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This paper is dedicated to proving the relevance of intra-site spatial analysis as a means of testing the integrity of the archaeological record,
even in “unfamiliar”, post-depositionally affected contexts. When, as in the case discussed in this paper, the nature, strength and potential
effects of such processes have been reconstructed through a preliminary multidisciplinary approach, spatial analysis identifying patterns in
concrete and decisive categories of evidence, corroborates assessments of whether and to what extent post-depositional disturbances have
changed their original spatial distribution. Comparison between the results of both such approaches contributes to the current debate regard-
ing the formation and deformation processes which took place at Resnikov Prekop and will shed more light on the interpretation of the spatial
patterns observed.

Keywords: intra-site spatial analysis, multidisciplinary approach, post-depositional processes, pile-dwelling, Slovenia

Clanek obravnava pomen znotrajnajdis¢nih prostorskih analiz pri ocenjevanju obsega motenj arheoloskega zapisa v okrnjenih kontekstih,
izpostavljenih poodloZitvenim procesom. Kjer je mogoce naravo, jakost in potencialni ucinek taksnih procesov zadovoljivo rekonstruirati, kot
je bilo to s preliminarnimi multidisciplinarnimi raziskavami doseZeno v tukaj predstavljenem primeru kolis¢arske naselbine Resnikov prekop,
lahko analiza prostorske razprsenosti posameznih kategorij najdb pomembno prispeva k oceni razkoraka med njihovim izvirnim in poznejsim,
z izkopavanji dokumentiranim vzorcem porazdelitve. Primerjava rezultatov obeh omenjenih analiti¢nih pristopov je namrec zagotovila nova
spoznanja o nastajanju arheoloskega zapisa na omenjenem koliscu in obenem ponudila nekatere nove moznosti razlage ugotovljene pros-
torske razprsenosti arheoloskih najdb.

Klju¢ne besede: znotrajnajdiscna prostorska analiza, multidisciplinarni pristop, poodloZitveni procesi, kolisce, Slovenija
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KATIA FRANCESCA ACHINO ET AL., POTENTIALITY OF INTRA-SITE SPATIAL ANALYSIS AND POST-DEPOSITIONAL PROCESSES: A SLOVENIAN

1. INTRODUCTION

Archaeological contexts affected strongly by post-de-
positional processes have for a long time been considered
unpredictable and inexplicable. However, there has been
increasing consciousness of the importance of establishing
the degree of disturbance in archaeological deposits in or-
der to fully comprehend the archaeological record (Schiffer
1972; 1983; 1987; Wood, Johnson 1978; Nash, Petraglia 1987;
Dibble et al. 1997; Djindjian 1999; Hilton 2003), as well as
advances in archaeological researches during recent deca-
des enabling us to overcome this theoretical barrier. This
has opened up ongoing cooperation with the natural sci-
ences, and through fruitful multidisciplinary approaches
archaeologists are now able to answer concrete questions,
particularly concerning the formation and deformation of
archaeological contexts. Although spatial statistics have
been predominantly applied to reconstructing the beha-
viour of past populations from the preserved traces (ma-
terial culture) in the archaeological record, recent studies
have started to acknowledge post-depositional processes
(Orton 2004; Bevan, Conolly 2006; 2009; Bevan et al. 2013;
Bevan, Wilson 2013; Crema et al. 2010; Crema 2015; Eve, Cre-
ma 2014; Carrer 2015; Achino 2016; Achino et al. 2016; Giusti,
Arzarello 2016). In this study we propose the application of
intra-site spatial analysis as a worthwhile tool in reassessing
the degree of post-depositional reworking of the archaeo-

..., PRIL.INST. ARHEOL. ZAGREBU, 34/2017, P. 83-99

1. UVOD

Arheoloski konteksti, ki so bili v pomembni meri izpo-
stavljeni delovanju razli¢nih poodlozitvenih dejavnikov, so
bili v preteklosti pogosto opredeljeni kot nerazloZljivi in to-
rej raziskovalno neperspektivni. V zadnjem ¢asu se zaveda-
nje o koristnosti poznavanja stopnje okrnjenosti posame-
znih plasti za celovitejse razumevanje arheoloskega zapisa
vendarle krepi (Schiffer 1972; 1983; 1987; Wood, Johnson
1978; Nash, Petraglia 1987; Dibble et al. 1997; Djindjian 1999;
Hilton 2003), k ¢emur je klju¢no prispeval napredek v arhe-
oloskem raziskovanju. Zelo pomembna je bila predvsem
vzpostavitev sodelovanja z naravoslovnimi vedami, kar da-
nes omogoca obravnavo zelo konkretnih vprasanj o nacinu
formiranja in deformiranja preucevanih arheoloskih zapi-
sov. Med drugim se je zacela ucinkovito uporabljati prostor-
ska statistika, ki je v preteklosti ve¢inoma sluzila za rekon-
strukcijo nacina zivljenja nekdanjih skupnosti (Orton 2004;
Bevan, Conolly 2006; 2009; Bevan et al. 2013; Bevan, Wilson
2013; Crema et al. 2010; Crema 2015; Eve, Crema 2014; Carrer
2015; Achino 2016; Achino et al. 2016; Giusti, Arzarello 2016).
V tem prispevku Zelimo poudariti u¢inkovitost navedenega
statisticnega orodja pri preucevanju poodlozitvenih spre-
memb v razpr3enosti arheoloskih najdb na primeru kolis¢a
Resnikov prekop z Ljubljanskega barja (Slovenija). Ta je v
preteklosti Ze bil predmet multidisciplinarno zasnovane ra-
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Fig. 1 Spatial location of Resnikov Prekop in Slovenia (top on left) and within the more important pile-dwelling settlements in the Lju-
bljansko barje (after Velus¢ek 2006: 20, Fig. 1)

Geografska lega Resnikovega prekopa v Sloveniji (zgoraj levo) in na obmocju Ljubljanskega barja z oznacbo se drugih pomembnejsih
tamkajsnjih kolis¢ (po Veluscek 2006: 29, sl. 1)
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logical remains in controlled conditions. Where, as at Resni-
kov prekop, a previous multidisciplinary approach (allowed
archaeologists to reconstruct the formation of the archaeo-
logical record, the comparison of such data with the spatial
distribution of concrete categories of evidence within the
settlement, as well their spatial association (or segregation),
offers a remarkable overview, useful to evaluate the inte-

grity of the deposit.

2. BACKGROUND
2.1 Research at Resnikov prekop
The pile-dwelling of Resnikov prekop lies in the south-
eastern part of the Ljubljansko barje (Ger. das Laibacher Mo-
or), situated in central Slovenia, near the capital Ljubljana
(Fig. 1). It was discovered during the excavation of the new
Resnikov prekop/canal in September 1953 and investigated
through small trenches until 1962, when J. Korosec conduc-
ted systematic excavations encompassing 160 m?, in ten 4 x
4 m? (Korosec 1962; 1964a; Bregant 1964; Veluscek 1997). In
1963, T. Bregant excavated 13 sample trenches in the area
of the pile-dwelling and ten years later, during mechanized
cleaning of the canal in 1974, workers came upon piles dri-
ven vertically into the ground and a large number of pottery
fragments (Harej 1975: 145). Finally, the Institute of Archaeo-
logy of ZRC SAZU excavated 3 sample trenches in 2002 (to-
talling 33 m?) which spatially related to the previous sample
through trench 1, which was excavated about 6 m south of

ziskave, ki je med drugim poglobljeno obravnavala potek
formiranja arheoloskega zapisa (Velus¢ek 2006). Primerja-
va rezultatov z ugotovitvami znotrajnajdis¢ne prostorske
analize razli¢nih kategorij najdb, kakor tudi njihovega pro-
storskega zdruZevanja (ali razdruzevanja), je ponudila po-
membna nova dognanja o obsegu okrnjenosti preucevane-

ga arheoloskega konteksta.

