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Abstract: The study of lake's sediments show the long evolution which manifested in changes of its biolimnological type. 
The certain type of sedimentation and complex of the biological rests correspond to 

certain type of ecosystem. The stages of ecosystem’s change coincide with changes of 

natural climatic conditions on watershed. The narrowness of connection of lake and 

watershed is reflected by size of water-change. A few stages of changes of lake’s level is allocated for 

chronological cuts. Changes of lake’s level have found reflection in quantity and height of lake 
terraces. 
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Detailed paleogeographic and paleontologic researches 

of lake’s sediments of a subzone of the mixed 

forests, carried out by a number of authors for 

Baltic Lakeland − Byelorussia, and frontier 

territories of Lithuania, Latvia, the Central Russia 

allow to outline the basic stages of evolution of 

lakes and paleogegraphic conditions in which they 

developed during late glacial epoch and Holocen. 

The paleolimnological data testify not only to 

different speed of increase of a level of trophic status 

of ecosystems, but also represent incontestable 

proofs that reservoirs can keep constant or even 

lower trophic status for a long time (Tab. 1). 

Formation of lake’s hollows under effluence of 

active ice and glacial waters and streams in the 

territory of Baltic Lakeland had occurred at the end 

of late Pleistocene and till medium Dryas. 

Formation of water weight of lakes was 

preceded with draining of vast near-glacial 

reservoirs and formation in low places with 

conditions of cold, Arctic climate of late glacial 

epoch rather shallow reservoirs of disthrophic and 

oligothrophic type which had frizzed for a long time 

where processes of thermokarst were occurred and 

clay-aleurite and sandy sediments were formed. 

(Маkhnach et al., 1971; Yakushko et al., 1973; 

Khursevich, 1976). Northern territory of this zone 

(Lithuania, Latvia, the West of Russia) was 

emptied from near-glacial waters 

a little bit later – in Bölling (Kabailiene, 1968; 

Dаvydova, 1985) During the Arctic period species 

undemanding to conditions of a life were 

developed in reservoirs, they occurred on the wide 

range reservoirs: from oligothrophic to disthrophic. 

Typical representatives of flora were: Fragilaria 

breviatriata Grun., F. pinnata Ehr., F. construens 

with versions; wide development had received 

Amphora pediculus (Kütz.) Grun., Gyrosigma 

attenuatum (Kütz.) Rabenh. Diatom flora of this 

epoch was distinguished with poverty of specific 

structure and prevalence of representatives of a 



Boris P. Vlasov 
 

 

270 

bottom species and periphiton (Каbailiene, 1967; 

Khursevich, 1976). 

During the subarctic time, which has begun with 

warming of a climate in Аlleröd, processes of 

intensive dis-preserving of lakes had proceed, 

primary young lakes have appeared in moraine 

heights and plains. Reservoirs still had had 

oligothrophic state and had begun basins of 

sedimentation of organic-mineral, carbonated 

sediments in conditions of intensive leaching of 

rocks of watersheds (Dolgoe, Mezuzol, Naroch, 

Glubelka, Peschanoe, Maloe) (Yakushkо, 1971; 

Zhukhovitskaya et al., 1998). In rather deep lakes 

rich quantitatively and various flora and fauna was 

formed. Mass development was received with 

planktonic species such as Cyclotella Kütz. (C. 

antiqua W. Sm., C. comta (Ehr.) Kütz. C. Kuetzi-

ngiana Thw., C. meneghiniana Kütz., C. ocellata 

Pant., C. operculata (Ag.) Kütz.) . In shallow 

reservoirs bentic species of genus Flagilaria 

Lingb., Navicula Воrу., Pinnularia Ehr was 

developed; these species had a dominating role 

(Коzyrenkо, 1961; Каbailienе, 1968, 1967; 

Khursevich, 1976; Gunova, 1976; Bogdel et al., 

1983; Davydova, 1983, 1985; Zhukhovitskaya et 

al., 1998). 

