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Clovekov vpliv na rastlinstvo zahodnega Ljubljanskega barja
v pozni prazgodovini (pribl. 1000-50 pr. n. §t.).
Primer: Vrhnika (Dolge njive)

Human impact on the vegetation of the western Ljubljansko barje
in late prehistory (ca. 1000-50 cal. BC).
Case study: Vrhnika (Dolge njive)

Maja ANDRIC

Izvlecek

V ¢lanku sta predstavljena razvoj vegetacije in ¢lovekov vpliv na okolje na obmo¢ju danasnjega mesta Vrhnika (rim-
ski Navport) v pozni prazgodovini (1. tiso¢letje pr. n. §t.). Raziskava temelji na rezultatih pelodne analize aluvialnega
sedimenta, ki se je odlagal na desnem bregu Ljubljanice (lokacija Dolge njive) pred drugo polovico prvega stoletja pr. n.
§t., ko je bila postavljena rimska naselbina Dolge njive. Pelodni zapis kaZe, da je bila pokrajina okrog najdi$¢a v prvem
tiso¢letju pr. n. §t. mocvirna, medtem ko je mesani gozd (bukev, hrast, jelka in navadni gaber) poras¢al bliznja bolj suha
obmod¢ja. Pokrajina je bila le deloma pogozdena; vidni so mo¢ni sledovi kultivacije Zit in pase, kar lahko povezemo z
gospodarskimi aktivnostmi prebivalcev prazgodovinskih (hal$tatskih in latenskih) naselbin v blizini. Izsekavanje gozda
je Se pred nastankom rimske naselbine na Dolgih njivah verjetno postalo intenzivnej$e. Zaradi suhih hidrologkih razmer
v arheologkih kulturnih plasteh rekonstrukcija razvoja vegetacije v ¢asu rimske naselbine ni bila mogoca.

Klju¢ne besede: Slovenija, Vrhnika, Dolge njive, 1. tiso¢letje pr. n. §t., pelodna analiza, Juglans, paleoekologija

Abstract

This article investigates the vegetation composition and human impact on the environment in the vicinity of the
modern town of Vrhnika (Roman Nauportus) in late prehistory (ca. 1000-50 cal. BC). The research is based on pollen
analysis of alluvial sediment, which was deposited on the right bank of the Ljubljanica River before the construction
of the Dolge njive Roman settlement in the second half of the 1% century BC. The pollen record suggests that in the
I*' millennium cal. BC the landscape around the study site was marshy, and that mixed woodland (beech, oak, fir and
hornbeam) was growing on drier land. The landscape was partly open, with strong traces of cereal cultivation and graz-
ing, which can be associated with the economic activities of prehistoric, Early and Late Iron Age populations living in
the area. The forest clearance presumably intensified before the establishment of the Roman settlement at Dolge njive.
Due to dry hydrological conditions in the archaeological cultural layers, it is not possible to reconstruct the vegetation
composition at the time of the Roman settlement.

Keywords: Slovenia, Vrhnika, Dolge njive, 1** millennium cal. BC, pollen analysis, Juglans, palaeoecology
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1. UVOD

Navport, prazgodovinska in rimska naselbina
na obrezju Ljubljanice na Vrhniki, je bila stratesko
zelo pomembna postojanka. V drugem stoletju
pr. n. $t. je bil Navport Se trgovska postojanka
keltskih Tavriskov, v prvem stoletju pr. n. $t. pa
so ga ze nadzorovali Rimljani (Sasel Kos 1990), ki
so na desnem bregu Ljubljanice, na Dolgih njivah,
zgradili utrjeno postojanko z velikimi skladis¢i. Na
Dolgih njivah so tovor (trgovsko blago in material
za oskrbovanje vojske), ki je prihajal iz Italije, na-
lagali na ladje in prevazali proti vzhodu (Horvat
1990; Horvat 2009a in Horvat et al. 2016). Ceprav
je bila postojanka na Dolgih njivah opus$cena ze v
1. stoletju n. §t., je naselje Navport na levem bregu
Ljubljanice vztrajalo vse do zacetka 5. stoletja n.
$t. (Horvat et al. 2016).

Palinoloski podatki o razvoju vegetacije v pozni
prazgodovini (po letu 2500 pr. n. §t.) in rimskem
obdobju so na obmoc¢ju Ljubljanskega barja zelo
skopi. Rezanje in poziganje Sote v 18. in 19. stoletju
n. §t. (izsuSevanje barja za potrebe poljedelstva) je
skoraj popolnoma unicilo pelodni zapis v osrednjem
delu Ljubljanskega barja, medtem ko so na obrobju
bazena (npr. pri Vrhniki) hidroloske razmere po-
gosto presuhe in onemogocajo ohranitev peloda.
Palinoloski zapis je zato pogosto fragmentiran ali
pa podvrzen kompleksnim tafonomskim (aluvial-
nim) procesom, kar ovira izvajanje paleoekoloskih
raziskav z visoko loc¢ljivostjo vzoréenja.

Do zdaj sta bili palinolosko raziskani le dve pa-
leoekoloski najdisci, Podpesko jezero in Resnikov
prekop (sl. 1), kjer je ohranjen zapis razvoja vege-
tacije v rimskem obdobju. Najbolj$e informacije
nam daje pelodni diagram s Podpeskega jezera
(Gardner 1997; Gardner 1999), kjer lahko $ibkejsi
¢lovekov vpliv (manj$e izsekavanje in spremembe
v sestavi gozda) zaznamo ze okrog leta 4000 pr. n.
$t., medtem ko se pritisk ¢loveka na okolje okrepi
$ele v obdobju po letu 1000 pr. n. §t. Zelo obsezno
izsekavanje gozda na vecjih povrsinah (upad peloda
dreves in grmov na pribl. 50 odstotkov in porast
peloda zeli) se pojavi Sele po letu 300 pr. n. st.,
ko nastane danasnji podobna pokrajina. Tudi na
pelodnem diagramu z Resnikovega prekopa (Andri¢
2006) lahko vidimo podoben razvoj vegetacije vsaj
od leta 200 pr. n. $t. dalje.

Rezultati dosedanjih palinoloskih raziskav torej
kazejo, da se je vecja sprememba v sestavi vegeta-
cije na Ljubljanskem barju (intenzivno izsekavanje
gozda in nastanek danasnji podobne pokrajine)
zgodila v drugi polovici prvega tisocletja pr. n. §t.

o Paleoekoloska najdisca /
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Sl. I: Ljubljansko barje z oznaceno lego najdis¢a Dolge
njive na Vrhniki ter arheologkih in paleoekoloskih najdisc,
ki se omenjajo v besedilu.

Fig. 1: Ljubljansko barje with the position of Dolge njive
(Vrhnika) site and archaeological and palaeoecological
sites mentioned in the text.

