
NEW ARCHAEOLOGICAL, PALEOENVIRONMENTAL, AND 1 4 C DATA FROM THE 
SVENTOJI NEOLITHIC SITES, NW LITHUANIA 

Gytis Piliciauskas 1 · Jonas Mazeika 2 · Andrejus Gaidamavicius 2 · Giedrè Vaikutienè 3 · 
Albertas Bitinas 4 · Zana Skuratovic 2 · Miglè Stancikaitè 2 

ABSTRACT. Archaeological, geological, and paleoecological investigations supported by radiocarbon dating enabled us to 

present a reconstruction of chronologically based paleoenvironmental and human activity changes in the Sventoji region, NW 

Lithuania, during the period 4000-800 cal BC. In addition, we describe the main stages of the Late Glacial and Holocene peri-

ods in the area. The Baltic Ice Lake regression was succeeded by a terrestrial period until the Littorina Sea maximal trans-

gression at 5700-5400 cal BC. A marine bay with brackish water was transformed into a freshwater lagoon before the oldest 

archaeological evidence of human presence, i.e. 4000/3700 cal BC. However, the presence of Cerealia type and Plantago lan-

ceolata pollen dating back to about 4400-4300 cal BC suggests earlier farming activities in the area. Pollen analyses show the 

minor but continuous role of cereal cultivation after 3250 cal BC. Due to the predominance of the boggy landscape in the 

immediate vicinity of the Sventoji sites, agricultural fields were situated further away from the sites themselves. Exploitation 

of remote areas of the freshwater basin by diverse fishing gear was proven by the discovery of a new fishing site, Sventoji 41 

(2900-2600 cal BC). This finding together with data of previous research suggest a complex and elaborate coastal economy 

involving seal hunting and year-round freshwater fishing during the 3rd millennium cal BC. A decline in human activity is 
seen in the pollen diagram after 1800 cal BC, which could be due to significant environmental changes, including overgrowth 

of the freshwater lagoon basin with vegetation. 

INTRODUCTION 

The Sventoji archaeological complex (Rimantiené 2005) together with several other Neolithic lake 
regions in the SE Baltic, i.e. Särnate (Vankina 1970; Bërzins 2008), Kretuonas (Girininkas 1990), 
Lubanas (Loze 1979), and Birzulis (Butrimas 1982), are famous due to their perfectly preserved 
Neolithic artifacts in wetland sites that frequently produce astonishing evidence of everyday and rit-
ual life, offering very favorable perspectives for interdisciplinary paleoenvironmental studies. From 
a coastal perspective, the Sventoji sites can be recognized as a part of a circum-Baltic seal hunters' 
and fishermen's community that was managed using diverse and abundant coastal food resources 
during the 4th and 3rd millennia cal BC (e.g. Olson 2008). Despite numerous and diverse affinities 
shared by European wetland and coastal sites, there is at least several cultural attributes emphasizing 
the uniqueness of the Sventoji region. Two very fundamentally different cultural traditions were 
recorded in pottery making during the 4th millennium cal BC there, i.e. the Bay Coast/Globular 
Amphorae and Narva ceramics. The elaborate style of Bay Coast ceramics highlights early contacts 
with farming communities in central Europe and a remarkable level of innovation that emerged 
under conditions of plentiful food resources, large coastal communities, and well-developed social 
contacts. 

The Sventoji archaeological complex was discovered during drainage construction in NW Lithuania 
in 1966 (Rimantiené 2005) (Figure 1). More than 40 archaeological sites were found. Some of them 
were extensively investigated, uncovering an area of -14,000 m 2 by 2009. All the sites were situated 
on the banks and littoral parts of a former freshwater system. They were dated to the Middle to Late 
Neolithic (3700-1800 cal BC) with the exception of a single Bronze Age site, 41B. Many of them 
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are wetland sites with well-preserved organic materials found in waterlogged lake sediments (gyt-
tja). Great amounts of well-preserved pottery as well as wooden and bone fishing equipment were 
uncovered during excavations. The remains of intensive amber processing also became evident 
(Juodagalvis and Simpson 2000; Rimantienè 2005). Large-scale seal hunting and freshwater fishing 
were inferred, in contrast to very few signs of a farming economy in the Sventoji region during the 
Neolithic (Daugnora and Hufthammer 1999; Daugnora 2000; Stancikaité et al. 2009). 

Figure 1 Map of the research area and the location of Sventoji sites. Contour 

lines mark elevation every 2 m. 

