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Abstract—Results of the continuous monitoring of the Naroch lake system, which includes eutrophic Lake
Batorino, mesotrophic Lake Myastro, and oligomesotrophic Lake Naroch, have been used to study the fac-
tors that largely affect the long-term dynamics of the lakes ecosystem under variable nutrient loading. A set
of continuous series of average seasonal values of eight parameters from each ecosystem over 1978—2015 is
analyzed using the SSA and PCA methods. The second principal component (F2), which contributes 15.3,
20.5, and 22.1% to the dynamics of the ecosystems of lakes Myastro, Batorino, and Naroch, respectively, is
associated with three parameters that reflect the processes of formation and decomposition of the organic
matter. A comparison of the periods of the dominant cyclical components of principal component F2 and
related ecosystem parameters allows us to interpret the second main factor behind these components as activ-
ity from solar radiation.
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INTRODUCTION

The long-term monitoring of the characteristics of
various aquatic ecosystems allows not only for a
description of the current state of a particular ecosys-
tem, but also provides a basis for detecting general reg-
ularities in the development of an aquatic ecosystem
(George et al., 2007; Ostapenya et al., 2012; Lake Kin-
neret..., 2014; Oneida Lake..., 2016; Adamovich et al.,
2017; Kovalenko et al., 2018; Pérez-Ruzafa et al., 2019).
The system of Naroch Lakes is an ideal model site for
establishing this kind of regularity. Three lakes, con-
nected to each other by channels differing in morpho-
metrics and trophic status, are exposed to the same
climatic conditions and respond differently to natural
or anthropogenic changes in the environmental con-
ditions. These ecosystems have been studied since the
1940s. In the second half of the 20th century, against
the background of natural climate variations, they
were subject to anthropogenic eutrophication and tar-
geted deeutrophication, as well as invasion by filter
feeder Dreissena polymorpha Pallas, giving rise to the
benthification process (Zhukova, 2013a, 2013b; Zhu-
kova and Ostapenya, 2000; Ostapenya et al., 2012;
Adamovich et al., 2017). Prior to the 1980s, the status
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of Lake Batorino was assessed as highly eutrophic,
Lake Myastro was eutrophic, and Lake Naroch was
considered mesotrophic (FEkologicheskaya sistema...,
1985). Presently, the trophic status of the lakes was
downgraded to eutrophic, mesotrophic, and oligome-
sotrophic, respectively (Adamovich et al., 2016). From
1978 onwards, the lakes have been monitored regularly
during the growth season, which involved main hydro-
ecological parameters of states of the three lakes alto-
gether (Zhukova, 1999—2018). The 38-year (1978—
2015) series of seasonal mean values of eight charac-
teristics of each of the ecosystems of the Naroch lake
group provided the basis for studying which factor of
external or internal environment determine to the
greatest degree the long-term dynamics of the state of
the lake ecosystem. Factor analysis was employed to
solve this task using the principal component analysis
(PCA) of a set of series of seven biotic parameters,
which are fully formed by intrasystem processes. Addi-
tionally, singular spectrum analysis (SSA) (Vautard
and Ghil, 1989; Zhigljavsky and Golyandina, 2013;
Golyandina et al., 2001) was used to decompose all
eight series of original data and each principal compo-
nent into the long-term trend, several cyclical compo-
nents, and some residual. Results of this decomposi-
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