Tak razvoj vegetacije odpira $tevilna vprasanja v
zvezi z nekdanjim okoljem, sestavo rastlinstva in
gospodarstvom pred zgodnjo rimsko dobo in v ¢asu
te. Na osnovi dosedanjih raziskav ni jasno, ali so
prvi rimski trgovci in vojaki prisli v pokrajino z
zelo intenzivno kmetijsko dejavnostjo, kjer so bile
velike povrsine gozda ze izsekane, ali pa so $ele oni
bistveno spremenili sestavo vegetacije z uvedbo no-
vih metod kultivacije in drugih oblik izrabe okolja,
ki so povzrocile nastanek danasnji zelo podobne
pokrajine. Glede na naravne znacilnosti razisko-
vanega obmodja (pomanjkanje najdis¢, primernih
za pelodno analizo) in trenutno stanje raziskanosti
so $tevilna od postavljenih raziskovalnih vprasanj
preve¢ ambiciozna, da bi nanje lahko odgovorili v
tem ¢lanku, ne glede na to pa nam bodo rezultati
raziskav peloda v stratigrafskem stolpcu z Dolgih
njiv (Vrhnika), ki jih predstavljamo v nadaljevanju,
pomagali osvetliti razvoj vegetacije in gospodarstva
v obdobju pred ustanovitvijo rimske postojanke na
Dolgih njivah. Zaradi suhih, za ohranitev peloda
neugodnih razmer v arheologkih kulturnih plasteh
rekonstrukcija razvoja vegetacije v ¢asu rimske
naselbine na Dolgih njivah ni bila mogoca. To je v
nasprotju z rezultati arheologkih in arheozoologkih
raziskav arheologkih kulturnih plasti na Dolgih nji-
vah, ki nam ponujajo veliko informacij o nekdanji
rimski naselbini in njenem gospodarstvu (Horvat et
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SI. 2: Vrhnika, Dolge njive. Severni profil izkopa 1 (profil C-D).
Fig. 2: Vrhnika, Dolge njive. Northern profile of the archaeological Sector 1 (Cross section C-D).

al. 2016). Zaradi teh razlik so palinoloski rezultati,
ki obravnavajo le razvoj rastlinstva v predrimskem
obdobju (1. tiso¢letje pr. n. §t.), predstavljeni posebe;j.

2. METODE

R o5 g
219 ST IN S0 4oz R

Vzorci za palinoloske raziskave so bili odvzeti
leta 2007 iz severnega profila arheoloske sonde (146
m?) na desnem bregu Ljubljanice, med Ljubljanico
in jugozahodnim vogalom naselbine na Dolgih nji-
vah (Horvat et al. 2016, sl. 4, izkop 1, profil C-D).
Metodologija arheoloskih izkopavanj in rezultati
arheologke, arheobotani¢ne in arheozooloske raz-
iskave so predstavljeni v ¢lanku Jane Horvat in
sodelavcev (Horvat, Peterle Udovi¢, Tolar, Toskan
2016) v tej Stevilki Arheoloskega vestnika, za lego
palinoloskega stratigrafskega stolpca glej ib., sl. 6a.

Da bi se izognili vzor¢enju najbolj meljastega in
premesanega sedimenta v neposredni blizini reke,
smo vzorce za pelodno analizo odvzeli pribl. 10 m
od desnega brega Ljubljanice (sl. 2), kar je bilo e

160 cm =

SI. 3: Vrhnika, Dolge njive. Palinoloski stratigrafski stolpec,
vzorc¢en na severnem profilu izkopa 1 (profil C-D).

Fig. 3: Vrhnika, Dolge njive. Palynological stratigraphic
column, collected from the northern cross section of
archaeological Sector 1 (Cross section C-D).
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SI. 4: Vrhnika, Dolge njive. Del severnega profila izkopa 1 (profil C-D), palinoloski stratigrafski stolpec, arheoloske plasti
(glej Horvat et al. 2016, sl. 6) in radiokarbonske datacije (®), v primerjavi s kratkim pelodnim diagramom. Siv raster
oznacuje obdobja mocnejsega clovekovega vpliva na okolje.

Fig. 4: Vrhnika, Dolge njive. Part of northern sedimentary profile (Cross section C-D) of Sector 1 with palynological
stratigraphic column, archaeological layers (see Horvat et al. 2016, Fig. 6) and radiocarbon dates (®), in comparison
with summary pollen diagram. Grey shaded areas mark periods of more intensive human activities.

vedno dovolj blizu reke, da je bil sediment zaradi ~ rastlinskih makrofosilov, ki so bili izlo¢eni iz
prekritosti z vodo primeren za pelodno analizo. dveh vzorcev sedimenta na globinah 160 in 192
Palinoloski stratigrafski stolpec, dolg 200 cm, je ~ cm (tab. I; sl. 4). Radiokarbonske datacije so bile
bil pobran iz severnega profila s pomo¢jo 50 cm  kalibrirane z ra¢unalniskim programom CALIB Rev
dolgih kovinskih $katel (s. 3; sl. 4), vzoréenje smo 7.0 (spletna stran CALIB 7.0; Stuvier in Reimer
zaceli pribl. 20 cm pod povrsino (288,17-290,17 1993) in IntCal 13 kalibracijskim nizom (Reimer

m n. m.). Vzorci so bili zaviti v prozorno in alu- et al. 2013).

minijasto folijo in debel polivinil ter shranjeni v Pri pripravi palinoloskih vzorcev smo uporabili

hladilnici pri temperaturi 4 °C. Opis sedimenta je standardni laboratorijski postopek (7 % HCI, 10 %

bil izveden po Troels-Smithu (1955). NaOH, 40 % HF, acetoliza, barvanje s safraninom,
Starost je bila dolo¢ena s pomoéjo AMS-ra- silikonsko olje; Bennett, Willis 2002). Vzor¢ili smo

diokarbonskega datiranja organskega ogljika in ~ po 1 cm?® sedimenta, na segmentu stratigrafskega
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Tab. 1: Vrhnika, Dolge njive. Rezultati radiokarbonskega datiranja palinoloskega stratigrafskega stolpca. Konvencionalna
starost je bila kalibrirana s programom CALIB Rev 7.0 (spletna stran CALIB 7.0; Stuvier in Reimer 1993) in IntCal 13

kalibracijsko podatkovno bazo (Reimer et al. 2013).

Tab. I: Vrhnika, Dolge njive. Radiocarbon dating. Conventional ages were calibrated using CALIB Rev 7.0. (CALIB 7.0
Website; Stuvier and Reimer 1993) on IntCal 13 calibration dataset (Reimer et al. 2013).

Globina/ | Datirani material Standardne Razmerje / . o
“ h in laboratorijski radiokarbonske Ratio 2 sigma kalibrirani
St. vzorca/ Dept .. rezultati / Mediana /
Sample no postopek/ datacije/ 2 sigma Median
P ‘| (mn.m.) Material dated Conventional 13C/12C calibrategd results
(ma.s.l.) and pretreatment radiocarbon date %o
ki sedi t
Beta- | 160cm | O 8NS€ dl,ment/ 3050 4 40 B 0 3366-3085 cal. BP | 3260 cal. BP
259684 | (288,57) | ©reamicsedimen * ’ 1416-1135 cal. BC 1320 cal. BC
(acid washes)
organski sediment /
Beta- 192 cm i sedi X 2730 + 40 BP 277 2923-2756 cal. BP 2824 cal. BP
241775 | (288,25) | ©reamicsedimen * ’ 973-806 cal. BC 874 cal. BC
(acid washes)
neidentificirani
rastlinski
Beta- 192 cm makrofosili / 2363-2156 cal. BP 2323 cal. BP
+ _
242460 (288,25) | unidentified plant 2300+ 40 BP 28,2 413-206 cal. BC 373 cal. BC
macrofossils (acid/
alkali/acid)

stolpca med 128 in 200 cm globine je bila gostota
vzorcenja 4 cm. Za dolocanje pelodne koncentracije
so bile vzorcem dodane tablete spor Lycopodium
(Stockmarr 1971). Pri identifikaciji peloda smo
uporabljali svetlobni mikroskop Nikon Eclipse E400
pri 400-kratni povedavi, pelodno referen¢no zbirko
Instituta za arheologijo ZRC SAZU in kljuce za
dolocanje peloda (Moore, Webb, Collinson 1991;
Reille 1992; Reille 1995). Za analizo podatkov in
izris pelodnih diagramov smo uporabili racunal-
niski program PSIMPOLL 3.00 (Bennett 1998;
spletna stran PSIMPOLL), pelodni diagram je
bil razdeljen na dve coni (V1 in V2) s pomocjo
razpolovitve po metodi najmanjsih kvadratov.
Taksoni z nizkimi vrednostmi (< 5 %) so zaradi
boljse vidnosti oznaceni s piko.

