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ABSTRACT. Four lake-sediment sequences from north-eastern European Russia and one from Finnish Lapland
were studied for plant macrofossils. Basal ages of sediment sequences varied between ca. 12 800 and 6000
radiocarbon years. Plant macrofossil records of terrestrial and telmatic taxa showed a clear declining trend in
terrestrial species richness and the relative amount of remains from mid to late Holocene. When these data are
examined together with evidence provided by other available proxies (Cladocera, diatom, pollen, chironomid,
lithology, LOI), it seems that the declining trend, in addition to reflecting the general vegetation development
(e.g. shifts in treelines), might also reflect a change in the distance between the sampling point and the shoreline,
i.e. changes in past lake levels. Variations detected in the species richness and abundance records are discussed
against previous climate reconstructions available from nearby areas.
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NTRODUCTION

The five sediment sequences discussed
here were originally examined to reconstruct
general regional and local vegetation history,
mainly Holocene-time tree line movements
(Kultti et al. 2003, 2004, Sarmaja-Korjonen
et al. 2003, Viliranta et al. 2005, 2006). As
an additional outcome, all the records seem
to reveal similar and clear pattern of decrease
in the amount of terrestrial macroscopic
remains (including telmatic taxa) as well as
a decline in species richness towards modern
times. Because additional aquatic proxy evi-
dence was available for three studied lakes
(Mezhgornoe, Vankavad and Njargajavri),
it is worthwhile to speculate, whether the
declining trend through the Holocene could
also be due to factors other than actual
changes in vegetation composition and den-
sity, like past lake-level changes (i.e. changes

in the distances between the sampling points
and the shoreline).

Plant macrofossil analysis has proved to be
a useful tool when reconstructing past lake-
level fluctuations (Hannon & Gaillard 1997,
Yansa & Basinger 1999, Birks 2001). The
plant macrofossil assemblage in lake sedi-
ments consists of two components: terrestrial
macrofossils are exogenic, originating from
the catchment, whereas aquatic remains rep-
resent an endogenic compound derived from
the lake itself (Birks & Birks 1980). In both
cases local vegetation dominates because mac-
roscopic particles are seldom transported far,
and vegetative parts of aquatics are normally
not transported at all (Birks & Birks 1980,
Vance & Mathewes 1993). Plant remains do
not readily reach the centres of large and/
or deep lakes (Birks 1973, 2001, Wainman
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& Mathewes 1990), hence a high abundance
of terrestrial remains usually implies a close
proximity to the shoreline, whereas an abrupt
disappearance of terrestrial remains (some-
times with a concurrent increase in aquatic
remains) implies a rising/higher water level at
the sampling point (and development of the lit-
toral zone). Similarly, disappearance of terres-
trial remains and concurrent disappearance of
limnophyte remains suggest deep water and
a remote location from the shoreline (Birks
1973, Birks & Birks 1980, Vance & Mathewes
1993, Hannon & Gaillard 1997, Last et al.
1998, Dieffenbacher-Krall & Halteman 2000,
Cohen 2003, and references therein, Magny
& Bégeot 2004). Because in this study only one
core per site was examined it is not, however,
possible to quantify past water level changes
(Gaillard 1984, Digerfeldt 1986, Digerfeldt et
al. 1997, Hannon & Gaillard 1997).

The water balance of a lake is dependent on
such factors as precipitation, evaporation and
evapotranspiration at the catchment, the area
of the lake and catchment, runoff from the
catchment, outflow from the lake, and ground-
water flow (Street-Perrott & Harrison 1985,
Dearing & Foster 1986). Models developed by
Vassilev et al. (1998) suggest that especially
changes in precipitation are needed to cause
significant lake-level changes; shifts in tem-

Fig. 1. Study areas and sites

perature alone are not sufficient. Changes in
permafrost conditions affect soil permeability
and moisture retention capacity, complicating
historical water balance interpretations in
arctic and subarctic areas (MacDonald et al.
2000a, van den Linden et al. 2003, Smith et
al. 2005). The natural infilling process leads
to the shallowing of lakes and shorelines and
to an increase in the extent of littoral habitats
(Hannon & Gaillard 1997). Regional differ-
ences in historical moisture-balances in some
areas can also depend on the past geographical
position in relation to, for instance; 1) the melt-
ing Scandinavian ice-sheet, which influenced
regional climate conditions along the edge of
the ice-sheet (Subetto et al. 2002, Wohlfarth et
al. 2002); 2) the historical Barents Sea coast-
line, which affected the oceanic/continentality
rate (Andreev & Klimanov 2000); and 3) the
Atlantic Ocean, the climatic influence weaken-
ing eastwards (Velichko et al. 1997, Wohlfarth
et al. 2004). In addition, the early Holocene
changes in insolation (COHMAP members
1988) may have had a strong regional impact
on moisture regimes (MacDonald et al. 2000a,
Miousse et al. 2003). Here plant macrofossil-
derived interpretations are compared to exist-
ing climate reconstructions available from
nearby areas: northern Fennoscandia and
north European Russia.

