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zone and dry conditions such as Quercus ilex L. (holm
oak), taxa typical of montane conditions such as Fagus
sylvatica L. (beech), and taxa characteristic of moist or
riparian environments such as Salix spp. (willow) and
ferns, as well as a range of trees and shrubs common in
the wider landscape at similar elevations, such as Quer-
cus pubescens Willd. (downy oak), Ostrya carpinifolia
Scop. (hop hornbeam), Fraxinus ornus L. (manna ash),
Carpinus orientalis Miller (oriental hornbeam), Acer spp.
(maples), and Cornus spp. (dogwoods).

As in other parts of the Mediterranean (Blondel &
Aronson 1999; Quezel 1999), human activity is recog-
nised to have exerted a major influence on the Istrian
vegetation. Although most of the interior of the Istrian
peninsula today appears thickly vegetated, widespread
in the landscape are signs of a formerly more inten-
sive inhabitation. Dry-stone walls, ruined farms and
cottages, abandoned fields and orchards, are observed
throughout the upland terrain, testifying to the many
centuries when these areas were heavily used for timber,
agriculture and travel (Culiberg 1994). Indeed, centuries
of pressure from clearance, grazing and fire resulted in a
landscape which, as recently as fifty to sixty years ago,
was observed to support barely a single tree (Tomasko,
personal communication; see also Bohm 1981). Since
that time, and accompanying the decline of the rural
population, significant reforestation has occurred, both
through the intentional planting of Pinus nigra Arnold
and through the natural spread of the sub-Mediterra-
nean woodland. Today, human activity is strongly mod-
erated by the topography of the karst, with agriculture
confined to the alluvial surfaces of the poljes and larger
dolines. The steepest slopes provide important refuges
for plants from human disturbance (Polunin 1980).

10.3 Methodology and Sampling

10.3.1 Charcoal analysis

The preservation of cellular features through car-
bonisation allows for the identification of woody plant
types from charcoal. Although charcoal may be studied
from a variety of sedimentary contexts, charcoal frag-
ments tend to be particularly well represented in ar-
chaeological contexts, where the activities of people in
past times resulted in the burning of plants from the
surrounding environment. The ecological interpretation
of identified charcoal assemblages is substantiated by
the likelihood that the wood was transported only for
short distances (Vernet & Thiebault 1987). Interpreta-
tion, however, is made more complex by the possibility
that cultural choices in wood selection and taphonomic
processes may influence the representation of floris-
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L. (crnika), zatim vrste tipiéne za planinske uvjete
kao $to je Fagus sylvatica L. (bukva), vrste karakte-
risti€ne za vlazna stanista ili rijecne obale kao sSto
su Salix spp. (vrba) i paprati, kao i raznoliko drveée
i grmlje uobicajeno na slicnim nadmorskim visinama
u Sirem krajoliku, kao Sto su Quercus pubescens Wi-
lld. (hrast medunac), Ostrya carpinifolia Scop. (crni
grab), Fraxinus ornus L. (crni jasen), Carpinus orien-
talis Miller (bijeli grab), Acer spp. (javor) i Cornus
spp. (drijen).

Kao i u drugim dijelovima Sredozemlja (Blondel &
Aronson 1999; Quezel 1999), i u Istri je prepoznatljiv
velik utjecaj ljudskih aktivnosti na vegetaciju. Iako
se unutrasnjost istarskog poluotoka danas ¢ini gusto
posumljenom, tragovi koji upuéuju na vecu naselje-
nost u proslosti Siroko su rasprostranjeni krajolikom.
Suhozidne ograde, porusena imanja i seljacke kuce,
napustena polja i voénjaci koji su vidljivi Sirom brd-
skog podruéja, svjedoce o mnogim stoljeéima inten-
zivnog iskoristavanja tog prostora za eksploataciju
drveta, zemljoradnju i promet (Culiberg 1994). Upra-
vo je viSestoljetni pritisak izazvan sjeCom, ispasom i
pozarima oblikovao krajolik u kojem je, sve do prije
pedesetak godina, jedva raslo pokoje drvo (Tomasko,
osobno priopcenje; takoder, vidjeti Bohm 1981). Na-
kon toga, usporedo s opadanjem ruralnog stanovnis-
tva, doslo je do znatnog posumljavanja, kako zbog
planske sadnje Pinus nigra Arnold, tako i zbog prirod-
nog Sirenja submediteranskog posumljenog krajolika.
Ljudska aktivnost danas je strogo uvjetovana krskom
topografijom koja ogranicava zemljoradnju na aluvi-
jalne povrsSine polja i veéih vrtaca. Najstrmije padine
pruzaju biljkama vazna utocista od ljudskog utjecaja
(Polunin 1980).

10.3. Metodologija i uzorkovanje

10.3.1. Analiza drevnog ugljena

Ocuvani pougljenjeni obrisi stanica omogucu-
ju odredivanje tipova drvenastih biljaka iz drvenog
ugljena. Iako je moguce proucavati drveni ugljen iz
razli¢itih taloznih konteksta, ulomci drvenog uglje-
na Cesto su naroCito dobro zastupljeni u arheoloskim
kontekstima, jer su ljudske aktivnosti u proslosti ¢esto
rezultirale spaljivanjem bilja iz neposrednog okolisa.
EkoloSko tumacenje identificiranih skupova nalaza dr-
venog ugljena oslanja se na vjerojatnost da je drvo
prikupljeno s male udaljenosti (Vernet & Thiebault
1987). Takvo tumaéenje komplicira moguénost da
kulturni odabir prilikom sakupljanja drva i tafonomski
procesi mogu utjecati na omjer razlicitih biljnih vrsta
unutar prikupljenih skupova nalaza (February 1992;
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tic components within an assemblage (February 1992;
Pincon & Dechamps 1991). These potential biases must
be evaluated in light of the history of the individual site
and the variety of activities undertaken at the site.

Presented here are the results of the identification
of charcoal fragments from post-Mesolithic levels at
Pupicina. The results form part of a more extensive
research project, which has also examined charcoal
from the lower levels of Pupi¢ina, and three nearby
cave sites—Vela, Vesanska and Sebrn.

Charcoal samples, collected during the on-site sieving
of excavated sediment, were selected for identification
with respect to the stratigraphy and chronology of the
four studied sites. From the long stratigraphic sequence
at Pupiéina, samples were selected with the aim of iden-
tifying vegetational changes over the chronological span
of the site. These samples included nine from post-Me-
solithic levels. These nine samples cover the Middle to
Late Neolithic (Horizon I [Level 431], Horizon H [Level
424], Horizon G [Level 412]), Middle Bronze Age (Hori-
zon E [Levels 411, 413]) and Iron Age (Horizon B [Levels
408, 407, 405, 404]). In general, these samples represent
only a necessary sub-sample of the abundant charcoal
recovered on site; however, the Iron Age levels were not
rich in charcoal and from four levels (408, 407, 405, and
404), all the available charcoal was identified.

Identifications of charcoals were made on observed
anatomical characteristics in fractured surfaces under
incident lighting. Individual fragments were fractured
to reveal the transverse or cross-section, tangential and
radial sections. In the case of smaller fragments, availa-
ble surfaces were first studied for identifiable character-
istics. A Wild-Heerbrugg stereoscope (6X-50X) was used
to observe features of the transverse section. A Leica
DMRM reflected-light microscope was used to observe
details of the transverse section at 100X, and features
of the tangential and radial sections at 100X, 200X and
occasionally 1000X. Based on observed characteristics,
identifications were made to the highest confident taxo-
nomic level. To aid identification, comparison was made
with printed reference material (Schweingruber 1978,
1990), reference charcoal (including that obtained from
the research area), and slides of fresh wood.