3. REZULTATI

3.1 Stratigrafija in radiokarbonsko datiranje
(tab. 1-3)

Temno siv sediment v spodnjem delu stratigraf-
skega stolpca (~ 125-200 cm, arheoloske plasti 1,
3,5), kijelezal pod nivojem talne vode, je vseboval
veliko organskih snovi, gline in ko$ckov lesa (tab.
2; sl. 3; 4). V najverjetneje naravni aluvialni plasti
1 ni bilo odkritih artefaktov. Plasti 2 in 4 (ki ni-
sta vidni v profilu in na sl. 4) predstavljata plasti

posekanega lesa, ki sta lo¢evali arheoloske plasti
1 in 3 oziroma 3 in 5. Arheologka plast 3 vsebuje
drobce oglja in koscke lesa s sledovi obdelave.
Plasti 4 (kosi lesa s sledovi obdelave) sledi plast
5 - sediment z drobci oglja in ko$¢ki lesa s sledovi
obdelave (glej Horvat et al. 2016, sl. 9).

Ocena starosti sedimenta v palinolo$kem stra-
tigrafskem stolpcu temelji na treh tipih podatkov
(tab. 3):

- 1. treh radiokarbonskih datacijah vzorcev
sedimenta in rastlinskih makrofosilov iz palinolo-
S$kega stratigrafskega stolpca, pobranih na globinah
192 in 160 cm (arheoloski plasti 1 in 3, 973-806
cal. BC, 413-206 cal. BC in 1416-1135 cal. BC),
rezultati so prikazani v tabeli I;

- 2. treh radiokarbonskih datacijah rastlinskih
makrofosilov, ki so bili vzoré¢eni med arheolo$kimi
izkopavanji, npr. hrastov (Quercus) les iz plasti 2
(379-204 cal. BC) ter jesenov (Fraxinus) les (194-45
cal. BC) in jelova (Abies) iglica (381-203 cal. BC)
iz plasti 5 (Horvat et al. 2016, 204);

- 3. arheoloski dataciji na osnovi tipologije
(keramika iz plasti 5: pribl. 120-30 BC [Horvat
et al. 2016, sl. 19, 204]).

Na podlagi navedenih podatkov je bila starost
aluvialnih plasti 1-5 ocenjena na 1. tisocletje pr. n.
$t. (glej poglavje Diskusija/Stratigrafija, tafonomski
procesi in kronologija).
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Tab. 2: Vrhnika, Dolge njive. Opis sedimeta po Troels-Smithu (1955) in primerjava z arheoloskimi plastmi (glej Horvat
et al. 2016). Zaradi majhnih razlik med posameznimi plastmi in razli¢ne metodologije razdelitev plasti po Troels-Smi-
thu ne sovpada vedno z razdelitvijo arheologkih plasti. Medtem ko gre pri opisu sedimenta po Troels-Smithu za grobo
in subjektivno oceno koli¢ine gline, organskega materiala itd. v sedimentu, razmejitev arheoloskih plasti uposteva tudi
prisotnost/odsotnost artefaktov.

Tab. 2: Vrhnika, Dolge njive. Troels-Smith (1955) description of the sediment and comparison with archaeological layers
(see Horvat et al. 2016). Troels-Smith units do not always coincide with archaeological layers due to only slight differen-
ces between layers and a different metodology used. While Troels-Smith description is based on rough and subjective
estimation of the amount of clay, organic material etc. in the sediment, delimitation of archaeological layers takes into
account also the presence/absence of the artefacts.

Opis palinoloskega stratigrafskega stolpca po Troels-Smith-u / Prlmer.] avaz .arheolosklml l.’laStml /
Troels-Smith description of palynological stratigraphic column Comparison with archacological layers
P palynolog grap (Horvat et al. 2016)
Globina / Opis sedimenta / Barva / Arheoloske plasti / Vls‘lna /
Depth . .. . Altitude
Sediment description Colour Archaeological layers
cm (mn.m./masl)
0-7 Sh2 As2 7.5YR3/2 18 290,17-290,10
7-33 As4 10 YR 4/4 17,18 290,10-289,84
33-82 | As3 Gg,l 10 YR 4/3 14, 16, 17 289,84-289,35
82-100 | As2 Ggpy)1 G| 10 YR 4/3 8,9,11 289,35-289,17
100-125 | Asl Ag2 Gg, ;1 10 YR 4/3 6,8 289,17-288,92
125-137 | As2 Agl Shl 10 YR 4/2 5 288,92-288,80
137-150 | Asl Agl Sh2 10 YR 3/2 3 288,80-288,67
150-200 | As2 Sh2 10 YR 3/2 1,3 288,67-288,17

Sh = organski material; As = glina; Ag = melj; Gg = gramoz (mineralni drobci > 2 mm); 1 =25 %; 2 = 50 %; 3 = 75 %; 4 = 100 %
Sh = organic material; As = clay; Ag = silt; Gg = gravel (mineral parts > 2 mm); 1 = 25%; 2 = 50%; 3 = 75%; 4 = 100%

Tab. 3: Vrhnika, Dolge njive. Primerjava radiokarbonskih datacij vzorcev iz palinoloskega stratigrafskega stolpca (tab. 1)
in arheoloskega izkopa (Horvat et al. 2016).

Tab. 3: Vrhnika, Dolge njive. Comparison of radiocarbon dates from samples, collected from palynological column
(Tab. 1) and archaeological area (Horvat et al. 2016).

Arheoloska plast — datacija / Palynoloski stolpec / Arheoloska sonda - druge datacije /
Archaeological layer — datation Palynological column Archaeological trench - other dates
konec 2. st. - sredina 1. st. pr. n. §t.
5 (keramika) /
end of the 2" ¢. - mid 1% c. BC
(ceramics)
5 — Poz-46647, 2095430 BP - 194-45 cal. BC
(les / wood)

381-203 cal. BC

>~ Poz-46649, 2225435 BP - (jelova iglica / fir needle)

3 — Beta-259684, 3050+40 BP 1416-1135 cal. BC -
(sediment)

379-204 cal. BC

- - + —
2 — Poz-46646, 222530 BP (les / wood)

413-206 cal. BC
1 — Beta-242460, 2300+40 BP (rastl. makrofosili) -
(plant macrofossils)
973-806 cal. BC

1 —Beta-241775, 2730+40 BP . -
(sediment)
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Pes¢eno-meljasta plast 6, ki je vsebovala manjse
koscke oglja in en kos keramike, je lahko aluvial-
nega nastanka, zelo verjetno pa je tudi, da gre za
umeten nasip, ki so ga nasuli tik pred ustanovitvijo
rimske naselbine na Dolgih njivah (Horvat et al.
2016). Sledijo tri rimskodobna nasutja v srednjem
delu stratigrafskega stolpca. Gre za tri kamnite
podlage tlakov (plasti 7, 10 in 15), ki jih prekri-
vajo trije tlaki iz peska in gramoza (plasti 8, 11
in 16, Horvat et al. 2016, sl. 6). Te tri rimske faze
so bile s pomo¢jo tipologije keramike, najdene v
podlagah za tlake in tlakih, datirane v avgustej-
sko obdobje (pribl. 27 pr. n. §t.-14 n. §t.), kar je
socasno z utrdbo na Dolgih njivah (Horvat et al.
2016). Rimskodobne kulturne plasti so prekrite z
aluvialnim sedimentom (plast 17).

