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The changing in the trophic pyramid structure in aquatic ecosystems named as benthification/
contourization is important process the results of which not only affects fishing, but also
creates technical interference in cooling reservoirs. We compared the benthification process
in natural large Lake Balkhash and artificial cooling pool of Khmelnitsky Nuclear Power
Plant on the base of long-term study of phytoplankton, zooplankton, and zoobenthos.
The changes of the Balkhash Lake ecosystem that is under invasion of bivalve Monodacna
colorata can be divided into two periods:
I. Before 1996 with diverse benthic species, and
II. Period of 1996-2012 when was increased the benthos biomass as a result of
underutilization by carp of the shellfish as a fodder object.
The benthification process of the Khmelnitsky NPP cooling pool ecosystem is divided its
ecosystem functioning into three periods:
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i. 1998-2007 before the invasion of zebra mussels and its first period of occupation with
developed phytoplankton;
ii. 2008-2011 with benthification caused of Dreissena invasion;
iii. From 2012 until present with restoration of phytoplankton variables. Only with help
of the water temperature bioindication we can conclude that the ecosystem response to
the thermal impact of second power unit entry is delayed and turns out to be less than
the subsequent invasion of the Dreissena.
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Introduction
The phenomenon of changes which are expressed in increase
benthic and periphytic primary production over pelagic production
in the food web, had been named as process of “benthification” or
“contouring”/contourization1 which reflect an overall alteration of
the aquatic ecosystem function.1–4 Increased water transparency after
Dreissena polymorpha Pallas 1771 invasion has been favor benthic
algal primary production in freshwater systems previously dominated
by phytoplankton production as in the Oneida Lake, Naroch Lake, and
others.4,5 The sun light in the open ecosystems is the overriding factor
that determines the distribution and diversity of autotrophes and the
dreissenid invasion as mediating factor of water transparency and light
penetration increasing is the most important. Therefore the dreissenid
invasion to aquatic ecosystems is contributes to benthification in North
American lakes.6 The principal cause of such shift is considerable
increase of water transparency that leads to growth of abundance
and bottom autotrophs production and to expansion of habitat by
autotrophs and bottom photosynthesis in depth.2 Zebra mussel is the
important supplier of phosphorus and nitrogen according excretion
of them. However during night time, when in filamentous algae
congestions the content of oxygen can sharply decrease,7 diffusion
of phosphorus from bottom sediments to water essentially increases.
Thus, system of backward and forward linkages in community (in
complete community) promotes activation of biogeochemical cycles
within marginal groups.2 An obtaining of trustworthy information
about their structure and functioning is necessary. But monitoring only
allows accumulating data about ecosystem, thus the methodology of
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estimations of a techno-ecosystems condition, degree of influence
of technogenic factors on a live part of all system, influence of last
one on environment is necessary. The same can be called for the
lake ecosystems because the lakes and lake-type water bodies such
as wetlands, estuaries, and reservoirs, including the cooling pool
plants are important as sources and collectors of water. Principles of
the Water Frame Directive of EEC (WFD-2000) can be applied here.
The phytoplankton and zooplankton abundance in the cooling pool
at the Khmelnitsky Nuclear Power Plant (KhNPP) was characterized
by heterogeneity that because the regulation of the ecosystem
and control of major variables are represent rather problem.8 The
problems of benthification are not only pools2,8 but also large lakes
like Oneido, Great Lakes in America, and Balkhash, Naroch lakes in
Eurasian continent6,9 that due this process needing for detail study on
different examples. The aim of present study was to find the sufficient
relationships between primary and secondary producers of the pool or
lake ecosystems during the zoobenthic species invasion that can be
monitored in future.

Description of studied sites
The Balkhash lake
The Balkhash Lake (Figure 1) is one of the largest lakes within
the arid zone of Kazakhstan.9 The rivers Ili, Karatal, Aksu, and Lepsy,
which flow into the lake from the south, originate in the mountains of
the Tian Shan. The Uzynaral Strait divides the lake into two different
parts: the Western Balkhash and the Eastern Balkhash. The Balkhash
Lake features an increase of total dissolved solids (TDS) in the
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©2017 Barinova et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestrited use, distribution, and build upon your work non-commercially.