2.0ZADJE
2.1 Raziskave na Resnikovem prekopu
Ostanki kolis¢arske naselbine Resnikov prekop lezijo na
jugovzhodnem delu Ljubljanskega barja, juzno od prestol-
nice Ljubljana (sl. 1). Najdisce je bilo odkrito septembra leta
1953 med izkopom novega Resnikovega kanala in do leta
1962 v manjsem obsegu tudi sondirano. Tega leta je nato
J. Korosec izvedel ve¢ja sistematicna izkopavanja na skupni
povrsini 160 m? po kvadrantih velikosti 4 x 4 m? (KoroSec
1962; 1964a; Bregant 1964; Veluscek 1997). Leta 1963 je T.
Bregant na obmocdju kolis¢a izkopala 13 poskusnih sond,
desetletje pozneje so delavci pri strojnem ¢is¢enju kanala
1974. naleteli na navpi¢no zabite kole in Stevilne odlomke
lonéenine (Harej 1975: 145). Zadnje arheolosSke aktivnosti
na najdis¢u so povezane s sondiranji Instituta za arheolo-
gijo ZRC SAZU iz leta 2002, ko je bila raziskana povrsina u 3
sonde (ukupno 33 m?) koje su prostorno povezane s pred-
hodnom povriinom kroz sondu 1, koja je bila iskopavana
oko 6m juzno tik ob izkopnem polju J. Korosca (Veluscek
2006: 55) (sl. 2). Trije navpicni koli, ki so bili datirani dendro-

Korosec'’s excavation (Veluscek 2006: 55) (Fig. 2). Three ver-
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Fig.2 Excavation site of J. Korosec (1962) and investigations in 2002: trenches 1-3 with a square grid and boreholes 4-6

Izkopna polja J. Korosca (1962) in raziskav iz leta 2002 s sondami 1-3 in oznacbami mreZe kvadrantov ter vrtin 4-6 (po
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tical piles from trench 3 were dated by both *C and dendro-
chronology, placing the site in the second quarter of the 5%
millennium BC (for more details see Veluicek 2006; Cufar,
Korencic¢ 2006). This paper is focused on the geo-referenced
spatial data provided by the excavation of 2002.

2.2 Results provided by multidisciplinary approach

The finds recovered from Resnikov prekop during this
last excavation comprised several categories of prehistoric
material: pottery, animal bones, seeds, stones, lithic arte-
facts, and wooden remains (both vertical and horizontal
piles); furthermore some more recent finds, including Ro-
man pottery, iron artefacts (an arrowhead and a possible
fish-hook) and a fragmented amber ringlet have been fo-
und. While most of these later finds originated from the
upper level of the sediment with prehistoric finds, others
were collected from deeper contexts (as the arrowhead)
(Velus¢ek 2006: 54-61). This condition, together with the
peculiar stratigraphy observed, and the results provided
by sedimentological and palynological analyses, forces us
to question the integrity of archaeological record. These
analyses indeed demonstrated an interruption in sedi-
ment deposit at the site; the sedimentary core collected
for pollen analysis (from grid square 12 of trench 1) showed
that the profile was divided into two portions, R1 and R2,
respectively deposited before 6000 cal BC (R1) and after 200
cal BC (R2) (Fig. 3). An interruption in the sedimentary sequ-
ence is thus observed and it was concluded that during a
period ranging from 6000 cal BC to before the end of the
15t millennium BC, an unknown watercourse traversed the
site, and this running water probably both removed and de-
posited material (Andri¢ 2006; Golyeva 2006; Turk 2006: 98;
Velus¢ek 2006: 57, 113). According to this premise, sediment
overlying the calcareous lake marl is assumed to be alluvi-
al and the finds from various periods should therefore be
mixed together, as was proved for the sectors investigated
so far (Jesse 1954; 1955; Bregant 1964: 15; 1964/65; Korosec
1964b: 57; Turk 2006: 111; Veluscek 2006: 55). Furthermore,
an interesting remark was made by researchers on the low
quantity of vertical piles observed within the trenches exca-
vated during 2002; there are ten in total, comprising 2 in
trench 1 (nos. 8 and 11), three in trench 2 (nos. 13 to 15) and
five more (nos. 21, 22, 24, 32 and 33) in trench 3 (Fig. 4). Alt-
hough the average diameter is comparable with other pile-
dwellings in the Ljubljansko barje (Velus¢ek 2006: 56), their
scarceness suggested a short-lived settlement, matching
the conclusion reached by researchers that carried out pre-
vious excavations (Bregant 1964: 13).

Taken together, these premises enable researchers to
propose that heavier artefacts, such as pottery, stones, lar-
ger bones and vertical piles have remained in their initial
positions at the site, despite the washing-out action of an
unknown watercourse. This assumption is reinforced, and
their association to the pile-dwelling settlement proved, by
the discovery of such finds above the lake marl at the lower
end of the alluvium (Velus¢ek 2006: 25, Fig. 5B); the chrono-
typological analyses of pottery places these finds into the

86

kronolosko in z metodo radioaktivnega ogljika, so kolis¢e
¢asovno umestili v drugo cetrtino 5. tisocletja pr. n. $t. (za
podrobnosti glej Velui¢ek 2006; Cufar, Korenci¢ 2006). Ta
prispevek obravnava georeferencirane prostorske podatke,
pridobljene med sondiraniji leta 2002.

2.2 Rezultati multidisciplinarnih raziskav

Arheolosko gradivo, ki je bilo na Resnikovem prekopu
pridobljeno med sondiranjem leta 2002, vkljucuje lonceni-
no, zivalske kosti, semena, kamenje, kamnite izdelke in les
(vertikalne in horizontalne kole). Ob tem je bilo odkritih tudi
nekaj najdb iz mlajsih obdobij, npr. rimskodobna loncenina,
posamezni zelezni predmeti (puscic¢na ost, morda trnek) in
fragment jantarnega obrocka. Te najdbe so lezale v razli¢nih
visinah stratigrafskega stolpca (Veluscek 2006: 54-61), kar
- skupaj z rezultati sedimentoloskih in palinoloskih analiz
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Fig.3 Results of loss-on-ignition for Resnikov prekop (after An-
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SI.3  Rezultati analize 'loss-on-ignition' z Resnikovega prekopa (po
Andric¢ 2006: 104, s1. 1)
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Fig.4 Vertical posts from excavations in 2002 (after Veluséek 2006: 25, Fig. 5B; Cufar, Koren¢i¢ 2006)
Sl.4  Vertikalni koli izkopavanja iz leta 2002 (po Veluséek 2006: 25, sl. 5B; Cufar, Korencic¢ 2006)

same time-span (Velus¢ek 2006: 45-49, 57-61).

Starting from this assumption regarding the heavier ar-
tefacts, the analysis of their spatial patterns and their poten-
tial spatial association will enable us to evaluate and stress
the correspondence to their original “spatiality”.

3. MATERIALS AND METHODS

3.1 Heavier artefacts from Resnikov Prekop: a re-

viewed interpretation

Among the category of the heavier — and least mobile -
artefacts, previous research included pottery, stones, larger
bones, and vertical piles; in the framework of this analysis
aiming to question the preservation of original spatial
patterns, a reassessment of this categorisation was requ-
ired. It was particularly important for macro-fauna, for in-
stance, since the sample of 477 remains was predominantly
composed of slivers, mostly ranging between 1-5 centime-
tres' (Toskan, Dirjec 2006: 151-154). We can then hypothe-
sise, on the basis of some archaeological comparisons, that
they are more likely to be related to particular consumption
and/or culinary practices which involve intensive systema-
tic crushing of the stated skeletal elements, with the purpo-
se of marrow extraction and fat accumulation (the so-called
“succo di ossa”, Rowley-Conwy 1996: 75-78; after Binford
1978). Similar action, quite common in the Mesolithic period
(Pohar 1984; 1986; Rowley-Conwy 1996; Miracle et al. 2000;
Toskan, Dirjec 2004; Turk et al. 2004; Miracle 2007: 220-227;
Odar 2008: 9), is also attested at the site of Spaha, contem-

1 Within a total sample of 477 remains, 91 items do not overcome 1 cm, 317
fragments range from 1-5 cm, 51 between 5-10 cm, 15 between 10—15 cm
and only 3 overcome 15 cm (Toskan, Dirjec 2006: 145).

