjena od 40 godina
za odrasle odgovara prethodnim analizama za
odrasle iz parcele 1 s nekropole u Nadinu (36—
46 godina),”® kao i za ve¢i dio regije i rimskih
populacija. Razlike ostaju samo za populacijske
parametre koji uklju¢uju subadultnu kohortu.
Ovi podatci pokazuju da se dobno specifi¢ni
mortalitet (pri rodenju) i niZa prosjena dob
u trenutku smrti za Nadin razlikuju od okol-
nog podrudja zbog utjecaja visokog broja djece
(51%, n=99) sto je u suprotnosti s ovim brojem
na drugim Zeljeznodobnim nalazi§tima na ovom
podrudju, kao $to su Ljuba¢ (24%) i nadinski
tumul 13 (23%)°” koji odgovaraju o¢ekivanjima
Veljanovske i drugih®® da subadultna grupa ¢ini
tre¢inu populacije. Ova je procjena u skladu s
rezultatima koje su dobili Anteri¢, Basi¢ i Ande-
linovi¢*® koji su utvrdili da je zajednicka zastu-
pljenost subadultne grupe na liburnskim nala-
zi$tima 27.06%. Njihovi preliminarni rezultati
samo prve parcele u Nadinu® nagovijestili su
ono $to ¢emo mi naknadno otkriti, vei suba-

5 T.GAGE, S. DEWITTE, . WOOD, 2012, 695-755.

st B.FRIER, 1982, 213-251.

55 M. SLAUS, 2002; I. ANTERIC, Z. BASIC, S. ANDELINO-
VIC, 2011, 89.

5 1. ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011, 82-89.

7 P, SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 91.

% E VELJANOVSKA, 1990, 233-255; T. PARKIN, 2013,
40-61.

% P SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 90.

% Analizirali su samo kosti iz grobova, ali ne i izmijesane ko-
sti oko grobova.
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would later find, a higher count of subadults,
22 out of 45 individuals (48%). At the necropo-
lis, all parcele contained sub-adult remains, with
6 of the 8 containing perinate remains (n=23,
15%), and we identified a much higher percent-
age than one-third.

There may be multiple explanations for the
distinct demographic make-up of this sample.
These results may be influenced by the nature
of the sample itself, resulting in methodologi-
cal constraints. The limited sample size of sexed
individuals is small and incorporates a number
of age-at-death methods and age-at-death cate-
gories that may cause fragments from the same
individual to be aged differently. The pattern
could also reflect differential burial practic-
es, where subadult burials are concentrated in
specific areas and we have yet to excavate the
remaining adults. While age specific practices

I'and exca-

have been observed at other sites,®
vation at Nadin’s necropolis are ongoing, there
is no evidence that points to preferential burial
of subadults in specific locations, and since all
ages and sexes have been represented, it seems
unlikely incomplete excavation is the issue. Ex-
cepting these issues, the necropolis may in fact
simply have a higher frequency of subadult re-

mains for the region and time period.

Paleopathology

Given the nature of the skeletal collection
from Nadin, we have to approach interpreta-
tion of the pathological evidence with caution.
Studies have supported that repeated activity is
related to changes in patterns of joint disease.*
For example, cervical arthritis, similar to that
observed at Nadin, has been associated with
repeated carrying of heavy loads on the head,
such as those slung around the forehead.®® Spe-
cific occupational activities cannot be indicated
by just pathological lesions in either individuals

¢ L.DERN, 2019.

¢ C.ROBERTS, K. MANCHESTER, 2007.

¢ P SAGER, 1969; P. BRIDGES, 1992, 67-91; N. LOVELL,
1994, 161.

dultni udio, 22 od 45 pojedinaca (48%). Na ne-
kropoli su u svim parcelama nadeni subadultni
ostatci, a u ¢ak 6 od 8 dokumentirani su perina-
talni ostatci (n=23, 15%), dok smo mi odredili
postotak mnogo vedi od jedne trecine.