In addition to taxonomic identification, measure-
ments of the minimum radius were also taken. Com-
paring the curvature of the growth rings visible in the
transverse section with a series of concentric arcs of
increasing radius provides an estimate of the minimum
radius of the original wood segment—a technique not
dissimilar to the reconstruction of pottery vessel diam-
eter from the curvature of rim sherds. Measurements
were taken to the nearest 5mm. Within the time con-
straints of the project, these additional measurements
were made on approximately 25% of the post-Meso-
lithic fragments.
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Pincon & Dechamps 1991). Moguce iskrivljenje po-
dataka mora se procijeniti u svjetlu povijesti svakog
pojedinog nalazista i razlicitih aktivnosti koje su se na
njemu odvijale (Cartwright & Parkington 1997).

Na ovome mjestu donosimo rezultate odredivanja
ulomaka drvenog ugljena iz postmezolitickih slojeva
Pupiéine peéi. Ti su rezultati dio Sireg istrazivackog
projekta koji obuhvaéa analize drvenog ugljena iz ni-
zZih slojeva Pupiéine pedi te iz triju obliznjih Spiljskih
nalazista - Vele peéi, Vesanske peéi i Sebrna.

Uzorci drvenog ugljena, sakupljeni prosijavanjem
iskopane talozine na samim nalaziStima, odabrani su
za analizu s obzirom na stratigrafiju i kronologiju cetri-
juistrazenih nalazista. Iz dugog stratigrafskog slijeda
Pupiéine peci odabrani su uzorci s ciljem praéenja pro-
mjena vegetacije tijekom kronoloskog raspona nalazi-
Sta. Medu njima je i devet uzoraka iz postmezolitickih
slojeva. Tih devet uzoraka pripada srednjem i kasnom
neolitiku (horizont I [otkopni sloj 431], horizont H
[otkopni sloj 424], horizont G [otkopni sloj 412]),
srednjem bron¢anom dobu (horizont E [otkopni slojevi
411, 413]) i zeljeznom dobu (horizont B [otkopni slo-
jevi 408, 407, 405, 404]). Opcenito uzevsi, ovi uzorci
predstavljaju tek nuzni dio od obilja drvenog ugljena
prikupljenog s nalazista. Zeljeznodobni slojevi nisu,
medutim, bili bogati drvenim ugljenom pa je odreden
sav raspolozivi drveni ugljen iz éetri otkopna sloja
(408, 407, 405 i 404).

Odredivanje drvenog ugljena provedeno je na te-
melju anatomskih obiljezja vidljivih na prelomljenim
povrsinama pod upadnim osvjetljenjem. Pojedini su
ulomci dalje lomljeni, kako bi se pokazali transverzalni
ili poprecni, tangencijalni i radijalni presjeci. Kod ma-
lih ulomaka, u potrazi za odredivim obiljezjima najprije
su se proucavale vidljive povrsine. Wild-Heerbruggov
stereoskop (6X-50X) koristen je za promatranje izgleda
popreénog presjeka. Leica DMRM mikroskop s reflekti-
rajuom svjetloscu koristen je za promatranje detalja
poprecnog presjeka pri povecanju od 100x, 200x i po-
nekad 1000x. Uzorci su na temelju uocenih obiljezja
odredeni do najvise pouzdane taksonomske razine. Kao
pripomo¢ pri odredivanju koristen je tiskani uspored-
beni materijal (Schweingruber 1978, 1990), uspored-
beni drveni ugljen (uklju¢ujuéi i onaj prikupljen na
istrazivanom podruéju) te presjeci svjezeg drva.

Uz taksonomsko odredivanje mjereni su i mini-
malni polumjeri. Usporedivanje zakrivljenosti godova
vidljivih u poprecnom presjeku s nizom koncentric-
nih lukova razlicitih polumjera omogucilo je procjenu
minimalnog polumjera izvornog segmenta drveta. Ta
je tehnika sli¢na rekonstruiranju promjera keramicke
posude iz zakrivljenosti ulomka oboda. Polumjeri su
mjereni na to¢nost od 5 mm. S obzirom na vremenska
ogranicenja projekta, ova dodatna mjerenja provedena
su na otprilike 25% postmezolitickih ulomaka.
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10.3.2 Phytolith analysis

Phytoliths are silica bodies that originate in and be-
tween plant cells. Silicon is absorbed by the plants from
soil water in the form of monosilicic acid Si(0H,) and
deposited as opal in the plant tissues. When phytoliths
grow to occupy the entire space available in the cell lu-
men they become an accurate replica of the original cell.
This replication allows for the identification of phytolith
typologies with anatomical and taxonomic value.

Phytoliths can be deposited in cave environments
by the combined action of wind, water, and animals
- including humans (Madella & Powers-Jones 1998).
Airborne transport can be important in some terrains,
where high velocity winds and few obstacles permit the
movements of phytoliths over long distances (e.g. the
phytoliths recovered by Darwin on the Beagle during the
navigation off the West African coast — Darwin 1846).
However, the contribution of airborne phytoliths in
Pupicina Cave assemblages is probably minimal, if exist-
ent at all. The cave is, and was, in a narrow gorge, with
thick vegetation which would have impeded even short
distance phytolith transport by wind. Water percola-
tion might have contributed partially to the “phytolith
rain”. The main contribution of phytoliths to Pupiéina
assemblages is likely to be derived from human input in
connection with the occupation of the cave.

Phytolith taphonomy and preservation is not always
clearly understood. Studies of phytolith assemblages
from other caves with human occupation in northern
Italy, however, have shown that the morphological ef-
fects of taphonomic processes are visible on the surviv-
ing phytoliths (Madella & Powers-Jones 1998).

Phytolith samples, consisting of about 30 ml of sedi-
ment, were collected from stratigraphic columns during
and after excavation, and preserved in sealed plastic
bags. Once in the laboratory, the samples were dried in a
drying cabinet. About 2.5 g of sediment per sample was
weighted and phytoliths extracted following (Madella
et al. 1998) technique. A known quantity — 0.001 g -
of the final sediment was mounted with Styrolite™ and
analysed with a polarised, phase contrast microscope
at 200X, 400X and 1000X magnification. A minimum of
250 phytoliths were counted for each sample.

Representing the post-Mesolithic deposition are
three samples from the Middle Neolithic Horizon I (pup
2, pup 4, pup 5), one sample from Horizon F (pup 6)
which is attributed to the Middle Bronze Age and one
sample from Horizon B (pup 1) ascribed to the Iron
Age. For comparison are also discussed four samples
from Upper Palaeolithic horizons T2B (pup 11), T2A
(pup 7), and T1 (pup 8, pup 9) and two samples from
Mesolithic horizons 03 (pup 12) and J2 (pup 10).
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10.3.2. Analiza fitolita

Fitoliti su silikatna tijela koja nastaju u stanicama
biljaka i izmedu njih. Biljke upijaju silikate iz vode u
tlu, u obliku monosilicijske kiseline Si(OH,) i odlazu ih
kao opal u biljnim tkivima. Kada fitoliti narastu toliko
da zauzmu citav prostor stani¢ne Supljine, oni postaju
tocna kopija same stanice. Zahvaljujuéi ovakvoj repli-
kaciji moguce je odredivanje tipova fitolita koji imaju
anatomsku i taksonomsku vrijednost.

Fitoliti se u $piljskom okoliSu mogu istalozi-
ti zajednickim djelovanjem vjetra, vode i Zivotinja
- ukljucujuéi i ljude (Madella & Powers-Jones 1998).
Transport zrakom moze biti vazan na onim terenima
gdje jaki vjetrovi i malobrojne prepreke omogucuju
kretanje fitolita na velike udaljenosti (na primjer,
fitoliti koje je prikupio Darwin na brodu Beagle za
plovidbe duz obale zapadne Afrike — Darwin 1846).
Uzorci iz Pupiéine peéi vjerojatno sadrze vrlo malo
fitolita donesenih zrakom, ili ih uopée ne sadrze. Spi-
lja se nalazi (i oduvijek se nalazila) u uskom klancu
obraslom u gustu vegetaciju koja bi omela transport
fitolita zrakom Cak i s male udaljenosti. Procjedivanje
vode moglo je djelomicno pridonijeti “fitolitskoj kisi”.
Glavni doprinos fitolita u uzorcima iz Pupiéine peéi
vjerojatno je posljedica ljudskog unosenja povezanog
s boravakom u 3pilji.

