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ABSTRACT. Environmental changes on the south shore of Kandalaksha Bay in Holocene time were
reconstructed by analyzing the data obtained by palynological and “C methods. Diatom complexes of
marine, freshwater and transition facies are described. The possible application of pollen indicators for
a better understanding of the genesis of sediments is discussed.
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1. Introduction

The study of ancient ecosystems’ dynamics is
becoming increasingly essential as various scenarios of
environmental conditions are proposed. Variations in
the relative White Sea level in Late Glacial and Holocene
time have been the subject of numerous studies (Kolka
et al., 2019; Shelekhova et al., 2021; 2024). The evolu-
tionary dynamics of the south Kandalaksha Bay shore
is poorly understood. Bottom sediments from small lake
basins, which existed earlier as part of large basins ear-
lier, contain a complete record of variations in ancient
natural environments. Diatom and palynological data
on bottom sediments from the small lakes located on
the south shore of Kandalaksha Bay were analyzed to
reveal general trends in environmental evolution.

2. Materials and methods

Material for the present study was provided by
cores from the small lakes located at an altitude of 10
to 28 m above sea level. Methods for preparing and
studying samples by diatom and palynological analyses
are described in (Shelekhova et al., 2021). Data on and
paleogeographic materials from the nearest areas were
analyzed and compared. The data were compared with
the chronological units of the Holocene using the peri-
odization accepted by the International Commission on
Stratigraphy (Cohen and Gibbard, 2019).
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3. Results and discussion

Early Holocene. Pollen complexes contain an
abundance of Pinus pollen (maximum 88%). Betula sect.
Albae pollen makes up no more than 20-30%. Grasses
are dominated by Poaceae and Cyperaceae pollen
(each taxon accounts for 5-10%), while Artemisia and
Chenopodiaceae pollen makes up 1-2%. Spore plants
are dominated by Polypodiaceae (less than 1%) and
sub- dominated by Lycopodiaceae. A decrease in the
base level of erosion, provoked by the ongoing glacio-
isostatic uplift of the Baltic Shield, triggered a decline
in groundwater level in the study area. These factors
contributed to the active spreading of pine, which occu-
pied habitats conducive to its growth. The study area
was occupied by monodominant pine and thin birch-
pine forests. Their thinness is indicated by the presence
of club-moss (Diphasiastrum alpinum, D. complanatum,
L. pungens) in Early Holocene sediments. Sedimentation
took place in a sea basin, as indicated by the diatoms
Hyalodiscus spp., Grammatophora spp., Paralia sul-
cata, Trachyneis aspera, Rhabdonema spp. Amphora
spp., Diploneis spp., etc. Dimerogramma spp., Lyrella
spp., Melosira nummuloides, Talassionema nitzschioides,
Mastogloia spp., etc. The same is indicated by the pol-
len of the halophytes Plantago maritima. Salicornia her-
bacea, Atriplex nudicaulis and Juncaginaceae (Triglochin
maritima). Asteraceae (Aster type) pollen was identi-
fied by the authors as Tripolium vulgare. This species

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2024-A-4-665
mailto:shelekh@krc.karelia.ru

Shelekhova T.S., Lavrova N.B. / Limnology and Freshwater Biology 2024 (4): 665-669

SI: «The 6th International Conference
Paleolimnology of Northern Eurasia»

is abundant in various plant communities in the White
Sea’s tidal zone.

