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A B S T R A C T

The phytoplankton community of the Belarus Lakes Naroch, Myastro and Batorino, which have a Trophic State
Index of 42.3, 60.7 and 66.8, respectively, underwent drastic changes to their structure during the period be-
tween 1968 and 2012. Thanks to an extensive monitoring program, these changes were well-documented and
were qualitatively interpreted as signs of the community destabilization. The main objective of this study was the
quantification of the ecological stability of the phytoplankton community in the Naroch Lakes. The approach to
the quantification of ecological stability was based on defining the stability index as an inverse of the Euclidean
Distance between the current and the reference states of the algal community (EuD-approach). The stability of
the phytoplankton community was characterized by two indices: a “combined” index (SI[Comb]), and a “total
community” index (SI[TotB]). SI[Comb] was calculated based on the individual taxonomic group biomasses and
thus characterizes the stability of a community structure. SI[TotB] was calculated based on the values of the total
algal biomass. Analyses of the results of this study extended the plausibility of the EuD-approach for the
quantification of lake phytoplankton stability and allowed us to identify the dynamics of the stability of the
Naroch Lakes phytoplankton. For the Naroch Lakes, we observed relatively larger SI[TotB] values in comparison
with the SI[Comb] values. The results enabled us to examine the relationship between the lake trophic status and
the stability of the phytoplankton community.

1. Introduction

The use of the concept of “stability” to solve ecological problems
(“ecological stability”) has a long history. Usually, drastic changes in
ecological unit structure are qualitatively interpreted as a destabiliza-
tion of these units. Examples of such hydroecological disruptions are
shifts in the proportion of different types of primary producers (phy-
toplankton and macrophytes) in shallow lakes (Scheffer et al., 1993),
changes to the structure of the phyto- and zooplankton communities in
Lake Kinneret (Gal and Anderson, 2010; Gal and Hambright, 2014;
Zohary et al., 2014b) and/or drastic changes in the variability and
regularity of the dynamics of primary producers and zooplankton in
Lake Sevan (Parparov, 1990; Simonyan, 1991).

There is no universal definition of ecological stability, and de-
pending on the objectives of a concrete study, there are hundreds of
different definitions of this term (Rykiel, 1985; Grimm and Wissel,
1997; Reynolds, 2006). Different stability properties (e.g., resistance
and/or resilience) are progressively becoming the object of natural
resources management (Holling, 1996; Ludwig et al., 1997; Walker

et al., 2002; Groffman et al., 2006; Parparov and Gal, 2012). Therefore,
the need to quantify ecological stability (i.e., express it in a mathema-
tical form) and its relationships with various driving forces is growing.

The concept of “stability” was first defined in the mathematical
form by Lyapunov (sensu Justus, 2008). Apparently, the most known
implementations of Lyapunov’s stability are the “predator – prey”
equations developed by A. J. Lotka and V. Volterra (sensu Odum, 1971).
For the objectives of this study, we note that Lyapunov’s concept does
not provide a quantitative estimation of stability (“index of stability”).

In this study, we used the definition of the stability of an ecological
unit as an inverse of the Euclidean Distance between the unit current
state and some predefined “reference” state (Parparov et al., 2015).
Parparov et al. developed and employed the simple statistical approach
to the quantification of the stability of the Lake Kinneret phytoplankton
community (hereafter phytoplankton), which was then also applied to
the entire lake ecosystem (Parparov and Gal, 2016). This approach
(hereafter the “EuD-approach”) consisted of a set of sequential steps
(the “ecological checklist”) defined by Grimm and Wissel (1997). For
the Lake Kinneret ecosystem, the ecological stability was estimated
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