Tafonomija i oCuvanost fitolita ne moze se uvijek
posve razjasniti. Proucavanja skupova nalaza fitoli-
ta iz Spilja sjeverne Italije u kojima su boravili ljudi
pokazala su, medutim, da su na sacuvanim fitolitima
vidljivi morfoloski u¢inci tafonomskih procesa (Madella
& Powers-Jones 1998).

Uzorci fitolita od oko 30 ml talozine sakupljani
su tijekom i nakon iskopavanja iz stratigrafskih stu-
paca i spremani u zatvorene plasticne vreéice. Ti su
uzorci u laboratoriju osuseni u ormariéu za susenje.
Oko 2,5 g talozine po uzorku izvagano je, a zatim su
fitoliti izdvojeni tehnikom koju opisuju Madella et al.
(1998). Poznata kolic¢ina konaéne talozine - 0,001 g
- ucvricena je Styrolitom™ i analizirana polariziranim
kontrastnofaznim mikroskopom pri poveéanju od 200x,
400x i 1000x. U svakom uzorku izbrojano je najmanje
250 fitolita.

Postmezoliticki slojevi predstavljeni su trima uzor-
cima iz srednjoneolitickog horizonta I (pup 2, pup 4,
pup 5), jednim uzorkom iz horizonta F (pup 6) koji se
pripisuje srednjem broncanom dobu te jednim uzorkom
iz horizonta B (pup 1) koji pripada Zeljeznom dobu.
U raspravu su, radi usporedbe, ukljucena jos i Cetiri
uzorka iz gornjopaleoliti¢kih horizonata T2B (pup 11),
T2A (pup 7), 1 T1 (pup 8, pup 9) te dva uzorka iz me-
zolitickih horizonata 03 (pup 12) i J2 (pup 10).
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10.4 Results

10.4.1 Charcoal analysis

The results of the wood charcoal identifications
are presented in Table 10.1. For comparison, the de-
tails of the post-Mesolithic samples are presented in
full alongside the combined results of the Mesolith-
ic identifications. A range of woody taxa including
trees, shrubs and climbers are identified. The number
of identified genera from each sample is included
as a simple measure of the diversity of the samples.
Charred non-wood macrofossils, which are extremely
rare at the site, are also indicated.

The Mesolithic levels, which are summarised in
Table 10.1 to highlight the contrast with the post-
Mesolithic assemblage, are dominated by pine, with
sporadic presences of other taxa, including broad-
leaved trees and one other conifer, Abies alba Miller.
In contrast, pine is not recorded in the post-Mesolithic
assemblage, and the samples are composed instead of
a range of deciduous and evergreen taxa. In the mid-
dle Neolithic sample (Level 431), four deciduous taxa
are identified (elm, beech, deciduous oak and ash,) of
which three were also documented in extremely low
frequencies in the Mesolithic assemblage.

The later Neolithic and Bronze Age samples are char-
acterised by increasing diversity due to the presence of
several new taxa. Since a comparable number of frag-
ments were identified from post-Mesolithic horizons I,
H, G and E (Level 411), the increased diversity of the
assemblages between Horizon I and H/G, and between
G/H and E (Level 411) does not appear to be an artefact
of sample size (Figure 10.3). From the Later Neolithic
new taxa include two Mediterranean leathery-leaved,
or schlerophyllous, taxa (evergreen oak and Rhamnus
alaternus L./Phillyrea sp.) and two shrubs (Cornus sp.
and Pomoideae). From the Bronze Age, one new sch-
lerophyllous taxon is recorded (tree heath), two new
evergreen taxa are recorded (juniper and yew), and two
important sub-Mediterranean trees (hornbeam and hop-
hornbeam). Other taxa recorded from this period are
Clematis vitalba L. and vine. The Iron Age assemblage
also records several new taxa, including horse chestnut,
spindle tree and cherry. The overall decrease in diversity
observed in the Iron Age reflects the reduced sample
size obtained from individual Iron Age levels.

Measurements of the curvature of the growth
rings, and hence estimates of the minimum radius of
the original branches or logs, were taken on a sub-
sample of 126 fragments from the post-Mesolithic as-
semblage. The results are presented in Figure 10.4.
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10.4. Rezultati

10.4.1. Analiza drvenog ugljena

Rezultati odredivanja drvenog ugljena prikazani su
u tablici 10.1. Radi usporedbe, podrobnosti o postme-
zolitickim uzorcima prikazane su u cijelosti pored za-
jednickih rezultata odredivanja mezolitickih uzoraka.
Odreden je niz taksona drvenastog bilja ukljucujuéi
drvece, grmlje i penjacice. Broj identificiranih rodova
iz svakog uzorka pridodan je kao mjera raznolikosti
uzoraka. Prikazani su i pougljenjeni makrofosili koji
nisu od drva, iznimno rijetki na ovom nalazistu.

U mezolitickim slojevima, sumarno prikazanim u ta-
blici 10.1 za usporedbu s postmezolitickim skupovima
nalaza, dominira bor. Sporadi¢no su prisutni i drugi
gori¢no drvo, Abies alba Miller. Nasuprot tome, u pos-
tmezolitickim skupovima nalaza bor nije zabiljezen, a
uzorci sadrze niz listopadnih i zimzelenih taksona. U
srednjoneolitickom uzorku (otkopni sloj 431) odredena
su Cetiri listopadna taksona (brijest, bukva, listopadni
hrast i jasen) od kojih su tri, u posve malim koli¢ina-
ma, zabiljezena u skupu nalaza iz mezolitika.

Uzorke iz kasnog neolitika i bron¢anog doba odli-
kuje veca raznolikost zbog prisutnosti nekoliko novih
taksona. Iz postmezoliti¢kih horizonata I, H, G i E
odreden je podjednak broj ulomaka, stoga izgleda da
porast raznolikosti u skupovima nalaza izmedu horizo-
nata I i H/G te izmedu horizonata G/H i E (sloj 411)
nije nezeljena posljedica veli¢ine uzorka (slika 10.3).
Novi taksoni iz kasnog neolitika ukljucuju dva sredo-
zemna sklerofilna taksona (biljke s s kozastim lis¢em:
zimzeleni hrast i Rhamnus alaternus L./Phillyrea sp.)
te dvije grmolike biljke (Cornus sp. i Pomoideae). Za
broncanog doba biljezimo jedan novi sklerofilni takson
(veliku crnjusu), dva nova zimzelena taksona (borovi-
cu i tisu) i dva vazna submediteranska drva (bijeli ili
obicni i crni grab). Ostali taksoni zabiljezeni u ovom
razdoblju su Clematis vitalba L. i vinova loza. U skupu
nalaza iz zeljeznog doba takoder biljezimo nekoliko
novih vrsta, kao Sto su divlji kesten, kurika i treSnja.
Opce smanjenje raznolikosti za zeljeznog doba odraz
je smanjenog uzorka koji je prikupljen iz pojedinih
zeljeznodobnih otkopnih slojeva.

Mjerenja zakrivljenosti godova, pa time i procjena
minimalnog polumjera samih grana ili debla, prove-
dena su na manjem uzorku od 126 ulomaka iz pos-
tmezolitickih skupova nalaza. Rezultati su prikazani
na slici 10.4.
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Figure 10.3. Number of identified genera vs. number of fragments for post-Mesolithic
horizons at Pupiéina Cave. (Horizons legend = I: Middle Neolithic (Early Horizon); H:
Middle Neolithic (Late Horizon); G: Late Neolithic; E (Level 411 & Level 413): Middle

Bronze Age; B: Iron Age)

Slika 10.3 Odnos broja odredenih rodova i broja ulomaka za postmezoliticke horizonte
Pupicine peéi (legenda horizonata = I: srednji neolitik (raniji horizont); H: srednji neolitik
(kasniji horizont); G: kasni neolitik; E (otkopni slojevi 411 i 413): srednje bron¢ano doba;

B: Zeljezno doba.