Middle Holocene. The distinctive feature of the
pollen spectra analyzed is the presence of Ulmus, Tilia,
Quercus and Corylus pollen. Spore-and-pollen spectra
were probably enriched in pollen produced by broad-
leaved trees in warm, humid climate. A small quantity
of the pollen of thermophilic woody plants suggests
that it was carried by wind from areas located farther
south. The northern boundaries of the areas occupied
by broad-leaved trees were probably close to the study
area. The specra are dominated by Pinus (40-70%).
Betula sect. Albae makes up 35 to 40%. Picea makes up
5% and Alnus 5-7%. Grasses are dominated by Poaceae
and Cyperaceae pollen. Lycopodiaceae becomes less
abundant. In the early Middle Holocene, the study area
was dominated by north-taiga pine and birch-pine for-
ests. In the mid-Middle Holocene, the lakes were sepa-
rated. The lake located at an altitude of 28 m above sea
level was the first to separate. The lake located at an
altitude of 22 m was the next to separate. This process
is reflected in diatom complexes (transition zone) dis-
playing a decrease in the contribution of brackish water
species to 60-40% and the increased contribution of the
freshwater forms Fragilaria sensu lato (Fragilariforma
constricta, Pseudostaurosira brevistriata, Pseudostaurosira
parasitica, Staurosira venter) and the scarcity of Discotella
stelligera, Epithemia sp., Navicula radiosa, Tabellaria floc-
culosa, Ulnaria ulna, etc.

In addition to halophyte pollen, the pollen spec-
tra contain the pollen of plants from freshwater bodies
(Myriophyllum, Sparganium and Typha, Isoétes spores
and Pediastrum algae).

The pollen spectra for the late Middle Holocene
display the increased contribution of Picea (~15%) and
Alnus (~10%) pollen. Our reconstructions show that
the study area was dominated by mid-taiga pine forests
with mountain ash in the undergrowth. Pine-spruce
forests were confined to the most favourable habitats
in the lower portions of slopes and hills, Spruce com-
munities with Alnus glutinosa grew in the most humid
habitats in hollows and along rivers and creeks. The
shores of isolated water bodies were overgrown with
the pioneer species Betula pubescens and Alnus incana.

Gradually isolated water bodies were progres-
sively desalinated, as indicated by diatom complexes
consisting of scarce marine species and the complete
dominance of the freshwater forms Fragilaria sensu
lato, Aulacoseira sp., Frustulia saxonica, Tabellaria sp.,
Brachysira zellensis, Pantocsekiella ocellata, Cymbella
sp., Eunotia sp., Gomphonema acuminatum, Tetracyclus
lacustris, Ulnaria ulna, Pinnularia sp., etc. Nuphar,
Myriophyllum and Sparganium pollen and Isoétes spores
occurred in sediments

Late Holocene. Late Holocene climate showed
a cooling trend. The scarcity of Ulmus, Quercus and
Tilia pollen grains suggests that the boundary of ther-
mophilic plants’ distribution area shifted southwards.
Sediments are dominated by Pinus (50-65%), Betula
sect. Albae (15-20%) and Picea (15%) pollen, as indi-
cated by the increasing abundance of club-moss spores
in spectra. The contribution of Cyperaceae pollen and
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Sphagnum and Equisetum spores increases. Forests grad-
ually become thin, acquiring a north-taiga appearance.
Spruce continued to contribute markedly to the plant
cover, but pine forests were most abundant. About 1500
y.a., the lake, located at an altitude of 10 m above sea
level, separated. Marine sediments contain halophyte
pollen and marine diatomaceous algae. Overlying
strata display the pollen and spores of aquatic and bog
species (Nuphar, Nymphaea, Sparganium, Potamogeton
and Isoétes), which indicate the desalination of the lake.
The increased contribution of the pioneer species Betula
sect. Albae and Alnus incana pollen was due to their
invasion of the seawater-free area. The appearance of
Rumus chamaemorus, Drosera and Menyanthes trifoliata
pollen indicates the paludification of the area.