Poseban sastav ovog uzorka mogao bi se obja-
sniti na viSe na¢ina. Rezultati bi mogli biti u vezi
s prirodom samog uzorka, koja moze uzrokovati
metodoloska ogranicenja. Veli¢ina uzorka s po-
jedincima odredenih spolova je mala i ukljucuje
metode i kategorije dobi u trenutku smrti koje
mogu odrediti ostatke istog pojedinca u razlicite
dobne grupe. Ovaj bi uzorak isto tako mogao
odrazavati razli¢ite nacine pokapanja, gdje su
subadultni pokopi koncentrirani u specifi¢cnim
podrudjima, a tek trebamo iskopati preostale
odrasle. Dok su na drugim nalazi§tima uoce-
ne posebnosti u pokapanju razli¢itih dobnih
grupa,®!
traje, nema dokaza koji bi upuéivali na poseban

a iskopavanje nadinske nekropole jos

pristup pokapanju subadultne grupe na odrede-
nim lokacijama, a s obzirom na to da su zastu-
pljene razne dobi i oba spola, ne ¢ini se da je
razlog tomu nedovrseno iskopavanje. Mogucée je
da su na ovoj nekropoli jednostavno bolje zastu-
pljeni subadultni ostaci nego na ostalim istovre-
menim nalaziStima iz ovog podru¢ja.

Paleopatologija

S obzirom na prirodu bioarheoloskog uzor-
ka iz Nadina, moramo pristupiti interpretaciji
patoloskih nalaza s dozom opreza. Studije po-
kazuju da su repetitivne radnje povezane s pro-
mjenama koje upucuju na bolesti zglobova.*
Primjerice, cervikalni artritis, poput onog zabi-
liezenog u Nadinu, povezuje se s ¢estim nose-
njem teskog tereta na glavi, koji je mogao biti
pri¢vrséen za Celo.®® Specifi¢ne aktivnosti pove-
zane s odredenim zvanjem ne mogu se prepo-
znati samo iz patoloskih lezija na ostacima po-

¢ L.DERN, 2019.

8 C.ROBERTS, K. MANCHESTER, 2007.

6 P.SAGER, 1969; P. BRIDGES, 1992, 67-91; N. LOVELL,
1994, 161.
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or populations;** and some authors claim there
is no support that OA derives directly from
specific habitual activity.”” Waldron similarly
recommends avoiding speculations about the
occupations of individual skeletons,® however,
comparing distributions of OA as a whole may
be useful, and careful surveys of the literature
support this.” Functional stress and time are
understood to be major contributing factors in
vertebral osteophytosis and osteoarthritis,®® and
may account better for its etiology than pre-
scriptions of morbidity, even though disease
states do contribute to OA. Without the ability
to individuate each traumatic and pathological
expression at Nadin our interpretations of stress
markers will remain general. Nevertheless, due
to the established association, we consider the
evidence of pathology and OA in relation to
what is known about the effects of lifelong me-
chanical stress.

Stress related markers found on Nadin’s skele-
tal remains support an interpretation of intense
activity, perhaps related to agriculture or some
other general habitual activity. High mortality
in older subadults, is also suggestive of agricul-
tural changes, as children are needed in labor-in-
tensive tasks which result in more work-related
trauma.® Anteri¢, Basi¢, and Andelinovi¢ 7 not-
ed generalized active periostitis, a sign of stress,
on the skeleton of a subadult from grave 5. Sim-
ilarly, we identified an incomplete T12 vertebra
in grave 39, along with similar remains indicat-
ing an older juvenile or adolescent who had mi-
croporosity and eburnation on the right coastal
facet. Furthermore, our data shows evidence of
periosteal lesions and pathological responses as-
sociated with stress in early life (e.g. linear enam-
el hypoplasia) as well as evidence of pathological
elements related to osteological degeneration.

6 S, VILLOTTE et al, 2010, 224-234; S. VILLOTTE, C.
KNUSEL, 2013, 135-146.

6 R.JURMAIN etal, 2012, 531-552.

6 T WALDRON, 2012.

& N.BURT et al., 2013, 13; E. WEISS, 2017.

8 E. WEISS, R. JURMAIN, 2007, 437-450; E. WEISS 2017.

% J.BECK, 2016, 47-73.

