Proceedings of the 1st Central European Diatom Meeting 2007

Kusber, W.-H. & Jahn, R. (ed.)

Botanic Garden and Botanical Museum Berlin-Dahlem, Freie Universitat Berlin
ISBN 978-3-921800-63-8, © BGBM, Berlin 2007.

doi:10.3372/cediatom.103 (available via http://dx.doi.org/)

Shoreline displacement and salinity changes: The development of
two shallow freshwater lakes at the Karelian White Sea coast
(Northwest Russia) as reflected in sedimentary diatoms

Jessica Buck, Thomas Hiibener & Mirko Drefler

Universitat Rostock, Institut fiir Biowissenschaften, Allgemeine und Spezielle Botanik, Wismarsche Str. 8, 18051
Rostock; Germany; buck_jessica@web.de, thomas.huebener@uni-rostock.de, mirko.dressler@gmx.de

INTRODUCTION

The postglacial land uplift of Fennoscandia and the resulting environmental changes are
important factors for changes in coastline ecosystems. In this context, shoreline
displacements caused by isostatic land uplift and eustatic sea level fluctuations during the
last 10 000 years were adequately described for the Baltic (Klemann & Wolf 2005, Passe &
Andersson 2005). According to Pan & Sjéberg (1999) the Fennoscandian shield shows uplift
rates from 1 to 11 mm-y".

While the land uplift-based Holocene coastline development and the resulting
environmental changes in the Baltic region are well investigated (e.g. Berglund et al. 2005),
the eastern part of the Fennoscandian shield bordering the White Sea remains less studied,
in particular its development during the last centuries.

Diatoms occur in both marine and freshwater sediments and have proven to be a
helpful tool for environmental reconstructions. Since they are very sensitive to changes in
salinity (Ryves et al. 2004), trophic conditions (Bennion et al. 2004) and pH (Birks et al.
1990) diatoms are used for defining shoreline displacement and sea level fluctuations in
costal areas (Kjemperud 1980). Dated marine to freshwater transitions, preserved in
sediment cores from costal basins, have been frequently used for reconstructing relative sea
level changes and isostatic uplift (Pienitz et al. 1991). In the present study, analysis of
sedimentary diatoms was used to investigate the development of two shallow freshwater
lakes close to the Karelian White Sea coastline during the past centuries. The following
questions have been asked:

1) Are salinity changes in the study lakes detectable by means of diatoms? 2) Are the
investigated lakes and their sediments sensitive paleo-systems for studying land uplift
processes at the White Sea coastline?

INVESTIGATION AREA

The investigated lakes, unofficially named ESW and ESO, are located directly at the Karelian White Sea coast,
Northwest Russia, on the Fennoscandian shield (Fig. 1). Geological data (Natalia Tschewtschenko; pers. comm.)
reveal that the two lakes (Fig. 1) had been part of the White Sea from 9 000 to 500 years ago, however they are
freshwater systems today. The small and shallow lakes (ca. 0.2 km? surface area, max. 2 m depth) are connected
via a small stream, which is draining into the Kislaya Guba bay. The tidal range in this bay is 1.3 to 1.8 m (in
average 1.6 m). Compared to this the ESW is located 2.3 m a.s.l. and the ESO only 1.6 m a.s.l. The catchment
area, predominantly coniferous forest, is about 6 km? wide.

MATERIAL & METHODS

In August 2004 two short sediment cores (ESW: 47 cm, ESO: 51 cm) were taken from the deepest part of each
lake with a Mondsee corer. In every second sediment centimetre of the 21%pp/¥7Cs dated cores 300 to 400 diatom
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valves per slide were counted. Diatoms were divided into groups according to their salinity optima based on
Simonsen (1962) and Pankow (1990). The halobous index (Ziemann 1971) was used to detect salinity changes.
In addition, cluster analysis (CONISS) and multivariate statistics (CANOCO 4.5) were used for this study.
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Fig. 1. A—C Investigation area and location of the study lakes ESW and ESO on the Kindo peninsula.

RESULTS AND DISCUSSION

157 diatom taxa were found in the 47 cm long sediment core of lake ESW, whereas the
51 cm long sediment core of lake ESO revealed 132 diatom taxa. Fig. 2 shows the vertical
distribution of the most important diatom taxa of lake ESW and the calculated halobous index
(Ziemann 1971). The zonation is based on stratigraphically constrained cluster analysis.
Diatom zone 1 (47-35 cm) contains mainly polyhalobous taxa (e.g. Paralia sulcata
(Ehrenb.) Cleve) preferring salinity ranges between 35 and 17 down to 8 PSU. Furthermore,
small oligohalobous Fragilaria-species were detected (Fig. 2). The transitional zone 2
(33—17 cm) is characterized by a decrease of polyhalobous taxa and the dominance of the
opportunistic Fragilaria construens f. venter (Ehrenb.) Hust. The uppermost zone 3
(151 cm) is dominated by halophobous taxa (e.g. Tabellaria flocculosa (Roth) Kitz., Eunotia
sudetica O.Muill.) indicating weakly acid conditions. The halobous index ranges between 35
and 55 in zone 1. The index declines from 55 to -7 along the transition zone 2 and ranges
between -7 and -39 in zone 3, indicating calcium poor, weakly buffered freshwater. Based on
the 2'°Pb-dating the transition from brackish-marine to freshwater conditions took place about
100 years ago.
Similarly to the cluster analyses (Fig. 2), also the PCA (Fig. 3) shows significantly different
zones (p-value 0.0001) in the ESW sediment core. Furthermore, a development from former
brackish-marine conditions via a transition zone to a freshwater system is recognizable. The
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salinity gradient might be represented by axis 2, declining from the older to the youngest
sediments. Axis 1 shows probably the dynamic changes within the diatom flora caused by
changing environmental conditions. Lake ESO (1.6 m a.s.l.) follows a similar development as
shown for lake ESW. However, today the lake ESO still remains in the transition phase. The
step from a brackish-marine to a declining and fluctuating salinity (transition zone) took place
about 100 years ago in lake ESO.
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Fig. 2. Dominant diatom taxa, ecological diatom groups based on salinity and the diatom-based halobous index
for lake ESW. The zonation is based on stratigraphically constrained cluster analysis (p-value 0.0001).
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Fig. 3. PCA plot (axis 1 and 2) based on diatom data (relative abundance) from sediment samples of lake ESW.
Axis 1: eigenvalues 0.559, length of gradient 3.723 SD. Axis 2: eigenvalues 0.298, length of gradient 1.613 SD.
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CONCLUSION