4. Conclusions

Holocene plant dynamics for the south shore of
Kandalaksha Bay was reconstructed. Pine has remained
the dominant forest-forming species in the study area
since the Early Holocene due to vertically rugged
topography, the distinctive features of the bedrock con-
sisting of thin sandy and sandy loam moraine and an
abundance of rock exposures. The time of isolation of
small water bodies was determined.
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1. BBeaenue

HcciienoBaHue AUHAMUKU 3KOCHCTEM IIPOILIOTO
npuobperaeT Bce OOJIBIIYI0 aKTyaJIbHOCTh B CBA3U C
HeoO0XOAMMOCTBI0 MOJEJIMPOBaHUA ClieHapueB YCJIo-
BUI IPUPOAHOU cpelbl. U3MeHeHNI0 OTHOCUTEIBHOIO
ypoBH:A Bejioro Mops B [o3/iHeIe JHUKOBBE U T'OJIolieHe
MOCBSAIeHb MHOTourcieHHble uceyiegqosanns (Kolka et
al., 2019; Shelekhova et al., 2021; 2024). uHamuka
Pa3BUTHUA OKpPYXaloIel cpebl B 11eJIOM B IPUOPEXHON
30He [0XHOU YacTu Kanpgasakiickoro 3ajinBa uUsydeHa
HejocTaToyHo. HaunboJiee NOJIHYI0 «JI€TONMCh» H3Me-
HeHUs MPUPOAHBIX 0OCTAaHOBOK IPOILIOrO coAepKar
JIOHHEIE OTJIOXXEHU:A B KOTJIOBUHAX MaJIbIX 03ep, paHee
BXOAVBIINX COCTaB KPYIHBIX OacceriHOB. C I[eJibI0
BBIABJIEHUA OOL[UX TeHJeHLUI pa3BUTUA OKpYXKalo-
el cpeasl BEIIOJIHEHO 00O00IeHNe MOoJyuYeHHBIX Aua-
TOMOBBIX U INaJIMHOJIOTMYECKUX JAaHHBIX [0 pa3pe3aM
JOHHBIX OTJIOKEHUI MaJlbIX 03ep, PacIoJIOKEHHBIX Ha
10XHOM Oepery KaHpmasakmickoro 3aausa.

2. MaTtepunanbl 1 MeTOADI

MarepuasioM Jis IpeCTaBJIEHHOTO UCCIIeqOBa-
HUA IOCJIYXXWJI KEPH MaJibIX 03€p, pacClOJIOXKEHHBIE Ha
TANICOMETpHUYeCKUX OTMeTKax oT 10 1o 28 M Haj ypoB-
HeM Mopsi. Methods for processing and studying samples
by diatom and palynological analysis are described in
(Shelekhova et al., 2021). IIpoBemeHO 06OOIIEeHNE U
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corocTapjieHle IOJIyYeHHBIX AaHHBIX U Ilajieoreorpa-
(duruecknx marepuaaoB ¢ 6JM3KOPACIOIOXKEHHBIX Tep-
purtopuil. Ilpu comnocraBjieHUU JaHHBIX C XPOHOJIOTH-
YecKHMU IoApaszfiesIeHusAMH roJIolleHa HCIO0JIb30BaHa
nepuoau3alys, NpuUHATasA MexIyHapoOHON KOMMC-
cueii o crparurpaduu (Cohen and Gibbard, 2019).

