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In the Caucasus, peat deposits exposed near Lake Sevan (Armenia) provide a Middle to Late Holocene record of
lake level fluctuations. The Tsovinar-1 section at the southern shore of Lake Sevan in the Armenian Highlands
reveals a well-dated and divers pollen and carpo-flora covering a time span from 6000 BC to 900 AD. The
abundances of pollen of forest taxa in relation to steppe vegetation indicate climatic changes through time. In
parallel, the presence and number of fossils of aquatic and wetland plants, both in micro and macro floras,
provide information about the presence of water and allows estimating changes of water depth. Characteristic
taxa pointing to deeper water at Tsovinar-1 are Myriophyllum sp., Ceratophyllum demersum, and several species of
Potamogeton. In shallow water, Persicaria amphibia, Sparganium sp., and Typha sp. dominate. In fluctuating water
and wetlands those plants are replaced by Menyanthes trifoliata, Ceratophyllum submersum, Alisma sp., and others.
High lake levels can be inferred at 6000—5000 BC, 1700—900 BC and 200—900 AD and are associated with
humid climate and the development of forest vegetation. Low lake levels occurred at 4000—2600 BC and 600
BC—100 AD corresponding to epochs of decreased humidity and expanded steppe vegetation. Macro and micro
remains of plants from the Tsovinar-1 site serve as reliable sources of information for determining environmental
changes over time, which are in accordance with archaeological data from the region showing the effects of lake
level changes on human activities.

1. Introduction

4891 km? (Karakhanyan et al., 2016; Gabrielyan, 1978). About 1660
species of vascular plants have been registered in this region (Tamanyan

In the Caucasus, at the crossroads between Europe and Asia, the
largest lake is Lake Sevan with a surface area of 1241 km?>. It is situated
in the northern part of the Armenian Volcanic Highland, in Gegharkunik
province, 60 km north of Yerevan, the capital of Armenia (Fig. 1). The
lake is located today at an altitude of 1900 m a.s.l. (Statistical Com-
mittee of the Republic of Armenia, 2019) and constitutes an important
freshwater source. Before the artificial lowering of the water level dur-
ing the 20th century, 80% of the republic’s freshwater resources were
accumulated here. The unique and rich flora and fauna of Lake Sevan
constitutes an important part of the Armenian biodiversity. Also, the
lake has an important economic value as a food resource as well as
touristic and recreation area. (Avagyan, 2003). The whole basin that
hosts the lake, the Sevan hydrological catchment area, covers an area of

* Corresponding author.
E-mail address: narine.hayrapetyan1993@gmail.com (N. Hayrapetyan).

https://doi.org/10.1016/j.quaint.2023.03.013

and Fayvush, 2009), which is part of the Caucasus biodiversity hotspot
(Myers et al., 2000).

The history of Lake Sevan, the causes of changes, and their conse-
quences are crucial to be known to make accurate predictions about its
state. Thus, this work focuses on the effects of natural impacts on Lake
Sevan’s water level changes. The continuous and significant fluctuations
in Lake Sevan water level, caused by changes in geological and climatic
conditions, have inevitably led to changes in the flora surrounding the
lake. The sediment record of Tsovinar-1 (Fig. 1) provides important
evidence of natural changes in Lake Sevan water level during the Ho-
locene. Our aim is to partially reconstruct this history and gain a better
understanding of Lake Sevan’s future development.

Between 1933 and 1960s, the lake level was lowered artificially by
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about 18 m, from originally 1916 m a.s.l., as a result of intermittently
increasing lake outflow for irrigation and hydroelectric power genera-
tion (Hovhannisyan, 1994). Accordingly, there has been a reduction of
the total lake surface area by 12%, the average depth was lowered by
34.2% and the lake volume by 42.2% (Deheryan, 2005). As a result of
those artificial changes of the lake level, various Holocene deposits and
lakeshore terraces are now exposed in the basin (Sayadyan, 2000), and
became informative sources for paleoenvironmental reconstructions.

Especially, the fluctuations of Lake Sevan water level during the late
Holocene have been investigated in multiple studies based on the
research of geology, archaeology, fossil pollen and mollusks in the area
(e.g., Sayadyan, 2000, 2009; Leroyer et al., 2016; Gorbatov et al., 2019).
For example, Sayadyan (2000) studied lake terraces and distinguished
four natural regressive/transgressive phases in the history of Lake Sevan
over the past ten thousand years. Moreover, Leroyer et al. (2016)
reconstruct the Middle Holocene climatic history of the Sevan basin with
its implications on lake level.

The Tsovinar-1 peatbog at the southern shore of Lake Sevan provides
an excellent archive to study Holocene lake level changes and their
relation to climate and anthropogenic influences. According to the map
of morphogenetic types of relief (Kazakova, 1958), the modern
Tsovinar-1 peatland is located on lake-alluvial accumulative terraced
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plains. The section Tsovinar-1 appears to be the best dated Holocene
section in the region for now and is of major scientific interest as a
paleoenvironmental archive. Here, well preserved fossil plant remains
provide a great opportunity to reconstruct changes of the Lake Sevan
shoreline due to the fact that the distribution of aquatic macrophytes in
lakes often depends on water depth (Leira and Cantonati, 2008).

For that reason, in order to fully understand the fluctuations of the
lake level and estimate the water cover at Tsovinar-1, we combine
palynological and carpological data on fossil remains with a specific
focus on aquatic and wetland plants, which can inform about past water
depth and quality. For example, Myriophyllum sp. frequently grows at
1-6 m water depth, while the preferred habitat of Ceratophyllum
demersum is at 2—3 m water depth, but it can occur up to 10 m depth
(Gaillard and Birks, 2007). Also, such taxa as Myriophyllum sp., Cerato-
phyllum sp., and Persicaria amphibia could inform about the level of
eutrophication of the lake. P. amphibia is relatively tolerant to pollution
and increasing eutrophication and it is often one of the last aquatic
macrophytes to survive (Partridge, 2001; Gaillard and Birks, 2007).

The combination of data from macro and micro plant remains in our
study offers the unique possibility to detect Sevan lake level fluctuations
over the Middle to Late Holocene in high temporal resolution.
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Fig. 1. Geographic position of the study site Tsovinar-1 (yellow dot) in Armenia south of Lake Sevan. A — Political boundaries in the Caucasus; B — Geographic
overview of the Caucasus region; C — Southeastern shore of Lake Sevan (picture from Google Earth); D — Close-up of the study area with the location of Tsoviar-1 near
the former shoreline (dashed line) before the artificial lowering of the lake level (picture from Google Earth); E — Sampling of Tsovinar-1 sediments in the
Department of Paleobotany of A. Takhtajan Institute of Botany, Yerevan, Armenia (photo: A. Bruch); F — Outcrop of section Tsovinar-1, scale is 2 m (photo:

1. Gabrielyan).
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2. The Lake Sevan basin
2.1. Geological history

The Caucasus is part of the Alpine-Himalayan orogenic belt where
the Eurasian and African-Arabian plates are still converging. In this
context, the Sevan basin is an intramontane depression, which was part
of the Eastern Paratethys during the Late Sarmatian (12.7—8.3 Ma) that
started to regress from Meotian (8.3—6.04 Ma) and later formed the
Black Sea and the Caspian Sea (Krijgsman et al., 2019). During the
Pliocene, the rise of the Lesser Caucasus and the Armenian Highland
caused a high level of volcanic activity in the region. As a result, the lake
basin is mainly composed of lava and volcanic sediments from Pleisto-
cene to Holocene ages (Wilkinson, 2020). Although the volcanoes in
Armenia are not active anymore, there is still regular tectonic activity
until today as expressed by the devastating 1988 earthquake in northern
Armenia.