Figure 10.4. Distribution of fragments across five radial classes by archaeological

period for Pupiéina Cave.

Slika 10.4 Raspored ulomaka prema pet klasa polumjera, po arheoloskim razdobljima

Pupicine pedi.
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10.4.2 Phytolith analysis

The results of the phytolith analysis are shown in
Table 10.2, where Palaeolithic and Mesolithic samples are
plotted alongside the Neolithic and Bronze Age samples.
Phytoliths were extracted from all the samples, however
the Mesolithic and post-Mesolithic assemblages are more
diverse with both grass and wood phytoliths. All the Pal-
aeolithic samples have a very similar composition and
are characterised by irregular typologies from the wood
and leaves of dicotyledonous plants and by platelets
typically produced in the conifers. From the Mesolithic
period, the assemblages present a significant proportion
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10.4.2. Analiza fitolita

Rezultati analize fitolita prikazani su u tablici 10.2,
gdje su paleoliticki i mezoliticki uzorci prikazani po-
red uzoraka iz neolitika i bron¢anog doba. Fitoliti su
izdvojeni iz svih uzoraka. Mezoliticki i postmezoliticki
skupovi nalaza fitolita pokazuju vecu raznolikost, kako
za trave, tako i za drvece. Svi paleoliticki uzorci vrlo
su sliénog sastava te se odlikuju nepravilnim tipolo-
gijama drva i liséa dvosupnica te smolenica tipi¢nih
za crnogoricno drveée. Skupovi nalaza iz mezolitika
sadrze znacajan udio fitolita trava, iako najveca prisut-
nost tipologija trava obiljezuje postmezoliticke uzorke
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CHAPTER 10: CHARCOAL AND

Figure 10.5. Frequency of
short cell phytoliths from
the Pupiéina sedimentary
sequence (Horizons legend
= 03 and J2: Mesolithic;

I: Middle Neolithic (Early
Horizon); F: Middle Bronze
Age; B: Iron Age).

Slika 10.5 Ucestalost fitolita
kratkih stanica iz stratigraf-
skog slijeda Pupiéine peci
(legenda horizonata = 03

i J2: mezolitik; I: srednji
neolitik (raniji horizont); F:
srednje bronéano doba; B:
Zeljezno doba).

PryrorrtHs FRoM Pupiéina CAVE
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of grass phytoliths, although the post-Mesolithic sam-
ples are characterised by the greatest presence of grass
typologies (see Table 10.2). These grass phytoliths are
mostly from leaf and culm epidermal cells (e.g. elongated
smooth, short cells, bulliform categories) and the few
silica skeletons recovered are also from these anatomi-
cal parts. Inflorescence phytoliths have invariably low
frequencies (Table 10.2 - see elongated spiny). An im-
portant component of the assemblages is the grass short
cells, mainly from leaf epidermis (Figure 10.5). Short
cells are dominated by the Pooid types, produced by the
Pooideae sub-family.

Most of the post-Mesolithic samples are character-
ised by the presence of irregular phytoliths with an al-
veolar structure (Table 10.2). These phytoliths might
be formed by more that one element, some having a
morphology recalling that of a grass tissue while other
seems to be more similar to non-grass tissues. How-
ever, all of them present a very characteristic alveolar
structure, with voids (Figure 10.6).

50 microns

100%

(vidjeti tablicu 10.2). Fitoliti trava pretezno potjecu
iz listova i vrhova epidermalnih stanica (na primjer,
izduzene glatke, kratke stanice, buliformne kategori-
je). Rijetki silikatni skeleti koji su prikupljeni takoder
potjecu od navedenih anatomskih dijelova. Fitoliti
cvjetova uvijek su vrlo rijetki (tablica 10.2 - vidjeti
izduzene bodljikave). Vazan udio u skupovima nalaza
Cine kratke stanice trava, uglavnom iz epiderma listova
(slika 10.5). Medu kratkim stanicama dominiraju poo-
idni tipovi, koje proizvodi potporodica Pooideae.

Vecinu postmezolitickih uzoraka odlikuje prisutnost
nepravilnih fitolita alveolarne strukture (tablica 10.2).
Takvi fitoliti mogu nastati od razli¢itih elemenata.
Neki od njih oblikom podsjeéaju na tkivo trava, dok
su drugi sli¢niji tkivima koja nisu od trava. Svi ima-
ju karakteristi¢nu alveolarnu strukturu sa Supljinama
(slika 10.6).

Figure 10.6. Micrograph at 200X of two irregular phyto-
liths with bubble morphologies from sample pup5 (Middle
Neolithic, horizon I).

Slika 10.6 Mikrofotografija dvaju nepravilnih fitolita mjehu-
ricasta oblika pri poveéanju od 200x iz uzorka pup5 (srednji
neolitik, horizont I).
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10.5 Discussion

10.5.1 Human action and the charcoal
and phytolith records

In interpreting the results of the charcoal and phy-
tolith analyses, some consideration must be given to
the extent to which cultural selection is likely to have
influenced the composition of the assemblages. Several
characteristics of the site, its local setting, and the as-
semblages suggest that cultural influence was not strong
and therefore that an ecological interpretation of the
results is justified. First, Pupiéina is located in a steep-
sided gorge, a naturally defined catchment area, and it is
unlikely that plant material was collected from outside
the gorge at any period. Ecological interpretation is sup-
ported because it is unlikely that the plant assemblage
represents a sampling of different ecological zones (e.g.
the gorge and the plateau) between cultural phases.

Second, although the advent of the Neolithic and
subsequent cultural changes must have brought about
changes in human activities, especially in the wider
landscape and in the use of land for cultivation, ac-
tivities within the topographic confines of the gorge
are likely to have remained rather unchanged. The use
of Pupiéina as a base for hunting and as a temporary
shelter for people and animals appears to have been
broadly similar in all periods.

Whatever activities were taking place in the wider
landscape during the post-Mesolithic in terms of agri-
culture or deforestation, activities within the narrower
landscape of the gorge do not appear to have included
highly selective practices in plant collection and use.
Fire would probably have been used primarily for domes-
tic purposes, where specific choices in wood selection
might not be as critical as in matters of craft produc-
tion, construction or firing kilns. The high taxonomic
diversity relative to the size of the post-Mesolithic char-
coal assemblage (20 genera identified in fewer than 700
fragments) supports the view that wood selection was
not conditioned by strong preferences for particular
wood types. In terms of other plant resources, the use
of plants during the post-Mesolithic (as indeed during
the Mesolithic) seems to be mostly confined to wild
herbaceous and grasses, and woody plants available in
the gorge, as the almost total absence of typical cereal
dendritic long cells and silica skeleton underlines. These
plants were probably used for matting and/or bedding
in the cave and as fodder for the animals. The high
frequency of wood- and dicotyledon leaf phytoliths also
highlights the predominant use of wild plants. Further-
more, analysis of flotation samples from the cave has
not produced any macrobotanical evidence to document
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10.5. Rasprava

10.5.1. Ljudska aktivnost i podaci o drvenom
ugljenu i fitolitima

Pri interpretaciji rezultata analiza drvenog ugljena
i fitolita, potrebno je posvetiti neSto paznje pitanju
utjecaja kulturnog odabira na sastav skupova nalaza.
Nekoliko obiljezja nalazi$a, njegov smjestaj kao i sami
skupovi nalaza upuéuju na to da kulturni utjecaj nije
bio velik te je stoga opravdana ekoloska interpretacija
nalaza. Prvo, Pupicina pec nalazi se u klancu strmih
bokova, prirodno definiranoj zoni dosega pa nije vjero-
jatno da je biljni materijal u bilo kojem razdoblju saku-
pljan izvan klanca. Ekolosku interpretaciju podupire i
mala vjerojatnost da su skupovi nalaza bilja posljedica
uzorkovanja iz razli¢itih ekoloskih zona (na primjer
klanca i visoravni) za razli¢itih kulturnih faza.