- zbuja dvome o neokrnjenosti arheoloskega zapisa. Vrtina
za palinolosko raziskavo na obmocju kvadranta 12 sonde
1 je, denimo, pokazala, da je bil spodnji del profila (t. i. R1)
odlozen pred vec kot 3estimi tisocletji, zgorniji (t. i. R2) pa
po letu 200 pr. Kr. (sl. 3). Uocen je prekid v sedimentoloskoj
sekvenci v obdobju od 6000. god. pr. Kr. do pred koncem 1.
tisocletja pr. Kr. ¢ez je kroz najdisce tekel neznan vodni tok
ter je odnasal in prinasal material (glej Andri¢ 2006; Golyeva
2006; Turk 2006: 98; Velus¢ek 2006: 57, 113). Sediment nad
jezersko kredo naj bi bil torej aluvialen, arheoloske najdbe
iz posameznih obdobij pa so v njem premesane (Jesse 1954;
1955; Bregant 1964: 15; 1964/65; Korosec 1964b: 57; Turk
2006: 111; Veluscek 2006: 55). Na obmocdju treh sond iz leta
2002 je bilo odkritih le deset navpic¢nih kolov: dva v sondi 1
($t.8in 11), trije v sondi 2 (3t. 13 do 15) in pet v sondi 3 (5t. 21,
22,24,32in 33) (sl. 4). Njihovi premeri ne odstopajo od vred-
nosti za kole z drugih kolis¢ na Ljubljanskem barju (Velus¢ek
2006: 56), njihova piclost pa naj bi kazala na kratkotrajnost
obravnavane naselbine (cf. Bregant 1964: 13).

Na podlagi predstavljenih ugotovitev je bila ponujena
razlaga, po kateri neznani vodni tok ni pomembneje vplival
na lego teZjih najdb (npr. lonenine, kamenja, vecjih kosti,
navpi¢nih kolov); te naj bi torej ve¢inoma ostale na obmoc-
ju najdisca, kamor so bile tudi odlozene. Skladni s tak$no
tezo sta lega omenjenih najdb v spodnjem delu naplavin-
skega sedimenta tik nad jezersko kredo (Veluscek 2006: 25,
sl. 5B) in tipokronoloska slika loncenine, ki ne odstopa od
¢asovnega okvirja trajanja naselbine (Velus¢ek 2006: 45-49,
57-61).
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porary to Resnikov prekop and spatially located at 50 km
south-east from the latter (Toskan 2011: 277). The bones
from Resnikov prekop were also largely eroded and many
of them were well rounded. All these conditions, as well as
their low frequency compared with assemblages at other
pile-dwellings (Toskan, Dirjec 2006: Tab. 6), suggest that
they cannot be considered as a complete depiction of the
macro-fauna from the site.? In light of these assumptions,
macro-faunal remains cannot be included tout court among
the heavier artefacts, as stones (intentionally brought to
this area by pile-dwellers)* and pottery (chronologically
well-framed*and in most cases of considerable dimensions)
can. As light material remains, they might instead be mo-
ved more easily by post-depositional washing out process,
as might avifaunal and micro-faunal remains and seeds.
These categories of more movable archaeological markers
are thus considered comparatively in this study,” in order to
verify whether their spatial distribution, more affected by
disturbances, is similar to that displayed by supposed more
stable artefacts. It would help to clarify the dynamic of their
formation (and potential deformation).

Zaradi domneve o stati¢nosti tezjih arheoloskih najdb
(tj. loncenine, odlomkov kosti in kamenja) bi z analizo vzor-
cev njihove razprsenosti lahko dobili uvid v stopnjo ujema-
nja najdis¢ne lege posameznih najdb z njihovo izhodis¢no
lego (tj. lego ob odlozitvi).

3. GRADIVO IN METODE

3.1 Tezje najdbe z Resnikovega prekopa: posodo-

bljena interpretacija

Dosedanje raziskave tezjih - in torej manj mobilnih -
najdb z Resnikovega prekopa so bile osredotocene na lon-
¢enino, kamenje, vecje kosti in vertikalne kole. V okviru ak-
tualne Studije je bila razprsenost teh najdb v prostoru anali-
zirana znova, kar je bilo $e posebej pomembno pri Zivalskih
kosteh. Med 477 izkopanimi primerki moc¢no prevladujejo
med 1in 5 cm veliki odlomki' (ToSkan, Dirjec 2006: 151-154).
Na podlagi nekaterih arheoloskih primerjav je mogoce do-
mnevati, da bi taksno stanje utegnilo odrazati specificne
prehranske prakse, ki bi stremele k intenzivnemu razbijanju
kostiznamenom izkori$¢anja kostnega mozga in drugih ma-
$¢ob (t. i. succo di ossa, Rowley-Conwy 1996: 75-78; povzeto
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Fig.5 Subdivision of these three trenches from 2002 for performing intra-site spatial analysis
SI.5  Razdelitev obmocja treh sond iz leta 2002 za potrebe znotrajnajdis¢ne prostorske analize

3.2 Spatial data collection and sampling

During 2002 three trenches, respectively subdivided
into twelve (trenches 1 and 2) and nine (trench 3) 1 x T m
squares were excavated (Fig. 2). All the sediments resulting
from excavation were wet-sieved through both 3 mm and

2 As above mentioned, we have also to take into account that the site is
interpreted as a short-lived settlement.

3 As pointed out by previous researches they are not easily find out in the
natural environment.

4 More details are provided in Veluscek 2006.

5 And the results of intra-site spatial analyses presented therein.
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po Binford 1978). O podobnem pocetju, ki je bilo lokalno
razmeroma pogosto dokumentirano predvsem v paleolit-
skih in mezolitskih kontekstih (Pohar 1984; 1986; Rowley-
Conwy 1996; Miracle et al. 2000; Toskan, Dirjec 2004; Turk
et al. 2004; Miracle 2007: 220-227; Odar 2008: 9), je mogoce
govoriti tudi pri Resnikovemu prekopu socasnih najdiscih.
Tak primer je, denimo, Spaha nad Brezovico pri Predgradu

1 Izmed 477 zivalskih najdb jih 91 ne presega centimetra, velikost 317 pri-
merkov se giblje med enim in petimi centimetri, 51 primerkov meri med
petin deset centimetrov, 15 primerkov med deset in petnajst centimetrov,
zgolj trije odlomki pa so vecji od 15 cm (Toskan, Dirjec 2006: 145).
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1 mm mesh (Veluscek 2006: 54-55). X, y, and z co-ordinates
were determined for the more important finds, while the
remainder were spatially defined by a 1 square metre grid
and recorded on hand-drawn maps. Therefore, a centroid-
system was calculated, characterised by x-y centroid coor-
dinates of 0.50 square metres within each square metre, in
order to capture the finds spatially. Within each sampling
unit the associated total frequency of each material cate-
gory was counted. Trench 2 comprised 19 sampling units
named from A to E and from 1 to 6, while trenches 1 and 3
included 32 sampling units named from F to N from 1 to 7
(Fig. 5). Such trenches are spatially almost continuous, des-
pite the presence of empty space between trenches 1 and
3 and trench 2. Avoiding possible sampling issues in spatial
data analysis related to such conditions® we considered the
former together and the latter alone. The dataset included
the two macro-categories of heavier artefacts (pottery, sto-
nes and vertical piles) and more movable finds (macro-fau-
na, avifauna, micro-fauna, seeds and horizontal piles); they
were spatially distributed in the same alluvial deposit and
sub-divided within trenches according to Table 1.

na Kocevskem (tj. pribl. 50 km JV; Toskan 2011: 277). V zve-
zi s kostnimi ostanki z Resnikovega prekopa je pomembno
omeniti tudi pogostnost moc¢no obrusenih primerkov, ki jo
kaze pripisati izpostavljenosti vodnemu toku. Analizirani
nabor Zivalskih najdb torej najbrz ne predstavlja celovite-
ga arheozooloskega inventarja z obravnavanega najdisca,
kar ne nazadnje dokazuje tudi bistveno manjse Stevilo
tovrstnih najdb v primerjavi z drugimi kolis¢i na obmocju
Ljubljanskega barja? (glej npr. Toskan, Dirjec 2006: Tab. 6).
Ostankov velikih sesalcev z Resnikovega prekopa posledi¢-
no ni mogoce tout court vkljuciti med teZje najdbe, kot to
velja za lon¢enino (kronolosko dobro umeséena? ter vedi-
noma znatnih dimenzij) in kamenje (namerno prineseno v
vas s strani kolis¢arjev),* temve¢ med bolj mobilne ostanke
malih sesalcev, pticev in semen. Tovrstne (tj. lazje) najdbe so
v okviru analize prostorske razpr3enosti® zato obravnavane
lo¢eno od teZjega in bolj staticnega gradiva, saj naj bi even-
tualne razlike v vzorcu razprsenosti pomembno prispevale
k razumevanju dinamike odlaganja posameznih kategorij
najdb in vrednotenju intenzivnosti morebitnih kasnejsih

presedimentiranj.