Lake Sevan itself developed, after a brackish phase since the Early
Pliocene, into a freshwater lake at the end of the Pliocene. At the end of
the Pleistocene, volcanic activity blocked the outflowing river paleo-
Hrazdan and the modern lacustrine environment of Lake Sevan was
established (Wilkinson, 2020).

2.2. Modern climatic characteristics

Today’s climate in the vicinity of Lake Sevan is very contrasting. The
region is characterized by a mountain climate with mild summers and
extremely cold and snowy winters (Climate Handbook of the, 1966;
1969). According to the Koppen-Geiger climate classification system,
the data collected from the Martuni meteorological station in the
southern part of the lake (1991-2020, 30 years series) corresponds to
the Dfb class, which is a cold climate with no dry seasons and warm
summers (Peel et al., 2007). Seasons here are expressed very clearly.
Winters are cold, and the average January temperature is about —4,6 °C,
with a mean minimum temperature of —38 °C. The average July tem-
perature is 17 °C (according Martuni meteorological station) and the
maximum temperature is about 34 °C (Vardanyan, 2007). Water tem-
peratures of Lake Sevan reach 18—19 °C in July and August, and in some
protected places up to 20—22 °C (Gabrielyan, 1978).

Most of the precipitation is provided during spring, partly in autumn,
and originates from the North Atlantic transported by the Westerlies
(Berg, 1950). The lowest number of cloudy days in Armenia (20—25
days) is observed in the southern part of Lake Sevan basin (Climate
Handbook of the, 1968). Mean annual precipitation ranges from 540
mm (according Martuni meteorological station) at the western, southern
and south-eastern shore of the lake to 1000 mm in the mountains
(Vardanyan, 2007).

2.3. Flora and vegetation

The diversity of landscapes is striking, due to the rugged relief and
the diversity of elevation (Babayan et al., 2003). The flora of the Sevan
basin is rich and typical for the Armenian Highlands, which are located
at an altitude of 1900-3600 m a.s.l. (Afrikyan, 1987). The Sevan hy-
drological catchment area covers the Sevan and Areguni floristic regions
Sevan (Fayvush and Aleksanyan, 2016). The vegetation of these floristic
regions is represented mainly by steppes, meadow-steppes and
meadows. Only on the northeastern coast of the lake also residual oak
forests and juniper woodlands occur (Tamanyan and Fayvush, 2009).
Aquatic vegetation is abundantly developed in shallow coves, bogs and
ponds. In Lake Sevan, aquatic vascular plants like Ceratophyllum sp.,
Potamogeton sp., Myriophyllum sp. are ample to depths of 2-5 m
(Babayan et al., 2003; Avetisyan, 1973).

After the artificial lowering of the water level, the dried-up areas of
the former lake bottom have been forested by alien plant species, which
form the largest artificial woodland of the country. These forests consist
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of pine (Pinus caucasica), acacia (Caragana brevispina, Caragana trutex),
poplar (Populus canadensis, Populus simonii), and willow (Salix viminalis).
Also, sea buckthorn (Hippophae rhamnoides) forms impenetrable bushes
(Garibyan, 2007).

3. Material and methods

3.1. Sampling

The section Tsovinar-1 (N 40.166, E 045.459) is located south of
Lake Sevan (Fig. 1), 3 km from the modern shoreline and some 100 m
south of the pre-1930 shore (before the artificial lowering of Sevan lake
level). The elevation of the section was measured to be approximately
17 m higher than the current lake level. Besides several GPS measure-
ments also the altitude of the site in relation to the pre-1930 coastline
was estimated in the field. The effects of erosion at the pre-1930 shore is
clearly visible in the landscape as well as on the satellite images
(Fig. 1D). Field work was conducted in June 2017, when a 3 m thick
sequence of peat bog sediment was dug out. The whole section was
measured and 18 sediment layers visually described in the field.

For palynology and dating purposes the exposed sediment has been
sampled from the upper part of L3 to the lower part of L17 (from 77 to
270 cm profile depth) with three metallic boxes (66 cm x 7 cm x 6.5 cm)
in overlapping sections. The uppermost layers L1 (top soil) and L2 (silty
sand) as well as the lowermost part of the profile at the contact to layer
L18 (sand with coarse gravel) have not been sampled. Thus, 193 cm of
continuous sediment record could be recovered from the profile.

In the laboratory of the A. Takhtajan Institute of Botany, National
Academy of Sciences of the Republic of Armenia, Yerevan, the three
sediment sections were correlated based on the corresponding sedi-
ments. A detailed description of the combined sequence together with
field observations provided the full sedimentary succession as given in
Table 1 and Fig. 2. From this material ten samples were taken for AMS
14C dating and sent to Leibniz Laboratory for Radiometric Dating and
Stable Isotope Research at Christian-Albrechts-University, Kiel, Ger-
many. Subsequently, for pollen and NPP analyses, continuous sampling
took place from the sediment in the boxes between 77 and 270 cm
profile depth, resulting in 198 individual palynological samples of
maximum one cm thickness each.

For the analysis of carpological fossils, samples were taken in the
field following the lithology of the described sedimentary layers (Fig. 2).

Table 1
Description of the sedimentary sequence of Tsovinar-1.

Profiledepth  Layer  Thickness of Sediment description

(cm) layer (cm)

1-40 L1 40 modern soil

40-65 L2 25 light grey silty sand

65-95 L3 30 light grey sandy clay

95-108 L4 13 dark brown peat

108-117 L5 9 brown peaty clay

117-127 L6 10 light brown peaty clay

127-141 L7 14 reddish brown peaty clay

141-166 L8 25 dark brown laminated clayish peat

166-186 L9 20 dark brown laminated peat, hard,
brittle, with lots of roots

186-195 L10 9 dark brown laminated clayish peat
with layers of white mineral deposits

195-200 L11 5 reddish brown (weathered) clayish
peat

200-211 L12 11 dark brown clayish peat

211-216 L13 reddish brown (weathered) clayish
peat

216-226 L14 10 black peaty clay

226-236 L15 10 dark brown peaty clay

236-256 L16 20 dark grey peaty clay

256-281 L17 25 light grey sandy clay

end of L18 grey sand with coarse gravel

profile
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Fig. 2. Sedimentary sequence of Tsovinar-1 with age model showing severe changes in sedimentation rates during peat formation. The interpolation of ages is based
on acima spline. Extrapolation beyond '*C dates is linear. For details of the sediment description of layers see Table 1. Grey colors refer to clayish sediments,
brownish colors to peat. The variation of peat from black to brown to red is due to differences in iron and carbon content. Results of AMS '*C dating is given

in Table 2.

Layers with a thickness less than 15 cm were sampled separately, while
thicker layers were split in two levels. The samples were named in
alphabetical order from A (top) to T (bottom). One additional sample
was taken later on top of sample A, and named —A (Table 3). Due to some
inconsistency between field observation and lithological description in
the laboratory, one sample (sample R) covers the boundary between
Layers 16 and 17. In total, the profile part from L3 to L17 provided 21
carpological samples which cover sediment thicknesses between 5 and
14 cm (average 9.8 cm).

All samples were stored in plastic bags with some drops of phenol
(CeHgO) added for avoiding fungal contamination and kept in a cold
environment until processing.