One aim of the current paper is to renew the chronological framework and attempt to reconstruct 
water and land-use systems within the context of important changes in culture, vegetation, and land-
scape in Sventoji during the Neolithic. Results of new archaeological, sedimentological, pollen, dia-
tom, and radiocarbon surveys are also presented here as valuable data for current and future inves-
tigations. 
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SITE DESCRIPTION 

From the geological-geomorphological point of view, the investigated area is represented by a undu-
lating sandy and boggy plain that formed during different stages of the Baltic Sea development 
throughout the Late Glacial and Holocene, i.e. during the Baltic Ice Lake (-11,700-9600 cal BC) 
and the Littorina Sea (-6300-2100 cal BC) (Bitinas et al. 2005; Damusyté 2011). The slopes of the 
Baltic Ice Lake and the Littorina Sea terraces can be tracked eastward from the investigated area. 
There is a belt of eolian sediments between the plain and the Baltic Sea coast—the thickness of 
eolian sand not exceeding 8-10 m in the foredune and a few meters in the eolian cover eastward. The 
total thickness of Quaternary sediments reaches up to 70-80 m and is mainly represented by glacial, 
glaciofluvial, and glaciolacustrine sediments. 

The current research area is located in the central part of the Sventoji archaeological complex 
extending from a coastal sandy ridge to the eastern edge of the drained Pajüris bog. The very elon-
gated shape of the research area was influenced by an engineering project developed in 2009 for a 
sewer pipe. The 934-m open trench, together with 2 boreholes, made up a research line of 1.05 km 
(from 56°00'4.65"N, 21°05'26.3ΓΕ to 56°00'12.35"N, 21°04'27.89"E; Figure 1). 

Prior to 2009, only a few stray wooden artifacts trapped in gyttja were discovered during deep 
archaeological test-pitting in swampy meadows stretching over the investigated area (Piliciauskienè 
and Piliciauskas 2009; Piliciauskas 2010). However, the cultural layer and archaeological structures 
have been not registered there. Large collections of wood, bone, and stone fishing tools as well as 
amber waste and ornaments were collected at the adjacent Sventoji 23 and 26 sites, which were 
investigated in 1966,1970-1971, and 2002-2005. Some flint tools and animal bones were also gath-
ered (Rimantienè 2005; Juodagalvis 2006). 

METHODS 

Geological Survey and Sampling 

In 2009, a visual survey was carried out of the mechanically excavated sewage trench, and hand-
augered boreholes were made during field research in the Sventoji archaeological complex. The 
trench was 934 m long, 1.5-8 m wide, and 3-6 m deep, lying almost perpendicular to the sea coast. 
Wall segments 0.5-10 m wide were cleaned for sedimentological recording every 10-20 m. Two 
boreholes up to 3 m deep were drilled with a hand auger to extend the surveyed area closer to the 
present-day sea coast. Sediment sampling was performed in 2 ways. Systematic sampling every 
2 cm took place in the key section in order to take a full core of sediments for pollen and diatom 
analyses, determination of granulometric composition, estimation of loss-on-ignition (LOI), as well 
as for 1 4 C dating. However, a single sampling point was not enough for a paleogeographical recon-
struction of the research area. Non-systematic sampling for 1 4 C dating was performed in various 
places and depths in the excavated trench. Samples were taken by trowel and sample thickness var-
ied between 2 and 10 cm. 

Loss-on-lgnition 

The estimation of calcium carbonate (CaC0 3 ) , organic, and terrigenous content was determined in 
the investigated core. To ascertain the loss-on-ignition (LOI), sediments were dried at 500 °C for 
4 hr. The determination of C a C 0 3 content followed Gedda (2001), and the amount of mineral matter 
was calculated by eliminating organic and carbonate content from the dry matter. 
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1 4 C Dating 

The samples, including peat-like sediment, sandy sediment with organics, and wood from archaeo-
logical finds were crushed and treated by acid-alkali-acid (AAA) washing to remove contamination 
by carbonates and humic acids. For benzene production, the remaining bulk organic carbon was 
used. Benzene output for most of samples was 1-3 g. The technological lines for benzene synthesis 
and purification used in this study were produced at the Kiev Radiocarbon Laboratory. The specific 
activity of 1 4 C in benzene was measured by the liquid scintillation counting (LSC) method as 
described in Gupta and Polach (1985), Arslanov (1985), and Kovaliukh and Skripkin (1994) using 
the liquid scintillation analyzer Tri-Carb 3170TR/SL in the Radioisotope Research Laboratory, 
Nature Research Centre, Vilnius. The 1 4 C calibration program OxCal ν 4.1 (Bronk Ramsey et al. 
2010) and the calibration curve IntCal09 (Reimer et al. 2009) were used for the calibration of 1 4 C 
dates and geochronological assessment. All dates used here are calibrated to calendar years BC. 

Paleobotanical Investigations 

Pollen. Samples for pollen analysis were prepared using a standard chemical procedure (Erdtman 
1936; Grichiuk 1940), including treating the sediments with a heavy liquid (CdI2+KI). Lycopodium 
tablets were added to enable pollen concentrations to be estimated (Stockmarr 1971). Identification 
of pollen taxa was based on Moore et al. (1991). All the spreadsheets and percentage diagrams were 
plotted using the programs TILIA and TILIA-graph (Grimm 1992). 