Copyright:
©2017 Barinova et al.

Benthification in the inland water ecosystems of Eurasia, some ecological aspects

direction from west to east. Increased level of heavy metals in water
and soil is caused by the presence of ore deposits in the region as well
as anthropogenic pollution of the lake.9

Figure 1 Map of the Balkhash Lake with the hydrological regions and the
falling rivers (a); view of the lake with the macrophytes belt (b).

Khmelnitsky nuclear power plant cooling pool
The cooling pool at the Khmelnitsky NPP (KhNPP) (Figure 2)
is a reservoir filled in 1986 with waters of the Gniloy Rog River as
well as with the Goryn’ River, and operated from 1987. The area of
this pool is 15.4km2 and the volume is approximately 120 million
m3, surface area is 20km2, the slowness of the coastline is 20.4 km,
the average depth is about 6 m with maximal 12m.4 In the north this
pool is limited by an earthen dam 6.85 km long faced with concrete
to the bottom (depth, 7-8m), and then (3km) with rubble. The water
volume in the intake canal is approximately 0.8 million m3. The Zebra
mussel (Dreissena polymorpha) spontaneously invaded the cooling
pool in 2003-2004.7 The problem of the Zebra mussel was increase
during next years and with the outbreak of development in 2006-2007
it have a maximal value up to 2kg m2 in benthos and up to 20 kg m2 in
periphyton in 2008,2 and then in 2008-2011 decrease.8
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Results and discussion
The Balkhash lake ecosystem long-term dynamic
Statistically generated maps of water temperature and
phytoplankton species richness of the Balkhash Lake in 2004 are
represented in Figure 3. The water temperature varied in range 22.625.9˚C and was higher in the central and eastern parts of the lake
(Figure 3a). Phytoplankton was represented by 91 species from 9
Divisions and has difference in distribution over the lake (Figure 3b)
with richest communities near the rivers input. The average long-term
biomass of phytoplankton in the Balkhash Lake during the period from
1972 to 2012 was 0.94±0.07g m-3. The biomass value varied within
the limits of 0.17-1.86g m-3. The mean annual biomass of zooplankton
(1976-2012) reached 1.47±0.095g m-3, with a range of fluctuations
from 0.50 to 3.14g m-3. Cladocera and Copepoda were dominated.
The average annual biomass of macrozoobenthos was 8.19±1.47g
m-2. The value of the biomass was varied from 1.30 to 49.45g m-2
in different years. The inter-annual dynamics of phytoplankton
and zooplankton biomass had the similar orientation (Figure 4).
The absence of a statistically significant relationship between the
long-term dynamics of phytoplankton and zooplankton is due to a
temporary delay in the variability of the second community relative
to the first, with a lag of 6-7years. This indicates, on the one hand,
the weak influence of the zooplankton community on the quantitative
variables of phytoplankton, on the other hand, on the presence of
an external factor that induces unidirectional long-term changes in
plankton communities.

Figure 3 Statistically mapped water temperature (a) and phytoplankton
species richness (b) of the Balkhash Lake in 2004.

Figure 2 Map of cooling pool at the Khmelnitsky NPP (a) with red arrow for
hot water input to the pool, and blue arrow for cold water output; the cooling
pool view in August 2014 (b).