3.2. Palynological analysis

Palynological material was processed in the Laboratory of the
Georgian National Museum in Thbilisi. First, a portion of about 20 g of
sediment were weighted and boiled in 10% potassium hydroxide solu-
tion (KOH). After boiling, the samples were washed with distilled water
and passed through a 100 pm sieve and left for 24 h. With the next step
the samples were washed 3 times and dehydrated. Then, the residue was
centrifuged in heavy liquid (KJ and CdJ2) to separate organic remnants
from minerals (Grichuk, 1948). The samples were washed and dehy-
drated again before acetolysis after Erdtman (1966) was performed by
putting the samples in a +80 °C water bath for 3—4 min, adding a so-
lution made of 6 parts of acetic anhydride ((CH3CO)20) and 1 part of
concentrated sulfuric acid (HpSO4). After dehydrating and washing
again, 2—3 drops of glycerin-water (80% glycerol, 20% water) have
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been added to each sample for final storage in test tubes. During this
process one tablet of Lycopodium clavatum marker spores was added to
each sample to later enable the calculation of pollen concentrations.

For each sample, one full slide was counted under an Olympus SC50
microscope. To identify pollen grains and plant spores, atlases of modern
pollen and spores were used (Reille, 1992, 1998; Beug, 2004; Kupriya-
nova and Alyoshina, 1972, 1978), as well as modern reference collec-
tions of pollen and spores at Senckenberg Research Station of
Quaternary Paleontology, Weimar, Germany, and Georgian National
Museum, Tbilisii NPP remains of Ceratophyllum sp. (NPP taxon
HdV-137) were determined after Pals et al. (1980).

3.3. Paleocarpological analysis

Two methods were used for paleocarpological analysis. The method
of Nikitin (1969) is primarily employed for small amounts of sediment
and enables the detection of all organic residues present in the sediment,
especially in densely decomposed peat. The method of Martinetto
(2001), on the other hand, is ideal for processing large volumes of
samples and has a shorter processing time. To gain a maximum of in-
formation from the material, the two complementary methods of pro-
cessing were applied here.

Following Nikitin (1969), 330 g portions were taken from the sam-
ples and were soaked in 10% sodium bicarbonate solution for disag-
gregation for a day. Portions were boiled with the same solution for 40
min and wet sieved. Wet sieving was carried out with a water jet and
four different mesh sizes of 125 pm, 250 pm, 1 mm, and 2 mm, arranged
in a sequence on top of one another. The fractionated sediments were
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left at room temperature for drying.

In parallel, following Martinetto (2001), dried samples of 1-2 kg
were divided by hand into small particles and placed in a bucket. A 3%
hydrogen peroxide (H2053) solution slowly was added to the bucket until
it covered the whole sample and left until the reaction stopped. Then, an
additional portion of water was added and mixed. Seeds and fruits that
were floating on the surface of the water were collected with a fabric
sieve of 0.3 mm mesh size. The remaining material was sieved with a
fabric sieve of 1.5 mm mesh size. Finally, the fabric sieves were folded
with the washed remnants inside and left to dry at room temperature.

All the different fractions of dry residues of each sample were
examined under an Olympus SZX16 stereomicroscope for the collection
of plant macro remains. Carpological identifications are based on Flora
of Armenia (Avetisyan and Shishikyan, 1956) and paleocarpological
atlases such as Katz et al. (1965) and Velichkevich and Zastawniak
(2008). Comparative material was available in the modern seed
collection at A. Takhtajan Institute of Botany, National Academy of
Sciences of the Republic of Armenia, Yerevan, and Nikitin’s paleo-
carpological collection at Komarov Botanical Institute of the Russian
Academy of Sciences, St. Petersburg. In the frame of this study, from the
paleocarpological analysis only data on aquatic vascular plants of the
genus Ceratophyllum is considered.

3.4. Diagram

Palynological and carpological data sets were visualized with the
Tilia program, version 1.7.16 (Grimm, 2011). The pollen diagram is
based on percentage values relative to the number of pollen and plant
spores counted to represent the full spectrum of past vegetation. After
applying a cluster analysis (CONNIS) to the data (Grimm, 2011), the
resulting clusters were used to define pollen zones, however slightly
adjusted with a focus on water plants according to our aim to reconstruct
lake level history.

Table 2
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The diagram of the fossil representation of Ceratophyllum fruits and
spines, aquatic and wetland plants of the palynological assemblages
shows concentrations of fossils per sediment weight. Concentrations of
micro remains per gram sediment were calculated based on the number
of counted Lycopodium clavatum spores. Similarly, the concentration of
macro remains has been calculated by dividing the number of Cerato-
phyllum fruits in one assemblage by the weight (in kg) of the corre-
sponding sample.

4. Results
4.1. Dating and age model

The results of AMS '4C dating (Table 2) show no reversions and
indicate an overall reliability. Based on those dates an age model was
calculated using Akima-spline interpolation with the software Xact 8.
This interpolation was considered for the sedimentary succession be-
tween samples A2 and A6. In the upper and lower part of the profile,
beyond sample A2 and A6, respectively, the age model is based on linear
extrapolation. All ages, times or time spans given in this study refer to
the proposed age model and are given as dates AD/BC with an estimated
mean error of about +100 years. An additional error may be caused by
reservoir effects due to intermixture of lake sediments including older
carbon or the uptake of dissolved inorganic carbon from the lake water
by aquatic plants or, on the other hand, contamination by roots intro-
ducing young carbon into the sample. However, those opposing effects
cannot be quantified. Lithology and age model are represented in Fig. 2,
showing significant changes in sedimentation rates. Especially during
the phase of peat formation, sedimentation rates vary considerably,
reaching from as high as 5 mm/a (2 a/cm) in L8 to a minimum of 0.05
mm/a (200 a/cm) in L14. In the sandy parts of the succession, which
were subjected to linear interpolation to estimate ages, sedimentation
rates result in medium values from 0.5 mm/a (20 a/cm in L17) to 0.33

Results of AMS 'C dating provided by Leibniz Laboratory for Radiometric Dating and Stable Isotope Research at Christian-Albrechts-University, Kiel, Germany. Dates
(95.4% range) calibrated with OxCal v4.4.4 (Ramsey, 2009) and IntCal20 (Reimer et al., 2020).

Sample Sampling point Depth (cm) Layer Lab. no. Sediment Radiocarbon Age (BP) Calibrated date BC/AD
fom o

Al 16 cm above L3/L4 boundary 79 L3 KIA-52219 Mud, soil, sediment/Alkali Residue 1206 + 23 710 888

A2 3 cm below L3/L4 boundary 98 L4 KIA-52220 Peat/Alkali Residue 1814 £ 27 131 330

A3 4 cm below L6/L7 boundary 131 L7 KIA-52221 Mud, soil, sediment/Alkali Residue 2357 + 28 -517 —386

A4 10 cm below L8/L9 boundary 176 L9 KIA-52222 Peat/Alkali Residue 2534 4+ 29 795 —546

A5 3.5 cm above L12/L13 boundary 207 L12 KIA-52223 Peat/Alkali Residue 2993 + 29 -1376 -1123

P141 resampled from pollen sample 218 L14 KIA-52716 Mud, soil, sediment/Alkali Residue 3900 + 35 BP —2471 —2236

P150 resampled from pollen sample 225 L14 KIA-52717 Mud, soil, sediment/Alkali Residue 4935 + 45 —3895 —3637

P159 resampled from pollen sample 234 L15 KIA-52718 Mud, soil, sediment/Alkali Residue 6045 + 40 —5198 —4805

A6 5 c¢m above L16/L17 boundary 251 L16 KIA-52224  Mud, soil, sediment/Alkali Residue 6655 + 35 —5636 —5483

A7 9 cm below L16/L17 boundary 265 L17 KIA-52225  Mud, soil, sediment/Alkali Residue ~ 6975 + 35 —5977 —5751
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Table 3
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Occurrences of Ceratophyllum fruits in succession of Tsovinar-1 with ages of the upper and lower boundaries for each sample according to the age model (Fig. 2).