Diatoms. The laboratory preparation of samples was performed following Battarbee (1986) and 
identification of the diatom species was based on Krammer and Lange-Bertalot (1986-1991). The 
succession of the most frequent and ecologically important taxa is presented as percentages of the 
total sum of identified taxa. According to their salinity requirements, diatom species were grouped 
into marine, brackish, and freshwater (freshwater halophilous, freshwater indifferent). Moreover, 3 
habitat groups of diatoms were distinguished: planktonic, benthic, and epiphytic (Van Dam et al. 
1994; Barinova et al. 2006). 

Archaeological Investigations 

Visual survey of the mechanically excavated trench was the main archaeological method during 
fieldwork for the 2009 season in Sventoji. More careful but smaller-scale excavations were con-
ducted only where wooden poles had been detected. The position of the wooden poles and other arti-
facts was recorded by total station. Samples of wooden poles have been taken for 1 4 C dating and 
other analyses. The eastern European definition of the Neolithic period was accepted in the current 
study; thus, the appearance of ceramics rather than farming was considered a starting point of the 
period. The Neolithic periodization proposed by Antanaitis-Jacobs and Girininkas (2002) was 
adopted. 

RESULTS 

Chronology 

Ten new 1 4 C dates were obtained by dating sediment samples and artifacts collected from the inves-
tigated area (Table 1). Samples have been chosen in order to date both the sedimentological pro-
cesses and the newly discovered archaeological site. Sediment samples were dated to a timespan 
between 5710-5480 and 1690-1600 cal BC, which corresponds to the Littorina Sea and Post-Lit-
torina Sea stages of the Baltic Sea development (Damusytè 2011). Two 1 4 C dates were obtained for 
wooden poles from the Sventoji 42 site. The range of 2925-2570 cal BC is evidence of site use dur-
ing the first half of the Late Neolithic. 
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Table 1 New 1 4 C dating results of sediment samples and archaeological finds from the Sventoji area. 

Lab Sediment unit Altitude3 1 4C age Calibrated age range 
code or artifact nr Coordinates (m) (BP) (1σ) 

Vs-1972 7 56°00'07.84"N, 
21°05'10.27"E 

1.12 bsl 6670 ± 140 5710-5480 BC, 68.2% 

Vs-1960 7 56°00'07.84"N, 
21°05'10.27"E 

0.98 bsl 6610±140 5670-5460 BC, 63.1%; 
5440-5420 BC, 1.5% 
5410-5380 BC,3.6%; 

Vs-1966 6 56°00'12.43"N, 
21°04'37.31"E 

0.67 bsl 6400±140 5490-5210 BC, 68.2% 

Vs-1963 4 56°00'10.45"N, 
21°04'57.56"E 

1.18 bsl 6290 ±170 5470-5400 BC, 9.5%; 
5390-5050 BC, 58.7% 

Vs-1984 4 56°00'07.15"N, 
21°05'13.43"E 

0.09 bsl 4480 ± 60 3340-3090 BC, 68.2% 

Vs-1982 4 56°00'07.15"N, 
21°05'13.43"E 

0.09 bsl 4430 ± 85 3330-3210 BC, 20.8%; 
3180-3160 BC,2.2% 
3120-2920 BC, 45.2% 

Vs-1983 3 56°00'12.42"N, 
21°04'34.48"E 

0.83 asl 3340 ± 50 1690-1600 BC, 46.9%; 
1580-1530 BC,21.3% 

Vs-1956 Wooden pole 3 56°00'11.47"N, 
21°04'47.10"E 

0.4 asl-
1.07 bsl 

4280 ± 40 2925-2875 BC, 68.2% 

Vs-1981 Wooden pole 14 56°00'11.51"N, 
21°04'46.26"E 

bottom part 
1-1.6 bsl 

4090 ± 50 2860-2810 BC, 14.0%; 
2750-2720 BC, 5.2% 
2700-2570 BC,47.1%; 
2520-2500 BC, 2.0% 

Vs-1999 3 56°00'12.42"N, 
21°04'34.48"E 

1.21 asl 10 ±50 AD 1690-1720, 12.8%; 
AD 1810-1840, 9.3% 
AD 1870-1920,31.5%; 
AD 1950-1960, 14.7% 

lasl = above sea level; bsl = below sea level. 

Geological Profile and Lithological Composition of Key Section 

The geological profile was made by correlating lithological layers at the trench and 2 boreholes. 
Twelve layers were distinguished visually (Figure 2). The indicated lithological composition reveals 
multiple stages in the development of the sedimentation basin. Till occurring at the base of the 