3.2 Pelodna analiza

Rezultati pelodne analize so prikazani na slikah
4 (kratki pelodni diagram, ki prikazuje najpo-
membnejse taksone, v primerjavi z arheolosko
stratigrafijo) in 5 (podrobni pelodni diagram). V
vsakem vzorcu (z izjemo vzorcev s slabo pelodno
ohranjenostjo/koncentracijo) je bilo prestetih
najmanj 500 pelodnih zrn kopenskih taksonov in
spor praproti (= pelodna vsota). Odstotki peloda
posameznih taksonov so bili izra¢unani glede na
to pelodno vsoto. V stratigrafskem stolpcu na levi
strani (sI. 4) so oznacene $tevilke arheoloskih plasti.
Oba diagrama sta razdeljena na dve pelodni coni
(V1 in V2, meja med conama je na globini 120
cm). Pelod je v spodnjem delu cone V1 (128-200
cm) zelo dobro ohranjen, pelodna koncentracija
je razmeroma visoka (~ 2000-8000 pelodnih zrn
na 1 cm? sedimenta), medtem ko je pelodna kon-
centracija v zgornjem delu cone V1 (nad 128 cm)
niZja od 2000 pelodnih zrn na 1 cm?® sedimenta,
delez degradiranih pelodnih zrn pa naraste (> 10
%). Pelodna koncentracija v coni V2 je zelo nizka
(~ 500 pelodnih zrn na 1 cm?®), odstotek degradi-
ranih pelodnih zrn je visok ( ~ 7-30 %), zato ni
bilo mogoce doseci statisticno zanesljive pelodne
vsote (= 300 pelodnih zrn na vzorec).

V coni V1 prevladuje pelod dreves, nad 5 %
so zastopani taksoni: Fagus (bukev, ~ 10-30 %),
Quercus (hrast, ~ 5-20 %), Alnus (jel$a, ~ 10-25
%), Abies (jelka, ~ 5-15 %), Carpinus betulus
(navadni gaber, ~ 5-10 %) in Corylus (leska, ~
5-10 %). V spodnjem delu cone V1 (128-200 cm)
se delez peloda dreves in grmov giblje med 70 in

85 %. Med pelodom zeli (15-25 %) prevladujejo
Poaceae (trave, ~ 5 %), Cyperaceae ($asi, ~ 1-5
%), Filipendula (brestovolistni oslad, ~ 1-5 %) in
t. i. “antropogeni indikatorji’: pelodna zrna zita,
Plantago lanceolata (ozkolistni trpotec), Centaurea
(glavinec), Chenopodiaceae (metlikovke) in Arte-
misia (pelin). V zgornjem delu cone V1 in v coni
V2 delez peloda zeli naraste na ~ 25-45 %, delez
peloda dreves in grmov pa upade na ~ 10-40 %.

4. DISKUSIJA

4.1 Stratigrafija, tafonomski procesi
in kronologija

Kronologija pelodne sekvence z Dolgih njiv
temelji na radiokarbonskih datacijah dveh vzorcev
(tab.1), ki sta bila vzor¢ena v spodnjem, aluvialnem
delu stratigrafskega stolpca, na globini pod ~ 120
cm. V tem delu (= vedina pelodne cone V1; sl. 4:
plasti 1, 3, 5) je pelod zaradi visokega nivoja talne
vode in anaerobnih razmer dobro ohranjen, zato
so rezultati palinoloske raziskave zanesljivi. Alu-
vialni sediment je bil prekrit s pe§¢enimi plastmi
(tab. 2; sl. 4: plasti 6-16), ki so bile umetno nasute
med gradnjo rimske postojanke na Dolgih njivah
v obdobju okrog leta 30 pr. n. §t. (Horvat et al.
2016). Pelod v teh arheoloskih plasteh je zaradi
aerobnih razmer in ¢lovekovih aktivnosti zelo
slabo ohranjen.

Aluvialne plasti (1, 3 in 5, 120-200 cm) so nastale
pred ustanovitvijo rimske postojanke na Dolgih
njivah (= pred pribl. 30 pr. n. §t.), vendar pa je za-
radi zapletenih tafonomskih procesov na najdis¢u
tocCen Cas njihovega odlaganja zelo tezko dolo¢iti.
Dva vzorca, aluvialni sediment in neidentificirani
rastlinski material, vzoréena na globini 192 cm (plast
1), sta bila poslana na radiokarbonsko datiranje v
laboratorij Beta Analytic in rezultati so prikazani v
tab. 1. Razlika med datacijo “sedimenta” (Beta-241775;
2730 + 40 BP) in “rastlinskih makrofosilov” (Be-
ta-242460; 2300 + 40 BP) je zelo velika. Dva sigma
vrednosti radiokarbonskih datacij (973-806 cal. BC
in 413-206 cal. BC) se ne prekrivata, razlika med
medianama je 503 leta (tab. 1). Ceprav je obicajno, da
so vzorci sedimenta nekoliko starejsi od rastlinskih
makrofosilov (npr. za 5500 let stare vzorce s kolis¢a
Stare gmajne ta razlika znasa najvec pribl. 100 let
[Andri¢, neobjavljeno]), je casovna razlika datacij z
Dolgih njiv prevelika in potrebuje razlago. V blizini
palinoloskega stratigrafskega stolpca v plasti 2 (ki
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Fig. 5a: Vrhnika, Dolge njive. Percentage pollen diagram. (Grey shaded areas = periods of more intensive human activities).
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lezi med plastema 1 in 3 v blizini palinoloskega
profila [plast 2 ni vidna v stratigrafskem stolpcu in
na sl. 3 in 4]) so bili odkriti $tevilni ostanki lesa.
Nekateri vecji kosi lesa so se tudi pogreznili v plast
1 (glej sl. 4, del profila). Tako dopus¢amo moznost,
da so tudi manjsi degradirani koscki lesa (ali ko-
renine) iz mlajse plasti 2 potonili v starejSo plast
1. Radiokarbonska datacija hrastovega (Quercus)
debla iz plasti 2, datiranega v obdobje 384-203 cal.
BC (Horvat et al. 2016, 204), se ujema z datacijo
“rastlinskih makrofosilov” iz plasti 1 palinoloskega
stratigrafskega stolpca, kar nakazuje, da rastlinski
makrofosili v plasti 1 izvirajo iz mlaj$e, nad njo
lezece plasti 2. Vsi ti podatki govorijo v prid starejsi
dataciji spodnjega dela profila, zato domnevamo, da
se je pelodni zapis na dnu stratigrafskega stolpca
(192 cm, plast 1) predvidoma odlagal okrog 974-807
cal. BC (Beta-241775, 2730 + 40 BP).

Drugi problem je neskladje med radiokarbonskimi
datacijami na globinah 192 cm (plast 1, Beta-241775,
2730 + 40 BP, 2 sigma: 973-806 cal. BC) in 160
cm (plast 3, Beta-259684, 3050 + 40 BP, 2 sigma:
1416-1135 cal. BC). Datacija na globini 160 cm
je glede na stratigrafsko lego “prestara’, nizka vre-
dnost 13C/12C (-30,1) pa kaze na to, da je vzorec
morda vseboval resedimentiran organski material
in/ali degradiran material vodnih rastlin, katerih
radiokarbonske datacije so zaradi specifi¢nega
fotosintetskega cikla prestare (Bjorck, Wolfarth
2001). Na tej globini je bil najden tudi pelod neka-
terih vodnih rastlin, npr. rmanca (Myriophyllum)
(sl. 5). Domnevo, da je radiokarbonska datacija
vzorca na globini 160 cm “prestara’, podpirajo tudi
radiokarbonske datacije iz nad njo lezece plasti
5. To so: jesenov (Fraxinus) les [194-45 cal. BC],
jelova (Abies) iglica [381-203 cal. BC] in keramika
[datirana od konca 2. do sredine 1. stoletja pr. n.
§t. — Horvat et al. 2016, 204]. Datacije na globini
160 cm zato nismo upostevali pri oceni starosti
plasti, prav tako za pelodni diagram nismo izdelali
¢asovnega modela.

Neskladje med vsemi tremi radiokarbonskimi
datacijami je najverjetneje posledica kompleksnega
in dinamic¢nega aluvialnega sedimentacijskega okolja
v blizini Ljubljanice, zato je predlagana ¢asovna
opredelitev palinoloske sekvence nenatanéna in
jo je treba obravnavati previdno. Lahko re¢emo
le, da pelodni diagram (sl 4; 5) prikazuje razvoj
vegetacije v prvem tisocletju pr. n. §t., v obdobju
pred nastankom naselbine na Dolgih njivah (=
pred pribl. 30 pr. n. §t.), vendar pa je brez natanc¢ne
¢asovne kontrole.