Sample  Layer Ceratophyllum Ceratatophyllum C. demersum var. Ceratophyllum date of upper boundary date of lower boundary
demersum submersum platyacanthum ssp. (cal BC/AD) (cal BC/AD)
-A L3 1 918.7 619.5
A L3 4 619.5 320.3
B L4 115 320.3 -17.9
C L5 5 2 -17.9 —-211.5
D L6 3 —211.5 —390.9
E L7 2 1 —390.9 —553.5
F L8 2 12 8 2 —553.5 —602.6
G L8 83 9 —602.6 —624.6
H L9 1 9 1 —624.6 —670.5
1 L9 28 —670.5 —782.8
J L10 74 ~782.8 —948.3
K L11 31 —948.3 -1063.5
L L12 89 —1063.5 —1482.0
M L13 22 4 —1482.0 —2055.5
N L14 3 8 —2055.5 —3937.9
0 L15 1 2 —3937.9 —5093.1
P L16 —5093.1 —5379.9
Q L16 1 —5379.9 —5581.3
R L16/ 2 2 —5581.3 —5777.0
L17
S L17 —5777.0 —5994.5
T L17 —5994.5 —6212.0

mm/a (30 a/cm in L3). Those sedimentation rates are partly higher but
overall, very similar to the ones calculated by Leroyer et al. (2016) for a
nearby Middle Holocene peat section.

4.2. Palynological results

Pollen analysis so far revealed 91 taxa of higher vascular plants.
From those taxa, ten have been determined to species level, and 55 to
genera (Fig. 3). The others have been identified at family level. From 91
taxa 25 are trees and shrubs, 54 are herbaceous plants, 10 are aquatic
(Fig. 4) and sedge plants, and two taxa are ferns. A total of 128 thousand
pollen grains and plant spores were counted with an average sum of 646
grains per sample (between 26 and 3672 grains). Out of 198 samples 14
provided less than 100 grains. Seven main pollen zones (PZ) were
distinguished.

Pollen zone 1. This zone corresponds to the time from ca. 6000-5000
BC (235—269 cm profile depth). Arboreal taxa in this zone are quite rich.
Betula sp. and Quercus sp. are dominant woody taxa, but Pinus sp.,
Carpinus sp., Fagus orientalis, Juniperus sp., Juglans regia also occur.
Poaceae, Cyperaceae, Chenopodiaceae, Asteraceae dominate the her-
baceous group. There is also pollen from Polygonaceae, Apiaceae, Car-
yophyllaceae and domesticated cereals. Pollen of aquatic plants is rare
in this zone. However, pollen of hygrophilous taxa Sparganium sp. and
Typha sp. is noticed. In general, in PZ 1, 20% of the pollen counts
represent arboreal taxa, 70% are herbs and 10% are plant spores (Fig. 3).

Pollen zone 2. The second pollen zone (235—227 cm profile depth, ca.
5000—4000 BC) is characterized by low numbers of pollen, but high
taxonomic diversity. Almost all arboreal taxa represented in the whole
succession are present here, as well as all taxa of herbs and aquatic
plants. Among arboreal taxa, dominant species are Pinus sp., Carpinus
sp., Betula sp., Quercus sp., and Tilia sp. Poaceae, Cyperaceae, Cheno-
podiaceae, Polygonaceae, Apiaceae, Asteraceae, Persicaria amphibia, and
Plantago sp. constitute the major part of herbs. Pollen of Sparganium sp.,
Typha sp., and Myriophyllum sp. is more abundant than pollen from other
aquatic plants (Fig. 3).

Pollen zone 3. This zone (227—219 cm profile depth, ca. 4000—2600
BC) demonstrates a significant decrease of pollen. It is distinguished by
the lowest number of taxa. From woody plants, pollen of Pinus sp.
dominates the assemblage. Juniperus sp., Quercus sp., and Tilia sp. are
observed in small quantities. The herbaceous group is dominated by
Poaceae, Chenopodiaceae, Apiaceae. Chenopodiaceae, Apiaceae, Pol-
ygonaceae, and Plantago sp. are at their peak in the spectrum.
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Cyperaceae are found in small numbers. Aquatic plants are even less
common than in other layers. Potamogeton sp. is almost absent from this
layer (Fig. 3).

Pollen zone 4. This zone (219—213 cm profile depth, ca. 2600—1700
BQ) is similar to PZ 3 and characterized by a rather rich composition of
pollen of herbaceous plants. The total abundance of pollen of woody
plants is 5-10%. There is a small amount of Pinus sp., Juniperus sp., and
Quercus sp. Herbaceous vegetation is dominated by wild cereals (Poa-
ceae) and sedges (Cyperaceae). The number of Apiaceae sharply de-
creases in this zone, instead the number of Artemisia sp. increases. The
abundance of aquatic taxa increases compared to PZ 3. Dominant spe-
cies are Sparganium sp., Typha sp., and Myriophyllum sp. (Fig. 3).

Pollen zone 5. Almost all plants listed above are reflected in the pollen
spectrum of PZ 5 (213—193 cm profile depth, ca. 1700—900 BC). In this
zone, the number of woody taxa increases sharply to about 10-15% and
is dominated by Carpinus sp., Quercus sp., and Pinus sp. Herbaceous taxa
are Poaceae, Asteraceae, Chenopodiaceae, Artemisia sp. In this zone,
Myriophyllum sp. and Cyperaceae reaches the peak in abundance
(Fig. 3).

Pollen zone 6. The zone of 193—112 cm profile depth (ca. 900—100
BC) shows a dominance of Pinus sp., Carpinus sp., Quercus sp., and sig-
nificant amounts of pollen of Juniperus sp., Betula sp., and Ulmus sp. from
woody plants. Abundances of pollen from Cyperaceae, Sparganium sp.,
and Typha sp. increase in comparison to PZ 5. In this zone, plant spores
(Pteridophytes), pollen of sedges (Cyperaceae) and of shallow water
plants (Menyanthes trifoliata, Sparganium sp., and Typha sp.) reach their
peak in abundance, which is for Pteridophytes up to 40%. Furthermore,
the amount of pollen of Myriophyllum sp. decreases sharply. The
composition and abundances of herbaceous plants are almost the same
as in PZ 5 and PZ 7 (Fig. 3).

Pollen zone 7. This pollen zone (112—77 cm profile depth, ca. 100 BC
to 900 AD) is distinguished by a rich composition of pollen. Pinus sp.
dominates the arboreal taxa. Pollen of Carpinus sp., Quercus sp., and
Fagus sp. is quite common. Also, Vitis vinifera subsp. sylvestris is frequent.
Among the pollen of herbaceous vegetation, pollen of the families
Poaceae, Cyperaceae, Chenopodiaceae, and Asteraceae dominate. From
higher aquatic plants, pollen of Typha sp., Sparganium sp., Potamogeton
sp., and Myriophyllum sp. occur (Fig. 3).

Besides pollen and plant spore analysis, the palynological samples
were additionally scanned with a focus on NPP remains of Ceratophyllum
sp. This led to a total count of 4140 spines of Ceratophyllum sp. Most of
them (620 spines) come from layer L8 (142—166 cm profile depth, ca.
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Fig. 4. Pollen of aquatic vascular plants from Tsovinar-1: 1-2 Myriophyllum sp., 3- Potamogeton sp., 4-5 Lemna sp., 6-8 Menyanthes trifoliata, 9-10 Typha sp., 11-12

Sparganium sp., 13-14 Persicaria amphibia, 15- Alisma sp. Scale bar is 20 pm.