 

 
Table 1. Change of a level trophic status of lakes during late glacial epoch and post-glacial time according to geochemical and paleontologic 

             researches of lake’s sediments 
 

Periods according to Blintt-Sernander  
Lake Flowing 

Dr1 Вё Dr2 А1 Dr3 PB ВО A Sb Sa 
Author, time of publication 

Naroch 14.9 O O O O O O O O- M M M 

Rudakovo 10.2 ─ ─ ─ ─ ─ ─ ─ ─ ─ M 
Khursevich, 1976 

Dolgoe 7.01 О О О-М О-М М E-М E-М М-E М-О М Zhukhovitskya et al.., 1998 

Vorkalyu 1.25 ─ ─ ─ ─ ─ О-М М E-М М М-E Davydova, 1983, 1985 

Somino ─ ─ ─ ─ ─ О О О- E E E E Коzyrenkо, 1961 

Myastro 2.47 ─ ─ ─ ─ ─ О О О-E E E 

Batorino 0.74 ─ ─ ─ ─ ─ E E E E E 

Glubelka 5.67 ─ ─ О О О E E E E E 

Khursevich, 1976 

Nero ─ ─ ─ ─ ─ О О- E E E E E Gunovа, 1976 

Poteh 0.71 ─ ─ О О О E E E E E Yakushko, 1981 

Ilmenok 1.15 ─ ─ ─ ─ ─ E E E E E 

Medvedno 2.81 ─ ─ ─ ─ ─ E E E E E 

Zabelskoe 0.22 ─ ─ ─ ─ ─ E E E E S 

Vlasov, 1986 

Ilgis ─ ─ О О О О О-E E E E E 

Drukshay ─ ─ ─ О О О О О О-E E E 

Bebrukas ─ ─ О О О О E E E E E 

Zuvintas  8.7 ─ ─ ─ ─ О О-E E E E E 

Kriziochay  ─ ─ ─ ─ ─ ─ ─ E E E E 

Gulbinay 14.0 ─ ─ ─ ─ ─ ─ E E E E 

S.Gulbinay 0.2 ─ ─ ─ ─ ─ ─ E E E E 

Myargyakyuki ─ ─ ─ ─ ─ ─ ─ E E E E 

Gudelyay ─ ─ ─ ─ ─ ─ ─ D D D D 

Каbailiene, 1962, 1963, 
1965, 1967, 1968, 1983 

Sudoble 0.50 ─ ─ ─ О О D D D D D 

Koldichevskoe 0.12 ─ ─ ─ О О D D D D D 
Bogdel et al., 1986 

Oltushskoe 2.68 ─ ─ ─ ─ М М-D М-E-D E-D D-E E Vlasov et al., 1990 

Meno 0,02 ─ ─ ─ ─ ─ ─ E E E E 

Svyatskoe ─ ─ ─ ─ ─ ─ ─ М М-E D E 

Zhukhovitskaya et al., 
1998 

 
Symbols: ─ Data are absent, O – oligotrophic, M – mezotrophic, E – euthrophic, S – super-euthrophic, D – disthrophic type of lakes. 

 

The early stage of Holocen, which begun since 

pre-boreal period, was marked with radical changes 

in development of lakes of a forest zone. For this time 

dis-preserving of lake hollows and formation of water 

value of lakes of northern part of a zone (Latvia) 

(Davydova, 1983, 1985) was typical. Complexes of 

fauna and flora of oligothriphic and mezothrophic 

types was distinctive feature of lakes in this period. 

Lakes of a southern part of region (Lithuania, 

Belarus, the Center of Russia) were developed in 

conditions of continental and rather warm climate. 

The isotope-oxygen curves which were received 

during investigations of carbonated sediments in 

various regions of the country (section Ptich, Teklits, 

Okono, Lozoviki) show a significant warming of a 

climate on a boundary between late driass and 

holocen (Makhnach et al., 1999).The modern 

lakes which had appeared in late glacial epoch, 
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continued to develop; and significant and rather 

synchronous fall of level and reduction of the area 

were typical for majority from these lakes 

(Zernitskaya et al., 1998). Formation of 

undersapropel peat layers which was opened in 

sub-lithoral parts of lakes Svityaz, Voloso, Ezerische, 

Krivoe, Bogdanovskoe, Richi, Moshno and a 

number of others, for our opinion, is connected with 

these processes (Еlovicheva, 1993; Yakushkо, 

1983; Кuznetsov et al., 1995). The radiocarbon age 

of these layers covers a interval from 10 200 up to 

9800 years ago. Similar processes had occurred and 

in adjacent territories (Kabailiene et al., 1987; Saarse, 

1987; Tarasov et al., 1994). 