Geological profile (2009) Ε 

Figure 2 Geological profile: 1 ) technogenic layer; 2) eolian sand with varying grain sizes; 3) calcareous peat; 4) gyttja and 

sandy gyttja; 5) fine-grained sand; 5a) fine- and medium-grained sand with mollusk shells; 6) gyttja sand/silty sand with 

mollusk shells; 7) fine-grained sand with organic material; 8) fine- and medium-grained sand; 9) fine-grained sand; 10) 

sand with varying grain sizes, as well as gravel and pebbles; 11) silt; 12) till. 
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sequence (depth 277 cm) confirms a glacigenic sedimentation later changed by the glaciofluvial 
(depth 277-254 cm) environment. Fine-grained sand (254-194 cm) lying above this unit was 
formed within the sedimentary basin by predominant terrigenous sedimentation. A few interlayers 
of fine-grained sand with organic matter (up to 50.17%) in particular intervals were discovered at a 
depth of 194-170 cm. A sub-horizontally laminated fine-grained sand layer, having various colors, 
occurs at 170-117 cm deep. A thin layer (117-110 cm) of fine-grained silty sand enriched by 
organic matter (up to 15-31 %) covers the sandy strata. The uppermost part of the key section is rep-
resented by sandy gyttja (110-68 cm) with organic matter content up to 46.67% and calcareous peat 
(68-42 cm) with organic matter content up to 81.69%. 

Paleobotanical Data 

Pollen. The pollen data have been described in terms of local pollen assemblage zones (LPAZ, Fig-
ure 3) based on visual and statistical evaluations of the spectra. 

Svp-1 (194-138 cm). LPAZ is marked by a high frequency of Pinus and Betula. QM species as well as 
Picea are also well represented. Scattered pollen grains of Cerealia and Plantago lanceolata are recorded 
in the upper part of the zone. 

Svp-2 (138-118 cm). The second LPAZ starts at 4100 cal BC dominated by Pinus and Picea. The number 
of Cerealia pollen increased along the zone. 

Svp-3 (110-58 cm). This zone is characterized by culmination of QM, i.e. Quercus, Ulmus, and Tilia. 
Cory lus and Alnus culminated simultaneously, whereas the number of Picea decline. Regular occurrences 
of Cerealia suggest an anthropogenic impact. 

Svp-4 (58-42 cm). Re-expansion of Pinus and Picea is typical for this zone, while other AP decreased 
noticeably. The regular presence of cereal pollen in all samples of this zone is an indicator of the increasing 
human impact in the region since about 1700-1600 cal BC onward. 

Figure 3 Pollen diagram with loss-on-ignition (LOI) data. Lithological units according to Figure 2. 

Diatoms. Results of diatom analysis are presented in Figure 4. A great number of diatoms were iden-
tified at the 67-152 cm interval, whereas only single freshwater benthic and epiphytic representa-
tives were found at 259-152 cm and 67-39 cm depth. Four local diatom assemblage zones (LDAZ) 
have been defined according to the diatom species composition, following statistical evaluation of 
the spectra. 
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SvD-l (152-118 cm). Predominance of freshwater benthic and epiphytic (Cocconeis neodiminuta, 
Amphora pediculus, etc.) diatoms show that sedimentation took place in a shallow littoral zone of a mainly 
freshwater basin during the Littorina Sea stage. The presence (up to 40%) of brackish benthic species 
(Catenula adhaerens, Biddulphia subaqua) indicates stable connections between the freshwater lagoon 
and brackish sea. 

SvD-2 (118-85 cm). Because of the Littorina Sea regression, the freshwater lagoon remained shallow 
(Staurosira construens and C. placentula), but almost without marine water inflow. A short-term rise of 
the water level (Aulacoseira ambigua) seen at the beginning of the zone may have been related to the 
increasing river run-off. 

SvD-3 (85-73 cm). At the onset of the Post-Littorina Sea, the basin became a very shallow (S. construens, 
Pseudostaurosita brevistriata) freshwater lagoon with nearshore environmental conditions. 

SvD-4 (73-39 cm). The onset of the Post-Littorina Sea was followed by insignificant transgression and 
marine water reached the area (Campylodiscus echeneis, C. clypeus). Nevertheless a freshwater regime 
with negligible inflow of brackish water predominated in the shallow lagoon. 

Figure 4 Diatom diagram. Lithological units according to Figure 2. 

Archaeological Data 

A new archaeological site located at 56°00'11.55"N and 21°04'47'"E was recorded during a geoar-
chaeological survey in 2009. Fifteen wooden poles were driven through gyttja into marine sand. The 
poles were distributed in a trench segment 15 m long and 1 m wide (Figure 2). Some of the poles lay 
in the horizon of sandy gyttja. They were 5-10 cm in diameter and up to 2 m long. The bottom parts 
were sharpened by removing several splinters up to 0.5 m long. Judging visually by their straight 
trunks without branches and bark remains, most of them were made of hazel trees. Some thinner 
stakes (2-4 cm in diameter) with notched and broken ends were also noticed. Several pine laths were 
discovered lying horizontally in sandy gyttja sediments (2-2.15 m depth). Components of fishing 
nets were also found, i.e. net sinker made of a seashore pebble and a pine-bark perforated float. No 
amber flakes, ceramics, flint, or other stone tools were uncovered. 