categories of archaeological evidence / frequencies TRENCH 2 / frequencies TRENCHES 1 and 3/
kategorije arheoloskih najdb pojavnost SONDA 2 pojavnost SONDE 1 in 3

pottery / loncenina 53 169
macro-faunal remains / ostanki velikih Zivali 107 337
micro-faunal remains / ostanki malih zivali 17 73
avifaunal remains / ostanki pticev 0 44

seeds / semena 3242 11309
stones / kamenje 518 579

Tab. 1 Frequencies of material evidence considered in this study within the corresponding trenches
Tab. 1 Stevilo primerkov razli¢nih kategorij najdb, obravnavanih v tem prispevku, po posameznih sondah

3.3 Intra-site spatial analyses: density analysis and

geostatistics

Intra-site spatial analysis performed in this study with
the aim of reconstructing whether the original placement
of heavier artefacts is, at least partially, preserved in the ar-
chaeological record, despite the presence of the unknown
watercourse. In achieving this goal, the spatial patterns of
such categories were compared with those displayed by
more movable artefacts, supposedly more strongly affec-
ted by this post-depositional disturbance due to their intrin-
sic features, such as lightness. As a null hypothesis we po-
stulated that the absolute counts of archaeological obser-
vations, which include all identified materials together as a
palimpsest, fit a Poisson distribution, as result of a reduction
of entropy, the consequence of this disturbance process. To
test the uniformity, irregularity or concentration of patterns
in the spatial distribution of each category, we use the Kol-
mogorov-Smirnov test, as well as Nearest Neighbour analysis
(Clark, Evans 1954; Hodder, Orton 1976; Hammer, Harper
2006). Furthermore, both area-wide “trends” (first-order va-

6 For a more detailed explanation and references therein see Achino 2016.

3.2 Zbiranje podatkov o prostorski razkropljenosti

najdb in vzoréenje

Leta 2002 so bile izkopane tri sonde, od katerih sta prvi
dve (sonde 1 in 2) merili 12 m?, tretja (sonda 3) pa 9 m? (sl. 2).
Ves izkopani sediment je bil presejan na sitih s premerom
3 oziroma 1T mm (Velus¢ek 2006: 54-55). Pri pomembnejsih
najdbah so bile natan¢no izmerjene koordinata x, y in z, pri
drugih je na voljo zgolj podatek o kvadrantu (povrsina: 1 x
1 m?) in reznju, iz katerega posamezna najdba izvira. Da bi
pri prostorski analizi lahko zajeli lego vseh ostalin, je bil po-
stavljen sistem srediS¢nih tock (centroidov) s po eno tocko
v sredini neodvisno opredeljenih 1T m? velikih kvadrantov.
Za vsako taksno osnovno vzor¢no enoto je bilo ugotovljeno
natanc¢no stevilo primerkov posameznih kategorij najdb (tj.
loncenine, kamenja, semen, kosti, kolov). Sonda 2 je obse-
gala 19 vzor¢nih enot, poimenovanih od A do Ein od 1 do

2 Pri tem je treba upostevati tudi vpliv kratkega trajanja naselbine na Re-
snikovem prekopu.

3 Zapodrobnejse podatke glej Veluscek (2006).
4 Gre za najdbe, ki v lokalnem naravnem okolju niso zlahka dobavljive.

5 Kakor tudi v okviru predstavitve rezultatov znotrajnajdi§éne prostorske
analize.
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riation) and correlation structures (second-order variation)
of categories within the trenches were analysed. First order
properties of a spatial pattern of variation are indicative of
the intensity of the process at particular locations (Cressie
1993; Bailey, Gatrell 1995); since for this study the available
dataset is composed of spatial frequencies counted per
sampling unit for each category of material evidence, we
perform density-distributional analysis. This are among the
most common methods used in archaeology to spatially
represent data, since it enables easy graphical detection of
areas where major accumulations of remains are located;
they are usually calculated using a grid that divides the area
being analysed, plotting and counting the objects situated
within each grid cell (Baxter et al. 1997), in this case by a
centroid coordinate. This kind of study, more widespread
at the inter-site scale, is now also used for small intra-site
interpretations of spatial patterns (Oron, Goron Inbar 2014;
Sanchez-Romero et al. 2016). First-order variations are stati-
stically described and visualised by a plot of spatial frequ-
encies and Kernel Density Estimates; this latter method can
be used to convert spatially distributed single observations
(counts) into spatial frequencies, by estimating the ampli-
tude of cells. Thus, z is an estimate of the local intensity of
the spatial process, in terms of the greater or lower density
of locations (Ahsanullah 1985; Kotz et al. 2000). Furthermo-
re, the spatial pattern of archaeological observations at a
particular place and in its immediate area can be described
using a variation of standard statistical parameters suitable
for spatial distribution, as provided by centrographic stati-
stics. Second-order variations were also taken into account
in this study: by analysing the relationships between the
different frequencies of archaeological features within the
sampled area, the spatial dependence attested was calcula-
ted. To estimate autocorrelation, two of the most important
second-order properties characterising a spatial process,
Moran'’s | Correlogram and semivariogram, were calculated
(Bailey, Gatrell 1995; Cressie 1993; Fotheringham et al. 2000;
Houding 2000; Diggle 2003; Hanning 2003; Lloyd, Atkinson
2004). These are widespread in archaeological research
(Kvamme 1990; Lloyd, Atkinson 2004; Premo 2004; Wells
2010; Rondelli et al. 2014; Carrer 2015). Such mathematical
tools explore whether repeated spatial patterns are present;
the occurrence of positive spatial autocorrelation suggests
that neighbouring sampling units have similar frequencies
of evidence, which implies the presence of a certain degree
of uniformity over a specific delimited area. Negative spati-
al autocorrelation indicates the presence of very different
frequency values between neighbouring locations, sugge-
sting the concentration of evidence at distinct places wit-
hin the site. As suggested elsewhere (Achino et al. 2016), by
using the analysis of second order variations we can pre-
dict the most probable location of the original social action
in the site; hence, change in the frequency of evidence at
different locations is a measure of the probability that asso-
ciated activities were performed in certain locations.
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6, sondi 1 in 3 pa 32 vzor¢nih enot, poimenovanih od F do
N in od 1 do 7 (sl. 5). Sonde su bile skori povezane, samo je
prazen prostor bil med sondi 1 in 3 in sonde 2. Da navede-
na okolis¢ina ne bi negativno vplivala na rezultat prostor-
ske analize,S je bila sonda 2 obravnavana lo¢eno. Kon¢na
podatkovna baza vstopnih podatkov je tako vkljucevala
informacijo o frekvenci pojavljanja posameznih kategorij
tezjih najdb (lon¢enina, kamenje, vertikalni koli), pa tudi laz-
jih, bolj mobilnih ostalin (ostanki velikih in malih sesalcev,
pticev, semen in horizontalnih kolov). Vse gradivo izvira iz
istega naplavljenega sedimenta. Razprsenost najdb znotraj
posameznih sond je prikazana v tabeli 1.

3.3 Znotrajnajdis¢na prostorska analiza: analiza go-

stote in geostatistika

Z znotrajnajdis¢no prostorsko analizo smo se nadeja-
li ugotoviti, ali dokumentirani vzorec razprsenosti tezjih
najdb v kakr3ni koli meri odseva njihovo izhodis¢no lego
iz Casa obstoja naselbine, kljub poznejsi izpostavljenosti
delovanju neznanega vodnega toka. Pri tem so bili za pri-
merjavo upostevani podatki o najdis¢nih lokacijah lazjih
najdb, kjer je bil u¢inek vodnega transporta domnevno e
izrazitejsi. Vizhodisce smo postavili ni¢elno hipotezo, po ka-
teri naj bi razprsenost arheoloskih ostankov na raziskanem
obmodju ustrezala Poissonovi porazdelitvi; vodni transport
naj bi namre¢ pripomogel k zmanjsanju entropije. Stopnjo
odstopanja od enakomerne razprsenosti posameznih kate-
gorij najdb smo ugotavljali z uporabo testa Kolmogorova
in Smirnova in z analizo razdalje do najblizjega soseda (Ne-
arest Neighbour Analysis; Clark, Evans 1954; Hodder, Orton
1976; Hammer, Harper 2006). Ob tem smo analizirali tudi
“trende” na SirSem obmodju (area-wide “trends”; variacija pr-
vega reda) in korelacijske strukture (variacija drugega reda).
Ker so bili v tukaj predstavljenem primeru v izhodis¢e razi-
skave postavljeni podatki o Stevilu primerkov posameznih
kategorij najdb na prostorsko opredeljeno vzoréno enoto,
je bila med drugim izvedena analiza njihovih zgostitev v
prostoru (density-distributional analysis). Nasteta analiti¢na
orodja sodijo med najpogosteje uporabljene metode po-
nazarjanja in analize prostorske razprsenosti predmetov v
arheologiji, saj omogocajo enostavno prepoznavo obmocij
z izrazitejSimi koncentracijami ostalin. Praviloma temeljijo
na razdelitvi preucevanega obmocdja na kvadrante (v tukajs-
njem primeru so to koordinate sredis¢nih toc¢k oziroma cen-
troidov) in ugotavljanju Stevila primerkov posameznih kate-
gorij najdb v vsakem izmed njih (Baxter et al. 1997). Tovrstne
analize, sicer pogoste pri mednajdis¢nih primerjavah, so na
tem mestu uporabljene pri raziskavi vzorcev razprienosti
gradiva znotraj razmeroma omejene povrsine enega same-
ga najdis¢a (cf. Oron, Goron Inbar 2014; Sanchez-Romero
et al. 2016). Variacije prvega reda, ki pri¢ajo o intenzivno-
sti procesa na nekem obmocdju (Cressie 1993; Bailey, Gatrell
1995), smo statisticno opisali. Ponazorjene so z grafi¢nim
prikazom Stevila najdb na prostorsko enoto in z ocenami
Kernelove gostote (Kernel Density Estimates). Slednje omo-
gocajo pretvorbo enostavnih podatkov o Stevilu najdb na