The stage of falling of lake’s level was 

connected with reduction of fluvial activity in 

river basins, which occurred preliminary 10.0 

thousand years ago (Starkel, 1996), with 

disappearance of the Baltic glacial lake 

(preliminary 10,2 thousand years ago) and a 

regressive phase of the sea Ioldievogo (preliminary 

9,8 thousand years ago), (Raukas, 1994; Veski, 

1998). According to Khotinski (1977, 1982), this 

stage for territory of Russian plain corresponds to 

stage of polovetskoe warming (10 300–10 000 

years ago). In the beginning of holocen practically 

in all lakes of northwest and a southwest of 

republic accumulation of deposits with the large 

contents of carbonates is marked also; this is 

evidence of rise of temperature and transition of 

some lakes in mezothrophic phase of development. 

During Boreal period changes of a climate were 

both to warming, and to cold spell. The analysis of 

data received by various experts during 

investigations of dynamics of lake levels in 25 

reservoirs of republic (Tarasov et al., 1994, 1996; 

Zernitskaya et al., 1998), has shown, that about 

8,5 thousand years ago medium and low levels 

were established in the majority of lakes. 

Researches of microfossil also show that there was 

a low level of existing lakes. Receipt with ground 

and surfice waters of nutrients have lead to sharp 

differentiation of reservoirs to various bio-

limnological types. Shallow, with small volume of 

water and low water exchange lake had got 

disthrophic character which is kept in present 

time. The flowing reservoirs well provided with 

nutrients, have got features euthrophic lakes. The 

reservoirs located in large, good cut in relief 

hollows, but with the slow flow of water, with a bad 

development of a hydrographic network, is kept 

oligothrophic and mezothrophic type. Carbonated 

sapropels was formed in lake side by side with 

mineral deposits. 

In sediments of Boreal period the complex of 

bio-fossils is notable for big quantitative 

development in rich life lakes and poor specific 

structure in disthrophic reservoirs. Flora is notable 

for reduction of role of planktonic and bentic 

species. The dominates epiphytes are Epithemia 

Bréb., Cymbella Ag., Fragilaria Lyngb. The 

frequently occurred species are Cyclotella comta 

(Ehr.) Kütz., Navicula bacillum (Kütz.) Pascher, 

Ehr., Navicula oblonga Kütz., Amphora ovalis 

Kütz., Tabellaria fenestrata (Lyngb.) Kütz. In 

deposits of the most widespread euthrophic type 

of lakes protoccocus, volvocs algae and fragments 

of animals are dominated. At the end of boreal 

period (8400–7800 years ago) there was a cold 

snap of a climate which is marked in many regions 

of Europe (Sonstegaard et al., 1977; Starkel, 1996; 

Ralska-Jasiewiczowa, 1986, etc.). 

The Atlantic period was a time of a 

temperature optimum and the increased amount of 

atmospheric deposits in holocen. Fluctuations of 

lake levels during the Atlantic period were 

essentially asynchronous both in territory of 

republic, and in adjacent regions. In Southern 

Sweden and Estonia high and medium levels of 

lakes were marked between 7.5–6.0 thousand years 

ago, and decreasing after 5.0 thousand years ago. 

(Digerfeldt, 1986; Harrison et al., 1993). In the 

territory of Poland in the Atlantic period low and 

medium levels of reservoirs was dominated 

(Ralska-Jasiewiczowa, 1986; Ralska-Jasiewi-

czowa et al., 1988).  

Low and medium levels are fixed in the 

majority of lakes of republic about 7.5–7.0 thousand 

years ago, and high and medium levels – 6.5–6.0 

thousand years ago (Zernitskaya et al., 1998). On 

last piece of the Atlantic stage (6000–5000 years 

ago) in the most part of the country the new trend 

to falling lake levels was marked, however, in 

Poozerie it was marked about 5,5 thousand years 

ago that in a number of lakes levels was still high. 

Accumulation of peat layers and rough-detrite 

sapropel in sublithoral zones of lakes Selyakhi, 

Vygonovskoe, Sporovskoe, Lochinskoe, 

Pubovskoe was connected with decreasing of 

levels of lakes in the beginning of the period; 

processes of bogging of ancient lake hollows (bog 



Boris P. Vlasov 
 

 

272 

Osveya, Yelnya, Krivina, Servech, Tselevichi, 

Vorobi, Orehovski moh, etc.) had became stronger. 