Fig. 5. Ceratophyllum remains (fruits and NPP) from Tsovinar-1: 1- spines of Ceratophyllum sp. in the NPP record, 2- Ceratophyllum demersum, 3- Ceratophyllum

submersum, 4- Ceratophyllum demersum var. platyacanthum.

600—500 BC) (Figs. 5 and 6). The part of the profile from ca. 5941 to
2750 BC (236—220 cm profile depth) contains very few palynological
remains of Ceratophyllum sp. From ca. 2750 to 600 BC, (220—164 cm
profile depth) the number of spines gradually increases and reaches its
maximum at ca. 600—550 BC (151164 cm profile depth). The profile
section from ca. 550 BC to 905 AD (106—77 cm profile depth) is again
marked by somewhat lower, but still rather high abundances of spines of
Ceratophyllum sp. (Fig. 6).
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4.3. Paleocarpological results

Generally, 545 fruits of Ceratophyllum were recorded. Three taxa
could be distinguished, such as Ceratophyllum demersum, C. submersum,
and C. platyacanthum var. pentacanthum, which all are described below.
The presence and abundances of fruits of the different species of Cera-
tophyllum vary throughout the succession (Fig. 5). The dominant species
is C. demersum that is present nearly in all layers. Especially abundant is
this species in sample B (layer L4, 95-108 cm profile depth, ca. 18 BC to
320 AD), but it is also common in the sediments of layers L10 to L13 (ca.
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2055-783 BC). C. submersum occurs in highest amounts in sample G
(154-166 cm profile depth, ca. 624—603 BC). This sample also shows a
peak of occurrence of C. demersum var. platyacanthum, however in lower
numbers. The lower part of the section is characterized by very low
quantities of Ceratophyllum fruits, and the fossils were mostly not well
preserved. On the other hand, the assemblages of samples B (95-108 cm
profile depth) and G (154-166 cm profile depth) stand out with very
high abundances of fruits of Ceratophyllum (Fig. 6). The assemblage of
sample F (141-154 cm profile depth) stands out from other assemblages
with its high diversity of Ceratophyllum species.

4.3.1. Ceratophyllum demersum L

Fruit size is 2.9-4.8 x 1.2-2.6 mm without spine; the shape is
biconvex and elliptical. Fruit surface is smooth; the color is brown to
completely black. The walls are thick and woody. Fossil fruit has spines;
the apical spine is longer than two basal spines. Apical spine at base is
stronger and more flattened; it is longer than the length of the fruit. If the
apical spine is completely preserved at the tip, it has a spiral twisting and
size is 5-8.4 mm. Basal spines are located on both sides of the base;
sometimes those create a flattened area. Basal spines are shorter and
thinner compared with the apical one, however sometimes basal and
apical spines can be almost equal (Fig. 5).

This species is widespread, more or less cosmopolitan. It is distrib-
uted all over Europe, the Mediterranean area, Caucasus, Middle East and
Siberia (Velichkevich and Zastawniak, 2008). C. demersum is a perennial
submerged plant. It exists without roots; it grows near to the bottom of
streams, lakes and ponds, attached to the sediment with modified leaves.
This species can be an important component in eutrophic lakes and
reservoirs (Ejankowski and Solis, 2015). C. demersum sometimes can
reach up to 10 m water depth (Gaillard and Birks, 2007). It can be found
in steep or deep parts of the littoral zone. However, the species has its
optimal habitat in 2-3 m of water depth (Nagengast and Gabka, 2016).

4.3.2. Ceratatophyllum submersum L

The size varies between 3.0-6.1 x 1.8-3.7 mm, and the fruit is
biconvex and elliptical, near the base sometimes a little enlarged and
flattened. The fruit is without basal spines, color varies between dark
brown to black. The walls are robust, woody. Fruit has an apical short
spine; apex is asymmetrically rounded, deformed in one way. The sur-
face is smooth with wrinkles or covered with small spikes (Fig. 5).

The distribution area of C. submersum includes Europe, North Africa
and parts of central Africa, Caucasus, Turkmenistan, Uzbekistan,
Kazakhstan, western Siberia (Takhtajan, 1954; Lansdown, 2017). It is a
floating submerged, non-rooted plant, which forms rhizomes. This spe-
cies is distributed in shallow ponds and deep lakes, but it has a high
abundance especially in shallow waters of less than 0.5 m (Nagengast
and Gabka, 2016).

4.3.3. Ceratophyllum demersum var. platyacanthum (Haynald) P.Fourn

Fruit has 2.9-4.0 x 2.0-2.8 mm size, is biconvex, elongated and
elliptical, margins subacute. The color is light or dark brown and matt.
Basal spine is two times longer than fruit and size is 6.5-7.0 mm; apical
spines are much shorter, 2.5-3.0 mm long, and have the same thickness.
On both sides of the fruit robust and thick facial spines are located that
are 3.0-4.0 mm long. Fruit surface is lined and celled; cells are smaller
near to the base.

This species is distributed in Europe, the Far East of Russia, Japan,
Korea, and China. Ceratophyllum demersum var. platyacanthum has very
local communities. It grows in ponds and streams (Dezhi and Les, 2001;
Velichkevich and Zastawniak, 2008), mainly in shallow (<0.5 m) waters
(Csiky et al., 2010). The species is not reported in the Flora of Armenia
(Takhtajan, 1954), but its fossils have been found in samples E, F, and G
(ca. 624— 390 BC) of the Tsovinar-1 peat section (Fig. 5).
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5. Discussion

The macro and micro plant remains from Tsovinar-1 section provide
rich information on the past environment in the Sevan basin, on vege-
tation and climate, but also on lake level changes which is the main focus
of this study. On one hand, mesophytic plant taxa documented in the
fossil record of Tsovinar-1 tell about vegetation cover of the landscape.
In the Sevan basin, woody vegetation generally is related to more
humid, milder climatic conditions, while open and steppe vegetation
develop under more arid and colder climates (Joannin et al., 2014;
Gorbatov et al., 2019).

On the other hand, the ecological requirements of aquatic taxa
occurring in the Tsovinar-1 succession reveal details on the lake itself.
The main factors to influence the structure and composition of aquatic
vegetation in the lake are depth (Hannon and Gaillard, 1997) and
temperature of the water (Gaillard and Birks, 2007), but also water
chemistry and nutrients (Scheffer et al., 1993). Characteristic taxa
pointing to deeper water at Tsovinar-1 are Ceratophyllum demersum,
Myriophyllum sp., and Potamogeton sp. Myriophyllum sp. can grow at
water depths of up to 5 m, Potamogeton sp. up to 6 m, and C. demersum
even up to 10 m (Gaillard and Birks, 2007; Hannon and Gaillard, 1997).
However, the preferred habitats for both, C. demersum and Myriophyllum
sp., is at 2—3 m water depth (Keast, 2011; Aiken et al., 1979; Nagengast
and Gabka, 2016) (Fig. 4). Plants that indicate shallow but permanent
water are Sparganium sp. (0-3 m), Nymphaea alba (0-3 m, optimum at
1-1.5 m), and Utricularia sp. (0-1 m) (Gaillard and Birks, 2007). Also,
Persicaria amphibia grows in stagnant or slowly flowing waters up to 2 m
with an optimum at 0—1 m (Avetisyan, 1956; Gaillard and Birks, 2007;
Kurbatova et al., 2013) (Fig. 4).