4.2 Rastlinstvo in vpliv ¢loveka na okolje
v pozni prazgodovini

Pelodni diagram (sl. 4; 5) prikazuje, da je v po-
zni prazgodovini (plast 1, po pribl. 970 cal. BC) v
okolici Dolgih njiv rastel mesani gozd, v katerem so
uspevale predvsem naslednje drevesne vrste: bukev
(Fagus), jelka (Abies), hrast (Quercus), navadni
gaber (Carpinus betulus) in jel$a (Alnus). Okolica
Ljubljanice je bila zamocvirjena, najdemo pelod
jelse (Alnus), brestovolistnega oslada (Filipendula)
ter pelod vodnih in mo¢évirskih rastlin, kot so
pore¢nik (Alisma), jezek (Sparganium), mrzli¢nik
(Menyanthes), lokvanj (Nymphaea), blatnik (Nuphar)
in rmanec (Myriophyllum). Tudi v naslednjih stoletjih
(plast 3, arheologko datirana v 3. in 2. stoletje pr.
n. §t.) se vegetacija v okolici Dolgih njiv ni bistve-
no spremenila. Podobne okoljske razmere so bile
ugotovljene tudi z arheobotani¢nimi raziskavami
(glej Horvat et al. 2016, 208-217, plasti 2, 3 in 5).

Razmeroma majhen delez peloda dreves in gr-
mov (~ 70-80 %) v spodnjem delu stratigrafskega
stolpca (plasti 1 in 3) nakazuje, da je bila pokrajina
le deloma pogozdena. Zaradi visokega odstotka
peloda leske (Corlyus) in zeli domnevamo, da so
bile kmetijske dejavnosti v regiji intenzivne. T.
i. antropogeni indikatorji, kultivirane rastline in
pleveli (npr. Zita, glavinec [Centaurea], metlikovke
[Chenopodiaceae] in pelin [Artemisia]) so rastli
na poljih, pasni indikatorji (ozkolistni trpotec
[Planatgo lanceolata], zlatice [Ranunculus]) pa so
znacilni za pasnike. Na pelodnem diagramu lahko
opazimo dve obdobji intenzivnej$ega ¢lovekovega
vpliva na okolje (siv raster na glob. 198-182 in
178-166 cm, arheoloska plast 1, sl. 4; 5), ki ju lo-
¢uje kratko obdobje manj intenzivnega ¢lovekovega
vpliva in zara$¢anja gozda (porast bukve [Fagus]
na 180 cm). Taksna palinoloska slika je posledica
intenzivnih poljedelskih in zivinorejskih aktivno-
sti prazgodovinskih populacij v regiji. Gradisce
Ti¢nica, ki je bilo na osnovi tipologije keramike
datirano v srednjo/pozno bronasto in Zelezno dobo
(Gaspari, Masaryk 2009), lezi le priblizno kilometer
zahodno od Dolgih njiv (sl. I). Stanje raziskanosti
nekdanjega rastlinstva in gospodarskih aktivnostiv
regiji pa seveda ni zadovoljivo, zato v prihodnosti
potrebujemo dodatne arheoloske in paleoekoloske
raziskave z dobro kronologko kontrolo.

Tudi arheoloski in arheobotani¢ni podatki ka-
zejo na clovekovo navzocénost. V prazgodovinskih
plasteh 2-5 so bili odkriti koscki lesa z znaki ob-
delave, drobci oglja in redki koscki keramike, ni
pa bilo makrofosilov kulturnih rastlin. Posekan les
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kaze, da so ljudje verjetno sekali gozd na obrezju
Ljubljanice, ni pa sledov stalne naselitve na tem
mestu. Kot arheoloski plasti (2 in 4) sta bili od-
kriti dve fazi sekanja obreznega gozda, datirani v
obdobje med starej$o in mlaj$o Zelezno dobo (plast
2; pribl. 379-204 cal. BC) in v srednji laten (plast
4; datirano glede na vi$je lezeco plast 5 [Horvat et
al. 2016]). Upad peloda dreves v plasti 5 (zgornji
del cone V1) morda lahko povezemo z aktivnostmi
prebivalcev naselbine v blizini. Ker so bile na ob-
mocju Dolgih njiv odkrite $tevilne latenskodobne
arheoloske najdbe (keramika, fibule, me¢), je bila
postavljena domneva, da je na obmocju Dolgih njiv,
pribl. 100-150 m severno od izkopnega polja 1, v
drugem in prvem stoletju pr. n. §t. stala latenska
naselbina (Horvat et al. 2016).

Ljudje, ki so naseljevali obmo¢je Navporta v
starejsi Zelezni dobi in latenu, so gojili Zita in se
ukvarjali z zivinorejo. Njihov vpliv na okolje je bil
intenziven, sekali so gozd, morda so tudi gojili dre-
vesa. Zanimivo je, da je bil v stratigrafskem stolpcu
z Dolgih njiv v dveh plasteh (v plasti 1 in 3, ki je
okvirno datirana v 3. in 2. stoletje pr. n. §t.) najden
tudi pelod oreha (Juglans; sl. 5). Pelod oreha je bil
najden tudi na Obali (Skocjanski zatok pri Kopru),
v plasteh, ki bi jih lahko datirali v prazgodovino ali
zgodnjerimsko obdobje (Culiberg 1995; Culiberg
1997). Palinolo$ke raziskave v Italiji kazejo, da delez
peloda oreha na diagramih za¢ne naraséati (pogosto
skupaj s kostanjem [Castanea sativa], Conedera et
al. 2004) Sele z razsiritvijo grske in rimske kulture
med pribl. 500 pr. n. §t in 500 n. st. (Gobet et al.
2000; Tinner et al. 1999), zato so Stevilni razisko-
valci (npr. Behre 1988) menili, da se je oreh - ki je
avtohtona vrsta v Anatoliji — v Evropo razsiril sele
z Rimljani. Kljub tej domnevi ne moremo izklju-
¢iti moznosti, da so posamezna orehova drevesa v
Evropi uspevala skozi celoten holocen in/ali pa se
je vrsta razirila v Evropi prej, kot so domnevali
do zdaj. Na obmocju Colli Euganaei (Lago della
Costa, severovzhodna Italija), na primer, je pelod
oreha (skupaj s kostanjem, kulturnimi rastlinami,
pleveli in sledovi pozigalni$tva) stalno prisoten (in
dosega 1-2 %) Ze od pribl. 4300 pr. n. $t., kar je
najstarejsa kultivacija tega taksona v Evropi (Kal-
tenrieder et al. 2010).

4.3 Rastlinstvo in vpliv ¢loveka na okolje po
ustanovitvi rimske postojanke na Dolgih njivah

Zaradji slabe ohranjenosti peloda ni bilo mogoce
rekonstruirati razvoja vegetacije v obdobju po

ustanovitvi rimske utrdbe. Pelodni zapis v plasti
6 (112 cm), ki se je odlozila oz. je bila nasuta tik
pred rimsko naselitvijo, na eni strani nakazuje
intenzivno izsekavanje gozda (odstotek peloda
dreves upade na ~ 40 %), vendar pa zelo nizka
pelodna koncentracija (~ 2000 pelodnih zrn na
1 cm?®) in visji odstotek degradiranega peloda (>
5 %) na drugi strani kaZeta, da ohranjenost peloda
v tej plasti ni bila zelo dobra.

Pelod v $e bolj oksidiranih plasteh 14 in 16 je
zelo slabo ohranjen (5-15 % degradiranega pelo-
da, izjemno nizka pelodna koncentracija ~ 500).
Povecan odstotek odpornih tipov peloda (Havinga
1964), kot sta pelod radic¢evk (Compositae lig.) in
monoletnih spor praproti (Filicales), je verjetno
povezan s selektivno degradacijo. Zaradi neugodnih
razmer za ohranitev peloda v arheoloskih kulturnih
plasteh ni mogoce rekonstruirati sestave vegetacije
v ¢asu obstoja rimske naselbine na Dolgih njivah.