% 65%

* Arctic treeline U Elevation >200 m

% Study sites

200 km



STUDY SITES AND SAMPLING

Four of the study sites, lakes Llet-Ti, Vankavad,
Mezhgornoe and Tumbulovaty, are located in the
Pechora area, north-eastern European Russian and
one in eastern Finnish Lapland (Fig. 1).

Lake Llet-Ti (ca. 75 ha) is situated at the northern
boundary of the extreme northern taiga zone (67°50'N,
58°50’E, 50 m a.s.l.). The lake has one inlet that prob-
ably functions only seasonally. The vegetation around
the lake consists of mixed spruce forest and open
mires. The area belongs to the discontinuous perma-
frost zone. A 500-cm-long sediment sequence was col-
lected through lake-ice with a Russian peat corer in
1999, less than 100 m from the shore. The water depth
at the sampling point was 1.5 m.

Lake Vankavad (ca. 46 ha) is situated inside the
extreme northern taiga zone (65°N, 59°E, 56 m a.s.l.).
The lake has no inlets or outlets. The surrounding
vegetation consists mainly of spruce mixed with
birch. The area belongs to the sporadic permafrost
zone. A 220-cm-long sediment sequence was collected
through lake-ice from the middle of the lake (ca. 200 m
from the shore) with a Russian peat corer in 1998. The
water depth at the sampling point was 5.6 m.

Lake Mezhgornoe (ca. 6 ha) is situated at the
alpine treeline on the western side of the Ural Moun-
tains (65°N, 59°E, 550 m a.s.l.). The lake has one inlet
and one outlet. Rich meadows occupy mesic terrestrial
habitats, and shrubby tundra vegetation or bare rocks
are found on drier sites. A 320-cm-long sediment
sequence was collected in summer 1998 with a Rus-
sian peat corer ca. 20 m from the shore, where the
water depth was 2 m.

Lake Tumbulovaty (ca. 43 ha) is located on an
upland plateau near the arctic treeline (67°N, 59°E,
115 m a.s.l.). The lake has one outlet. The catchment
is characterized by dwarf-shrub tundra and some peat
deposits. The area belongs to the discontinuous per-
mafrost zone. A 280-m-long sediment sequence was
collected through lake-ice with a Russian peat corer
in 2000, from the middle of the lake ca. 300 m from
the shore. The water depth at the sampling point was
1.6 m.

Lake Njargajavri (ca. 14 ha) is located above the
present treeline on a gently sloping mountain plateau
in northernmost eastern Finnish Lapland (ca. 70°N,
27°E, 355 m a.s.l.). The lake has one, probably only
seasonally functioning outlet. The surrounding vegeta-
tion consists of subarctic heath plants. A 120-cm-long
sediment sequence was collected with a Russian peat
corer in 2001 through lake-ice from the middle of the
lake (ca. 150 m from the shore), where the water depth
was 2 m.

ANALYSIS OF PLANT MACROFOSSILS

All sites were analysed for plant macrofos-
sil remains. Sample sizes and intervals varied
as follows (the most common volume in bold):
Llet-Ti (20-30 cm?, 5-cm interval), Vankavad
(20-30 cm?, 10-cm interval), Mezhgornoe
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(5-20-30 cm?, 5-cm interval), Tumbulovaty
(25-80-50 cm?, 5-cm interval) and Njargajavri
(1020 cm?, 1-to 4-cm interval). Pollen data
are available from all study sites. In addition,
diatom and Cladocera data are available from
lakes Mezhgornoe, Vankavad and Njargajavri,
and chironomid data from Njargajavri lake.
All of the dates in the text are calibrated
radiocarbon ages cal yr BP (Stuiver & Reimer
1993, CALIB 4.4, version intcal98). Based on
calibrated radiocarbon ages, a liner age-depth
model was applied for each sediment sequence.
In the case of Njargajavri, the model was cre-
ated separately for the sequences below and
above the hiatus.

To produce “species richness” data, each
record was first divided into 1000-year inter-
vals and the number of terrestrial taxa (includ-
ing telmatics) present within these intervals
was then calculated (Fig. 2). The term “species
richness” is here used to refer to the number
of taxa representing any taxonomic level, not
only remains identified to species level. For
instance, birch bark is considered to represent
a taxonomic unit if no other birch remains
were present. Accordingly, if birch finds
included birch bark, tree-type and dwarf-type
birch seeds and/or catkin scales, these were
counted as representing two taxonomic units
(tree birch and dwarf birch). To depict general
historical trends, mean values of the number
of species for 1000-years intervals were used
(see Allen & Huntley 1999).