DISCUSSION 

Chronology of Sventoji Sites 

Forty-nine 1 4 C dates directly associated with human activities are available from Sventoji sites (Fig-
ure 5). Wooden artifacts, animal and fish bones, and charred food crust from ceramics were dated at 
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various laboratories. The 2 youngest 1 4 C dates from the Sventoji 1 site (Le-835: 3860 ± 50 BP and 
Le-865: 3880 ± 80 BP) gave offsets from the main chronological range of the other dates by 220-
260 1 4 C yr. Questionable dates were obtained from samples of wooden artifacts in the Leningrad (St. 
Petersburg, Russia) laboratory in 1970s. Timofeev (1992:11) argued for a systematic shift of 200-
400 1 4 C yr to younger age of Le dates compared to the Berlin (Bin), Groningen (GrN), and Tartu 
(Ta) laboratories during 1960-1980. That seems to be the case with dates Le-835 and Le-865 from 
the Sventoji 1 site. These dates should be omitted or used with a certain reserve when investigating 
the chronology of Sventoji sites. 

Figure 5 Overview of 1 4 C dates from Sventoji sites according to Juodagalvis and Simpson (2000), Riman-

tienè (2005), Piliciauskas et al. (2011), with additions by the authors of new dates: nr 24, 38, 40, and 49. 
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Three dates from the Radiocarbon Laboratory of the Lithuanian Institute of Botany (1971-1975) 
should also be questioned (Vib-1, Vib-8, and Vib-9). Date Vib-1: 4190 ± 8 0 BP is older by 4 0 0 ^ 6 0 
1 4 C yr than 2 other 1 4 C dates from the Sventoji 23 site. Date Vib-8: 3860 ± 80 BP is older by 270-
320 1 4 C yr than 2 other 1 4 C dates from the Sventoji 9 site. Date Vib-9: 4410 ± 70 BP is older by 290 
1 4 C yr than the main range of other 1 4 C dates coming from the Sventoji 3 site (excluding the oldest 
accelerator mass spectrometry [AMS] dates from ceramics). Today, we can speculate about possible 
methodological problems that the Radiocarbon Laboratory of the Lithuanian Institute of Botany 
may have faced in the beginning of its short existence. The use of these dates in chronological mod-
eling would not be correct under the aforesaid circumstances. 

Seven AMS 1 4 C dates were obtained from charred food crusts of 7 Neolithic sherds (Figure 5). 
Marine and especially freshwater reservoir effects of several hundred years are very likely here 
because of the Neolithic humans' strong dependence on freshwater food and seals in the Sventoji 
region (Piliciauskas et al. 2011). 

Thirty-three 1 4 C dates from the Sventoji 1, 2, 3, and 4 sites (4000/3700-2500 cal BC) are worth 
combining under a single cluster because all these sites present a continuous (in a horizontal sense) 
refuse layer up to 2 m thick in the bed of a narrow paleochannel. The Sventoji 26 site with a single 
date 3660-3540 cal BC also falls within that period. Five 1 4 C dates from the Sventoji 6 site fall 
within a period -3000-2200 cal BC that overlaps partly or completely with the age of the Sventoji 
1 ,2 ,3 ,4,41 A, 42, and 23 sites. A gap of only a few hundred years is evident between the sites Sven-
toji 23 (-2300-2100 cal BC) and 9 (-1900-1700 cal BC). The date of fishing site 41B (1260-910 
cal BC) points to the Late Bronze Age and represents a single but clear indicator of human activity 
in the current region beyond the Stone Age. 

Paleogeography 

According to the results of complex investigations, a few stages with different paleogeographic con-
ditions could be distinguished in Sventoji during the Late Glacial and Holocene. The first is linked 
with the Last Glacial, when the area was covered by the Scandinavian Ice Sheet. In northwestern 
Lithuania, the ice finally melted in approximately 12,500-11,300 cal BC (Stancikaité et al. 2008; 
Rinterknecht et al. 2008). After déglaciation, the investigated area was covered by glacial (till, layer 
12, Figure 2) and glaciolacustrine (silt, layer 11) sediments. During the Baltic Ice Lake (BIL) trans-
gression (-11,700-9600 cal BC; Damusytè 2011), the uppermost part of glacigenous sediments was 
eroded—the relics of these sediments are represented by a layer of various-grained sand with gravel 
and pebbles (layer 10). During the BIL, the area of investigation was a near-shore zone of the lake 
where sandy sediments accumulated (layer 9). Broken remnants of freshwater epiphytic diatoms 
(Epithemia sp., Fragilaria sp.) imply that sedimentation occurred in a basin with intense water 
dynamics (swells, near-shore currents). The BIL regression was succeeded by a terrestrial period for 
a long time as the Yoldia Sea and Ancylus Lake did not reach the area (Kabailienè 1997; Damusytè 
2011). The second stage of geological development is linked to the second (maximal) Littorina Sea 
transgression (5700-5400 cal BC; Damusytè 2011) when the investigated area was submerged 
again. During the initial stages of water transgression, the older sediments were partly eroded, form-
ing sandy sediments with lenses of organic matter (layers 7 and 8). There was a connection between 
the sea and the lagoon for the first time. This confirms the relatively high amount of marine and 
brackish water diatoms in the sand and the admixture of mollusks such as Macoma balthica, Ceras-
toderma glaucum, Mytulus edulis (described by A Damusytè) (layers 5a, 6), which are characteristic 
species for a marine littoral environment. The marine bay was separated from the sea by a sandy bar, 
which later transformed into a spit. The semi-open lagoon became a well-isolated freshwater lagoon 
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(5400/5000-1600/1500 cal BC) where sandy gyttja accumulated (layer 4). The content of diatom 
species (Figure 4) confirms a freshwater sedimentation environment with rare intrusions of brackish 
water, probably during strong storms. The last stages of geological development are linked to the 
marine regression (-1600-1500 cal BC) when the water level dropped and the investigated area 
became a peat bog (layer 3). Later, some of the peat bog was partly covered (starting -1700-1900 
cal AD) by eolian sediments (layer 2). The uppermost parts of the eolian sediments, peat bog, and 
lagoonal sediments were partly destroyed by recent human activity in particular segments of the 
investigated area (layer 1). 