5. ZAKLJUCEK

V pozni prazgodovini (1. tisocletje pr. n. st.) je
bilo obrezje Ljubljanice pri Vrhniki zamocvirjeno
(mokri travniki in jel$e [Alnus]), medtem ko je na
okoliskih bolj suhih tleh uspeval mesani gozd, v
katerem so rastli bukev (Fagus), jelka (Abies), hrast
(Quercus) in navadni gaber (Carpinus betulus).
Pokrajina je bila le deloma pogozdena, prebivalci
bronastodobnega in Zeleznodobnega gradisca
Ti¢nica (Gaspari, Masaryk 2009) na drugi strani
reke in domnevne latenske naselbine na Dolgih
njivah (Horvat et al. 2016) so gojili zita in se
ukvarjali s pasnistvom. Glede na zgodnje najdbe
peloda oreha (Juglans) lahko domnevamo, da so
prazgodovinske in rimskodobne skupnosti imele
stike s severno Italijo, kjer je bil oreh verjetno
kultiviran ze v neolitiku.
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Human impact on the vegetation of the western Ljubljansko barje
in late prehistory (ca. 1000-50 cal. BC).
Case study: Vrhnika (Dolge njive)

Translation

1. INTRODUCTION

The prehistoric settlement on the bank of the
Ljubljanica River at Vrhnika, called Naportus in the
Roman era, was a strategically significant site. In the
second century BC, it was used as a merchandise
post by the Celtic Tavriski, but by the first century
BC it was controlled by the Romans (Sasel Kos
1990), who built a fortified settlement with large
warehouses on the right bank of the Ljubljanica
River (Dolge njive). Here the merchandise goods
and supplies for the army that came from Italy
were loaded on ships and transported towards the
east (Horvat, 1990; Horvat 2009b; Horvat et al.
2016). Although the settlement at Dolge njive was
abandoned in the first century AD, the Nauportus
settlement on the left bank of the Ljubljanica River
persisted until the beginning of the fifth century
AD (Horvat et al. 2016).

Due to taphonomic reasons, the information
about the vegetation composition in late pre-
history (after ca. 2500 cal. BC) and the Roman
period is very scarce. In the central part of the
Ljubljansko barje, younger palynological archives
were completely destroyed in the 18™ and 19"
centuries AD, when peat was cut and burnt to
drain the area (Melik 1927), while hydrological
conditions at the edge of the basin (e.g. at Vrh-
nika) are often too dry to allow for palynological
research. The remaining palaeoecological record
can be fragmented or suffers from taphonomic
(alluvial) processes, which is an obstacle for
researchers aiming at high-resolution palaeo-
ecological research.

To date, only two palacoecological study sites
(Podpesko jezero and Resnikov prekop, Fig. I) with
a pollen record radiocarbon-dated to the Roman
time period were investigated. The best informa-
tion about the vegetation history is given by the
pollen diagram from Podpesko jezero (Gardner
1997; Gardner 1999) suggesting that human
impact (small scale forest clearance and changes
in forest composition) can be detected from ca.
4000 cal. BC, but very intensive human pressure
on the environment took place only after ca. 1000

cal. BC. A large-scale forest clearance (decline of
arboreal pollen (AP) to ca. 50% and an increase of
herbs) is dated after 300 cal. BC, when the open,
present-day landscape formed. This is suggested
by the Resnikov prekop pollen diagram (Andri¢
2006) showing similar vegetation composition
from at least ca. 200 cal. BC.

Palynological results, therefore, suggest that a
significant vegetation change at Ljubljansko barje
(i.e. intensive forest clearance and formation of
vegetation similar to the present day) took place
in the second half of the 1*' millennium cal. BC.
Such vegetation development in the area opens
many questions concerning the environment,
vegetation composition and the economy before
and at the time of Roman occupation. It is not
clear whether, in the middle of the first century
BC, the first Roman merchants and soldiers came
to an open landscape with an intensive farming
economy, or they introduced new techniques of
cultivation and exploitation that had a significant
impact on the vegetation composition, and led to
the formation of a very open landscape, similar
to the modern one. Regarding natural character-
istics of the region (lack of study sites suitable for
pollen analysis) and the current state of research,
many of these questions are too ambitious to be
addressed here. Nevertheless, the results of pol-
len analysis of a stratigraphic column from Dolge
njive (Vrhnika), presented in this paper, will aid
in elucidating the vegetation development and
economy before the establishment of the Roman
settlement. Due to dry hydrological conditions
in archaeological cultural layers, which are very
unfavourable for pollen preservation, it was not
possible to reconstruct the vegetation composi-
tion at the time of the Roman settlement. This is
in contrast with the results of the archaeological
and archaeozoological research, which offer very
valuable information about the Roman settlement
at Dolge njive and its economy (Horvat et al. 2016).
Therefore, palynological results (dealing only with
the vegetation development in the 1*' millennium
cal. BC, before the establishment of the Roman
settlement) are discussed separately.
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2. METHODS

Samples for pollen analysis were collected in
2007 from the northern profile of archaeological
excavation area (146 m?) on the right bank of the
Ljubljanica River, between the Ljubljanica River
and the southwestern corner of the Dolge njive
Roman settlement (see Horvat et al. 2016, Fig. 4,
Sector 1, Cross section C-D). The methodology
of archaeological excavation and the results of
archaeological, archaeobotanical, and archaeo-
zoological research are presented in Horvat et al.
2016; for the position of the pollen stratigraphic
column, see also Horvat et al. (2016; Fig. 6a).

In order to reduce the risk of contamination,
the samples for pollen analysis were collected ca.
10 m from the right river bank (Fig. 2), but still
sufficiently close to water to sample marshy sedi-
ment, suitable for pollen analysis. A 200-cm-long
palynological stratigraphic column was collected
from the northern profile using four 50 cm long
metal boxes (Figs. 3; 4) with the top box starting
ca. 20 cm below the soil surface (288.17-290.17
m a.s.l.). Samples were wrapped in cling film,
aluminium foil, and thick plastic and stored in
cold storage at + 4°C. Sediment description fol-
lows that of Troels-Smith (1955).

The age of the sequence was determined by
AMS radiocarbon dating of organic carbon and
plant macrofossils, extracted from two sediment
samples, collected at 160 cm and 192 cm depth
(Tab. 1; Fig. 3). Radiocarbon ages were calibrated
using CALIB Rev 7.0 (CALIB 7.0 Website; Stuiver
and Reimer 1993) on IntCal 13 calibration dataset
(Reimer et al. 2013).

Standard laboratory procedure was used (7%
HCI, 10% NaOH, 40% HF, acetolysis, staining with
safranine, TBA, mounting in silicone oil; Bennett
and Willis 2002) to prepare 1 cm?® sediment sub-
samples (with 4 cm resolution between 128 and
200 cm depth) for pollen analysis. Two tablets
with a known number of Lycopodium spores were
added prior to laboratory preparation in order to
determine the pollen concentration (Stockmarr
1971). For pollen identification, a Nikon Eclipse
E400 light microscope at x400 magnification, pollen
reference collection at the Institute of Archaeology
ZRC SAZU in Ljubljana, and pollen keys (Moore,
Webb, Collinson 1991; Reille 1992; Reille 1995)
were used. Data were analysed and plotted with
the PSIMPOLL 3.00 programme (Bennett 1998;
PSIMPOLL Website); the pollen diagram was
divided into two zones (V1 and V2) using binary

splitting by the sum of squares. Taxa recorded with
low values (<0.5%) are marked with a solid dot.