6 Za podrobnejso predstavitev problematike glej Achino (2016) in tam
navedeno literaturo.
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Fig.6 2D histogram of palimpsest frequencies distributed within
trenches 1 and 3

SI.6  Dvodimenzionalni histogram pojavnosti celotnega nabora
arheoloskih najdb na obmocju sond 1in 3

4, RESULTS

4.1 Distributional analysis of archaeological data

and spatial variability: trenches 1 and 3

In exploring the spatial patterns followed by material
evidence and their density variability within these trenches,
we began by analysing the absolute counts of archaeolo-
gical observations. This was used to form a null hypothesis
for the separated analysis of the two main archaeological
categories, heavier and more movable artefacts. In gene-
ral terms, we defined a random - Poisson — distribution as
the null hypothesis, i.e. the absence of recognisable con-
centrations. If this hypothesis fitted our data, evidence of a
random spatial distribution for all evidence would be iden-
tified. In this case, it would mean that each spatial locati-
on should have similar frequency values of archaeological
remains, indicating the absence of any preserved trace of
the original spatial pattern, completely obscured by post-
depositional processes for all categories of evidence. The
results obtained from the Kolmogorov-Smirnov test refu-
ted this hypothesis, enabling us to carry out spatial analysis
for the palimpsest, as well as for the main categories above
reported separately. According to the distributional analysis
(as graphically portrayed by Fig. 6), the majority of the evi-
dence is homogeneous and linearly concentrated within
sampling units L2, L3, L4, L5 and L6. Global Moran’s | au-
tocorrelation results are indicative of a predominant spati-
al heterogeneity; for instance, the semivariogram shows a
non-linear model that does not fit the Poisson distribution.
Graphical results of the interpolation’ and Local Moran we-
re more informative, underlining the presence of two spa-
tially concentrated sampling units with high-high values of
autocorrelation (L3 and L4) (Fig. 7). The same step-by-step
procedure was applied to single classes of evidence inclu-
ded within the two main categories considered in this stu-

7 Used in this context as a “predictive” model which enables to visualise the
spatial concentration of material evidence (for more details see Achino
2016).
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Fig.7 Graphical result of Local Moran | for palimpsest, within
trenches 1 and 3

SI.7  Graficni prikaz rezultatov lokalnega testa Moran | za celoten
nabor arheoloskih najdb na obmodju sond 1in 3

prostorsko enoto v podatke o prostorskih frekvencah (spati-
al frequencies) na podlagi amplitude celic oziroma osnovnih
prostorskih enot. Pri tem oceno intenzivnosti prostorskega
procesa na nekem obmocju v smislu vecje ali manjse gosto-
te lokacij izrazamo z vrednostjo ‘z’ (Ahsanullah 1985; Kotz et
al. 2000). Vzorec razprsenosti najdb v okviru izbrane tocke
in njene neposredne sosescine je lahko prikazan tudiz upo-
rabo standardnih statisti¢nih parametrov prostorske analize
v okviru centrografske statistike.

Pri analizi variacije drugega reda smo primerjali vzorce
razprsenosti razli¢cnih kategorij arheoloskih ostalin. Avtoko-
relacijo smo ocenili s pomoc¢jo Moranovega korelograma in
semivariograma, sicer dveh osrednjih lastnosti drugega re-
da, ki oznacujejo prostorski proces (Bailey, Gatrell 1995; Cre-
ssie 1993; Fotheringham et al. 2000; Houding 2000; Diggle
2003; Hanning 2003; Lloyd, Atkinson 2004). Gre za pogosto
uporabljeni analiti¢ni orodji v arheologiji (Kvamme 1990;
Lloyd, Atkinson 2004; Premo 2004; Wells 2010; Rondelli et al.
2014; Carrer 2015), ki omogocata zaznavo eventualnih po-
navljajocih se vzorcev prostorske razprienosti gradiva. Po-
zitivna prostorska avtokorelacija nakazuje, da so bile znotraj
sosednjih kvadrantov odkrite primerljive koli¢ine posame-
znih kategorij najdb in da so te razprsene podobno. Nega-
tivna prostorska avtokorelacija izpostavlja ravno nasprotno,
tj. obstoj bistvenih razlik v kolic¢ini lonéenine, kosti, kamenja
in kolov med sosednjimi kvadranti. Koncentracija razli¢nih
kategorij najdb se v tak$nih primerih torej znotraj preuceva-
nega prostora pojavlja na razli¢nih mestih. Kot Zze pokazano
drugod (Achino et al. 2016), lahko z uporabo analiz variacije
drugega reda opredelimo najverjetnejsa obmocja izvajanja
posameznih aktivnosti znotraj nekdanje naselbine.

4. REZULTATI

4.1 Analiza razkropljenosti arheoloskih najdb in va-

riabilnost v prostoru: sondi 1in 3

Pri raziskovanju vzorcev razprenosti posameznih kate-
gorij arheoloskih najdb in variabilnosti v pojavljanju njiho-
vih zgostitev na obmocju navedenih dveh sond smo najprej
zbrali podatke o Stevilu odkritih primerkov na kvadrant. Na
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Fig. 8A 2D histogram of macro-faunal frequencies distributed wit-
hin trenches 1 and 3

SI.8A Dvodimenzionalni histogram pojavnosti ostankov velikih se-
salcev na obmocju sond 1in 3
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Fig.8C 2D histogram of avifaunal frequencies distributed within
trenches 1 and 3

SI.8C Dvodimenzionalni histogram pojavnosti ostankov pticev na
obmodjusond 1in 3
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Fig.8B 2D histogram of micro-faunal frequencies distributed wit-
hin trenches 1 and 3

SI.8B  Dvodimenzionalni histogram pojavnosti ostankov malih se-
salcev na obmocju sond 1in 3

dy. Surprisingly, the major contribution to the formation of
the concentration in sampling units L3 and L4, noted above,
is the movable objects (avifauna, micro- and macro-fauna,
and seeds) (Figs. 8a, b, cand d). Their spatial distribution did
not fit a Poisson distribution (macro- as well as micro-fau-
na fitted a Binomial negative distribution)® and they were
mainly distributed according to an overdispersal spatial
pattern. Furthermore, in this area of concentration the ma-
jority of both vertical piles and horizontal wooden remains
recovered were also preserved.