Drugo, iako su neolitik i kasnije kulturne promje-
ne morale dovesti do promjena u ljudskoj djelatno-
sti, narocito u Sirem krajoliku te u upotrebi zemlje za
obradu, unutar topografskih granica klanca aktivnosti
se vjerojatno nisu znatnije promijenile. Cini se da je
koriStenje Pupicine peci kao baznog logora za lov, te
kao privremenog zaklona za ljude i stoku, bilo prilicno
slicno u svim razdobljima.

Bez obzira na aktivnosti vezane uz poljoprivredu ili
sjecu sume koje su se odvijale u Sirem krajoliku tije-
kom postmezolitickih razdoblja, ¢ini se da aktivnosti u
uzem krajoliku klanca nisu ukljucivale usko selektivne
obicaje pri sakupljanju i koriStenju bilja. Vatra je vje-
rojatno ponajvise koriStena za potrebe domadéinstva,
gdje izbor odredene vrste drva vjerojatno nije toliko
bitan kao u zanatskoj proizvodnji, pri gradnji ili pri
loZenju pedi. Velika taksonomska raznolikost u odno-
su na veli¢inu postmezolitickog skupa nalaza drvenog
ugljena (medu manje od 700 fregmenata odredeno je
20 rodova) podrzava glediSte da se pri odabiru drva
nije narocito vodilo racuna o odredenim tipovima dr-
veca. Glede iskoristavanja ostalih vrsta bilja, ¢ini se
da je koristenje biljaka za postmezolitickih razdoblja
(kao i za mezolitika) bilo uglavnom ograniceno na div-
lje zeljaste biljke i trave te drvenaste biljke dostupne
u klancu, na sto ukazuje i gotovo potpuno odsustvo
tipicnih dendriticnih dugih stanica i silikatnih skeleta
Zitarica. Te su biljke vjerojatno koristene za izradu
podlozaka ili lezajeva u Spilji te za hranu stoci. Veli-
ka ucestalost fitolita drva i lis¢éa dvosupnica takoder
govori o preteznom koristenju divljeg bilja. Nadalje,
analiza uzoraka flotacije iz Spilje nije proizvela nika-
kvu makrobotanicku gradu koja bi svjedocila da su na
samom nalazistu pripremane ili konzumirane uzgoje-
ne biljke poput Zzitarica. Iz uzoraka drvenog ugljena

PoGLavide 10: DRVENTI UGLJEN I FITOLITI IZ PUPICINE PECI
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on-site processing or consumption of cultivated plants
such as cereals. From charcoal samples, charred non-
wood remains have been recovered which are derived
from edible resources (charred cotyledons from acorns
and the stones of Cornus mas L. fruits). However, these
may equally have been brought in by chance with fresh
branches, if these were being used for fodder or bed-
ding. As charcoal is well- and abundantly preserved
throughout most of the sequence, it is felt that the lack
of botanical remains from flotation does not reflect poor
preservation but rather lends support to the view that
activities at Pupiéina throughout the post-Mesolithic
were not focused on cultivated plant resources. Overall,
the evidence for a basic use of wild resources is probably
related to the sporadic, temporary patterm of occupation
at Pupiéina during the post-Mesolithic periods.

Regarding the inferred size of wood selection, two
observations may be made. First, the overall size of wood
collected throughout the post-Mesolithic period appears
to have been small (i.e. twigs and branches). There is
no evidence for the burning of very large (i.e. trunk)
wood, especially when one considers that a large piece
of wood will contribute far more fragments of charcoal
than a small piece, and hence have a stronger statistical
influence on the results. Second, within an overall small
scale of wood collection, a trend towards the collection
of increasingly small wood pieces is apparent over the
periods in question (Figure 10.4). This trend may relate
to a gradual decrease in the scale of hearths and camp-
fires at the site and/or to the increased representation
of small or shrubby taxa in the Bronze Age and Iron Age
samples compared with the Neolithic.

The young branches and leaves might have repre-
sented the fodder for the animals kept in the shelter
(Haas et al. 1998; Karg 1998). Most of the taxa from
the Vela draga gorge, and especially species like the
ash, would have made a very palatable fodder. Alter-
natively, young branches may have been burned for
smoke. The combined evidence for burning of gener-
ally small-sized wood pieces is consistent with the
exploitation of fallen and dead wood in the immediate
vicinity of the cave, a collection strategy that would
provide the most representative sampling of the lo-
cal vegetation. Therefore, while it is recognised that
the varied processes of human selection will have had
some bearing on the formation of the charcoal and
phytolith record, these points suggest that the chang-
es observed within the record are likely to reflect ac-
tual changes in the local vegetation at the site.

It is stressed also that the interpretation of the wood
charcoal results is based on the presence/absence of
taxa, the associations of taxa within samples, and the
overall diversity of the samples, and not on the relative
frequency of taxa within samples. While a numerical ap-
proach based on relative frequencies of charcoal types
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prikupljeni su, uz ostatke drva, pougljenjeni ostaci
koji potjecu od jestivih dijelova biljaka (pougljenjene
supke Zireva i koStice plodova Cornus mas L.). Lako je
moguée da su uneseni slucajno sa svjezim granama,
ako su bile koristene za lezajeve ili prehranu stoke. Bu-
dudi da je drveni ugljen u veéini slojeva dobro sacuvan
i obilat, smatramo da odsutnost botanickih ostataka u
uzorcima iz flotacije nije odraz slabe ocuvanosti, veé
da podrzava glediste da uzgojene biljke nisu bile u
zaristu postmezolitickih aktivnosti u Pupiéinoj peéi.
Opcenito uzevsi, grada koja svjedoci o jednostavnom
koristenju divljeg bilja vjerojatno se moze dovesti u
vezu s povremenim, odnosno privremenim boravcima
u Pupi¢inoj peéi za postmezolitickih razdoblja.

S obzirom na odabir drva prema procijenjenoj veli-
¢ini, uocljive su dvije Cinjenice. Prvo, opéenito se ¢ini
da je su komadi drva, sakupljani za postmezolitickih
razdoblja, bili mali (grmlje i grancice). Nema dokaza
o lozenju vrlo velikih komada drva (debala), naroci-
to ako se obrati pozornost na to da bi veéi komad
drva proizveo daleko vise ulomaka drvenog ugljena od
malog komada, pa bi stoga imao statisticki veci utje-
caj na rezultate. Drugo, iako je koli¢ina sakupljanog
drva bila mala, tijekom spomenutih razdoblja uocljiv
je trend prema sakupljanju sve manjih komada drveta
(slika 10.4). Taj se trend mozda moze dovesti u vezu
s postupnim smanjivanjem veli¢ine vatrista i logorskih
vatri na samom nalaziStu ili sa sve veCom zastuplje-
noséu malih i grmolikih taksona u bron¢anodobnim i
Zeljeznodobnim uzorcima u odnosu na neoliticke.

Mlade grane i lis¢e mogli su posluziti kao hrana
zivotinjama koje su drzane u $pilji. (Haas et al. 1998;
Karg 1998). Veéina taksona iz klanca Vele drage, a
narocito vrste poput jasena, mogle su posluziti kao
vrlo prihvatljiva stoc¢na hrana. Druga je moguénost
da su mlade grane spaljivane zbog dima. Svi podaci
o lozenju, uglavnom malih komada drva, odgovaraju
koristenju otpalog i mrtvog drva iz neposredne blizine
Spilje. Takva strategija sakupljanja osigurala bi najre-
prezentativnije uzorkovanje lokalne vegetacije. Prema
tome, iako je sigurno da su razliciti postupci ljudskog
odabira morali barem donekle utjecati na formiranje
arheoloskih izvora koji se sastoje od drvenog ugljena
i fitolita, sve navedeno upucuje na to da su uocéene
promjene vjerojatno odraz stvarnih promjena lokalne
vegetacije oko nalazista.