3. RESULTS

3.1 Stratigraphy and radiocarbon dating
(Tabs. 1-3)

The lower part of the profile (~ 125-200 cmy;
archaeological layers 1-5), which was under the
groundwater level, consists of dark greyish brown
sediment, rich in organic material, clay and wood
fragments (Tab. 2; Figs. 3; 4). No archaeological
artefacts were found in the presumably natural
alluvial layer 1. Layers 2 and 4, which are not
present on profile or Fig. 4, consist of wood lay-
ers, which separated archaeological layers 1 and
3, and 3 and 5, respectively. Archaeological layer
3 contains small pieces of charcoal and wood with
cutting marks. Layer 4 (wood with cutting marks)
is covered by layer 5 - sediment with small pieces
of charcoal and wood with cutting marks (see
Horvat et al. 2016, Fig. 19).

The chronology of the sequence is based on
three lines of evidence (Tab. 3):

- 1. Radiocarbon dating of sediment and plant
macrofossils from the palynological stratigraphic
column (collected at 192 and 160 cm, archaeological
layers 1 and 3; 973-806, 413-206 and 1416-1135
cal. BC), results are presented in Tab. 1.

- 2. Radiocarbon dating of plant macrofossils
collected during archaeological excavation; e.g.
oak (Quercus) wood from layer 2: ca. 384-203 cal.
BC; ash (Fraxinus) wood (196-45 cal. BC) and
fir (Abies) needle (385-203 cal. BC) from layer 5
(Horvat et al. 2016, 245).

- 3. Dating by archaeological typology (pottery
from layer 5: ca. 120-30 BC; Horvat et al. 2016, 245).

These date the alluvial layers (1-5) to the 1%
millennium cal. BC (see Discussion / Stratigraphy,
taphonomic processes and chronology).

Further up the profile, sandy and silty layer 6,
which contained small pieces of charcoal and a
piece of pottery, is either a natural alluvial layer,
or it was artificially constructed in the early Ro-
man period (Horvat et al. 2016). It is covered by
three Roman foundation layers (7, 10 and 15),
which are covered by three sand/gravel pave-
ments (8, 11 and 16; Horvat et al. 2016, Fig. 6).
On the basis of the typology of pottery, which
was found in the fill layers and pavements, these
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three Roman phases are dated to the Augustan
period (ca. 27 BC-14 AD) and were constructed
at the same time as the Dolge njive settlement
(Horvat et al. 2016). They are covered by alluvial
sediment (layer 17).

3.2 Pollen analysis

The results of pollen analysis are presented in
Fig. 4 (summary pollen diagram of most important
taxa in comparison with stratigraphy) and Fig. 5
(detailed pollen diagram). At least 500 pollen grains
of terrestrial taxa and spores (= pollen sum), were
counted in each sample, except layers with poor
pollen concentration/preservation. Pollen percent-
ages were calculated according to this pollen sum.
The numbers of archaeological layers are added to
the stratigraphic column on the left. Both pollen
diagrams are divided into two statistically signifi-
cant pollen zones (V1 and V2). Palynomorphs in
the lower part of zone V1 (128-200 cm) are well
preserved and sediments display a pollen concen-
tration of between ~ 2000-8000 pollen grains per
1 cm? of sediment, whereas pollen concentration
in the upper part of V1 (above 128 cm) declines
below 2000 grains cm™ and the percentage of
degraded pollen increases (> 10%). In pollen zone
V2 (96-48 cm), pollen concentration is very low (~
500 grains cm™*) with a high (~ 7-30%) percentage
of degraded pollen; it was not possible to count a
statistically significant pollen sum (= 300 pollen
grains per sample).

Several woody taxa are present in zone V1 with
values > 5%, such as: Fagus (beech, ~ 10-30%),
Quercus (oak, ~ 5-20%), Alnus (alder, ~ 10-25%),
Abies (fir, ~ 5-15%), Carpinus betulus (hornbeam, ~
5-10%) and Corylus (hazel, ~ 5-10%). In the lower
part of zone V1 (128-200 cm), the percentage of
arboreal pollen (AP) fluctuates between 70% and
85%. Among non-arboreal pollen (NAP, ~ 15-25%)
the most abundant taxa are Poaceae (grasses, ~
5%), Cyperaceae (sedges, ~ 1-5%), Filipendula
(meadowsweet, ~ 1-5%) and ‘anthropogenic in-
dicator’ taxa such as cereal-type pollen grains,
Plantago lanceolata (ribwort plantain), Centaurea
(cornflower), Chenopodiaceae (goosefoot) and
Artemisia (mugwort). Towards the top of zone
V1 and in V2 NAP increases to ~25-45% and AP
declines to ~10-40%.

4. DISCUSSION

4.1 Stratigraphy, taphonomic processes
and chronology

The chronology of the Dolge njive pollen profile
is based on two radiocarbon-dated alluvial sedi-
ment samples (Tab. 1), which were collected in
the section below ~ 120 cm (= most of the pollen
zone V-1; Fig. 4; layers 1, 3, 5), where the pollen
record is reliable due to a high groundwater level;
anaerobic conditions are thus favourable for the
preservation of fossil pollen and plant macrofos-
sils. This alluvial sediment is covered by sandy
layers (Tab. 2; Fig. 4; layers 6-16), which are not
natural and were constructed during the establish-
ment of the Roman settlement Dolge njive at ca.
30 cal. BC (Horvat et al. 2016). Palynomorphs in
these archaeological layers are poorly preserved
due to aerobic conditions and human activities
at the study site.

Alluvial layers (1, 3 and 5, 120-200 cm) at
Dolge njive formed before the establishment of
the Roman settlement (= before ca. 30 cal. BC),
but due to complex taphonomic processes, it is
difficult to establish a precise chronology. Two
samples, alluvial sediment and unidentified plant
macrofossils, collected at 192 cm (layer 1), were
sent to Beta Analytic for radiocarbon dating and
the results are presented in Tab. 1. The compari-
son of both radiocarbon dates (Tab. 1) shows a
significant discrepancy between the ‘sediment’
(Beta-241775, 2730+40 BP) and the ‘plant mac-
rofossil’ (Beta-242460; 2300+40 BP) radiocarbon
date. Two sigma values (973-806 and 413-206 cal.
BC respectively) do not overlap and the difference
between both median values is 503 years (Tab. I).
Although ‘sediment’ samples are usually slightly
older than ‘plant macrofossils’ (e.g., for ~ 5500
years old samples from the Stare Gmajne prehis-
toric pile-dwelling site this difference is about 100
years; Andri¢, unpublished data), the difference at
Dolge njive is too large and requires explanation.

Since many wood remains were discovered in
layer 2 (lying between layers 1 and 3, in the vicin-
ity of a pollen profile, not seen in palynological
stratigraphic column and Fig. 3 and 4) and some
bigger pieces of wood sunk into layer 1 (see Fig.
4), it is also possible that smaller degraded remains
of wood (or tree roots) from younger layer 2, sunk
into older layer 1. Oak (Quercus sp.) tree trunk
from layer 2 is dated to 384-203 BC (Horvat et
al. 2016, 245), which coincides with the younger
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‘plant macrofossil’ radiocarbon date (Beta-242460,
413-206 cal. BC) from the palynological stratigraphic
column, suggesting that ‘plant macrofossils’ in
layer 1 were possibly derived from younger layer
2. These data support the assumption that the
pollen record at the bottom of the stratigraphic
column (192 cm, layer 1) presumably deposited at
ca. 973-806 cal. BC (Beta-241775, 273040 BP).