Vegetation History and Signs of Human Impact 

Early Neolithic (5500-4400 cal BC) 

The pollen record representing the initial stages of the Early Neolithic suggests a prevalence of for-
est in the vegetation communities (Figure 3). The predominance of sandy soils in the habitats that 
emerged after the regression of the Littorina Sea, as well as the presence of vast wet plots, may have 
played a leading role in the formation of vegetation cover. Vegetation was dominated by pine 
(Pinus) in sandy areas, while birch (Betula) flourished on wet ground. Because broad-leaved spe-
cies, i.e. lime (Tilia), elm (Ulmus), and oak (Quercus), require fertile soil, this taxa grew at a distance 
of 4-6 km eastwards from the investigated area. The number of herbs is generally low, suggesting 
the existence of small-scale open plots. Here, pioneer species, i.e. mugwort (Artemisia) and goose-
foot (Chenopodium), and those prevailing in wet areas (Cyperaceae) may have thrived. Elevated 
hemp/hop (Cannabis/Humulus) pollen values as well as occurrence of the scattered pollen grains of 
cereals (Cerealia) at the end of the Early Neolithic, i.e. at -4400-4300 cal BC, could be associated 
with the earliest tillage. 

Middle Neolithic (4400-3100 cal BC) 

Further development of the forest cover suggests the increasing importance of spruce (Picea) that 
gradually spread into habitats with clayey soils. Pine still thrived on the sandy plots stretching along 
the coast of the sea and lagoon, though the increasing number of hazel (Corylus), alder (Alnus), 
hornbeam (Carpinus), and broad-leaved species suggests the formation of a mosaic-like landscape 
with small-scale openings where herbs and grasses predominated. Furthermore, the presence of 
cereals (Cerealia) and increasing representation of ruderals (Artemisia, R. acetosa/acetosella) 
recorded in the pollen diagram and dating to -4300 cal BC could be interpreted as traces of human 
interference or agricultural activity in area. Though the earliest apparent signals of crop cultivation 
are at -4000 cal BC in Lithuania and Estonia (Lang 1999; Poska et al. 2004; Stancikaitè et al. 2006), 
some older indications were discovered in Latvia (4300 cal BC, Vasks et al. 1999) and coastal 
Poland (4350 cal BC, Ralska-Jasiewiczowa and Latalowa 1996), which are in good agreement with 
our new data from Sventoji. 

Late Neolithic (3100-1800 cal BC) 

The reduction of pine, birch, and spruce as well as the good representation of alder, hazel, oak, and 
elm could be interpreted as traces of remarkable changes in forest structure. Deciduous trees, espe-
cially those predominating on wet soil, flourished in the area. Simultaneously, the increasing num-
ber of non-arboreal pollen suggests the formation of open plots. Despite the small number of the dis-
covered pollen grains, continuous representation of cereal pollen accompanied by weeds, such as 
ribwort plantain, nettle (Urtica), and dock (Rumex), could be evidence of small-scale tillage within 
the investigated area or in the nearest vicinities. Alternatively, cereal pollen may reflect cereals 
brought to and utilized by people during their stay at the Pajüris bog (Stancikaitè et al. 2009). Fur-
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ther, the continuous appearance of ruderals may be evidence of settlement, and this presumption has 
been supported by the appearance of numerous archaeological objects from the Late Neolithic 
(Rimantienè 1996). An increasing intensity of farming was recorded in numerous pollen sequences 
representing different parts of Lithuania (Stancikaité et al. 2002,2006) and the whole eastern Baltic 
(Ralska-Jasiewiczowa and Latalowa 1996; Veski 1998; Vasks et al. 1999; Niinements and Saarse 
2006, 2009). 