In the long-term dynamics of phytoplankton of the Lake
Balkhash stands out two time intervals: 1976-1995 and 1996-2012.
They are divided by a sharp decrease in the total biomass of algal
cells at the junction of these intervals. The average annual biomass
of phytoplankton in the first two decades was 1.09±0.09 g m-3. In
subsequent years, the value of the biomass fell to 0.73±0.09 g m-3. We
showed earlier that the controlling clamping on phytoplankton of the
Balkhash Lake was provided not only by climatic and environmental
factors10–14 but mostly by the bivalve Monodacna colorata (Eichwald,
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1829),15 whose dietary spectrum is represented by the protists, organic
matter, bacteria, and phytoplankton.16 Until 1995, the biomass of
macrozoobenthos was formed mostly by larvae of Chironomidae,
Mysidacea, and Corophiidae. Since 1996, there has been a trend of a
sharp increasing in the biomass of the bottom community due to the
bivalve Monodacna colorata. The share of Monodacna colorata in
the total biomass of macrozoobenthos has increased in recent decades
to 75.3-95.6%, while a decrease in the biomass of algal cells. In turn,
the restructuring of the bottom community structure is caused by a
significant reduction in the commercial herd of benthic fish, mainly
carp, the population of which in recent decades is represented mainly by
individuals of younger ages.17 The total biomass of macrozoobenthos
in the period 1996-2012 (17.50±3.37g m-2) averaged 4 times increased
the value for the previous years (3.53±0.26g m-2) as a result of
underutilization by carp of the shellfish as a fodder object. Therefore,
if the biomass of the macrozoobenthos due to the Monodacna
colorata persists at a high level, it is to be expected that in a few
years the abundancy and biomass of the zooplankton community as a
competitive consumer of phytoplankton will also decrease.
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in 2006-2007 (Figure 6) and the autotrophic community processes
have shifted into the periphyton (Figure 7) in relation to Dreissena
increasing. Phytoplankton was start to increasing in 2009 only with
decreasing of Dreissena polymorpha population2,18,19 and restored up
to previous number with some fluctuation (Figure 6).

Figure 5 Statistically mapped water temperature and zooplankton abundance
in the KhNPP cooling pool surfaces in 2014.
Figure 4 Long-term distribution of phytoplankton, zooplankton, and
zoobenthos biomass in the Balkhash Lake in 1976-2017.

The Khmelnitsky NPP cooling pool ecosystem longterm dynamic
The statistically generated maps8 demonstrated decreasing of
water temperature in the water flow direction from 26.2 to 22.3˚C
(Figure 5a). Environmental variables besides the water temperature
gradient fluctuated in small range. Zooplankton abundance
distribution (Figure 5b)8 show its preference of water with lower
temperature in contrary to phytoplankton. The distribution of
plankton was also influenced by technical-caused water circulation
and wind currents.2 The phytoplankton abundance and biomass were
higher in high temperature southern part of the pool. Zooplankton
abundance, biomass, as well as the average algal cell volume were
highest in the northern part of the pool where the water temperature
decreased.2 In total, 277 species, represented by 296 intra specific
taxa, were found in the phytoplankton of the KhNPP cooling pool,
including the nomenclature type of the species that belong to nine
divisions.2 The abundance of phytoplankton in the KhNPP was
characterized by heterogeneity. This applies to both long-term and
seasonal dynamics, as well as spatial distribution along the reservoir.
Inter-annual dynamics was characterized by a sharp change in the
dominant complex. Figure 6 demonstrated impact of the second unit
operation to the phytoplankton species richness of the KhNPP cooling
pool. The first stage of the ecosystem response was decreasing in
algal species richness. But later algal community was partly restored.
Phytoplankton species richness was sharply decreased after invasion
of zebra mussels in 2003-2004 with the outbreak of development

Figure 6 The phytoplankton species richness distribution in the KhNPP
cooling pool over 1998-2014. Red arrow is marked of starting time in 2004,
where the second power unit was put into operation.