In contrast, the other categories of evidence included
among the heavier artefacts, stones and pottery, were spa-
tially differently distributed. The former fit an overdispersal
spatial pattern, with the highest frequencies concentrated

8 Macro-fauna: K-S Test for Binomial Negative distribution=0.99 with
k=0.273 and p=0.025; micro-fauna: K-S Test for Binomial Negative
distribution=1 for k=0.211 and p=0.086.
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Fig.8D 2D histogram of seed frequencies distributed within
trenches 1 and 3

SI.8D Dvodimenzionalni histogram pojavnosti semen na obmocju
sond 1in3

tej podlagi smo v nadaljevanju oblikovali ni¢elno hipotezo
o naklju¢ni razprienosti posameznih kategorij ostalin v pro-
storu skladno s Poissonovim modelom porazdelitve. Od-
sotnost kakrsnih koli prepoznavnih koncentracij bi pricala
o tem, da je delovanje poodloZitvenih procesov zabrisalo
vsakrine sledi izhodiS¢ne prostorske razprsenosti najdb.
Vendar pa so rezultati testa Kolmogorova in Smirnova po-
kazali, da je treba nicelno hipotezo ovreci. S tem so osmislili
izvedbo dodatnih analiz na celotnem palimpsestu razpolo-
zljivih najdb ter tudi za vsako od obeh omenjenih skupin
posebej. Analiza razprsenosti (sl. 6) je pri tem pokazala, da
so bile pri vecini razli¢nih kategorij najdb najvecje koncen-
tracije ugotovljene na obmocju vzorcnih enot L2, L3, L4, L5
in L6. O poudarjeni prostorski heterogenosti pri¢ajo tudi
rezultati avtokorelacijskega testa Moran |; semivariogram,
denimo, izkazuje nelinearni model, ki znacilno odstopa od
Poissonovega modela porazdelitve. Grafi¢ni rezultati in-
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within cells I5 and L7, while sampling units with medium to
high frequencies of evidence were observed close to these
(Figs. 9a and b). However, both Global and Local Moran | re-
sults, as well as a Moran | Correlogram and semivariogram,
demonstrated the absence of autocorrelation between
different spatial locations within these trenches. The latter
category, pottery, approximated a Binomial Negative distri-
bution® and it was also spatially overdispersed. According
to the 2D histogram, pottery was predominantly attested
at medium frequencies in sampling units G6, H6 and 16,
while higher counts were mainly concentrated in G5 (Fig.
9a). Local Moran results, as well as a Moran | Correlogram,
indicated spatial autocorrelation between neighbouring
sampling units within trenches 1 and 3. A Moran | Correlo-
gram highlighted positive spatial autocorrelation at distan-
ces ranging between 0.50 and 1.2 metres, while Local Mo-
ran marked out three neighbouring sampling units (F6, G5
and G6) which showed high-high values of autocorrelation.
They corresponded to concentrations, even underlined by
interpolation (Fig. 10); a further continuity in the count of
frequencies was observed in the surrounding low-high va-
lues in cells G7, H4 and H5. Four low-low sampling units (L2,
M2, N2 and N4) are defined as centres of absence, since ob-
servations are scarcely attested in these cells.

terpolacije’ in vrednosti lokalnega testa Moran | so v tem
smislu $e pomenljivejsi, saj kazejo na obstoj dveh razli¢nih
obmocij s kombinacijo visokih avtokorelacijskih vrednosti
(L3 in L4) (sl. 7). Enak analiti¢ni pristop je bil uporabljen za
posamezno kategorijo najdb znotraj skupine tezjih oziroma
lazjih ostalin. V nasprotju s pri¢akovanji smo ugotovili, da
k prej omenjeni izraziti koncentraciji najdb v vzorénih eno-
tah L3 in L4 klju¢no prispevajo mobilnejsi predmeti (pti¢je
kosti, ostanki malih in velikih sesalcev, semena) (sl. 8a, b, ¢
in d). Vzorec njihove razprsenosti odstopa od Poissonove-
ga modela porazdelitve (ostanki malih in velikih sesalcev so
izkazovali negativno binomsko porazdelitev),® na obmocju
njihovega najizrazitejSega pojavljanja pa so bile ugotovlje-
ne tudi izstopajoce koncentracije vertikalnih kolov in hori-
zontalno orientiranih lesenih ostankov.

Ostale tezje najdbe, tj. kamenje in lon¢enina, so razprse-
ne drugace. Podatki za kamenje izkazujejo nadrazprienost
(overdispersion), pri ¢emer vzoréne enote z najizrazitejso
koncentracijo najdb (tj. I5 in L7) mejijo na enote s srednje
visokimi in visokimi frekvencami pojavljanja te kategorije
ostalin (sl. 9a in b). Vendar pa rezultati lokalnega in global-
nega testa Moran |, pa tudi Moranovega korelograma in
semivariograma, zavracajo moznost obstoja avtokorelacije

F G HI L M N ]
, F G H I L M N
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2
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i 3 0 items
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1-15 items 4 1-10 items
4
16-30 items 5 10-20 items 5
31-45 items 6 20-30 items
6
46-60 items 7 30-40 items 7
>60 items 40-50 items
Fig.9A 2D histogram of pottery frequencies distributed within > 50 items

trenches 1 and 3
SIL.9A  Dvodimenzionalni histogram pojavnosti loncenine na obmodju
sond1in3

In general terms, the data provided by spatial analysis
shows the different concentrations of evidence ascribable
to heavier artefacts (mostly stones and pottery), compa-
red to that of more movable remains (macro- and micro-
fauna, avifauna and seeds). Their spatial association with
the highest frequencies of vertical and horizontal piles’
attested within the trenches suggests a hypothetical re-
construction of their pattern, based on comparisons with
modern observations of the river Ljubljanica (Fig. 11). As can
be presumed, these portable archaeological remains have
suffered the effects of the unknown watercourse which
traversed the investigated area in the past. Although its

9 P-values with a only sufficient value for k=0.428 and p=0.075.

10 Their modest number, however, does not allow the interpretation of the
purpose of the structures of which they were part.

Fig.9B 2D histogram of stone frequencies distributed within
trenches 1and 3

SI.9B  Dvodimenzionalni histogram pojavnosti kamenja na obmoc-
jusond1in3

med posameznimi obmogji znotraj obeh sond. Prostorska
razprsenost lonéenine ustreza negativni binomski poraz-
delitvi? Stevilo teh najdb, ki so v prostoru nadrazpriene, je
najvecje v vzoréni enoti G5, v enotah G6, H6 in 16 pa so ugo-
tovljene vrednosti srednje visoke (sl. 9a). Rezultati lokalnega
testa Moran | ter tudi Moranov korelogram so pokazali na
avtokorelacijo med sosednjimi vzorénimi enotami znotraj

7 V tem primeru uporabljeno kot "napovedni" model, ki omogoca prikaz
razkropljenosti ostalin v prostoru (za podrobnosti glej Achino 2016).

8 Ostanki velikih sesalcev: K-S test negativne binomske porazdelitve =
0,99, prik=0,273 in p=0,025; ostanki malih sesalcev: K-S test negativne
binomske porazdelitve = 1, pri k = 0.211 in p = 0.086.

9 Kot zadostna je bila ugotovljena le ena P-vrednost, in sicer pri k = 0,428
inp=0,075.
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Fig. 10 Graphical result of Local Moran | for pottery, within
trenches 1 and 3

SI. 10 Graficni prikaz rezultatov lokalnega testa Moran | za lonceni-
no na obmocju sond 1in 3

strength was not particularly strong, as reconstructed from
archaeological observations (Toskan 2006; Velus¢ek 2006;
Gaspari 2009: 38)" and experiments performed in compa-
rable conditions to measure the flow of the current Ljublja-
nica river (Gaspari 2002: 55-58)', it was probably able to
substantially shift objects of smaller specific weights (Gas-
pari 2002: 55-58). For this reason their concentration in the

A B C D E
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Fig. 12 2D histogram of palimpsest frequencies distributed within
trench 2

SI. 12 Dvodimenzionalni histogram pojavnosti celotnega nabora
arheoloskih najdb na obmocju sonde 2

11 Preservation of hoards with clearly recognisable connections and parts of
the same found together nearby, along with the good preservation and the
limited degree of broken surfaces of pottery vessels (Gaspari 2009: 38).

12 Objects experimentally deposed have been retrieved in an almost un-
changed position for several years.

%

R e —

Fig. 11 The accumulation of organic material at the metallic piles

of the riverine port at Spica in Ljubljana (photo: D. Valoh)
SI. 11 Akumuliran organski material ob kovinskih pilotih recnega
pristanis¢a na Spici v Ljubljani (foto: D. Valoh)

obeh obravnavanih sond. Na podlagi Moranovega korelo-
grama je bilo mogoce ta fenomen zaznati na razdaljah med
0,5in 1,2 metra, lokalni test Moran | pa je pokazal na obstoj
koncentracije najdb na obmocju sosednjih referencnih tock
F6, G5 in G6. Slednje je potrdila tudi interpolacija (sl. 10), pri
¢emer nizje vrednosti v okoliskih enotah G7, H4 in H5 razu-
memo kot robni efekt obravnavanega obmocja koncentra-
cije lon¢enih najdb. Omeniti je treba $e skupino sosednjih
vzorénih enot L2, M2, N2 in N4, ki izstopajo po piclosti lon-
¢enine in jih zato opredeljujemo kot sredis¢e odsotnosti te
kategorije arheoloskih ostalin.