Early and Middle Bronze Age (1800-1200 cal BC) 

At the beginning of the Early Bronze Age, pine and spruce regenerated in the local vegetation. The 
recorded decline of mostly deciduous trees, i.e. alder, hazel, etc., might have been determined by 
environmental changes, such as a drop in the water level and subsequent development of the peat 
bog in the area. The decreasing non-arboreal pollen values and number of identified taxa indicate a 
gradual consolidation of the vegetation structure. Although pollen grains from the cereals are still 
seen in the spectra, weeds and ruderals nearly disappeared, suggesting a decline in human activity. 

Paleoenvironmental Model and Settlement Pattern 

A schematic reconstruction of site distribution and former freshwater bodies was created in accor-
dance with the available archaeological and paleoenvironmental data (Figure 6). This reconstruction 
should be treated as only a very rough model for several reasons. A systematic and high-resolution 
archaeological survey was performed on many scattered, and in most cases small, plots. The sur-
veyed area represents only 4.4% of the total area of the archaeological complex today. Only 10 sites 
from 43 known were dated by 1 4 C and only 8 sites from 43 known were investigated to a larger 
extent. Currently, we are unable to reconstruct and date changes of prehistoric water bodies at many 
parts of the archaeological complex. Theoretically, the lagoonal lake should be isolated from the Lit-
torina Sea by a sandy strip. We can expect that many Neolithic sites have been located there, i.e. on 
dry land between the sea and the lagoon instead of the low and wet eastern coast. Archaeological 
data from the Curonian Spit, which isolates the Curonian Lagoon from the Baltic Sea, provides clear 
evidence of the importance of sandy belts in the land-use system of Neolithic seal hunters and fish-
ermen (Rimantienè 1999). However, no geological evidence of a sandy spit from the Littorina Sea 
era has been found yet in the Sventoji region. Probably, a sandy spit was located west of the present-
day coast but it was eroded by subsequent Baltic Sea waves and currents. Despite the aforemen-
tioned limitations, some insights are possible to infer even today. 

The earliest archaeological signs of human presence are from the Bûtingè 1 site situated on the right 
bank of the Sventoji River (Rimantienè 2005). It is a multiperiod, nonstratified sandy site located 
some distance eastward from the sea bank of the Littorina Sea maximal transgression (Figure 1). 
Some microlithic flint tools from the Bûtingè 1 site (Rimantienè 2005: Abb. 383) could be dated 
typologically to the Late Mesolithic. Mesolithic layers without artifacts were identified, buried 
under the Littorina Sea, and later sediments in some places (e.g. Figure 2). At the Sventoji 41A site, 
a willow trunk was found in situ and dated to 6420-6260 cal BC (Vs-1829: 7480 ± 50 BP). 

A shallow lagoon emerged on a terrace created by the Littorina Sea beyond 5700-5400 cal BC. A 
wide water basin in the south and narrow channels with standing water beside the Sventoji River 
emerged. However, we do not have any archaeological evidence of human presence during the Early 
Neolithic (i.e. 5500-4400 cal BC) in Sventoji. The Sventoji 2, 3, and 4 sites were occupied in 3700 
cal BC or even a bit earlier. The lagoon had transformed into a freshwater basin before that time, 
according our new data described above. The earliest sites are located on a narrow channel 5 0 -
100 m wide. Likely, the channel has connections with both the Littorina Sea (through the lake and 
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Figure 6 Artifacts from the fishing site Sventoji 42 and a reconstruction of freshwater 

bodies, as well as the distribution of prehistoric dwelling and fishing sites in Sventoji 

area in 3700-900 cal BC. Water level changes are not considered here. 

other channels) and the Sventoji River, at least during periods of high water levels. It was an impor-
tant route for freshwater and migratory fish species. Large amounts of various fishing gear together 
with ceramics and other refuse were found in the channel's sediments, i.e. gyttja. Fishermen tried to 
settle by the most productive fisheries, and a variety of rubbish including fish skeletons were 
dumped in the water, creating a gyttja layer containing large amounts of fish scales and bones 
including burned pieces (Brazaitis 2007; Piliciauskas 2010). The channel's banks were low (1-2 m 
asl), wet, and could be flooded in spring or during storms. The eastern bank of the lagoonal lake 
(>2 m asl) was used as an alternative dwelling area, e.g. site Sventoji 26. However, the wide and 
shallow littoral here was not suitable for fishing activities. The main fisheries on the channel were 
situated 1.5 km away from the dwelling site Sventoji 26. 