Potrebno je naglasiti da se interpretacija rezultata
analiza drvenog ugljena zasniva na prisutnosti/od-
sutnosti taksona, na asocijacijama taksona unutar
uzoraka te na ukupnoj raznolikosti uzoraka, a ne na
relativnoj ucestalosti taksona unutar uzoraka. U ve-
¢ini istrazivanja koja se bave drvenim ugljenom klju-
¢an je numericki pristup koji se zasniva na relativnim
ucestalostima tipova drvenog ugljena (e.g. Heinz &
Thiebault 1998). Smatramo da prisutnost/odsutnost,
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has been central to much charcoal research (e.g. Heinz
& Thiebault 1998), presence/absence, assemblage as-
sociations and diversity are considered here to provide
more secure indications of vegetation change, espe-
cially as samples are small or varied in size, and the full
extent of cultural preference is ultimately unknown.

The alveolar irregular phytoliths (Figure 10.6) seems
to originate from a mixture of grasses and dicotyledo-
nous plant tissues. Their original anatomical characteris-
tics are rather concealed by the alveolar structure which
seems to be related to the action of fire. Opal silica is
resistant to high temperatures but can start to partially
melt at temperature above ca. 750°C. The silica skeletons
observed in the post-Mesolithic samples from Pupiéina
appear to have undergone partial melting or distortion
for having been exposed to high temperatures. This can
be related to the burning of plant material in small,
quick, high temperature fires or, more possibly, to the
practice of cleaning of the cave. Cave utilised as both
animal and human shelter are often reqgularly “cleaned”
and disinfected from the building up of dung by setting
fire to the organic deposits (Acovitsioti-Hameau et al.
2000; Boschian, Chapter 4).

10.5.2 Vegetation change during the
post-Mesolithic periods

A tentative history for the local vegetation is pro-
posed. During the Middle Neolithic period, the forest
around Pupié¢ina was composed of deciduous, ther-
mophilous and moisture-loving trees (elm, beech,
deciduous oak and ash), which had come to replace
pine as the dominant trees in the local landscape in
response to climatic change in the early Holocene. At
this point, the forest also managed to support a more
substantial and diversified herbaceous plant popula-
tion, which found more light and better conditions of
growth in the less acidic humus produced by broad-
leaved trees. This reconstruction is consistent with
several lines of regional evidence, both terrestrial and
marine, supporting climatic conditions wetter than
today during the early to mid-Holocene (Ariztegui et
al. 2000; Emeis et al. 2000; Wunsam et al. 1999; Har-
rison et al. 1996; Huntley & Prentice 1993).

From the Late Neolithic and Bronze Age onwards,
the vegetation began to approach in composition the
modern sub-Mediterranean woodland. The local veg-
etation became increasingly diverse, marked particu-
larly by the expansion of Mediterranean evergreen and
shrubby plants. The late appearance of some of these
taxa, such as hornbeam, may reflect migration time
from more southerly Balkan refugia. However, migra-
tional lags are in general not typical of Mediterranean
and Balkan vegetation sequences; after all, refuge areas
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asocijacije skupova nalaza i raznolikost u nasem slu-
Caju pruzaju pouzdanije pokazatelje o promjenama
vegetacije, poglavito zato Sto su uzorci mali ili ra-
zlicitih velic¢ina, a pravi je obim kulturnog odabira
zapravo nepoznat.

Cini se da nepravilni alveolarni fitoliti (slika 10.6)
potjecu od mjesavine trava i tkiva dvosupnica. Njihova
izvorna anatomska obiljezja prikrivena su alveolarnom
strukturom koja je, €ini se, povezana s djelovanjem
vatre. Silikati u obliku opala otporni su na visoke tem-
perature, ali se mogu poceti djelomicno taliti pri tem-
peraturama visim od oko 750°C. Cini se da su silikatni
skeleti uoceni u postmezolitickim uzorcima iz Pupiéine
pedi bili podvrgnuti djelomicnm topljenju ili krivljenju
zbog izlozZenosti visokim temperaturama. To se moze
povezati sa sagorijevanjem biljnog materijala u ma-
lim, kratkotrajnim, vruéim vatrama, ili (vjerojatnije)
s obicajem ¢iséenja $pilje. Cest je slucaj da se 3pilje
koje sluze kao zajednicki zaklon za ljude i Zivotinje
redovito “Ciste” i dezinficiraju od nagomilane balege
spaljivanjem organskih naslaga (Acovitsioti-Hameau
et al. 2000; Boschian, Chapter 4).

10.5.2. Promjene vegetacije tijekom
postmezolitickih razdoblja

Pokusat ¢emo predloziti povijest lokalne vegeta-
cije. Za srednjeg neolitika, Sumu oko Pupicine peéi
sacinjavalo je listopadno, termofilno drvece koje voli
vlagu (brijest, bukva, listopadni hrast i jasen). Ono
je, reagirajuéi na promjenu klime, za ranog Holocena
zamijenilo bor kao dominantno drvo lokalnog krajoli-
ka. U to je vrijeme Suma podrzavala znatniju i razno-
likiju populaciju zeljastih biljaka, koje su imale vise
svjetla i bolje uvjete rasta na manje kiselom humusu
stvorenom listopadnim drvecem. Ova rekonstrukcija u
skladu je s razli¢itim vrstama regionalnih podataka,
kako s kopna, tako i iz mora, koji ukazuju da su za
ranog i srednjeg holocena klimatski uvjeti bili vlazniji
nego danas (Ariztequi et al. 2000; Emeis et al. 2000;
Wunsam et al. 1999; Harrison et al. 1996; Huntley &
Prentice 1993).

0d kasnog neolitika i bron¢anog doba nadalje, ve-
getacija se svojim sastavom stala priblizavati danas-
njoj submediteranskoj Sumi. Lokalna vegetacija posta-
je sve raznolikija, a posebno je obiljezena Sirenjem
sredozemnih zimzelenih i grmolikih biljaka. Kasna
pojava pojedinih taksona, kao $to je bijeli ili obicni
grab, mozda je odraz dugotrajne migracije iz juzni-
jih balkanskih refugija. Medutim, zaostajanja zbog
migracije opéenito nisu tipi¢na za sredozemne i bal-
kanske vegetacijske sljedove. Pored toga, refugijalna
podrucja mozda i nisu bila tako daleko (Willis 1994).
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may not have been located at any great distance (Willis
1994). These changes were more likely to have been a
response to human pressure, especially resulting from
the grazing of sheep and goats during the Neolithic
and cattle from the Bronze Age. Cattle are represented
in the archaeological record from Horizon I, but reach
peak values among the faunal remains during Horizons
E, F, and G (Miracle & Pugsley, Chapter 7). This pressure
may have caused a thinning of the forest cover, and an
increase of shrubby and grazing resistant taxa. This is
the scenario proposed to account for the expansion of
Cotinus sp. in the charcoal record at the site of Grotta
dell'Edera in the Trieste karst (Biagi & Voytek 1994)
and for the expansion of Sorbus sp. at Podmol in the
Petrinje karst of Slovenia (Turk et al. 1993). The overall
increase in taxonomic diversity may reflect a state of
mild to moderate disturbance in the gorge resulting in a
diversification of habitats. Widespread clearance during
these prehistoric periods, however, is unlikely to have
occurred, given a) the steep topography of the gorge,
b) the lack of evidence for the burning of the largest
wood pieces (trunks) throughout the entire post-Me-
solithic sequence, and c) the continued presence of the
principal woodland taxa such as oak and ash through-
out the sequence.