The present study shows that the lakes ESW and ESO, located on the Kindo peninsula at
the Karelian White Sea coast, had been subject to fluctuating saltwater influences during the
last 150 to 200 years and partly even today. The questions of this investigation can be
answered as follows: 1) Salinity changes are detectable through diatoms for both lakes. The
lakes ESW and ESO show a trend from brackish-marine to freshwater conditions during the
last centuries. 2) Both lakes are sensitive systems to investigate land uplift activities. Based
on salinity changes detected by diatoms and 2'°Pb dating the hypothetical uplift velocity of
the investigation area is 1.0-1.8 mm-y™. This result is in good agreement with the data
acquired by GPS and empirical data shown in recent literature (Pan & Sjoberg 1999, Passe
& Andersson 2005).

ACKNOWLEDGEMENTS

We greatfully acknowledge Dr. Treutler from the Environmental Research Center Leipzig-Halle for the 2%ph and
¥cs dating, Natalia Tschewtschenko (Moscow State University) for helpful comments and geological information
about the Kindo Peninsula, Regina Paschen (University of Rostock) for the assistance in the lab and Prof. Georgij
Gennadievich Novikov from the White Sea Biological Station of the Moscow State University for providing the
research opportunities at the Kindo peninsula.

REFERENCES

Berglund, E. B., Sandgren, P., Barnekow, L., Hannon, G., Jiang, H., Skog, G. & Yu, S. Y. 2005: Early Holocene
history of the Baltic Sea, as reflected in costal sediments in Blekinge, southeastern Sweden. — Quaternary
International 130: 111-139. [CrossRef]

Bennion, H., Fluin, J. & Simpson, G. L. 2004: Assessing eutrophication and reference conditions for Scottish
freshwater lochs using subfossil diatoms. — Journal of Applied Ecology 41: 124-138. [CrossRef]

Birks, H. J. B., Line, J. M., Juggins, S., Stevenson, A. C. & Ter Braak, C. J. F. 1990: Diatoms and pH
reconstruction. — Philosophical Transactions of the Royal Society of London B 327: 265-278. [CrossRef]

Kjemperud, A. 1980: Diatom changes in sediments of basins possessing marine/lacustrine transitions in Frosta,
Nord-Trgndelag, Norway. — Boreas 10: 27-38.

Klemann, V. & Wolf, D. 2005: The eustatic reduction of shoreline diagrams: implications for the inference of
relaxation-rate spectra and the viscosity stratification below Fennoscandia. — Geophysical Journal
International 162: 249-256. [CrossRef]

Pan, M. & Sjoberg, L. E. 1999: Estimating present-day postglacial rebound and horizontal movements in
Fennoscandia by represented GPS campaigns in 1993 and 1997. — Geophysical Research Letters 26(6): 771-
774. [CrossRef]

Pankow, H. 1990: Ostsee-Algenflora, 648 pp. — Jena.

Passe, T. & Andersson, L. 2005: Shore-level displacement in Fennoscandia calculated from empirical data. —
GFF 127: 253-268.

Pienitz, R., Lortie, G. & Allard, M. 1991: Isolation of lacustrine basins and marine regression in the Kuujjuaq area,
northern Québec, as inferred from diatom analysis. — Géographie physique et Quaternaire 45(2): 155-174.
Ryves, D. B., Clarke, A. L., Appleby, P. G., Amsinck, S. L., Jeppesen, E., Landkildehus, F. & Anderson, N. J.
2004: Reconstructing the salinity and environment of the Limfjord and Vejlerne Nature Reserve, Denmark,
using a diatom model for brackish lakes and fjords. — Canadian Journal of Fisheries and Aquatic Science 61:

1988-2006. [CrossRef]

Simonsen, R. 1962: Untersuchungen zur Systematik und Okologie der Bodendiatomeen der westlichen Ostsee. —
Internationale Revue der gesamten Hydrobiologie, Systematische Beihefte 1: 1-144.

Ziemann, H. 1971: Die Wirkung des Salzgehaltes auf die Diatomeenflora als Grundlage flir eine biologische
Analyse und Klassifikation der Binnengewasser. — Limnologica 8(2): 505-525.

18


http://dx.doi.org/10.1016/j.quaint.2004.04.036
http://dx.doi.org/10.1111/j.1365-2664.2004.00874.x
http://dx.doi.org/10.1098/rstb.1990.0062
http://dx.doi.org/10.1111/j.1365-246X.2005.02637.x
http://dx.doi.org/10.1029/1999GL900057
http://dx.doi.org/10.1139/f04-127


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