7 1. ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011, 102.
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jedinaca ili populacija,** a odredeni autori tvrde
da se osteoartritis ne moze dovesti u izravnu
vezu sa specificnim uobicajenim aktivnostima.®®
U istom tonu Waldron preporucuje izbjegava-
nje pretpostavki o zanimanjima pojedinaca na
osnovi kostura,’ ali usporedbe opce zastuplje-
nosti osteoartritisa mogu biti od koristi, $to je
potvrdeno i u literaturi.” Funkcionalni stres i
dob smatraju se vodeéim faktorima utjecaja na
pojavu vertebralne osteofitoze i osteoartritisa,®
i mogu bolje objasniti etiologiju ove bolesti od
drugih morbiditeta, iako i druga bolesna stanja
mogu utjecati na osteoartritis. Bududi da ne
mozemo pristupiti individualno svakoj trau-
matskoj ili patoloskoj pojavi u Nadinu, nasa ¢e
interpretacija pokazatelja stresa ostati na opéoj
razini. Pored toga, zbog utvrdene povezanosti,
razmotrit emo tragove patologije i osteoartritisa
u odnosu na poznate podatke o utjecaju cjelozi-
votnog mehanickog stresa.

Pokazatelji stresa na nadinskim ko$tanim
ostatcima u skladu su s interpretacijom o inten-
zivnoj aktivnosti, mozda u vezi s poljopriviedom
ili nekom drugom svakodnevnom aktivnoséu.
Visoka smrtnost starije djece takoder upuduje
na promjene u poljoprivrednim aktivnostima
jer su djeca radila teze poslove koji rezultiraju
¢es¢im traumama.” Anteri¢, Basi¢ i Andelino-
vi¢’® uodili su nespecifi¢ni aktivni periostitis, kao
pokazatelj stresa na dje¢jem kosturu iz groba 5.
Sli¢no tomu, nasli smo nepotpun kraljezak T12
u grobu 39, sa sli¢nim ostacima koji je mogao
pripadati starijem maloljetniku ili adolescentu
na ¢ijoj se desnoj rebrenoj jami (fovea costalis)
nalazi mikroporoznost i eburnacija. Nadalje,
nasi podatci upucuju na prisutnost periostealnih
lezija i patoloskih reakcija u vezi sa stresom tije-
kom djetinjstva (npr. linearna hipoplazija zubne
cakline) kao i na tragove patoloskih elemenata u

¢ S VILLOTTE et al, 2010, 224-234; S. VILLOTTE, C.
KNUSEL, 2013, 135-146.

& R.JURMAIN etal, 2012, 531-552.

% T WALDRON, 2012.

& N.BURT etal,, 2013, 13; E. WEISS, 2017.

8 E. WEISS, R. JURMAIN, 2007, 437-450; E. WEISS, 2017.

% J.BECK, 2016, 47-73.
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While degeneration accompanies physically

it is also closely associ-

demanding activities,
ated with older age. Typically, osteoarthritis af-
fects the more active synovial joints.”> However,
osteophytosis is brought on by age as well as
repeated activity and in one modern study was
indicated in all individuals over 50 years of age.”
Osteoarthritis on cervical vertebrae C3-C7, as
manifested by marginal lipping and porosity, has
been shown to be related to the aging process,
increasing in severity with age.”* As mentioned,
age-related arthritis in the form of vertebral os-
teophytosis was the predominant pathological
expression on vertebrae in the sample. The neu-
ral canal spurs are likely associated with spinal
stenosis, causing narrowing of the neural canal,
potentially resulting in impediment on the spi-
nal cord and nerves, pain, and limited mobility.”

Joint disease, along with dental responses, are
the most commonly occurring pathological ex-
pressions in both modern and archaeological
populations, assuming a sample represents a
general population of all sexes and ages.”® This
encompasses both degenerative and osteophyt-
ic activity (e.g. marginal lipping). The evidence
on the prevalence of osteoarthritis in persons
60 years of age or older suggests that we would
expect to see OA in at least half of the older
aged individuals in a collection.”” Anteri¢ and
colleagues 7® included tables indicating that no
individuals in Mound 13 showed signs of oste-
oarthritis, although it was observed on 38.1%
of individuals at the 6 Liburnian sites they sur-
veyed. Anteri¢, Basi¢ and Andelinovi¢,” state
that parcela 1, contained 11 individuals (50%
of all adults with preserved articular surfaces)
with visible signs of osteoarthritis. This number

7' N.LOVELL, 1994, 149-164.

2 T. WALDRON, 2008, 515.

3 H.NATHAN, 1962, 243-268.

74 B. QUISPE, E LENGLE WILLIAMS, 2019.

5 S.WALDMAN, 2019, 324-327.

6 H.NATHAN, 1962, 243-268; T. WALDRON, 2008.

77 H.NATHAN, 1962, 243-268.

78 P SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 86.

™ P SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 87.

vezi s osteoloskom degeneracijom.