Mainly lake sediments of the Atlantic period 

are submitted by mixed, thin- and rough-detrite 

sapropels, silts. Processes of accumulation of limy 

deposits proceeded in places of distribution 

carbonated sediments in northwest and a southwest 

of republic, thus in their structure the role of 

organic substance has increased (Yakushko, 1971, 

1983; Zhukhovitskaya et al., 1998). In conditions of 

a warm, damp cli-mate flowing of reservoirs had 

considerably increased, receipt of nutrients with 

waters, drained reservoirs had also increased. 

Processes of euthrophication was not only in small 

lakes, but also in large (Myastro, Naroch, 

Drukshay). Dicthrophic reservoirs keept the status 

and fragillaria species is dominated here. 

In widely widespread lakes of euthrophic type 

the rich both various flora and fauna are 

characterized by mass development and domination 

in communities of blue-green algae, plentiful 

development of volvocs, in deposits high number 

of the rests of animals and macrophites are 

marked. 

Planktonic species Aulacoseira Thw., 

Stephanodiscus Ehr., Cyclotella Kütz. Brйb. 

prevails in diatom complexes, Subdominant 

position in a complex occupy by Fragilaria 

leptostauron var. martyi (Herib.) Lange-Bertalot, 

Fragilaria brevistriata Grun., Fragilaria 

construens (Ehr.) Grun. et. var., Navicula 

scutelloides W. Sm., Amphora ovalis Kütz., 

Amphora pediculus Kütz., etc. (Каbailiene, 1967; 

Khursevich, 1976; Davydova, 1983; Кurzo, 1999). 

Sub-Boreal period, which came after Atlantic, 

was differed frequent fluctuations of climate from 

cold snaps to warming. Increase of humidity of 

climate, activation of fluvial processes and rise of 

lake’s levels was fixed about 5.0 thousand years ago, 

between 4.7–4.3 and 3.3–2.8 thousand years ago. 

(Kho-tinski, 1977; Еlina, 1981; Ralska-Jasiewiczowa, 

1986; Ralska-Jasiewiczowa et al., 1988; Magny, 

1993; Starkel, 1996; Kalicki, 1996). The organic life 

in reservoirs was differed by poverty of specific 

structure and minimal, down to disappearance of 

separate species. Bentic species of genus 

Fragilaria Lyngb, Cymbella Ag., Epithemia 

Bréb., Pinnularia Ehr. dominated (Vlasov, 1995; 

Vlasov et al., 1986). 

In deposits corresponding to this period mass 

development of seaweed of other groups such as 

blue-green (the maximal contents for stratigraphic 

cuts 40–60%), protococcus; fragments of animals 

are submitted in a large amount. Lakes are 

characterized by a high degree of development of 

water vegetation (fabrics of microphites makes 20–

30% of the bio-rests). 

Last stage of development of lakes (the 

subatlantic period) is characterized on the one side 

by the relative cold snap of climate caused increase 

of volume of lakes, on the other side − settling of 

territory of a forest zone on a boundary of medium 

and late Holocen by people, whose economic 

activities gradually became side by side with 

natural-climatic conditions the determining factor of 

development lake’s ecosystems as part of a natural 

complex. Reservoirs of the given epoch differ 

diversity and a variety of limnological types which 

had some modern features. 

Diatom flora was rich and various because of 

mass development of representatives of genus 

Aulacoseira Thw., Cyclotella Kütz. Brйb., 

Stephanodiscus Ehr. in planktonic community, 

Flagilaria Lingb., Synedra Ehr., Achnanthes 

Bory, Amphora Ehr., Cymbella Ag., Gomphonema 

Ehr. in periphiton, Navicula Воrу., Pinnularia 

Ehr., Girosigma Hass., Nitzschia Hass., etc. in 

bottom algae (Vlasov et al., 1987, Vlasov, 1989). 

On the basis of consideration of complex 

sedimentological, paleontologic, geochemical, 

chronome-tric information for 25 Belarus reservoirs 

reconstruction of levels change of lakes and its 

damping were carried out (Zernitskaya et al., 

1998). 