While human pressure on the environment is likely
to have increased during the post-Mesolithic periods, it
is worth noting that Holocene macro-climatic change
may also have contributed to the vegetation changes
recorded in the charcoal assemblage. In particular, a
broad contemporaneity should be noted between the di-
versification of the Late Neolithic/Bronze Age woodland
around Pupiéina and evidence for the installation of
Mediterranean climatic conditions characterised by sum-
mer drought in the Adriatic region. The onset of summer
water-deficit has been noted at around 6800-6200 Cal.
BP (4850 - 4250 Cal. BC) in the limnological records of
Malo Jezero and Veliko Jezero in Dalmatia (Wunsam et
al. 1999), and increasing dryness considered as the pri-
mary cause of change in the vegetation record for this
period (Jahns & van den Bogaard 1998) If this climatic
transition characterised the mid-Holocene of the wider
Adriatic region, the effect in the environs of Pupiéina
may have been to shift the competitive balance between
taxa preferring year-round precipitation and those tol-
erant of summer dryness. In addition, within the frame-
work of macro-climatic change and increased anthropic
pressure the importance of micro-climatic opportunities
within the Vela draga gorge may have been increased.
While the effects of anthropogenic influence and cli-
matic desiccation on vegetation records are in many
respects similar, many multiple-proxy and relatively
independent (limnological, geochemical or biological)
records indicate marked climatic differences between
the two halves of the Holocene (Roberts et al. 2001).
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Vijerojatnije je da su te promjene posljedica reakcije
na pritisak covjeka, a narocito na ispasu ovaca i koza
za neolitika te goveda za broncanog doba. Goveda
su prisutna medu arheoloskim nalazima iz horizonta
I, no najucestalija su medu Zivotinjskim ostacima iz
horizonata E, F I G (Miracle & Pugsley, 7. poglavlje).
Taj je pritisak mogao prouzrociti prorjedivanje Sum-
skog pokrova i porast broja grmolikih vrsta i biljaka
otpornih na ispasu. Takav scenarij predlazemo kao
objasnjenje Sirenja taksona Cotinus sp. prema osta-
cima drvenog ugljena s nalazista Grotta dell'Edera u
Trs¢anskom krasu (Biagi & Voytek 1994), kao i Sirenja
taksona Sorbus sp. u $pilji Podmol na Krasu Slovenije.
(Turk et al. 1993). Ukupno poveéanje taksonomske ra-
znolikosti mozda odrazuje stanje blagog ili umjerenog
poremecaja u klancu, koji je imao za posljedicu veéu
raznolikost stanista. Tijekom navedenih pretpovije-
snih razdoblja vjerojatno nije bilo ogoljivanja veéih
razmjera, i to zbog a) strme topografije klanca, b)
odsutnosti grade iz postmezolitickog razdoblja koja bi
svjedocila o loZenju najveéih komada drva (debala), te
c) kontinuirane prisutnosti glavnih Sumskih taksona
kao Sto su hrast i jasen kroz Citav kronostratigrafski
slijed nalazista.

Iako je vjerojatno da se utjecaj covjeka na oko-
lis povecao tijekom postmezoliti¢kih razdoblja, vri-
jedi primijetiti da su i holocenske makroklimatske
promjene mogle doprinijeti promjenama vegetacije
koje se o€ituju u skupovima nalaza drvenog ugljena.
Posebice valja primijetiti da se poveéanje raznoliko-
sti oko Pupicine peéi za kasnog neolitika/broncanog
doba vremenski priblizno poklapa s pokazateljima koji
svjedoce o uspostavi sredozemnih klimatskih uvjeta
obiljezenih ljetnom suSom na podru¢ju Jadrana. Po-
Cetak ljetnih susa zapazen je oko 6800. -6200. kal.
BP (4850. - 4250. pr. Kr.) u limnoloskim izvorima iz
Malog jezera i Velikog jezera u Dalmaciji (Wunsam et
al. 1999), a sve veca susa smatra se glavnim uzrokom
promjena u sastavu vegetacije navedenog razdoblja
(Jahns & van den Bogaard 1998). Ukoliko je navede-
na klimatska promjena obiljezila srednji holocen Sireg
jadranskog prostora, ona je u okolici Pupiéine peci
mogla poremetiti kompetitivnu ravnotezu izmedu vr-
sta kojima odgovaraju oborine tijekom ¢itave godine
i vrsta koje toleriraju ljetnu susu. Nadalje, u uvjetima
makroklimatskih promjena i povecanog pritiska covje-
ka, mogla je porasti vaznost mikroklimatskih prilika
u klancu Vele drage. Dok su posljedice ljudskog utje-
caja i sve susnije klime na vegetaciju u mnogocemu
sliéni, mnogi zamjenski i relativno neovisni izvori (li-
mnoloski, geokemijski ili bioloski) ukazuju na izrazite
klimatske razlike medu dvjema polovicama holocena
(Roberts et al. 2001). Neovisni regionalni pokazate-
lji balansa voda u proslosti (Wunsam et al. 1999),
zajedno s opéim pokazateljima niske razine utjecaja
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For Pupicina, the evidence from independent, regional
indicators of past water balance (Wunsam et al. 1999)
combined with the overall evidence for a low level of
anthropic pressure on the local woodland, suggests that
the charcoal assemblage does reflect climatic changes
between the early and late Holocene.

The changes observed in the charcoal assemblage
are not paralleled in the phytolith evidence. Phytolith
composition is rather constant for all the post-Meso-
lithic period (Table 10.2). Also, the composition of
short cells from grasses is without any notable change.
These cells are characteristic at sub-family levels and
representative of the main photosynthetic path of
the plants. Pooid short cells identify grasses with C3
photosynthesis, adapted to cooler climates. Panicoid
short cells are typical of grasses adapted to warm and
dry climates, while Chloridoid are typical of grasses
from warm and moist environments. The frequencies
of these climatic indicators does not change possibly
highlighting that the microclimate of the forest, at
the herbaceous level, remained constant even during
the shift from a deciduous, thermophilous forest to
a sub-Mediterranean type of forest. The presence of
Cyperaceae (sedges) phytoliths (Table 10.2), even if
with low frequencies, points to the presence of areas
in the gorge with higher water availability.

10.5.3 A comparison of the charcoal/
phytolith and Prapoce pollen records

A comparison of the pollen and charcoal/phytolith
data-sets highlights several interesting points about
the interpretation of terrestrial environmental ar-
chives and the role of the physical landscape in struc-
turing both past vegetation and human activities.

The pollen data from Prapoce marsh, located about
15 km from Pupiéina on the Ciéarija upland region
(see Figure 10.1), documents the presence of an early
to mid-Holocene (7500-4500 Cal. BC) mixed woodland
of pine, oak, lime and hazel (see Andri¢, Chapter 2).
From 4500 Cal. BC there is evidence of a more open
landscape, with high percentages of hazel and herba-
ceous plant pollen, and human impact on the vegeta-
tion, with several likely anthropogenic indicators. The
sedimentary micro-charcoal record indicates regular
small scale burning in the area.

Overall, the pollen and charcoal/phytolith data-sets
document a comparable history of the development
of the sub-Mediterranean woodland of the region. A
number of differences, however, are important to note.
These include differences both in the presence/absence
of major taxa (e.g. Tilia sp., lime, which has never been
observed in the archaeological charcoal) and in the
chronology of certain changes. An interesting example
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Covjeka na lokalna posumljena podruéja, upuéuju da
skup nalaza drvenog ugljena iz Pupicine peéi doista
odrazava klimatske promjene izmedu ranog i kasnog
holocena.

Sastav skupa nalaza fitolita ne prati promjene
vidljive u skupu nalaza drvenog ugljena. Sastav fi-
tolita prilicno je ujednacen u svim postmezolitickim
razdobljima (tablica 10.2). Sastav kratkih stanica iz
trava takoder ne pokazuje izrazitijih promjena. Ove
stanice karakteristi¢ne su na taksonomskim razinama
uzim od porodice te su reprezentativne za glavni put
fotosinteze biljaka. Kratke stanice Pooida pripadaju
travama s C3 fotosintezom, prilagodenim hladnijim
klimama. Kratke stanice Panicoida tipicne su za trave
prilagodene toplim i suhim klimama, dok su stanice
Chloridoida tipi¢ne za trave toplih i vlaznih okolisa.
Ucestalost ovih klimatskih pokazatelja se ne mijenja,
$to mozda upucuje da je mikroklima Sume, na razi-
ni zeljastih biljaka, ostala konstantna cak i tijekom
smjene listopadne, termofilne Sume submediteranskim
tipom Sume. Prisutnost fitolita Saseva (Cyperaceae),
makar i u malim koli¢inama (tablica 10.2), ukazuje da
su u klancu postojala mjesta s nesto vise vode.