Some plants can grow in fluctuating shallow water also at places
where the water temporarily recedes which makes these species a good
proxy for the location of the shoreline. From the fossil record of
Tsovinar-1 such taxa are Alisma sp. (0—1 m) which grows in stagnant
waters, wet and swampy places (Gabrielyan, 2001), Typha sp. (0—1 m)
occupying in damp marshy habitats and lakes (Khanjyan, 2001), and
Lemna sp. (0—1.5 m) which can also grow on wet organic rich soils (Van
den Berg et al., 2015). Menyanthes trifoliata (0—1 m) prefers peatland
environments and is a good indicator of rich fens. It can quickly colonize
newly open land at lake margins and therefore can be a good indicator
for regression (Thompson et al., 1998; Smith et al., 2007). Also, Cera-
tophyllum submersum grows at shallow or fluctuating water levels. It is
more thermophilous than C. demersum and prefers water rich in nutri-
ents (Nagengast and Gabka, 2016) (Figs. 4 and 5).

However, shallow water plants generally are not perfect indicators of
the changes lake level because they grow at the coast line and their
pollen can easily accumulate by wind and water in the lake sediments
also during high lake level phases. Especially Typha produces large
amounts of pollen grains (Ahee et al., 2015). On the other hand, ac-
cording to Barseghyan (1990), Ceratophyllum occurs in Lake Sevan in
areas with specific micro-conditions of low wave activity, such as bays
and gulfs. This suggests only minor transport distances and similarly
calm conditions if fruit abundance of Ceratophyllum is high. Still, in
combination the ecological requirements of the aquatic plants deter-
mined from the Tsovinar-1 succession give a consistent picture of lake
level fluctuations (Fig. 6).

For establishing temporal changes of the lake level, not only the
ecology of aquatic plants and climatic implications from the fossil flora,
but also archaeological evidence and geological data from lake deposits
can act as trustworthy sources of information. Combining those data
allows for estimating water depths and distinguishing five phases of lake
level.

5.1. High Lake level phase I and subsequent regression (ca. 6000—4000
BC)

According to our data, between about 6000 and 5000 BC, the diverse
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arboreal pollen assemblages from Tsovinar-1 were dominated by mes-
otherm oaks (Quercus sp.) combined with a large amount of other de-
ciduous (Carpinus sp., Ulmus sp.) and conifer (Pinus sp., Juniperus sp.,
Ephedra sp.) woody plants. Nevertheless, the abundance of herbaceous
taxa (such as Poaceae, Chenopodiaceae, and Asteraceae) is high as well.
This suggests that the landscape surrounding Lake Sevan was covered by
a fair amount of trees in a relatively open environment. Poaceae seem to
be part of this mosaic vegetation rather than part of the wetland during
this time. From ca. 5000 BC onwards, the extent of forests started to
decrease demonstrating a reduction of humidity (Fig. 3).

Locally, the site of Tsovinar-1 was covered by water. A peak of pollen
of Myriophyllum sp. at ca. 5700 BC implies a considerably high-water
level. At the same time high abundances of Sparganium sp. confine the
water depth to a maximum of 3 m. From ca. 5000 BC the abundances of
Myriophyllum sp., Potamogeton sp., and Ceratophylllum sp. decrease and
indicate a regression, which lasted at least until ca. 4000 BC (Fig. 6).

This lake level phase (ca. 6000—4000 BC) falls into the North-
grippian (Walker et al., 2012) climatic optimum (6286—2300 BC,
8236—4250 BC), which is characterized by warm and humid climate
(Gorbatov et al., 2019; Sayadyan, 2000; Shatilova et al., 2011). Ac-
cording to palynological data of Tumanyan (1971), the natural forests in
the Sevan basin have started to spread since the end of the early Holo-
cene (about 6000 BC) due to increased humidity and reached their
maximum extent during the Middle Holocene (Northgrippian). These
forests were dominated by broad-leaved trees, in particular oak (Quercus
sp.). Also pollen data of Leroyer et al. (2016) confirmed increased
annual precipitation after ca. 5750 BC (7700 cal. BP) in the Sevan basin.
This increase in precipitation is recorded all over the South Caucasus in
the rapid spread of forests at that time (Connor and Kvavadze, 2008,
2004; Kvavadze et al., 2007). Also, the occurrence of thermophilous
species increased significantly in the region as a result of warmer climate
(Shatilova et al., 2011; Kvavadze and Rukhadze, 1989). Therefore, not
only higher precipitation, but also the melting of glaciers severely
contributed to the rising level of Lake Sevan which lasted until the
beginning of the Early Bronze Age (4000—2200 BC) (Balyan, 1984). This
is in accordance with our interpretation that the locality Tsovinar-1
(today at 1917 m a.s.l.) was covered by ca. 3 m water depth at ca.
5700 BC. However, lake terraces between the city of Martuni and Tso-
vinar village seem to indicate that the shoreline of Lake Sevan rose to
even 1925 m a..l. during the Northgrippian climatic optimum
(Sayadyan, 2000; Kazakova, 1958) which may be a sign of an even
higher lake level earlier in time. This high stand may not be covered by
our fossil record but could be reflected in the layer of grey sand with
coarse gravel (L18) below the sampled part of the profile. According to
Blair (1999) such a sandy gravel facies can be the result of a depositional
environment at the lake beach face and upper-shoreface zone, extending
to the lower-shoreface between the normal wave base and the storm
wave base, in water depths of about 2-8 m. Indeed, the gravel layer L18
may correspond better to the high the lake level at 1925 m a.s.1. reported
by Sayadyan (2000). It is possible that the discrepancy in age could be
attributed to limitations of the older dating methods (Fig. 6).

5.2. Low Lake level phase II and transgression (ca. 4000—1700 BC)

After ca. 4000 BC, forest cover was sparse but still some insignificant
areas of arid woodlands with Juniperus sp., Pinus sp., and Quercus sp.
remained. While the fossils of Juniperus sp. certainly originated from the
lake surroundings, Pinus sp. may indicate longer distance transport from
the northern part of Armenia, where it grows today under more humid
conditions. Open steppe vegetation dominated the landscape. The
abundances of herbaceous pollen taxa such as Chenopodiaceae, Aster-
aceae, Polygonaceae and Apiaceae are highest from ca. 3800—3000 BC.
The number of sedges decreases during this period. After ca. 3000 BC the
climate seems to become slightly more humid with higher abundances of
Cyperaceae and Quercus sp. (Fig. 3).

During the period from ca. 4000 to 2600 BC, the site Tsovinar-1
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(1917 m a.s.l.) was not occupied by aquatic vegetation. Aquatic
vascular plants, Myriophyllum sp., Potamogeton sp., and Ceratophyllum sp.
became absent (Fig. 6). Wetland plants like Sparganium sp. and Typha sp.
occur in extremely low numbers. The absence of aquatic and wetland
taxa during this time places the site of Tsovinar-1 on dry land. However,
peat formation still continues although on a very low rate, which points
to humid conditions of the soil probably due to high groundwater levels.
From ca. 2600 to 1700 BC transgression is indicated by increased
numbers of Typha sp., Sparganium sp., and Persicaria amphibia. From ca.
2200 BC the occurrence of Potamogeton sp. points to already some water
covering the Tsovinar-1 site.

Accordingly, arid climate was recorded peat sequence in the Sevan
basin by Leroyer et al. (2016). There, a pollen-based climate recon-
struction shows a decrease of precipitation between ca. 3750—3150 BC
(ca. 5700 and 5100 cal. BP) correlated by the authors to Sayadyan’s low
lake level phase. This drop of lake level is corresponding with appear-
ance of new land spaces for human use, what is reflecting at settlements
increase at the early Bronze Age (3rd millennium BC). That time the
large settlements of Lchashen, Norashen, and Ayrivank arose and existed
on the regressive sediments until the middle of the 2nd millennium BC
(Sayadyan, 1983, 1999; Sayadyan et al., 1977). In Norashen and
Lchashen a large number of bone remains of domestic animals and
agricultural tools dated to ca. 2500 BC indicates the presence of inten-
sive human activities, mostly cattle breeding (Gorbatov et al., 2019;
Hakobyan et al., 1988).