Chronological cuts aged 11.0 and 10.5 thousand 

years ago are characterized by high lake levels. After 

the damp period aged 10,0 thousand years ago it had 

came significant and rather synchronous falling of 

lake’s levels. Late glacial reservoirs have been 

lowered and transformed into bogs. Then (9.5 

thousand years ago) high and medium levels was 

prevailed in lakes, and 9,0 thousand years ago – 

medium and low. About 8.5 thousand years ago 

the majority of investigated lakes had low levels, 80 

thousand years ago – the high levels was 

dominated. The period of low lakes levels which 

was 7.5 thousand years ago, was replaced by the 

tendency to their increase (7.0 thousand years ago 

− medium, 6.5 thousand years ago − high), and 

the subsequent falling (6.0 thousand years ago − 

medium, 5.5 thousand years ago –low). Increase of 

lakes levels was marked 5.0 and 4.5 thousand years 
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ago. And, this tendency is marked for 72% of 

chronological cuts of the investigated lakes. 

Medium levels prevailed in the subsequent 

periods holocen with the tendency to decreasing 

(4.0, 3.5, 2.5 and 0.5 thousand years ago), and to 

increasing (3.0 thousand years ago). About 2.0 and 

1.0 thousand years ago the hydrological status of 

lakes was monotonous. 

The revealed changes of lakes levels in a 

combination with characteristic of vegetation in a 

watershed have formed a basis for reconstruction of 

climatic changes in Holocen. According to the 

resulted data, it is reliably possible to allocate the 

periods: 12.0 thousand years ago − dry climatic 

conditions; 11.0 thousand years ago − wet; 10.0 

and 8.5 thousand years ago − dry; 8.0 thousand 

years ago − wet; 7.5 thousand years ago − 

moderate; 5.0, 4.5 and 3.0 thousand years ago − 

wet; 2.0 and 1.0 thousand years ago − moderate 

climatic conditions.  

Changes of climatic conditions, water level of 

lakes and erosive cycles have reflected in a structure 

of hollows of lakes and terrace complexes. The 

quantity of allocated terraces changes from 1 to 5. 

Prevailing quantity of lakes have 3, less often 2 

strongly pronounced overflood-lands terraces. Lakes 

situated in outlying areas of Poozerie glacier, 

located in the macrohollows which serving as 

valleys of a drain near-glacial waters has four and 

more terraces. The first accumulative terrace is 

hypsomethrically higher 0.5–0.7 m then the average 

level of lakes. The second terrace is traced at 

height from 1.0 to 2.0 m. The terraces located 

above, are mainly connected with erosive activity 

of water, and has heights – the third – 5.0–7.0 m 

and the fourth – 7.0–12.0 m.  

Underwater terraces and traces of ancient coastal 

lines are found out below then modern level, on the 

depth of 0.5–0.7 m. Terraces or their fragments, has 

distinctly expressed platform (width of 2-10 m), 

edge and a ledge (height less then 0.5 m). Terraces 

are more often combined by the lake sand, blocked 

silt or are formed by a dense layer of faintly 

decomposed peat. Coastal lines are marked with 

boulders or stubs of trees which kept vertical 

orientation of a trunk and horizontal of a root system 

(Vlasov et al., 1999). 

The analysis of materials of complex bio- and 

chemo- stratigraphic investigation of lake sediments 

with high detail of researche allow to allocate 

centuries-old, century and intracentury cycles 

during stages of Holocen. Heterogeneity in 

development of various groups of alive organisms 

with a combination of data of the geochemical 

analysis of deposits allows to allocate stages and 

phases with fluctuation of trophic level, which 

connected with micro- and macroclimatic cyclicity, 

even within one bio-limnoligical type 

(Zhukhovitskaya et al., 1998). 
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Streszczenie 
 

Badania osadów jeziornych dokumentują długą ewolu-

cję, która przejawia się w postaci zmian typu biolimno-

logicznego. Określony typ sedymentacji koresponduje 

z określonym, typem ekosystemu. Zmiany ekosyste-

mów odpowiadają naturalnym zmianom warunków 

klimatycznych. Wykazano istnienie kilku etapów wa-

hań poziomu wód limnicznych, o czym świadczy 

obecność kilku poziomów teras jeziornych. 

 