Degeneracija upuduje na fizicki zahtjevne
aktivnosti,”! ali je isto tako usko povezana sa
starenjem. Osteoartritis uglavnom pogada ak-
tivnije sinovijalne zglobove.”> Ipak, osteoartri-
tis je povezan sa starenjem kao i s dugotrajnim
repetitivnim radnjama pa je tako u jednoj su-
vremenoj studiji pronaden kod svih pojedinaca
starijih od 50 godina.”® Pokazalo se da je osteoar-
tritis na cervikalnim kraljescima C3-C7, vidljiv
iz osteofita na rubnim zglobnim povrsinama i
poroznosti, povezan sa starenjem, i to na nacin
da je jace izrazen kod starijih pojedinaca.”* Kao
§to je ve¢ spomenuto, artritis povezan sa staro-
$¢u u obliku vertebralne osteofitoze dominan-
tna je patoloska pojava na kraljescima u uzor-
ku. Izdanci na spinalnom kanalu vjerojatno su
povezani sa spinalnom stenozom, $to uzrokuje
suzavanje spinalnog kanala, a moze za posljedicu
imati smetnje u lednoj mozdini i zivcima, bol i
ograni¢enu pokretljivost.”

Bolesti zglobova i promjene na zubima najce-
$¢e su patoloske pojave u suvremenim i arheo-
loskim populacijama, pod pretpostavkom da
je uzorak reprezentativan i da predstavlja opéu
populaciju svih dobnih grupa i spolova.”® Tu
spadaju i degenerativne i ostefitske promjene
(npr. kostani trnovi oko rubova zglobnih plosti-
na). Ocekivali bismo osteoartritis kod bar pola
svih starijih osoba u uzorku prema podatcima
o ucestaloj prisutnosti ovog stanja kod oso-
ba starijih od 60 godina.”” Anteri¢ i suradnici’®
donose tablice prema kojima nije bilo znakova
osteoartritisa kod pokojnika iz tumula 13, iako
je uoden kod 38,1% pojedinaca sa $est liburn-
skih nalazista koja su analizirali. Prema Anteri¢,
Basi¢ i Andelinovi¢,” parcela 1 je sadrzavala 11

7' N.LOVELL, 1994, 149-164.

72 T. WALDRON, 2008, 515.

3 H.NATHAN, 1962, 243-268.

74 B, QUISPE, E LENGLE WILLIAMS, 2019.

75 S.WALDMAN, 2019, 324-327.

76 H.NATHAN 1962, 243-268; T. WALDRON, 2008.

77 H.NATHAN 1962, 243-268.

78 P, SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANPELI-
NOVIC, 2011, 86.

7 P. SIKANJIC, 2006; I. ANTERIC, Z. BASIC, S. ANDELI-
NOVIC, 2011, 87.
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seems high compared to our findings, but parce-
la 1 contained 8 intact burials out of 18, despite
much of the other remains being as disrupted
as the rest of the necropolis. These better-pre-
served individuals may have allowed them to
cross reference data from the entire skeleton and
not just vertebral OA, which we have primarily
relied upon. Still, this high expression of OA is
consistent with our findings since we noted far
more occurrences of OA (14%) than identified
older individuals (7%).

Nevertheless, it is clear that not all who were
afflicted with arthritis were simply subject to the
typical aging processes. This is evidenced by the
aforementioned T12 vertebra in grave 39 that
lacks a fused annular ring and displays micro-
porosity and eburnation on the right coastal fac-
et. The arthritic nature of at least two separate
individuals’ glenohumeral joints were addition-
ally notable because this area is less frequently
affected by OA.* These, combined with other
marked instances of healed and active infec-
tions, necroses, and traumatic injuries, suggest
that numerous individuals from the sample
would have experienced daily physical pain or in
some way were biomechanically altered. There
is no reason to suggest that their lived experienc-
es would have been very different from others
in their community, however we can clearly see
that their bodies were dealing with stress relat-
ed imbalances that caused reactions prolonged
enough to leave permanent marks.

