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Abstract. Based on analysis of F.D. Mordukhai-Boltovskoy’s
publications, this paper examines the history of studies of the
impact of thermal and nuclear power plants, which were originally
performed under the classical “Haeckelian” ecological paradigm:
the external effect of technogenic factors on aquatic ecosystems
and biota. The decline in interest in the problem was not associated
with a decrease in the technogenic impact or changes in the energy
industry. However, the paradigm itself is changing in association
with the emergence of the concept of a technoecosystem. The
cooling ponds of thermal power plants (TPPs) and nuclear power
plants (NPPs) can be used as models of climate change, particularly
climate warming. The materials obtained in studies of the effects of
technogenic temperature rise are still underused by hydrobiologists
studying climate change and its potential consequences.
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Dedicated to the 100th anniversary of the birth of F.D. Mordukhai-Boltovskoy

Introduction hydroecosystem, similar to the principles of the

More than half a century ago, Filaret Dmitrievich
Mordukhai-Boltovskoy became one of the found-
ers of a new direction in applied hydrobiology in the
USSR, i.e., studies of the impact of anthropogenic
factors on aquatic ecosystems associated with the
operation of thermal and nuclear power plants. In
the mid-1970s, an extensive review was published
(Mordukhai-Boltovskoy, 1975), in which he not only
summed up some of the results of research in this
area, but also outlined the main directions for further
work. This publication made a big impact on research
into this problem in the USSR.

The study of the problem was based on the
principle of external technogenic impact on the

classical Haeckelian ecology. The hydrobiological
paradigm of the functioning of communities and
ecosystems was similar to that prevailing in ecology:
an organism (population, community, ecosystem)
exists and performs its functions in a certain field of
environmental factors, which in one way or another
affect a given object. It was within this paradigm
that studies of the effect of power plants on aquatic
ecosystems were developed. Thus, on the Volga
reservoirs, the effect of direct-flow cooling systems
of thermal power plants was studied, i.e., of the
discharge of heated water into large water bodies.
In such cases, the condenser cooling water is used
once. Further studies of TPP systems, and then
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NPPs with a circulating cooling system (in particular,
with cooling ponds) led to the development of ideas
about the biotopic unity of natural and technogenic
elements of ecosystems and then to the formulation
of a new concept of a techno-ecosystem. In this
case, the study of techno-ecosystems is based on
a different approach, namely, on the principle of the
unity of direct and inverse relationships between
natural and anthropogenic elements of techno-
ecosystems. Such a paradigm shift in technical
hydrobiology and applied ecology as a whole, leads
to the emergence of a different view of the system
of interaction in relations between humans and water
bodies, the problem of protecting ecosystems, and
obtaining ecosystem services.

Afundamental review of the problem of the impact
of heated wastewater from power plants on aquatic
ecosystems made by F.D. Mordukhai-Boltovskoy
almost half a century ago, was of great importance for
hydrobiologists in Russia, not only because access
to foreign literature was then limited and difficult, but
also because the review summarized some of the
research results and set tasks for the future. That
review largely determined the development of a whole
area of applied hydrobiology and was published in the
collective volume appropriately titled “The ecology of
organisms in cooling water reservoirs”. The collection
included works only on objects in the Volga basin,
but this problem had been developed for more than
10 years in other regions of the USSR, in particular,
in Lithuania, Transbaikalia, and Ukraine. Priority was
rightly given to Ukrainian scientists who worked under
the leadership of A.V. Topachevsky, M.L. Pidgayko,
and O.G. Kaftannikov. However, it was with the active
participation of F.D. Mordukhai-Boltovskoy that the
research in this field was properly coordinated and
several fruitful scientific meetings and conferences
were organized.

In that review, the author considered the impact of
fundamental hydrobiological factors such as the water
temperature and hydrodynamics. However, in that
case the focus was on their origin and impact. The
author emphasized that this introduced new aspects
to seemingly traditional problems: it was about the flow
of additional heat into the reservoir, moreover, all year
round, as well as a significant excess of the absolute
temperature in comparison with natural conditions.
In addition, a new phenomenon has appeared, i.e.,
the passage of huge masses of water with their
population through heat exchanger systems, which is
especially important in closed cooling ponds, where
this can happen many times. It was also essential
to analyze the problem of threshold temperatures
not only at the physiological, organismic, but also at
the cenotic levels. It turned out that purely academic
physiological research related to “unnaturally” high
temperatures has a very real ecological application.

By the mid-1970s, considerable material has been
accumulated on the impact of power plants on
aquatic organisms and their communities of different
ecological groups; a very different response of
plankton, benthos, periphyton, and fish population
to technogenic factors was shown. That, publication,
was certainly a milestone, it played a significant
role in the subsequent development of the problem
under study, it set important tasks for further work.
F.D. Mordukhai-Boltovskoy also provided extensive
bibliography as by that time, world literature had
already numbered many hundreds of publications,
including monographic works.