Ugotovimo lahko, da so rezultati prostorske analize ned-
voumno dokazali obstoj razlik v vzorcu razprienosti tezjih
(tji. predvsem kamenja in lonc¢enine) in lazjih (tj. ostanki
malih in velikih sesalcev, pti¢jih kosti in semen) arheoloskih
najdb. Pri tem je zanimivo, da je bila na obmocju z najvis-
jimi koncentracijami lazjih najdb ugotovljena tudi najve¢ja
pojavnost kolov.° Zdi se, da z razlogom. Ko je namre¢ cez
najdisce tekel neznani vodni tok in pri tem odplavljal (tudi)
kosti in semena, jih je na tem mestu utegnil zadrzati preplet
vejevja, ujetega med posameznimi vertikalnimi koli. Podo-
ben fenomen lahko ob vertikalnih ovirah na reki Ljubljanici
opazujemo tudi danes (sl. 11). Ceprav naj mo¢ nekdanjega
vodnega toka na obmocju Resnikovega prekopa ne bi bila
velika - o ¢emer pricajo tako izsledki arheoloskih raziskav
(Toskan 2006; Veluscek 2006; Gaspari 2009: 38)" kot tudi
eksperimentalne studije ucinkov vodnega transporta reke
Ljubljanice v sedanjosti (Gaspari 2009: 55-58)"> — je ta do-
mnevno torej $e vseeno zado3cala za prerazporejanje lazjih

10 Njihovo skromno Stevilo sicer ne dovoljuje interpretacije namembnosti
struktur, katerih del so bili.

11 O tem pricajo, denimo, zakladne najdbe z jasno prepoznavno povezavo
med posameznimi blizu najdenimi sestavnimi deli, pa tudi visoka stopnja
ohranjenosti in majhna fragmentiranost lon¢enih posod (Gaspari 2009:
38).

12V strugo namerno odlozeni predmeti se med nekajletnim opazovanjem
skoraj niso premaknili.
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sampling units where wooden remains are attested is not
so surprising; in fact, as part of a prehistoric structure, these
timbers could represent the first barriers large enough to
interrupt the movement of artefacts, as attraction points
for almost all of these one centimetre remains. Among the-
se portable remains are some which provide C'* evidence
dating them to different time periods, as observed for two
seeds (Culiberg 2006: 131) yielding an age of 1250 + 40 BP
(seed of Staphylea pinnata) and 1587 +3 0 BP (nut of Corylus
avellana). The latter confirms, on one hand, the portability
of such light evidence and, on the other, the role of wooden
remains as a “pull factor” during the past.

4.2 Distributional analysis of archaeological data

and spatial variability: trench 2

The null hypothesis was tested that the palimpsest, i.e.
the absolute counts of archaeological observations iden-
tified within trench 2, fitted a Poisson distribution; the re-
sults provided by a Kolmogorov-Smirnov test refuted this
hypothesis, and enabled the analysis of the main categories
of evidence already defined. According to density-distribu-
tional analysis, as graphically portrayed by 2D histogram,
Fig. 12 a spatially non-homogeneous distribution of obser-
vations was attested, with the highest frequencies concen-
trated in sampling units B2, C3 and D3, with neighbouring
cells also displaying high counts. The Global Moran | auto-
correlation results are indicative of a predominant spatial
heterogeneity; for instance, the semivariogram shows a

Not significant
(18)

M: |

Low-Low (0)

2
3
Highhigh @ 4
5
6

Low-High (0)

Fig. 13 Graphical result of Local Moran | for palimpsest, within
trench 2

SI. 13 Graficni prikaz rezultatov lokalnega testa Moran | za celoten
nabor arheoloskih najdb na obmocju sonde 2

non-linear model that does not fit the Poisson distribution.
Graphical results of interpolation and Local Moran identify
respectively the presence of these two concentrations, and
the occurrence of two neighbouring sampling units with
high-high values of autocorrelation (B3 and C3) (Fig. 13); the
same result is provided by a Moran | Correlogram.

Concerning the two sub-categories, the heavier ar-
tefacts (stones and pottery)® showed very similar spatial
distributions within trench 2. Stones were quite homoge-

13 Only three vertical piles have been recovered during excavations.

predmetov (Gaspari 2002: 55-58). Med obravnavanimi laz-
jimi najdbami je bilo nekaj primerkov analiziranih z meto-
do radioaktivnega ogljika. Rezultati so pokazali, da najdbe
izvirajo iz razli¢nih obdobij in ne zgolj iz ¢asa trajanja ko-
lis¢arske naselbine (glej npr. semeni vrst Staphylea pinnata
in Corylus avellana, katerih starost je bila ocenjena na 1250
+ 40 BP oziroma 1587 + 30 BP; Culiberg 2006: 131). Predstav-
ljene ugotovitve torej v celoti podkrepljujejo tezi o vodnem
transportu lazjih arheoloskih najdb in o skupkih vertikalnih
kolov kot potencialni oviri pri takSnem transportu.

4.2 Analiza razprsenosti arheoloskih najdb in varia-

bilnosti v prostoru: sonda 2

Nicelna hipoteza, po kateri naj bi vzorec razprsenosti
arheoloskih ostalin na obmog¢ju sonde 2 ustrezal Poissono-
vemu modelu porazdelitve, smo na podlagi rezultatov testa
Kolmogorova in Smirnovega ovrgli. Sledila je analiza hori-
zontalne porazdelitve posameznih kategorij najdb, kot so
bile opredeljene Ze zgoraj. S slike 12 je razvidno, da je bila
njihova razprienost v prostoru nehomogena. Najvisje kon-
centracije najdb smo ugotovili v vzor¢nih enotah B2, C3 in
D3, nadpovprecno visoke vrednosti smo dokumentirali tudi
v sosednjih enotah. Skladni s tem so rezultati globalnega
testa Moran |. Nazoren primer predstavlja semivariogram, ki
izkazuje nelinearen model in torej odstopa od Poissonove
porazdelitve. Grafi¢ni prikaz rezultatov interpolacije in lo-
kalnega testa Moran | potrjuje obstoj obeh omenjenih kon-
centracij najdb, pri ¢emer visoke vrednosti izkazujeta tudi
dve sosednji vzorcni enoti (B3 in C3) (sl. 13). Enako izhaja iz
Moranovega korelograma.
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Fig. 14 2D histogram of stone frequencies distributed within
trench 2

Sl. 14 Dvodimenzionalni histogram pojavnosti kamenja na obmoc-
ju sonde 2
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neous, and distributed with the highest frequencies in sam-
pling units B2, B3, B4, C4 and E2; while neighbouring cells
also had medium counts (Fig. 14). An absence of spatial au-
tocorrelation is underlined by Global Moran and a Moran |
Correlogram. Local Moran suggests the presence of a high-
high value corresponding to cell B3, while a low-high value
distinguished sampling unit A2. The latter marker, pottery,
was distributed according to an overdispersal pattern, in al-
most the same low values across the majority of non-empty
cells, with higher frequencies concentrated in sampling unit
B2 (Fig. 15). Results provided by Global and Local Moran that
underlined the reduced spatial autocorrelation between
neighbouring sampling units were less informative. Howe-
ver, it is interesting to note that both such variables were
closely associated in their highest frequencies. In contrast,
the majority of more portable remains, macro- and micro-
faunal remains, were both differently spatially distributed;
although it was not possible to carry out deeper analysis for
both categories, due to their infrequency within the trench,
as shown by Fig. 16, 17 micro-faunal remains were distribu-
ted in similar counts within three sampling units (B1, B3 and
D3), while macro-faunal evidence was concentrated in the
highest frequencies in A3, with neighbouring cells again
showing medium counts (A2, B2 and B3); some spatial auto-
correlation was indeed confirmed by Local Moran I, which
marked out high-high values within cells A3 and B3. Des-
pite the scarcity of samples and the consequent effects on
the applicability of spatial analysis, the goal of the study to
compare the spatial pattern observed for the two main ca-
tegories was achieved, underlining their difference.