CONCLUSIONS

Previous researchers have attributed the high
proportion of subadult remains at Nadin-Grad-
ina’s necropolis as being indicative of elevated
infant mortality stemming from inadequate
health care, poor quality of life, and disease.”!
This interpretation is supported by studies that

% T WALDRON, 2012.
81 . ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011, 90; L.
ANTERIC et al,, 2011, 145-154.
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pokojnika (50 % svih odraslih sa sa¢uvanim ar-
tikularnim povr§inama) s vidljivim znakovima
osteoartritisa. Ovaj se broj ¢ini velikim u odnosu
na nae nalaze, ali od 18 ukopa u parceli 1, osam
je bilo intaktnih, iako je ostatak uzorka bio u
jednako losem stanju kao i ostatak nekropole.
Mogucée je da su na osnovi ovih bolje sa¢uvanih
pokojnika mogli dobiti podatke o osteoartritisu
za cijeli kostur, a ne samo za kraljeske, na $to
smo se mi uglavnom oslanjali. Svejedno je vi-
soka pojavnost osteoartritisa u skladu s nasim
nalazima jer smo primijetili mnogo ¢e$¢u zastu-
pljenost osteoartritisa (14 %) od udjela starijih
pojedinaca (7 %).

Ipak, jasno je da nisu svi koji su bolovali od
osteoartritisa bili u poodomakloj dobi kao sto
je vidljivo iz spomenutog kraljeska T12 iz gro-
ba 39 kojem nedostaje srasli prsten, a pokazuje
mikroporoznost i eburnaciju na desnoj rebre-
noj jami (fovea costalis). Bar dva zasebna pri-
mjera artriti¢nih glenohumeralnih zglobova su
zanimljiva jer je ovo podrugje rjede zahvaceno
osteoartritisom.*” Ova pojava, zajedno s dru-
gim primjerima izlijecenih ili aktivnih infekcija,
nekroza i traumatskih ozljeda, pokazuje da su
brojni pojedinci iz ovog uzorka osjecali bol sva-
kodnevno, ili su imali odredena biomehanicka
ogranic¢enja. Nema razloga sumnjati da su nji-
hova iskustva bila drukéija od ostatka njihove
zajednice, ali ono $to mozemo jasno uoditi jest
da su njihova tijela bila izlozena stresu dovoljno
dugo da to ostavi traga.

ZAKLJUCCI

Prethodni istraZivaci pripisali su visok udio
subadultnih skeletnih ostataka na nekropoli
Nadin Gradina povecanoj smrtnosti dojencadi
zbog neprimjerene zdravstvene skrbi, lose kva-
litete zivota i bolesti.® Ove interpretacije ute-
meljenje nalaze u studijama koje pokazuju da

% T WALDRON, 2012.
81 T, ANTERIC, Z. BASIC, S. ANDELINOVIC, 2011, 90; L.
ANTERIC et al,, 2011, 145-154.
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show subadult mortality, perinate mortality, and
life-course morbidity are correlated with ma-
ternal health factors, early poor nutrition, ear-
ly weaning, and general childhood stress, likely
increasing infant deaths and stillbirths.*> Even
though subadult mortality may be suggestive
of nutritional and health related changes in the
young and therefore the wider population, the
relationship between mortality, health, and diet
is complex.*> Goodman and Armelagos * have
noted that changes in morbidity in infants and
children provide “one of the first signs of chang-
es in environment and culture.” This is likely
what we are observing in Iron Age Liburnia.

A lower mean age-at-death functions better
as an indicator of changing fertility and birth
rates than as a marker of mortality;* in this
case, suggesting population growth because
of the higher proportion of subadult remains.
This could be true even if adults were living
into older ages. This interpretation is support-
ed by our findings here, the higher amount
of subadults, the low life expectancy at birth,
and the lower mean age at death. Additionally,
increasing population growth is supported by

8

Chapman and colleagues * who concluded,

based on the labor needs and rate of growth
of architectural elements at Nadin’s settlement
site, that there was an expansion in occupation
of the hill by the Early Roman period. Howev-
er, a population growth explanation does not
contradict prior suppositions about childhood
health and morbidity. In fact, fertility and pop-
ulation changes can have immense impacts on
parents and children’s health.*” The data on

2 A. GOODMAN, G. ARMELAGOS, J. ROSE, 1984,
259-266; D. DUMOND, 1990, 179-187; H. GILMO-
RE, S. HALCROW, 2014, 123-138; P. BEAUCHESNE, S.
AGARWAL, 2018.