10.5.3. Usporedba grade drvenog ugljena/
fitolita i peluda iz Prapoca

Usporedba grupa podataka o peludu i drvenom
ugljenu/fitolitima istice nekoliko zanimljivih pojedi-
nosti vezanih uz tumacenje arhivske grade za okolis
prikupljene s kopna te uz ulogu fizickog krajolika u
strukturiranju vegetacije i ljudskih aktivnosti u pros-
losti.

Podaci o peludu iz bare Prapoce, koja se nalazi oko
15 km od Pupicine peéi u visinskom predjelu Cicarije
(vidjeti sliku 10.1), dokumentiraju postojanje mjeSo-
vite Sume bora, hrasta, lipe i lijeske (vidjeti Andri¢, 2.
poglavlje) za ranog i srednjeg holocena (7500. - 4500.
pr. Kr.). 0d 4500. pr. Kr. grada ukazuje na otvoreniji
krajolik, s visokim postocima peluda lijeske i zeljastih
biljaka te na ljudski utjecaj na vegetaciju, s nekoliko
vjerojatnih antropogenih indikatora. Sicusni komadici
drvenog ugljena u talozini upuéuju na redovita spalji-
vanja manjih razmjera na ovom prostoru.

Opcenito uzevsi, podaci o peludu i drvenom uglje-
nu/fitolitima biljeze slicnu povijest razvitka submedi-
teranske Sumske zajednice na ovom prostoru. Vazno
je, medutim, spomenuti nekoliko razlika. Rijec je, kako
o razlikama u prisutnosti/odsutnosti glavnih takso-
na (na primjer Tilia sp., lipa, uopée nije zamijecena
medu drvenim ugljenom iz arheoloskih slojeva), tako
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is the decline of Pinus sp. (pine), which is an important
component in the pollen spectra until ca. 4000 Cal.
BC, but is not evident in the charcoal/phytolith record
after ca. 5000 Cal. BC. These differences are almost cer-
tainly related to altitudinal and topographic differences
between the two sites, the low altitude karstic gorge
on the one hand, and the limestone plateau upland
of Ci¢arija on the other. This contrast results in quite
different vegetation potential, observed in the modern
vegetation and perhaps explaining the difference in
species composition of the different records (lime has
never been present in gorge, and is not present today).
This contrast also results in a variety of climatic and
edaphic habitats, allowing for the retreat of pine into
higher altitudes, and perhaps onto drier and poorer
soils, during the early Holocene.

While the vegetation changes documented in the
charcoal record from the late Neolithic onwards (post
5000 Cal. BC) may be explained by increased climatic
dryness coincident with early grazing pressure, evi-
dence for more intense human use of the landscape at
this time is recorded at Prapoce, with changes in the
vegetation accompanied by evidence for arable agri-
culture and regular burning in the vicinity of the site.
The two records provide important evidence of the
structured use of local areas within a diverse terrain,
i.e. the upland used for agriculture and the gorge used
for hunting and herding. This pattern again relates
to the varied topography, which not only creates a
mosaic of ecological habitats, but constrains the use
of the landscape in terms of human activities. Overall,
the study in concert of palynological data and palae-
oecological data derived from archaeological sites al-
lows for a more refined and informative interpretation
of past environments than either alone.

10.6 Conclusions

The charcoal and phytolith records from Pupiéina
Cave suggest a small-scale and non-intensive use of
plant resources in the local area, and reflect changes
in the local vegetation during the occupation of the
site. The charcoal record also documents a diversifica-
tion of the local vegetation during the late Neolithic
and Bronze Age periods (post 5000 Cal. BC). Rather
than phrasing the interpretation of the post-Mesolithic
vegetation changes in terms of either anthropogenic
activity or climatic change, it may well be necessary to
explore a conjunction of factors in light of the charac-
teristics of the local landscape. While macro-climatic
conditions are likely to have structured the sequence of
vegetation changes (particularly over the longer-term
history of Pupiéina and the surrounding upland region),
both micro-environmental conditions and human im-
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i u kronologiji odredenih promjena. Zanimljiv primjer
predstavlja opadanje prisutnosti bora (Pinus sp.), koji
je vazan sastavni dio peludnog spektra do oko 4000.
pr. Kr., no medu drvenim ugljenom/fitolitima nema ga
ve¢ nakon cca 5000. pr. Kr. Ove razlike gotovo sigurno
proizlaze iz visinskih i topografskih razlika medu nala-
zistima - nisko polozenog krskog klanca s jedne strane
te vapnenacke visoravni Cicarije s druge. Posljedica
tog kontrasta je posve razlicit vegetacijski potencijal,
vidljiv i u danasnjoj vegetaciji, Sto mozda objasnjava
razliku u sastavu vrsta dvaju uzoraka (lipa nije nikad
rasla u klancu, a nema je ni danas). Pored toga, taj
kontrast dovodi do klimatske i pedoloske raznoliko-
sti stanista, dozvoljavajuéi povlacenje bora na vece
nadmorske visine, te mozda u susa i siromasnija tla,
tijekom ranog holocena.

Dok se promjene vegetacije dokumentirane drve-
nim ugljenom od kasnog neolitika nadalje (poslije
5000. pr. Kr.) mogu objasniti sve suSom klimom koja
se podudara s ranim utjecajem ispasSe, u Prapocu u to
vrijeme biljezimo tragove intenzivnijeg ljudskog kori-
Stenja krajolika, promjene vegetacije popraéene indi-
kacijama zemljoradnje i redovitog spaljivanja u blizini
lokaliteta. Oba izvora podataka pruzaju vazanu gradu
o strukturiranom koristenju pojedinih prostora unutar
raznolikog terena, na primjer o koristenju visih pre-
djela za zemljoradnju te klanca za lov i stocarenje. Ta
je pak pravilnost vezana uz razlike u topografiji, koje
ne samo da stvaraju mozaik ekoloskih stanista, vec i
ogranicavaju koristenje krajolika za odredene ljudske
aktivnosti. Usporedno proucavanje peluda i paleoeko-
loskih podataka s arheoloskih nalazista dopusta tu-
macenje koje je detaljnije i bogatije informacijama o
okolisima u proslosti.

10.6. Zakljucci

Drveni ugljen i fitoliti iz Pupiéine peéi svjedoce o
skromnom koristenju biljaka iz bliske okolice nalazista
te odrazavaju promjene lokalne vegetacije za boravka
ljudi na nalazistu. Drveni ugljen svjedoci i o porastu
raznolikosti lokalne vegetacije za kasnog neolitika i
bronéanog doba (poslije 5000. pr. Kr.). Umjesto da tu-
macimo postmezoliticke promjene vegetacije u smislu
ljudske djelatnosti ili klimatske promjene, mozda ée
trebati zajednicki ispitati vise ¢imbenika u svjetlu obi-
ljezja lokalnog krajolika. Dok su makroklimatski uvjeti
vjerojatno odredili okvir slijeda vegetacijskih promjena
(narotito tijekom dugoro¢ne povijesti Pupiéine pedi i
okolnih visinskih predjela), uvjeti mikrookolisa i utje-
caj covjeka, oboje strukturirani topografijom regije,
utjecali su na vegetaciju. Usporedba razli¢itih grupa
podataka istice vaznost viSestrukog zamjenskog pri-
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pact, each structured by the topography of the region,
influenced the vegetation. The comparison of different
data sets highlights the importance of a multiple proxy
approach in the understanding of past environments
and human use of the landscape. The combination of
different techniques makes possible the discussion of
finer aspects of environmental change, such as vegeta-
tion differences at the local scale and the spatial pat-
terning of human impact. These topics are of interest
to the archaeologist and palaeoecologist alike, and are
especially important in the study of the fine-grained
physical and cultural landscapes which characterise the
Mediterranean region.
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