3. Pe3ynbTaTthbl H 06Cy)kpAeHHe

PanHuii roJsioneH. IIbUIBIIEBBIE  KOMILJIEKCHI
XapaKTepu3ylTCA BBICOKMM COAepKaHUeM IbLIbLIbI
Pinus (MakcumyM 88%). KosimuecTBO MBLIBIEI Betula
sect. Albae cocrassieT He Gosiee 20-30%. Cpenu Tpas
npeobJiiafaet nmeliblia Poaceae u Cyperaceae (0J1sg Kax-
JIoro TakcoHa KoJiebyercsa B npefesax 5-10%), Bkiafg
neUTbIIbl Artemisia 1 Chenopodiaceae He mpeBhITaeT
1-2%. Cpenu crnopoBeix mpeobiamanTt Polypodiaceae
(menee 1%), Ha BTOpOoM MecTe — Lycopodiaceae.
[TageHue 6Ga3uca 3po3uK BCJIEACTBHE IPOJOJDKAoIIe-
rocs rJIALKMOU30CTaTUYecKoro nogbema bantutiickoro
IKUTa BHI3BAJIO CHIDKEHNE YPOBHA I'PYHTOBBIX BOJ Ha
TeppUTOpUHU HcciiefoBaHuA. Bece 3To criocoGcTBOBaAIO
aKTHBHOMY paclpOCTpPaHEHUI0 COCHEBI, KOTOpas 3aHU-
Masna OJylaronpusATHBE AJIA Hee MecTtooburaHusa. Ha
TeppUTOPUU HCCJIeOBaHUA ObBLJIM pPacIpOoCTpaHeHH!
MOHOJIOMUHAHTHBEIE COCHOBble U 0Oepe30BO-COCHO-
Bble paspexeHHble jeca. O pegKOCTOMHOCTHU UX CBU-
JleTeJIbCTBYeT MpucyTcTBUe IiayHoB (Diphasiastrum
alpinum, D. complanatum, L. pungens), cOIepXaIlIuxcs
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B OTJIOXEHUSAX 3Toro BpeMeHU. OcagKOHaAKOILIEHHE
MIPOUCXOOMIIO B MOPCKOM OacceiiHe, Ha 4YTO yKa3bl-
BaeT KOMILIEKC UAaTOMOBBIX Bojpopociell Hyalodiscus
spp., Grammatophora spp., Paralia sulcata, Trachyneis
aspera, Rhabdonema spp. Amphora spp., Diploneis
spp. U aAp. Dimerogramma spp., Lyrella spp., Melosira
nummuloides, Talassionema nitzschioides, Mastogloia spp.
u ap. O6 3ToM Xe CBUJETEJIBCTBYeT IbUIBLIA pacTe-
Hul rasiodpuroB Plantago maritima, Salicornia herbacea,
Atriplex nudicaulis, Juncaginaceae (Triglochin maritima).
OmnpenenieHa neUiblla Asteraceae (Aster type), o MHe-
HUI0O aBTOpPOB mpuHaajiexut Tripolium vulgare. DtoT
BU/I IIMPOKO IIpe/ICTaBJIeH B PA3JIMYHBIX PACTUTEIIbHBIX
coobmlecTBax Ha MPUJIMBHO-OTJIMBHON 30He Besoro
MOpHI.