These settlements listed above seem to be an expression of increased
population density on higher elevations in the Armenian Highlands
during the Early Bronze Age. Due to the general aridification of the
climate during this low lake level phase, human populations began to
move their activities from the lowlands into the mountains as evidenced
also in other regions of Armenia. During this time there was an un-
precedented increase in settlements in the Armenian Highlands
(Simonyan, 2019). Caused by the expansion of the Kura-Araxes culture
into the Sevan basin (from 3600—3500 BC to 2600—2500 BC) popula-
tion density rose considerably (Hovsepyan, 2015). Also, archae-
obotanical investigations from Tsaghkasar-1 settlement (at the western
flank of Mt. Aragats) and the pollen record from Zarishat fen (north--
western Armenia, at 2116 m a.s.l.) suggest that the Early Bronze Age
population settled and practiced agriculture in high mountain zones
(Hovsepyan, 2011; Joannin et al., 2014). Agricultural activities are
represented also in carpological remains of cultivated plants (mostly
wheat (Triticum sp.) and barley- (Hordeum sp.)) from Early Bronze Age
(ca. 3500—2500 BC) at Sotk-2 (southwestern slopes of Sevan Mountain
Range) (Hovsepyan, 2013).

According to Sayadyan (2000), lake terraces situated at elevations of
1894-1896 m a.s.l. are believed to represent the shoreline of the lake
during the period of around ca. 3000 to 2000 BC (Fig. 6). Similar ob-
servations are suggested by our data, which imply dry soil and steppe
vegetation in the surroundings of Tsovinar-1. This suggests that during
this time, the shoreline was located at a considerably lower level than
the site. During the time period of ca. 4000 to 2600 BC, the lake level
was likely at least 3 m lower than Tsovinar-1 site. The dry conditions of
this period resulted in very low sedimentation rates, with only 11 cm of
peat forming over the course of 1400 years. However, the actual pres-
ence of peat at Tsovinar-1 points to locally humid soils and a probably
high groundwater table. From ca. 2600 to 1700 BC, a transgression was
observed, raising the lake level, and water returned to the level of
Tsovinar-1 again at around 2200 BC.

5.3. High Lake level phase III and subsequent regression (ca. 1700—600
BC)

Pollen data show that forests started to expand from ca. 1700 BC
onwards. A more diverse assemblage of trees developed, and from ca.
600 BC Quercus sp., Carpinus sp., and Pinus sp. became prevalent in the
region. Especially, the occurrences of thermophilus species such as Tilia
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sp., Zelkova sp., and Fagus orientalis also increased significantly,
implying warmer and more humid climatic conditions. Also, Vitis
vinifera var. sylvestris occurred in area of Tsovinar-1 after ca. 900 BC for
the first time (Fig. 3). Pollen spectra from transgressive sediments from
the Norashen section at the west shore of Lake Sevan also indicate an
increase in humidity in the region in the middle of the 2nd millennium
BC (Sayadyan et al., 1977; Sayadyan, 2000).

Data document high lake level during ca. 1700 to 900 BC by the high
number of aquatic vascular plants. Myriophyllum sp. and Potamogeton sp.
microremains reach their maximum abundances here (peak ca. 1200
BC). Based on the preferred habitats of aquatic plants a water depth of
not more than 2 m at the Tsovinar-1 locality could be inferred. Also, the
Norashen section gives evidence for an elevated lake level during this
phase. Lake sediments with mollusk shells point to the beginning of a
transgression in the middle of the 2nd millennium BC, which subse-
quently drowned the Norashen settlement completely (Sayadyan et al.,
1977; Sayadyan, 2000). This date roughly corresponds to the beginning
of lake level phase III at 1700 BC as defined here (Fig. 6).

From ca. 900 to 600 BC the water level in Lake Sevan retreated again.
The abundances of Ceratophyllum demersum and Myriophyllum sp.
sharply decrease. Instead, Ceratophyllum submersum, Menyanthes trifo-
liata, and also Nymphaea alba, Utricularia sp., and Lemna sp. appear (ca.
600-650 BC), along with emergent Cyperaceae, Typha sp., and Sparga-
nium sp. The succession of fossil fruits shows a distinct replacement of
Ceratophyllum demersum which favors deeper water by C. submersum
preferring more shallow environments. Here, the number of fruits of
C. submersum is the highest of the whole fossil record (Fig. 6).

Together with the forest extent, from ca. 750 to 600 BC also the
number of monolete Pteridophytes spores is on its peak. However, those
do not need to originate necessarily from the forests. Despite current
mean annual precipitation below 500 mm, some species of monolete
Pteridophytes (Athyrium filix-femina, Cystopteris fragilis, Polypodium vul-
gare, etc.) grow in the Sevan basin today at locally more humid micro-
climatic conditions.

During the 8th century BC, the Teysheba fortress, which is located
not far from the Tsovinar-1 locality and at roughly the same altitude,
was built by the Urartian king Rusa 1 (765-714 BC) (Hakobyan et al.,
1988; Mikaelyan, 1968). In 1930 (when the level of Lake Sevan was at
1916 m a.s.l.) the cuneiform inscription written by Rusa 1 was situated
at the level of wave erosion (Sanamyan, 2002). This proves that during
the 8th century BC the water level of the lake was already lower than
1916 m a.s.l. Also, Sayadyan (2009) reports a lake terrace of the 1st
millennium BC that reflects this regressive phase of the lake (Fig. 6).

From ca. 900 to 600 BC a large amount of Myriophyllum sp. and
Ceratophyllum demersum can also be associated with an eutrophication of
the lake, inasmuch as especially Myriophyllum flourishes in eutrophic
lakes or other water bodies enriched with nutrients (Aiken et al., 1979;
Gaillard and Birks, 2007). The presence of these plants may indicate a
natural eutrophication in Lake Sevan. The decay of the macrophyte belt
due to rising water levels contributed to the accelerated entry of
biogenic elements into the water mass (Hovhannisyan, 1994).

The number of Cerealia grains started to increase at around 1500 BC,
which might be associated with increased local farming. Also, the record
of pollen of Vitis vinifera var. sylvestris in Tsovinar-1 (after ca. 900 BC) is
most likely a sign of cultivation of grapes in the area. Indeed, pollen
diagrams from Southwest Turkey confirm the development of regional
farming, and indicate regional forest clearance and the creation of cul-
tural landscape from ca. 3000 BP (1050 BC) onwards (Roberts et al.,
2004).

The inhabitants of Sevan basin, along with agriculture, were also
engaged in cattle breeding as evidenced by cuneiform inscriptions of the
Assyrian king Ashur-Nazirapal (884—860 BC), and the Urartian king
Sardur II (755—730 BC). The latter indicates that he took 37800 pris-
oners, and stole 3500 horses, 40380 cows, and 214700 sheep
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(Abrahamyan, 1949). Probably Sardur exaggerated; but even if he had
doubled the numbers, this still indicates that the Sevan basin was
anthropogenically overloaded at that time, which could have directly
affected the ecological conditions of the lake. It is quite likely that in
Lake Sevan natural eutrophication processes were intensified by human
activity.

5.4. Low Lake level phase IV and subsequent transgression (ca. 600
BC—200 AD)

At ca. 600 BC the extent of forest vegetation reaches its maximum
and after that stepwise became less diverse as a sign for slightly less
humid conditions. First at ca. 600 BC, Zelkova sp. disappears completely
from the pollen record and the number of monolete Pteridophytes spores
decreases considerably. From ca. 450 BC Carpinus sp. decreased, fol-
lowed by Quercus sp. at ca. 250 BC. After a short more arid phase, at
around ca. 100 BC Quercus sp. and Carpinus sp. spread again (Fig. 3).