Earlier we characterize the KhNPP cooling pool ecosystem with
help of algal bioindication methods.20–22 The water temperature
indicator species were used for the long-term analysis of the
environmental variables fluctuation.23 The proportion of temperature
indicators was related with the total species richness in phytoplankton.
Therefore we has been try to analyze which of water variables or
zoobenthos abundance was major factors that impacted KhNPP
cooling pool phytoplankton community. Figure 8a show that minimal
planktonic species-indicators of water temperature were in the period
of fast development of zebra mussels in benthos. Besides the invasion
period in 2008-2011 the species richness of algae was similar. It let
us to conclude that the hot water input of second power unit was only
slightly shifted the richness in the indicators groups but not change the
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community structure. However, Dreissena polymorpha invasion not
only decreased species richness (and biomass) in phytoplankton but
also made its structure simpler (Figure 8b). The indicators of warm
water were enriched of planktonic community in 2012 after “dreissena
period” (Figure 8b). But it indicate changes from the temperature
temperate species Aulacoseira granulata (Ehrenberg) Simonsen
and Trachelomonas hispida (Perty) F.Stein to the community with
prevailing of temperate temperature species Aulacoseira granulata
and Stephanodiscus hantzschii as well as warm water indicators
Staurosira venter (Ehrenberg) Cleve & JD Möller, Leptolyngbya
fragilis (Gomont) Anagnostidis & Komárek, and Jaaginema
geminatum (Schwabe ex Gomont) Anagnostidis & Komárek. The
indicator properties of the last three species are related mostly to
organic pollution than warm-water. That can be confirmed also their
taxonomic affiliation to the filamenthous Cyanobacteria. Thus, their
appearance more shows the saturation of water with organic matter
after the death of the bulk of the mollusks than increasing of water
temperature.

Figure 7 View of the benthification result in the KhNPP cooling pool after
invasion of zebra mussels in 2006. The scale bar (white roulette) is 1m.

285

Conclusion
The benthification/contourization process in the Balkhash Lake
was provided by the bivalve Monodacna colorata with two periods.
The first was 1976-1995 when the biomass of macrozoobenthos was
formed by diverse species. The total biomass of macrozoobenthos
in the second period 1996-2012 demonstrated 4 times increased the
benthos biomass for the previous years as a result of underutilization
by carp of the shellfish as a fodder object. Therefore, if the biomass
of the macrozoobenthos in the Balkhash Lake due to the Monodacna
colorata persists at a high level, it is to be expected that in a few
years the abundancy and biomass of the zooplankton community as a
competitive consumer of phytoplankton will also decrease.
As a result of the KhNPP cooling pool study with the help of
bioindication of temperature conditions for algae, it was possible
to distinguish 3 periods of its ecosystem functioning. The first
from 1998 to 2007 before and in the outbreak of zebra mussel’s
development with developed phytoplankton, in which diatoms and
euglenoids dominated. The second in 2008-2011 with benthification/
contourisation caused of Dreissena invasion. The third can be
marked from 2012 till present with restoration of phytoplankton that
dominated by filamentous Cyanobacteria, and dying out of the major
mass of Dreissena. Remarkable, the boundary of 1 and 2 periods
does not coincide with the time of the second power unit entry; the
ecosystem response to the thermal impact is delayed and turns out to
be less than the subsequent invasion of the Dreissena. The massive
development of the Dreissena sharply reduced the species richness of
planktonic algae. The period after Dreissena is characterized by the
restoration of the phytoplankton species richness and the appearance
of indicators of warm waters that are also organic pollution indicators.
In this research we are tried to illustrate on the different water bodies
of Eurasia how adding a single species to a community can greatly
modify biodiversity and ecosystem functioning as was demonstrated
earlier.24 While a comparison of a group of lakes in the Northern
Hemisphere,25 affected by the invasion of the Dreissena, shows the
relationship between water transparency and the invasion period, our
studies also reveal the effects of the Dreissena impact. We revealed
the periods before, during and after the invasion in the cooling pool of
Nuclear power station, and determined that its effect was significantly
greater than the effect of temperature impact. It also turned out that
strong relations exist not only between producers and consumers,
but more clearly negatively correlates the development of plankton
communities as a whole with the development of zoobenthos in
natural lake. The benthification process research caused by invasion
can help to improve the monitoring of controlling factors for the make
decision system of the lakes and reservoirs management in purpose to
biodiversity conservation and restore.
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