% A. GOODMAN, G. ARMELAGOS, 1989, 225-243; .
WOOD et al,, 1992; A. GOODMAN, D. MARTIN, 2002,
11-60.

% A.GOODMAN, G. ARMELAGOS, 1989, 239.

G, R. JOHANSSON, S. HOROWITZ, 1986, 238-241; L.
KONIGSBERG, S. FRANKENBERG, 1994, 92-105.

% J. CHAPMAN, R. SHIEL, §. BATOVIC, 1996, 250.

¥ A. GOODMAN, G. ARMELAGOS, 1989, 225-243; L.
RANKIN-HILL et al, 2000, 259; P. BEAUCHESNE, S.
AGARWAL, 2018.

su subadultni mortalitet, perinatalni mortalitet
i morbiditeti kroz Zivot u korelaciji sa zdrav-
stvenim stanjem majke, slabom prehranom u
ranoj dobi, ranim prestankom dojenja, i op-
Cenito stresom u djetinjstvu, Sto sve poveéava
vjerojatnost radanja mrtvorodencadi i smrti do-
jencadi.?” Iako dje¢ji mortalitet moze upudivati
na promjene u prehrani ili zdravstvenom stanju
mladih, a time i u $iroj populaciji, odnos izme-
du mortaliteta, zdravlja i prehrane je vrlo kom-
pleksan.® Goodman i Armelagos® primijetili
su da su promjene u morbiditetu kod dojen-
¢adi i djece ,jedan od prvih znakova promjena
u okolisu i kulturi.“ Vjerojatno upravo tomu
svjiedo¢imo u Zzeljeznodobnoj Liburniji.

Niza prosje¢na dob u trenutku smrti bolji je
pokazatelj mijenjanja fertiliteta i stope radanja
nego mortaliteta;* u ovom slu¢aju, upuduje na
populacijski rast zbog veéeg udjela djecjih osta-
taka $to bi moglo biti to¢no ¢ak i ako su odrasli
dozivljavali stariju dob. Nasi rezultati podrza-
vaju ovu interpretaciju, s ve¢im udjelom djece,
nizim odekivanim trajanjem Zivota pri rodenju
i nizom prosje¢cnom dobi u trenutku smrti. K
tomu, uzlazni trend populacijskog rasta po-
tvrduju i istrazivanja Chapmana i suradnika,®
koji su zakljucili, prema potrebama radne sna-
ge i stopi rasta ostataka arhitekture u naseo-
binskom djelu lokaliteta u Nadinu, da je doslo
do porasta naseljavanja u ranom rimskom pe-
riodu. Ipak teorija o populacijskom rastu nije
u opreci s prethodnim pretpostavkama o dje¢-
jem zdravlju i morbiditetu. Zapravo fertilitet i
populacijske promjene mogu snazno utjecati
na zdravlje roditelja i djece.¥” Podatci o preva-

8 A. GOODMAN, G. ARMELAGOS, J. ROSE, 1984,
259-266; D. DUMOND, 1990, 179-187; H. GILMO-
RE, S. HALCROW, 2014, 123-138; P. BEAUCHESNE, S.
AGARWAL, 2018.

8 A. GOODMAN, G. ARMELAGOS, 1989, 225-243; ].
WOOD et al., 1992; A. GOODMAN, D. MARTIN, 2002,
11-60.

8 A. GOODMAN, G. ARMELAGOS, 1989, 239.

% S. R. JOHANSSON, S. HOROWITZ, 1986, 238-241; L.
KONIGSBERG, S. FRANKENBERG, 1994, 92-105.

8 J.CHAPMAN, R. SHIEL, S. BATOVIC, 1996, 250.

8 A. GOODMAN, G. ARMELAGOS, 1989, 225-243; L.
RANKIN-HILL et al., 2000, 259; P. BEAUCHESNE, S.
AGARWAL, 2018.
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the prevalence of stress indicators presented
here support this supposition. These conclu-
sions contribute to a more complete under-
standing of Liburnia lives despite the difficult
challenges in analysis of the commingled and
fragmentary skeletal remains. Additional de-
tailed analyses of the subadult pathology and
adult cervical arthritis are suggested as telling
next steps in the study of the lives and health
of the people from the Nadin necropolis.
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lenciji pokazatelja stresa koje smo prezentirali
podrzavaju ovu pretpostavku. Ovi zakljuéci
pridonose potpunijem razumijevanju Zivota
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