During the whole period the lake level was quite low. Menyanthes
trifoliata, Persicaria amphibia, Alisma sp., along with emergent Cyper-
aceae, Typha sp., and Sparganium sp. formed extensive wetland habitats
in the area of Tsovinar-1 (Fig. 6).

Variations in abundances of aquatic (C. submersum, Potamogeton sp.,
Myriophyllum sp.) and semi-aquatic (Sparganium sp. and Typha sp.)
plants between ca. 600 and 100 BC document lake level fluctuations
around the altitude of Tsovinar-1. At the same time the amount of
Cyperaceae increased from ca. 500 BC onwards showing a peak at ca.
100 BC.

Only from ca. 100 BC to 200 AD, the replacement of Ceratophyllum
submersum with high numbers C. demersum expresses the next trans-
gressional phase, in a similar but reverse way compared to the regression
between ca. 900 and 600 BC.

This phase of regression, fluctuating low lake level and following
transgression from ca. 900 BC until 200 AD created an extensive
swampy environment at the shallow southern and south-eastern shore of
Lake Sevan covered by peatland vegetation. During this period, at
Tsovinar-1 sedimentation rates were very high, highest from ca. 600 to
550 BC (4 a/cm). In total, 94 cm of peat formed between 900 BC and 200
AD, which is exploited until modern times in the area (Hayrapetyan
et al., 2020).

5.5. High Lake level phase V (ca. 200—900 AD)

In the basin of Lake Sevan, forest vegetation developed again during
the 1st millennium AD (Fig. 3). The number and diversity of tree taxa in
the Tsovinar-1 pollen assemblages of this phase are the richest of the
whole sequence. These forests consisted mainly of hornbeam (Carpinus
sp.) and oak (Quercus sp.), with an admixture of linden, maple, and elm.
Dry slopes might have been covered with thickets of juniper, while
broad-leaved thermophilous taxa grew in the plains. These diverse for-
ests indicate warm and humid climate conditions during this phase.

The sharp increase of abundances of deeper water aquatic plants like
Potamogeton sp. and Ceratophyllum demersum at ca. 300 AD imply a
higher lake level at this time. On the other hand, the high amount pollen
grains of Myriophyllum sp. were observed at ca. 600—700 AD (Fig. 6). In
parallel, pollen of shallow water plants remains high except for
Menyanthes trifoliata and Ceratophyllum submersum, which disappear
from the record. In combination this points to ca. 2—3 m water depth at
Tsovinar-1.

As mentioned by Armenian historian Leo, during the 7th and 8th
century AD, on the southern bank of Lake Sevan in the cities of Tsar
(meaning ‘tree’ in Armenian) and Takhtak (meaning ‘wood board’ in
Armenian) handicraft wood production was well-developed. Although
these towns do not exist anymore and their exact historical location is
unknown, this still proves a considerable forest cover in the Sevan basin
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at that time (Moreno-Sanchez and Sayadyan, 2005). Also, in the period
from the 8th to 10th century thick trees were cut and exploited in large
quantities by Arabs in Armenia (Mirimanyan, 1953). In the 10th cen-
tury, Mount Ararat was covered with dense forests and was declared the
Armenian royal hunting grounds (Varpetyan, 1988). Such historic data
support the observed pollen signal from Tsovinar-1 indicating that from
the 1st to the 10th century AD average temperatures and humidity were
increased compared to ca. 600 BC—200 AD.

According to pollen data from Georgia, the climate was cooler during
the 3rd and 4th century AD than during the 7th to 11th centuries
(Kvavadze et al., 2007). This increase in temperature corresponds to an
increase in human population density and agricultural activities,
including viticulture, in high mountains. The global trend of relatively
mild climate is also considered a driving factor in the North Atlantic
region for the Viking expansion (ca. 800—1100 AD), and thus for the
Norse settlement of Iceland (ca. 870 AD) and Greenland (ca. 985 AD)
(Ogilvie et al., 2000).

In Lake Sevan, the lake level transgression during the 1st millennium
AD is indicated not only by the associations of aquatic plants in
Tsovinar-1 and observed humid climatic conditions, but also by
geological evidence. In the Norashen section the accumulation of sand-
shell deposits points to a considerable rise of lake level (Sayadyan et al.,
1977; Gorbatov et al., 2019). A similar change in sedimentation occurs
at ca. 300 AD in the Tsovinar-1 section with the deposition of sandy
clays of layer L3 which are a clear sign of the presence of water in the
area, probably formed in a back-barrier pond (Blair, 1999).

6. Conclusion

The Tsovinar-1 section at 1917 m a.s.l. at the southern shore of Lake
Sevan in the Caucasus Armenian Highlands reveals a well-dated and
diverse pollen and carpo-flora covering a time span from ca. 6000 BC to
900 AD. The abundances of pollen of forest taxa in relation to steppe
vegetation indicate climatic changes through time. In parallel, the
presence and number of fossils of aquatic and wetland plants, both in
micro and macro floras, provide information about the presence of water
and allows estimating changes of water depth. Although tectonic in-
fluences cannot be ruled out, these data altogether point to a strong
correlation of lake level changes with climate.

The period from ca. 6000 to 5000 BC is characterized by warm and
humid climate, with expanded broad-leaved forests in the basin. Lake
level was high and water covered the site of Tsovinar-1 with ca. 3 m
water depth. However, after a peak at ca. 5700 BC (peak of Myriophyllum
sp.), from ca. 5000 BC water level retreated in the area and aquatic taxa
from deeper waters became less abundant.

From ca. 4000 BC climatic conditions started to change and the
climate became drier and warmer, indicated by an increase of steppe
taxa, which reached its from ca. 3800 to 3000 BC. Also, the amount of
pollen here was at its lowest in the whole section, which was most likely
due to dry conditions and a very low rate of accumulation of pollen. The
virtual absence of aquatic and wetland taxa indicates that the sur-
roundings of the Tsovinar-1 site were dry land between ca. 4000—2600
BC, while continuous, though very slow, peat formation points to locally
humid soils.

From ca. 2600 BC the climate became more humid again. Subse-
quently, the lake level started to rise from and reached its peak at around
ca. 1200 BC with not more than 2 m of water covering the Tsovinar-1
locality. Then, the water retreated slightly, leaving wetlands and
shallow ponds in the Tsovinar-1 area until at ca. 600 BC.

From ca. 600 to 200 BC climate was slightly more arid and the lake
level remained generally low but fluctuating at about the altitude of
Tsovinar-1 (1917 m a.s.l.), with two peaks of slightly higher water levels
at ca. 500 and 200 BC. From the whole succession Menyanthes trifoliata is
recorded only from ca. 900 BC until ca. 170 AD. Peat formation culmi-
nated with the production of more than 90 cm of peat during this period.

From ca. 200 AD precipitation increased again, and the diversity of
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forests was at it maximum. The Tsovinar-1 site appears to be covered by
water of ca. 2—3 m depth. The lake level reached its highest point in ca.
300 AD and ca. 600—700 AD, but remained high at least until ca. 900
AD.

During the low lake level phase between ca. 4000 BC and ca. 1700
BC, when the Tsovinar-1 area was fully dry, obviously no conclusions
can be drawn about the absolute elevation of Lake Sevan or the level of
eutrophication. For high lake level phases, the fossil assemblages indi-
cate eutrophication of the lake, which can be explained by natural
processes but partly also by human impact due to growing population
density in combination with increased farming and cattle breeding.
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