INTERPRETED LAKE LEVEL
FLUCTUATIONS BASED ON
CHANGES IN TERRESTRIAL PLANT
MACROFOSSIL RECORDS

Macrofossil records (Figs 2, 3) show that
a maximum in the abundances (i.e. relative
amount of finds) of remains as well as species
richness often corresponds to the initial phase
when the sampling points, which at present
have a mid-lake position (except in Mezhgor-
noe lake), were situated close to the shoreline.
In the case of Vankavad lake, the high abun-
dance of remains is probably, at least partly,
due to a markedly higher sedimentation rate
between ca. 6000 and 5000 cal yr BP. Other-
wise, the sedimentological records (lithology or
sedimentation rates) show quite minor changes
after the initiation phases and the changes are
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Fig. 2. Past changes in species richness of terrestrial and telmatic taxa. A mean value of number of taxa within 1000 year
periods was used to illustrate the long-term trend. 1 — Tumbulovaty lake, 2 — Mezhgornoe lake, 3 — Vankavad lake, 4 — Liet-

Ti lake, 5 — Niargajavri lake, 6 — Mean

not interrelated with the abundance-pattern.
The data suggest low lake-levels in lakes Llet-
Ti and Vankavad until ca. 5000 cal yr BP, in
Mezhgornoe lake at first until ca. 10 000 cal
yr BP and then again between ca. 8000 and
4000 cal yr BP (see, however, text below), in
Tumbulovaty lake until 3000 cal yr BP and
in Njargajavri lake until the lake dried out
possibly around 8000 cal yr BP. The macro-
fossil-based interpretation in terms of the low
water levels during the early to mid Holocene,
receives support from other available proxies:
a small relative share of planktonic Cladocera
and the presence of diatoms thriving in shal-
low waters (Kultti et al. 2003, Sarmaja-Korjo-
nen et al. 2003, 2006) and also the presence of
shallow-water chironomid taxa in Njargajavri
lake (Sarmaja-Korjonen et al. 2006). According
to macrofossil and Cladocera assemblages the
sampling point in Mezhgornoe lake was situ-
ated further from the shoreline and beyond the
littoral zone between 10 000 and 8000 cal yr
BP. After ca. 8000 cal yr BP, the shoreline was
located nearer to the sampling point again, i.e.
the water level probably dropped. Fig. 4 illus-
trates the interpretations in terms of shifts in
the position of the sampling points in relation

to the shorelines based on plant macrofossil
records and other available proxy data.

The rise in water level, resulting in an
increase in distance between sampling points
and the shorelines seems to have occurred in
Russian taiga lakes around 5000 cal yr BP and
in Tumbulovaty lake around 3000 cal yr BP. In
the case of Njargajavri the rise in water level,
around 5000 cal yr BP, is indicated by a re-for-
mation of the lake, after which the sampling
point was situated close to the shore for one
thousand years, until ca. 4000 cal yr BP. In
Mezhgornoe lake the macrofossil record shows
a less straight-forward signal. In Mezhgornoe
lake the distance between the sampling point
and the shore is currently only about 20 m and
still the modern sediment samples contained
very few macroscopic remains. The rarity of
macroscopic remains from ca. 4000 cal yr BP
until modern times is probably a false notion
and is due to relatively small sample sizes
(<20 cm?) between 150 and 0 ecm (= ca. 4000
cal yr BP and modern). Before that the sam-
ple size was mainly 20-30 cm3. So, the inter-
pretation of the phase of a higher water level
between ca. 11 000 and 8000 cal BP, based on
small amounts of macroscopic remains, and
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Fig. 3. A summary of the changes in the numbers of finds of terrestrial plant remains indicated by a relative tripartite scale:
few, moderate and abundant. Phases with the maximum presence of aquatic plant remains, indicating littoral conditions, are

also shown

the absence of aquatic plant remains can be
considered reliable, but after 4000 cal yr BP
low values probably reflect the sample size,
not a change in lake level. In all other cases,
the scarcity of macroscopic remains in modern
samples can be interpreted to be a result of the
sampling points being currently located rela-
tively far from the shoreline (100—300 m).