The nature of the impact

It seems important to note that in F.D. Mor-
dukhai-Boltovskoy’s research, the object of study de-
termined the approach and the basic concept of the
paradigm of applied hydrobiology. The scientist and his
colleagues dealt with areas of large reservoirs affected
by thermal power plants, so the approaches were limi-
ted to the following research model: the aquatic eco-
system is under an exclusively external technogenic
impact. The task of the study was considered within
the framework of the classical ecological paradigm: an
ecological object is located and functions in the field of
certain environmental factors, the main of which in this
case were thermal and hydrodynamic, determined by
the operations of a power plant.

F.D. Mordukhai-Boltovskoy divided the problem
into two aspects: the effect of a technogenic rise in
temperature, often up to threshold ecological valu-
es, and the involvement of huge masses of water in
the technical and circulation water supply systems.
Based on considerable material, it was shown that in
natural conditions, almost the same as in physiologi-
cal studies, there are threshold temperature values
(“enchanted 30”). For most aquatic organisms of the
temperate zone, it was the threshold of 30° C that
was shown to be critical for development and survi-
val. Studies at the community level have shown that a
regular change of dominant complexes occurs in the
temperature gradient: in particular, in phytoplankton,
whole sections of algae can fall out of the composi-
tion of communities. It was very important to compare
the response to an increase in temperature and oth-
er technogenic factors by representatives of various
ecotopic groups of hydrobionts (plankton, benthos,
and periphyton). Nevertheless, on the scale of a large
reservoir and a direct-flow cooling system, the impact
of power plants appeared rather local, and most im-
portantly, one-sided, since the consequences of dis-
charges did not affect the “disturbing” object.

The relationship between technical systems and
the aquatic ecosystem looks significantly different
with a circulating water supply and cooling scheme for
TPPs and NPPs: with closed cooling ponds, cooling
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towers, etc. (Protasov et al., 1991; Techno-Ecosystem
of AES, 2011). In such cases, a kind of techno-eco-
system is formed, including natural and technogenic
biotopes, in which biocenoses are formed under the
effect of both natural and technogenic factors. Strictly
speaking, the reservoir is also a techno-ecosystem,
since it has an anthropogenic nature and its main
functions are determined by human agency, but natu-
ral components can also dominate here.

Attention to the problem
of the scientific community

In his review, F.D. Mordukhai-Boltovskoy noted
the presence of many publications and the breadth of
geography of research in the field of impact of power
plants on aquatic ecosystems, but in recent decades,
interest in the problem has significantly dropped. For
example, in Ukraine in 1960-1990, such studies were
carried out at all large cooling ponds of TPPs, at the
coolers of the Chernobyl and South-Ukrainian NPPs
(Protasov et al., 1991), while currently, hydrobiologi-
cal studies are constantly being conducted only at
the reservoir of the Khmelnitsky NPP. Research on
“thermal pollution” in Belarus has effectively been
curtailed. In Russia, hydrobiologists are working on
Kenon Lake in Transbaikalia (Tsybekmitova, 2017);
some special work is carried out in the regions of the
Leningrad NPP (Makushenko et al., 2014), on one of
the cooling ponds of the TPP in Tyumen (Sharapova
et al., 2020). However, no comprehensive studies of
techno-ecosystems are being conducted.

What are the reasons for the decline in interest in
this problem? There is probably a factor in the populari-
ty of the problem, if not the fashion for the problem. In a
certain initial period, problems are solved rather quick-
ly, which seem to lie on the surface. The main financial
and organizational support of research is directed at
the solution of these “superficial” issues. Then comes
the period of solving more particular, but also deeper
problems, studying specific features, and individual
and rare varieties of the phenomena in question. In a
sense, there is “fatigue” from the problem. Let us re-
call at least the history of the study of eutrophication,
“water bloom,” the introduction of zebra mussels into
water bodies, etc. Here one parallel comes to mind,
connected with the work of F.D. Mordukhai-Boltovskoy
(1960), which dealt with the dynamics of the invasion
process: a new problem can be compared with an ini-
tially aggressive invasive species, sharply increasing
its numbers, but gradually its population decreases,
and it occupies a less prominent position, if not entirely
disappears from the ecosystem.

Another reason for the decline in interest in the
problem of “thermal pollution” may be changes in the
energy structure. There is a widespread opinion that
replacement of traditional energy sources is immi-
nent, and the growth of the so-called ‘green energy’.