A B C D E

Vzorca razprienosti obeh kategorij tezjih najdb (tj. ka-
menja in loncenine)® sta zelo podobna. Kamenje izkazuje
najvisje vrednosti v vzorénih enotah B2, B3, B4, C4 in E2,
srednje visoke vrednosti so bile ugotovljene tudi v sosed-
njih kvadrantih (sl. 14). Rezultati globalnega testa Moran | in
Moranovega korelograma kaZejo na odsotnost avtokorela-
cije. Na podlagi izsledkov lokalnega testa Moran | smo kot
obmogje z visoko pojavnostjo kamenja izpostavili vzoréno
enoto B3 in njeno neposredno sosesc¢ino. V nasprotju s tem
v okolici enote A2, ki prav tako izstopa po koli¢ini najde-
nega kamenja, tega materiala ni veliko. Vzorec prostorske
porazdelitve loncenine izraza nadrazprienost. V vzorc¢nih
enotah, kjer so bile tovrstne najdbe sploh dokumentirane,
je njihova pojavnost skoraj povsod skromna. Nekoliko visje
vrednosti so bile ugotovljene le v vzorcni enoti B2 (sl. 15).
Rezultati lokalnega in globalnega testa Moran |, ki so po-
kazali na majhno avtokorelacijo med sosednjimi vzor¢ni-
mi enotami, so manj povedni. Je pa zanimivo, da je vzorec
razprsenosti loncenine in kamenja enak, pri ostankih malih
in velikih sesalcev pa razli¢en. Zal zaradi skromnega $tevila
kostnih najdb v sondi 2 poglobljena prostorska analiza tega
gradiva ni bila mogoca (sl. 16). Zgolj 17 ostankov malih se-
salcev je sicer razmeroma enakomerno porazdeljenih med
vzoréne enote B1, B3 in D3, najdbe velikih sesalcev pa naj-
vecjo pojavnost izkazujejo v vzoréni enoti A3 in - z nekoliko
nizjimi vrednostmi - v sosednjih enotah A2 in B2. Obstoj
sicer omejene avtokorelacije med enotama A3 in B3 je bil
potrjen tudi z rezultati lokalnega testa Moran I. Kljub skro-
mnosti razpoloZljivega gradiva se zdi torej sklep o razli¢ni
prostorski razprienosti tezjih in lazjih najdb smiseln tudi za
obmocgje sonde 2.
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Fig.15 2D histogram of pottery frequencies distributed within
trench 2

SI. 15 Dvodimenzionalni histogram pojavnosti loncenine na
obmodju sonde 2

5. DISCUSSION AND CONCLUSION

The aim of this study, focused on proving the relevance
of intra-site spatial analysis as a means of testing the inte-
grity of the archaeological record in controlled conditions,
can be considered to have been achieved. First of all, intra-
site spatial analysis enabled the underlining of the different
spatial patterns fitted by the two main categories examined
(heavier artefacts vs. more portable evidence), proving that
they have not been affected by post-depositional disturban-
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Fig. 16 2D histogram of macro-faunal frequencies distributed wit-
hin trench 2

SI. 16  Dvodimenzionalni histogram pojavnosti ostankov velikih se-
salcev na obmocju sonde 2

5. RAZPRAVA IN SKLEP

Cilj raziskave je bil pokazati uporabnost znotrajnajdisc-
nih prostorskih analiz pri testiranju neokrnjenosti arhe-
oloskega zapisa v nadzorovanih razmerah, in zdi se, da je

13 Na obmoc¢ju sonde 2 so bili odkriti le trije vertikalni koli.
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ce in the same way. Indeed, if it had been the case that the
unknown watercourse had completely re-arranged the ori-
ginal spatial pattern for all evidence, we should expect two
potential spatial patterns: 1) all material evidence would fit
a Poisson distribution; 2) similar spatial concentrations wo-
uld characterise classes ascribable to both main categories.
In contrast, the capability to recognise the different spatial
patterns also enables us to propose an interesting new re-
constructive hypothesis for the observed distribution of the
lightest remains within the trenches (1 and 3) with suitable
frequencies of evidence (as explained in Section 4.1).

Furthermore, the re-evaluation of archaeological infe-
rences provided by a multidisciplinary approach allows us
to question whether this sector of the site can be conside-
red the central nucleus of the settlement; taking into consi-
deration the scarcity of macro-faunal remains, in compari-
son with the high frequencies generally recovered at pile-
dwellings, it does not seem to completely fit this category
within such a site. As noted above, the distribution could
be caused by the use of particular culinary practices, as well
as clean-up practices carried out after the daily butchery
and consumption activities. Thus, broken bones would
accumulate in a spatial location different to the potential
primary activity area, as proved by archaeological and eth-
noarchaeological case studies (among others Schiffer 1972;
1977; 1987; South 1977; 1979; Hayden, Cannon 1983; Rathje,
Murphy 1992; Rossignol, Wandsnider 1992; Kuna 2015). Such
a hypothesis which interprets the trenches excavated du-
ring 2002 as a “secondary” sector of the site is also suppor-
ted by the few vertical and horizontal piles observed within
this area, compared with the higher frequencies from pre-
viously investigated trenches."

Based on current data and previous inferences, it appe-
ars that spatial distribution of evidence reflects well the
complex history of formation and deformation at the site of
Resnikov Prekop. In an attempt to corroborate the identifi-
ed spatial processes, a multidisciplinary approach was sin-
gled out and the overlapping use of approaches has proved
its effectiveness in providing archaeological insights that
improve our understanding of the site.
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14 However, as it was previously highlighted and emphasised in Velus¢ek
2006: 56, Fig. 5, vertical piles are not so widespread at Resnikov Prekop
as in majority of Slovenian pile-dwellings.

bil dosezen. Rezultati so namre¢ prepricljivo potrdili razli-
ke v vzorcu razprienosti tezjih in lazjih arheoloskih najdb
ter s tem pokazali, da so poodlozitveni dejavniki na ti dve
kategoriji ostalin delovali razli¢no. Ce bi namre¢ nepoznan
vodni tok prerazporedil vse gradivo na obmocju nekdanje
koliscarske naselbine, bi to privedlo do (1) ujemanja vzor-
ca razprienosti posameznih kategorij najdb s Poissonovo
porazdelitvijo in (2) sovpadanja obmocij z najvecjo pojav-
nostjo lazjih in tezjih ostalin. V resnici pa je bil vzorec pro-
storske razprsenosti obeh skupin najdb razli¢en, kar nam je
omogocilo oblikovanje nove zanimive razlage za ugotovlje-
no porazdelitev lazjih ostankov na obmoc¢ju sond 1in 3 (glej
poglavje 4.1).

Ob tem je multidisciplinarno zastavljena analiza ar-
heoloskega zapisa omogocila preverjanje moznosti, ali je
na raziskano obmocje mogoce gledati kot na osrednji del
obravnavane kolis¢arske naselbine. Na podlagi skromnega
Stevila Zivalskih ostankov, ki se na drugih kolis¢ih praviloma
pojavljajo v bistveno ve&jem Stevilu, se zdi to malo verjetno.
Vzorec razprSenosti tovrstnih najdb bi prej lahko pripisali
specificnim kulinari¢nim praksam ter tudi rednemu ¢iscenju
organskih odpadkov vsled priprave in zauzitja mesne hra-
ne znotraj naselbine. Po tej razlagi so kolis¢arji neuporabne
odlomke razbitih kosti zavrgli izven osrednjega obmocja
aktivnosti, kar se ujema z izsledki Stevilnih arheoloskih in
etnoarheoloskih primerov studij (glej npr. Schiffer 1972;
1977; 1987; South 1977; 1979; Hayden, Cannon 1983; Rathje,
Murphy 1992; Rossignol, Wandsnider 1992; Kuna 2015). S
taksno tezo, ki v letu 2002 raziskano povrsino razlaga kot
obmo¢je drugotnega pomena v Zivljenju kolis¢a, je skladna
tudi ugotovitev o skromnem Stevilu tam odkritih vertikalnih
in horizontalnih kolov. To Stevilo namre¢ bistveno zaostaja
za podatki z drugih raziskanih kolis¢."

Na podlagi tukaj predstavljenih in nekaterih predhodno
objavljenih dognanj je mogoce trditi, da se v vzorcu pro-
storske razkropljenosti arheoloskih najdb na Resnikovem
prekopu v pomembni meri odraza zapletena zgodovina
formiranja in deformiranja tamkajsnjega arheoloskega za-
pisa. Uporaba multidisciplinarnega pristopa pri prostorski
analizi zbranih ostalin je zato ponudila ugotovitve, ki so iz-
boljsale nase poznavanje obravnavanega najdisca.
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