A great cultural change is evident at 3300-3000 cal BC in coastal Lithuania. Pointed-bottom clay 
vessels, characterized by a clay mass tempered with mollusk shells (Narva type), were replaced by 
flat-bottom vessels having a clay mass tempered with mineral materials (Bay Coast/Globular 
Amphorae type). The change is explained by some kind of human migration and shift to a farming 
economy (Rimantiené 2005). However, very few domestic animal bones (excluding dogs) have 
been identified (Stancikaitè et al. 2009). Furthermore, no decline in fishing practices was observed. 
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On the contrary, some diversification and intensification of fishing activities could be proposed for 
the Sventoji region instead. Fishing sites including remote ones with stationary equipment were 
found at various localities of the former freshwater basin in 3000-2500 cal BC (Figure 6). Fishing 
equipment trapped in lake sediments (gyttja) is clear evidence that the newly discovered site Sven-
toji 42 had been used as a fishing site. Vertical poles could be used for a very wide range of human 
activities, such as to stabilize a dugout or hold stationary nets or other equipment. Fragments of pine 
laths indicate that at least some of the wooden poles were used in association with lath screens. 
Bërzins (2008) presented ethnographic parallels and archaeological evidence from the coastal 
Latvian Neolithic site Särnate for the use of moveable fishing structures consisting of screens made 
of laths up to 2.5 m long, bound together. Some new coastal segments started to be used for dwelling 
and fishing, e.g. the Sventoji 6 site (Rimantienè 1996), which was located at a transitional zone 
between a narrow channel and a wide lake. The refuse layer here contains wood and bone fishing 
equipment, ceramics, amber ornaments, and flint tools. Most of the 1 4 C dates from the Sventoji 6 site 
pointed to the period 3000-2200 cal BC. Archaeological materials dated to 3000-2200 cal BC were 
also found at the Sventoji 1, 2, 3, 4, 23,41 A, and 42 sites. Exploitation of various parts of the fresh-
water basin and the diversity of fishing gear used could be signs of an elaborate coastal economy 
involved in year-round freshwater fishing. 

The youngest Neolithic sites, Sventoji 23 and 9, were dated to about 2400-2000 and 1950-1750 cal 
BC, respectively (Figure 5). A 1 4 C date of peat shows that the freshwater lake became overgrown 
with vegetation by 1600 cal BC, perhaps with the exception of some of the deepest parts of the lake. 
Until 2009, Early Metal period (1800-1 cal BC) sites were unknown in Sventoji. The discovery of 
the Sventoji 41Β site considerably altered that view. The remains of a fishing barrier made of 
wooden poles were detected in sediments of a narrow channel (Figures 2 and 6). The channel was 
formed prior to 1260-910 cal BC (sediment sample date Vs-2028: 2870 ± 130 BP), while the fishing 
barrier was erected in 920-820 cal BC (wooden pole date Vs-2027: 2730 ± 50 BP). 

A high dependence on marine and freshwater food resources is a characteristic feature of the coastal 
economy in the Sventoji region during 3700-1800 cal BC. Within the context of a large part of the 
Baltic Sea coastline, it seems quite a common picture (Kriiska et al. 2001; Makowiecki 2003; Olson 
2008), with the exception of Denmark, where a significant shift to farming took place much earlier, 
i.e. -4000 cal BC (Fischer 2007). In the Sventoji region, the human subsistence and settlement pat-
tern underwent great changes in the Early Metal period instead of the Neolithic. Environmental 
changes were probably responsible for the changeover of the economy. Economical readjustment 
was recognized by prehistoric people as a practical way to solve the gradually increasing nutrition 
problems caused by the decay of the highly productive freshwater system. The Sventoji 41B fishing 
site demonstrates that in some places the still-available resources of freshwater food were still uti-
lized, even during the metal ages. However, the lack of Bronze and Iron Age dwelling sites in the 
Sventoji region prevents us from drawing a detailed picture of the shift to an agricultural economy. 

CONCLUSIONS 

Paleoenvironmental research has enabled the dating and description of several successive stages of 
the Baltic Ice Age, Littorina Sea bay, and freshwater lagoon in the multidisciplinary research area of 
Sventoji, NW Lithuania. The Baltic Ice Lake regression was succeeded by a terrestrial period until 
the Littorina Sea maximal transgression at 5700-5400 cal BC. A marine bay with brackish water 
was transformed into a freshwater lagoon already before the date of the oldest archaeological evi-
dence of human presence, i.e. 4000/3700 cal BC. The freshwater basin was overgrown with vegeta-
tion and became a peat bog around 1600-1500 cal BC at the research area. 
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A new fishing site (2920-2500 cal BC) was discovered in the middle of the former lagoonal lake 
during an archaeological survey in 2009. Exploitation of remote parts of the freshwater basin by 
very diverse fishing gear could be seen as a sign of a complex and elaborate coastal economy involv-
ing seal hunting and year-round freshwater fishing during the 3rd millennium cal BC. 

The great cultural changes that occurred at -3300-3000 cal BC in coastal Lithuania were not 
accompanied by radical economic changes according to the archaeological data. However, pollen 
data demonstrates a minor though continuous role of cereal cultivation after 3250 cal BC in coastal 
Lithuania. A decline in human activity is noticed in the pollen diagram after 1800 cal BC, which 
could be related to significant environmental changes, i.e. overgrowth of lagoonal lake. 
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