Since the 1970s, thermal energy from fossil fuels has
been largely supplanted by nuclear power all over the
world, which has turned out to be quite dangerous
not only for ecosystems, but also directly for humans.
However, the very problem of thermal discharges and
other related factors has not disappeared and cannot
disappear in principle as long as there is electricity
generation in thermal or nuclear power plants, and as
long as the turbine is rotated by steam obtained from
the combustion of fossil or nuclear fuel. The struc-
ture of the world energy sector has not fundamental-
ly changed over the past 20-25 years (Ten, 2012),
as recent statistical studies show (BP Statistical Re-
view..., 2020). Although the proportion of so-called
‘green energy’ in 2019 for the first time slightly ex-
ceeded that of nuclear power plants, and the produc-
tion of electricity from solar power plants is growing
extremely rapidly (Fig. 1), the bulk of the world’s elec-
tricity (90% or more) is produced and will continue
producing over many years in power plants that use
water for cooling and technical needs. So far, there
are no global, sustainable trends in the reduction of
electricity production at nuclear power plants, except
for in some European countries. However, according
to Ten (2012), the decommissioning of nuclear pow-
er plants, for example, in Germany, will lead to the
use of replacement capacities and the combustion
of 35.2 « 10° m® of natural gas per year.

Techno-ecosystem concept

The existence and functioning of the biosphere
is associated exclusively with natural processes in
natural ecosystems. Anthropogenic ecosystems are
energetically dependent on natural ones, just like the
people that create them. The biosphere is being trans-
formed due to the increasing expansion of techno-eco-
systems. The latter can be defined as a set of biotopes
(natural and of a techno-anthropogenic nature) and
their living population, united by a system of matter
and energy flows that change in space and time.

The origins of the concept of a techno-ecosys-
tem are laid in the initial concepts of ecosystems.
The author of the term and concept of the ecosys-
tem, A. Tansley (1935) recognized the existence of
both purely natural ecosystems, and ecosystems de-
pending to varying extents on humans. The study of
the impact of power plants began with the traditional
question: how do the discharges of heated water from
thermal power plants, that is, a certain set of techno-
genic factors, affect aquatic ecosystems? However,
over time, two additional aspects became apparent:

1) the water supply systems of TPPs and NPPs
are a single whole with the biotopes of the actual
cooling reservoir;

2) the efficiency and reliability of technical systems
operation significantly depends on environmental
factors.
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Fig. 1. Electricity production at nuclear (A) and solar (B) power plants, terawatt-hour (According to BP Statistical review..., 2020).
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Thus, the next the question is, what are the
relationships and interactions in the system of
relations between ecological and technical objects
(thatis, in the techno-ecosystem), and how do techno-
ecosystems and the surrounding natural ecosystems
affect each other?

The uniqueness of techno-ecosystems lies in the
fact that they do not have any “biotopic, ecological
logic”, as is justified in the concepts of river (Vannote
et al., 1980) and/or lacustrine (Protasov, 2008)
continua. The significant popularity of the concept of
a river continuum (CRC) (Baturina, 2019) precisely
for potamology has in a certain way reduced its
importance for hydrobiology and ecology in general.
The provisions expressed by V. Zhadin (1948)
decades before the appearance of CRC, which can
be considered an anticipation of it, in our opinion,
are much broader and more universal. We are
talking about the model proposed by Zhadin for the
transformation of biocenoses downstream of the
river and when it comes into contact with the lentian
reservoir, for example, when creating a reservoir. The
concept of continuity can be used as the basis for
biogeomic structuring of the hydrospheric part of the
biosphere (Protasov, 2016, 2017).

At the same time, in techno-ecosystems, the
change of biotopic elements is associated with their
design and the nature of their operation. For each
techno-ecosystem, there are unique combinations and
proportions of biotopes, as well as the communities
of aquatic organisms inhabiting them. The concept
of a techno-ecosystem considers not only the direct
effects of technogenic factors on biota, environmental
conditions, but also the reverse effect of biotic factors
on technical devices, aggregates and systems as the
most important. The resulting problem of biological
interference is considered one of the key problems
in technical hydrobiology. Biological hindrances
are complex interactions between different aquatic
organisms, their populations and communities, on
the one hand, and technical objects, on the other. In
thermal and nuclear power engineering, one of the
important variants of biological interference is fouling,
the formation of periphyton communities on various
technical surfaces (Protasov et al., 1991)

Consequences of the new paradigm
From the standpoint of environmental protection,
we should consider not so much the direct impact
of technogenic factors as the relationship between
the techno-ecosystem and the surrounding natural
ecosystems. Thisapproachshouldsignificantlychange
the principles of environmental and hydrobiological
monitoring, in particular, in the energy sector. It
should be based not on the control of “permissible”
discharges, but on a holistic assessment of the
ecological and technical state of the technological

ecosystem of TPPs or NPPs. It should be noted here
that after the notorious disasters at the Chernobyl
nuclear power plant and the Fukushima-1 nuclear
power plant, attention is quite rightly focused on the
radiation impact of these power plants on humans.
However, non-radiation factors also play a significant
role, not only from the point of view of the impact on
the environment, but also in terms of ensuring the
reliability of the equipment of the stations themselves.
The biogeographic issue of the invasive process is
shifting into a completely practical plane: the techno-
ecosystem should constantly monitor the appearance
of invaders, primarily those organisms that can
cause biological interference in the operation of the
equipment and lead to a decrease in its reliability.