Cpennuii rosioneH. OCHOBHOII OCOGEHHOCTHIO
MAJINHOCIIEKTPOB fABJIAETCS NOsBJIEHNE B OTJIOXEHUIX
meutblibl Ulmus, Tilia, Quercus, Corylus. OGorarmieHue
CIIOPOBO-IIBIIBIIEBBIX CIIEKTPOB MBLIBION, MPOAYLUPY-
eMOH IIHMPOKOJIMCTBEHHBIMU [IePEeBbSIMU, OBLIO BO3-
MOXHO B YCJIOBUSX TEILIOTO U BJIAXHOTO KjamMmara. B
CBS3M C TEM, YTO KOJINYECTBO IBUIBLIEI IIPE/ICTABUTEIeH
TepMOGIJIBHON ApeBecHON pacTUTEJIbHOCTH He3Ha4yu-
TeJIbHO, MOXHO IpPeANoJIOXUTh, YTO OHAa OblIa 3aHe-
ceHa BeTpoM U3 6oJiee IOKHBIX PAliOHOB. BeposTHO,
ceBepHBle TIpDAaHUIB apeajioB IIHMPOKOJICTBEHHBIX
JlepeBbeB pacloJiarajiich JOCTATOYHO OJIM3KO OT U3Y-
yaeMoOll TeppUTOpuHU. JIOMUHUpYIOLlee II0JIOKeHNe
B crnekTpax 3aHumaer Pinus (40-70%). ona Betula
sect. Albae xose6siercsa or 35 mo 40 %. Bxiang Picea
yBesnuuBaetTcsa 0 5%, Alnus — mo 5-7%. B rpymme
TpaB AOMMHHpYyeT mbuUiblla Poaceae u Cyperaceae.
KosmuectBo Lycopodiaceae ymeHbmaercsa. B Hauase
CpelHero TOJIOL[eHA Ha TeppUTOPUU HCCJIeJOBAHUS
HauboJiee MUPOKO GBI PaCIPOCTPAHEHH! COCHOBHIE U
6epe30BO-COCHOBEIE CeBepOTaeXHbIe Jieca. B cepenue
CpeZiHero roJioleHa IPoMCXO0ArIa U30JIALKUY 03ep, Iep-
BHIM OTJeJIAETCA 03epO, PacHoJIOKEHHOe Ha OTMeTKe
28 M Haj ypoBHEM MOpH, 3aTeM 03epOo Ha OTMeTKe 22
M. DTOT IpOIlecC HAXOOUT OTpaXeHHe B JUAaTOMOBBIX
KOMIUIeKcax (TepexoAHas 30HA), KOTOpble XapaKTepu-
3yI0TCA CHIXKEHHEM J[0JI1 COJIOHOBAaTOBOJHBIX BUIOB
no 60-40%, u BO3pacTaHUEM pOJH MPECHOBOAHBIX
dop™m Fragilaria sensu lato (Fragilariforma constricta,
Pseudostaurosira brevistriata, Pseudostaurosira parasitica,
Staurosira venter), eOUHWYHBIM y4YactueM Discotella
stelligera, Epithemia sp., Navicula radiosa, Tabellaria
flocculosa, Ulnaria ulna v ip. B nasinHOCeKTpax HapAIy
C TBUIBLON rajodUTOB MOABJIAETCS IBUIBLA PACTEHUH
MPeCHOBOAHBIX BomoemoB (Myriophyllum, Sparganium,
Typha, cniopsi Isoétes, Bogopociu Pediastrum).

B masmHOCIeKTpax BTOPOI IOJIOBUHHI Cpef-
Hero roJjiolleHa BO3pacTaeT ydyacTuhe IbUIBLE Picea
(~15%), Alnus (~10%). CorjacHO BBIIOJHEHHBIM
PEKOHCTPYKIUAM, Ha HU3y4aeMOH TeppUTOpUU Ipeos-
JIajasil COCHOBBIE CpeJHeTaeXHble Jieca ¢ psAOGMHON B
nopyiecke. COCHOBO-eJIOBEIE Jleca OBUIM NPUYPOUYEHBI K
Haubosiee GJArONpUATHEIM MeECTOOOUTAHUSAM B HIX-
HUX YacTAX CKJIOHOB U BO3BHILIEHHOCTeH, B HauboJsee
BJIQXHBIX MeCTOOOMTAHUAX B JIOXOUHAX, BJJOJIb PeK U
PY4YbeB BCTPEYAJICh eJIOBble COOOIIecTBa C y4acTHEM
Alnus glutinosa. Bepera u30JIMpOBaHHBIX BOJOEMOB
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3apacTaiu NuoHepHBIMU nopoaamu (Betula pubescens
u Alnus incana).

[TocTeneHHO OTHeNMUBIINECS BOAOEMBI IIOJIHO-
CTBI0 OIPECHSAJINCh, O YeM CBU[ETeJIbCTBYIOT AUATO-
MOBBle KOMIUIEKCH], IIpe/ICTaBjieHHble eJUHUYHBIM
y4acTUTeM MOPCKUX BUIOB U IOJIHBIM T'OCIIOJICTBOM
nmpecHOBOAHBIX popM Fragilaria sensu lato, Aulacoseira
sp., Frustulia saxonica, Tabellaria sp., Brachysira zellensis,
Pantocsekiella ocellata, Cymbella sp., Eunotia sp.,
Gomphonema acuminatum, Tetracyclus lacustris, Ulnaria
ulna, Pinnularia sp. u np. B oTyjoxeHUsaX BCcTpedeHa
meuUtblia Nuphar, Myriophyllum, Sparganium, crnopsi
Isoétes.