Another problem is the inconsistency between the
radiocarbon date at 192 cm (layer 1, Beta-241775,
2730 + 40 BP, 2 sigma: 973-806 BC) and the ra-
diocarbon date at 160 cm (layer 3, Beta-259684,
3050+ 40 BP, 2 sigma: 1416-1135 BC), which,
according to its stratigraphic position, appears
‘too old’ It is possible that the latter sample, which
has a relatively low 13C/12C ratio (-30.1) contains
some degraded material of water plants (pollen of
some water plants, e.g. Myriophyllum was found
in this level, Fig. 5), which tend to yield ‘too old’
radiocarbon dates due to their photosynthetic
cycle (Bjorck and Wohlfarth 2001) or/and some
earlier, resedimented organic material was dated.
The assumption that radiocarbon date at 160 cm
is ‘too old’ is supported by radiocarbon dates from
layer 5: Fraxinus sp. (ash) wood (196-45 cal BC),
Abies (fir) needle (385-203 cal. BC) and pottery
remains (dated to ca. end of 2" — mid 1% century
BC - Horvat et al. 2016, 245). Therefore, this C14
date (Beta-259684) was not taken into account and
no age-depth model was produced.

The observed discrepancy between all three
radiocarbon dates is presumably a consequence
of the complex and dynamic alluvial sedimentary
environment in the vicinity of the Ljubljanica
River. The proposed C14 chronology is, therefore,
uncertain and should be considered with care. We
can only say that the pollen diagram (Figs. 3; 4)
shows the vegetation development in the 1% mil-
lennium cal. BC, before the establishment of the
Dolge njive settlement (= before ca. 30 cal. BC),
but without robust chronological control.

4.2 The vegetation and human impact on the
environment of Dolge njive in late prehistory

The pollen record of Dolge njive (Figs. 4; 5) shows
that, in late prehistory (layer 1, after ca. 970 cal.
BC), the area around the study site was covered
by mixed woodland with the following main tree
taxa: beech (Fagus), fir (Abies), oak (Quercus),
hornbeam (Carpinus betulus) and alder (Alnus).
The marshy environment around the Ljubljanica

river is suggested by alder (Alnus), meadowsweet
(Filipendula) and pollen of aquatic taxa such as
water plantain (Alisma), bur reed (Sparganium),
bog bean (Menyanthes), water lily (Nymphaea
and Nuphar) and water milfoil (Myriophyllum).
Furthermore, in subsequent centuries (layer 3,
archaeologically dated to the 3" and the 27
century BC) the vegetation composition at Dolge
njive remained unchanged. A similar environment
was also reconstructed from the archaeobotanical
dataset (see Horvat et al. 2016, 248-250, layers 2,
3, and 5).

The landscape was only partly forested (ca. 70-80%
of tree and shrub pollen), with a high percentage of
hazel (Corylus) and herb taxa. Farming activities in
the area were intensive. ‘Anthropogenic indicator
taxa’ including cultivated plants and weeds (e.g.
cereal-type pollen, cornflower [Centaurea], goose-
foot [Chenopodiaceae] and mugwort [Artemisia])
were growing on fields, whereas grazing indicators
(ribwort plantain [Plantago lanceolata], buttercups
[Ranunculus]) suggest pastures. It seems that there
were two phases of more intensive human impact
(grey shade at 198-182 cm and 178-166 cm,
archaeological layer 1, Figs. 4; 5), separated by a
short time period with less intensive human pres-
sure when the forest regenerated (Fagus increase
at 180 cm). This vegetation composition can be
associated with the activities of the prehistoric
population in the area. The Ti¢nica fortified pre-
historic hilltop settlement, dated to the Middle/
Late Bronze Age and Iron Age according to pottery
typology (Gaspari and Masaryk 2009) is located
just ~ 1 km west of Dolge njive (Fig. I). However,
further archaeological and palaeoecological research
with improved chronological control is needed
to elucidate the economy in prehistory and more
detailed vegetation development.

Furthermore, archaeological and archaeobotani-
cal data suggest human activities. Pieces of wood
with cutting marks, small pieces of charcoal, but
no macrofossils of cultivated plants, and only a
few pottery fragments, which were discovered in
prehistoric layers 2-5, suggest that people were
clearing forest on the river bank, but no traces
of (permanent) settlement were discovered. Two
archaeological layers/phases of forest cutting, dated
to earlier-later Halstatt (layer 2, ca. 384-203 cal.
BC) and Middle La Téne time periods (layer 4,
dated according to layer 5) were discovered (Horvat
et al. 2016). It is possible that the decline of tree
pollen in layer 5 (130 cm, Figs. 4; 5) is associated
with a settlement in the vicinity of the study site.
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Furthermore, on the basis of numerous archaeo-
logical finds (pottery, fibulae, sword) discovered
at Dolge njive, it was suggested that, prior to the
establishment of the Roman settlement at Dolge
njive, a late La Téne settlement, (2"4-15 century
BC) was located ca. 100-150 m north of the ar-
chaeological Sector 1 (Horvat et al. 2016).

The early Iron Age and La Téne populations
were growing cereals and raising livestock and
their impact on the environment was significant. In
addition to forest clearing, it is possible that they
were also practising arboriculture. It is interesting
that walnut tree (Juglans) pollen was found in two
samples at Dolge njive, in layers 1 and 3, which is
dated in the 3" and the 2™ century cal. BC (Fig.
5). Sites on the Slovenian coast (Skocjanski zatok
near Koper) record Juglans pollen in layers which
could be dated to prehistory or early Roman time
period (Culiberg 1995; Culiberg 1997). In many
areas of Italy, the Juglans pollen curve (often to-
gether with the chestnut tree (Castanea sativa);
Conedera et al. 2004) starts to spread only with
the Greek and Roman civilisations (at ca. 500 cal.
BC-500 cal. AD [e.g. Gobet et al. 2000; Tinner
et al. 1999]), therefore many researchers were of
the opinion that walnut (native to Anatolia) was
introduced to Europe only with the Romans (e.g.
Behre 1988). However, it cannot be entirely ruled
out that (in small numbers) it was already present
in the landscape throughout the Holocene and/or
was introduced earlier than previously thought.
In the area of Colli Euganei (Lago della Costa,
north-eastern Italy), for example, Juglans pollen
(together with Castanea, cultivated plants and
weeds and an increase of regional fire activity)
is continuously present (reaching 1-2%) from ~
4300 cal. BC, which is the earliest cultivation of
these taxa in Europe (Kaltenrieder et al. 2010).

4.3 Vegetation and human impact
on the environment of Dolge njive after
the establishment of the Roman settlement

Due to poor pollen preservation, it is not pos-
sible to reconstruct the vegetation composition
after the establishment of the Dolge njive settle-
ment. Pollen from layer 6 (112 cm), which was
deposited immediately before the construction
of the settlement, suggests more intensive forest
clearance (the percentage of tree pollen decreases
to ~ 40%), but low pollen concentration (~ 2000
pollen grains per 1 cm®) and increased percentage

of degraded pollen (> 5%) in this layer, in contrast,
suggest that conditions for pollen preservation
were not very favourable and might have affected
pollen composition.

Pollen in the more oxidised layers 14 and 16
is badly preserved (5-15% of degraded pollen,
extremely low pollen concentration ~ 500) and
was presumably affected by selective pollen deg-
radation, as suggested by the increased percentage
of Compositae liguliflorae (20%) and Filicales (>
40%), which are resistant to pollen degradation
(Havinga 1964).

5. CONCLUSIONS

In the late prehistory (1% millennium cal. BC),
the environment around the Ljubljanica River
at Vrhnika was marshy (wet meadows and alder
[Alnus] trees), whereas mixed woodland of beech
(Fagus), fir (Abies), oak (Quercus) and hornbeam
(Carpinus betulus) was growing on drier land. The
landscape was partly open, with strong traces of
cereal cultivation and grazing, which can be as-
sociated with the activities of Bronze and Iron Age
populations living at the Ti¢nica hillfort (Gaspari
and Masaryk 2009) just across the river, and pre-
sumably La Téne settlement (Horvat et al. 2016)
at Dolge njive. The pollen of walnut tree (Juglans)
suggests that prehistoric and Roman communities
at Vrhnika might have had intensive contacts with
Northern Italy, where this tree was most probably
cultivated in the Neolithic.
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