In F.D. Mordukhai-Boltovskoy’s review, some
hypotheses were put forward regarding the
development of the problem. The assumption was
shown to be correct that even with the establishment
of a subtropical thermal regime, ecosystems of a
subtropical or tropical composition and type will not
form in the coolers. The point, apparently, is that when
the thermal regime changes, other environmental
factors remain unchanged, for example, the
illumination mode, seasonal periodicity. However,
at present, the invasive process is proceeding so
intensively that there are already examples when
the dominant complex of aquatic organisms in
coolers located in the temperate zone is of tropical or
subtropical origin (Novoselova et al., 2020).

Like other scientists who were then dealing with
this problem, F.D. Mordukhai-Boltovskoy could not
have foreseen that in three decades the problem of
local “thermal pollution” would develop into a problem
of “global warming”. The development of power
engineering did not lead to global warming of water
bodies, although the capacity of nuclear power plants
alone in Europe and the United States by 2019 have
increased more than five times relative to the 1970s!
Nevertheless, considering observed thermal weather
anomalies, local impacts of power plants can have
catastrophic consequences.

Technical hydrobiology
and global climate problems

In the 1970s there was an idea that studies in the
field of the effect of high temperatures, which usual-
ly do not occur in nature, are of a purely academic
nature, associated with the physiology of extreme
conditions, or refer to particular problems of local
impact of thermal power plants and nuclear power
plants on water bodies. However, climate change
has posed this problem on a completely different,
global scale. The need arose to predict the behav-
ior of aquatic ecosystems with an increase in tem-
perature in natural conditions. Techno-ecosystems of
TPPs and NPPs have become extremely important



8 Protasov, A.A., 2021. Ecosystem Transformation 4 (1), 3-9.

models of climate change. However, in our opinion,
the experience of research in this area of technical
hydrobiology is very insufficiently used. An illustrative
example can be works (e.g., Lazareva et al., 2016;
Shcherbak, 2019) in which the issues of the response
of different groups of aquatic organisms to abnormal-
ly high natural temperatures are considered without
any reference to studies of the effect of technogenic
temperature rise.

One way or another, the problem of thermal pol-
lution itself under the influence of power plants has
now significantly narrowed (or in any case, the inte-
rest of scientists in it has declined), but new impor-
tant aspects have appeared, i.e., climatic change and
patterns in the function of the techno-ecosystems of
TPPs and NPPs, as well as other techno-ecosys-
tems, and assessment of their condition.

Prospects for studying
technoecosystems

As for the development of the concept of the tech-
noecosystem itself, it is broader than the problem of
the impact of thermal power plants and nuclear power
plants on water bodies and the life in them. This effect
is a particular issue, and the effect of temperature in-
crease is considered in combination with other factors:
hydrodynamic as well as changes in the hydroche-
mical regime. The problem is changed from monocen-
tric to bicentric: the effect of technical factors on biotic
systems acquires the same importance as the issues
of reliability of technical systems under the influence of
environmental, including biotic, factors.

Techno-ecosystems of TPPs and NPPs are only
a part of the growing anthropogenic component in the
biosphere. It seems that the movement towards the
noosphere, about which V.I. Vernadsky writes, is the
process of to one degree or another, replacing natural
ecosystems with natural-anthropogenic ones. This is
a global problem of the formation of a new structure
of the biosphere; the problem of noospherogenesis.

The nature of science is such that it has the pro-
perty of diversity. Some representations completely
replace old paradigms, and they disappear into histo-
ry, while in other cases new paradigms coexist with old
ones, absorb their experience and supplement it with
new approaches, ideas, and principles. That is why
the scientific heritage of F.D. Mordukhai-Boltovskoy
is relevant now. Research initiated by F.D. Mor-
dukhai-Boltovskoy, A.V. Topachevsky and others con-
tinue to this day in Russia and Ukraine. Several years
ago, a scientific and practical conference was held in
Chita dedicated to the study of cooling ponds (Tsy-
bekmitova, 2017). There is no doubt that the study of
aquatic techno-ecosystems, both of power plants and
of other origins, their role in individual regions and the
entire biosphere will become one of the main tasks of
technical hydrobiology.
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