COMPARISON OF PLANT
MACROFOSSIL-BASED
INTERPRETATIONS OF LAKE LEVEL
CHANGES WITH THE EXISTING
ENVIRONMENTAL RECONSTRUCTIONS

In general, the initiation of the lakes in
north-eastern European Russia is linked to
the warming that started ca. 13 000 cal yr BP,
leading to a gradual melting of the permafrost
(Sidorchuk et al. 2001, Henriksen et al. 2003).
Earlier studies on Holocene-time changes in

lake-levels are not available from the north-
eastern part of European Russia. Yet, some
reconstructions exist for north-western Euro-
pean Russia and Russian Karelia. Harrison et
al. (1996) synthesized data derived from vari-
ous proxy records and applied a rough lake-
level reconstruction to the western part of the
north European Russia. The reconstruction
shows a somewhat contradictory pattern to the
one indicated by my data (Fig. 4). It suggests
that in north-western Russia higher than
present lake-levels prevailed around 10 500
cal yr BP, and higher or similar lake levels
ca. 8000 and 3000 cal yr BP, respectively. In
addition, according to Harrison et al. (1996)
lake levels were lower than present in the
north-eastern European Russia ca. 3000 years
ago. The records presented here indicate that
after the initial phase the lake levels were not
high, but they remained relatively low (except
in Mezhgornoe lake). Wohlfarth et al. (2004)
report more congruent results from Russian
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Fig. 4. A plant macrofossil-based interpretation of the time periods when the sampling point is located near the shore (i.e.
low water level). For comparison some examples of reconstructed periods with dry climate and/or low lake-levels in northern

Fennoscandia and northern European Russia are shown

Karelia and conclude that during the early
Holocene several periods of negative effective
moisture occurred (see also Wohlfarth et al.
2006). Moreover, their results are in fairly
good agreement with some previously pub-
lished palaeoecological studies from northern
Russia (Khotinsky 1984, Khotinsky & Kili-
manov 1997, Arslanov et al. 1999), suggesting
intermittent warm and cool periods during
the early Holocene. In addition, Davydova et
al. (2001) report low lake levels in the Russian
Karelian area during the early Holocene.

In the light of these reconstructions, the
suggestion of low lake levels until the mid
Holocene, based on plant macrofossil records
of four Russian lakes, is reasonable. The rea-
son for the higher water level period detected
between 10 000 and 8000 cal yr BP for Mezh-
gornoe lake remains unclear. It might, for

instance, be related to dynamics of local cirque
glaciers.

Additional support can be found from
regional vegetation and climate reconstruc-
tions for north-eastern KEuropean Russia.
These reconstructions show that early
Holocene climate warming led to the rapid
immigration of different trees to previously
treeless areas as well as to denser vegetation
in areas formerly occupied by sparse veg-
etation (Kremenetski et al. 1998, Andreev
& Klimanov 2000, Kaakinen & Eronen 2000,
MacDonald et al. 2000b, Kultti et al. 2003,
2004, Paus et al. 2003, Viliranta et al. 2006).
Such a succession would have resulted in an
increase in the evapotranspiration and had
a negative effect on the catchments’ moisture
balance (Lockwood 1979, Bosch & Hewlett
1982, Yu & McAndrews 1994, Zhang et al.



2001). This was also interpreted to be the
case in Njargajavri lake, in Finnish Lap-
land (Viliranta et al. 2005). The Njargajavri
record, which indicated that the water level
started to drop already around 10 000 cal yr
BP, was not in total harmony with earlier
records from Fennoscandia, which reported
humid climate and higher-than-present
lake-levels during the early Holocene (Seppé
& Hammarlund 2000, Korhola & Weckstrom
2004, Korhola et al. 2005). Apparently, the
drying effect resulting from the immigration
of tree birch was enhanced because of a small
catchment/lake relation (5:1). The mid
Holocene dry-out of the lake is, however, in
accordance with other historical Fennoscan-
dian lake-level data that show low lake levels
in the mid-Holocene (Hyvédrinen & Alhonen
1994, Eronen et al. 1999, Sarmaja-Korjonen
& Hyviarinen 1999, Barnekow 2000, Korhola
& Weckstrom 2004).

The interpreted, relatively concurrent,
mid-Holocene rise in lake levels (and the
initiation of Vankavad lake) coincides with
climate reconstructions indicating widespread
cooling and a more humid climate after the
mid Holocene (Fennoscandia: Rosén et al.
2001, Seppa & Birks 2001, Bigler et al. 2003,
Korhola & Weckstrom 2004 and Northern
Russia: Davydova & Servant-Vildary 1996,
Kremenetski et al. 1998, Arslanov et al. 1999,
MacDonald et al. 2000b, Kaakinen & Eronen
2000, Oksanen et al. 2001, Andreev et al. 2002,
Kultti et al. 2003, 2004, Paus et al. 2003).
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