IMo3guuii roJioneH. KiuMmaT NO3[HEro roJo-
IleHa XapaKTepu30BaJICs HaIpaBJeHHBIM I10X0JI0/a-
HueM. OnpeliejieHbl eNUHUYHBIE MBUIbIIEBEIE 3epHa
Ulmus, Quercus, Tilia, 4TO MOXeT CBHUIETEJIbCTBOBATh
0 CMellleHU! I'PaHUIl apeaja paclpoCTpaHeHUs TePMO-
¢unpHEIX moOpoJ K Iory. B oTioxeHusx npeobiiagaer
eIkl Pinus (50-65%), Betula sect. Albae (15-20%),
Picea (15%). O6 3TOM OmNOCPEeNOBAHHO CBUJETEJIb-
CTBYeT yBeJInUeHHe KOJIMYeCcTBa CIOp IUIAyHOB B CIIEK-
Tpax. YBeJuuuBaeTcs BKJIaJ NbUIbLEL Cyperaceae, Criop
Sphagnum, Equisetum. Jleca IOCTENEeHHO CTAHOBATCSA
PeaKOCTOMHBIMY, TpUOOpeTas ceBepOTaexXHbI 00JIMK.
Ejip emme urpasia 3HaUYNUTEJIBHYIO POJIb B PACTUTEJIBHOM
IIOKpOBe, HO MpeuMyIlecTBeHHOe paclpoCcTpaHeHe
MOJIyYWnId COCHOBBHIe Jieca. Okosio 1500 j1. H. mpouc-
XOIUT OTJieJIeHUe 03epa, PacloJIOKeHHOTo Ha OTMETKe
10 M. B MOPCKHUX OTJIOXEHUAX NPUCYTCTBYeT IbLIbIA
pacreHuii raouUTOB U KOMILIEKC MOPCKUX JUATOMO-
BBIX BOJOpOCJIeil. B BhIIIe3asieramommx OTJIOXKEHUAX
HOSABJIAETCS TBUIBIA M CIOPHl BOAHBIX U OGOJIOTHBIX
BugoB (Nuphar, Nymphaea, Sparganium, Potamogeton,
Isoétes), cBUIETEJIBCTBYIOIUX 00 oIlpecHeHUe BOJO-
eMa. YBeJmuuBaeTcs BKJIa[ IbLIbLbl Betula sect. Albae
u Alnus incana, uyto 6bUI0 0OYCJIOBJIEHO pacceyieHHeM
3TUX IHOHEPHBIX MOPOJ Ha TeppUTOPUU, OCBOOOIB-
meficss OT MOPCKOI BoZbI. TTosiBJIeHreM MBUIBIEL Rumus
chamaemorus, Drosera, Menyanthes trifoliata cBueTeb-
cTByeT 0 3aboaurBaHye TepPUTOPUU.

4. 3aKknioueHue

Jnsa  roxHOro mnobGepexbs KaHgamakiicKoro
3aJIMBa BHINIOJIHEHA PEKOHCTPYKIUA JUHAMHKA PacTU-
TeJIPHOCTU B roJjiolleHe. Ha mccienyeMoil TeppuTopumn
HauMHas ¢ PaHHEro roJioleHa AOMUHUPYIOLIEH Jieco-
obpasyroliell MOpoAoil ocTaBajiach COCHa. JDTO OBLIO
00yCJIOBJIEHO BBICOKOI BepPTUKAaJIbHON pacueHeHHO-
CThI0 pesibeda, 0COOeHHOCTHIO MOICTIIIAIMINX ITOPOJ,
Ipe/iCTaBJIeHHBIX MAaJIOMOLIHBIM CJIOEM IIeCYaHOH U
CyIlec4aHo! MOpeHHI M GOJIBIINM KOJIMYECTBOM CKaJlb-
HBIX BBIXOZOB. YCTAHOBJIEHO BpeMs U30JIANUU MaJIbIX
BOJIOEMOB.
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