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Abstract
URBAN P., SABO, P., PLESNIK, J., 2021. How to define ecology on the basis of its current understanding? Folia
Oecologica, 48 (1): 1-8.

The frequently used term ecology is currently interpreted in various ways. This scientific discipline has un-
dergone relatively dynamic development since its inception, and its character is still widening and changing.
Therefore, in this contribution we attempt to briefly summarize the subject and contents of current ecology, as
well as to propose its more systemic and comprehensive definition. We try to enhance its present definitions
especially by putting emphasis on the dynamics of nature (the dynamics of natural processes). We define cur-
rent ecology as the science dealing with the structure, dynamics and functions of nature including evolution,
where structure involves the distribution and abundance of individual organisms, habitats and ecosystems;
dynamics include all the aspects of their life trajectories and cycles, including growth, development, repro-
duction or renewal, interactions and their changes, the cycling of matter, flows of energy and information
and their transformations; and functions involve the properties, traits and niches of individual organisms and
species in an ecosystem, as well as the properties and niches of ecosystems in the landscape, ecoregion or in

the whole Earth system.
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Introduction

At present, the term ecology is used much more frequently
(both in scientific circles and in the general public) than at
any time in the past. Not only have sophisticated analyses
and abstract mathematical theories rapidly accrued, but
also useful practical outputs. However, this term is often
interpreted incorrectly, especially by the general public
and in the media. It branches off from its original meaning
and is merged with wider environmental issues (especially
with environmental science) and with environmental
management and advocacy (especially with environmental
activism, which in connection with environmental
philosophy has grown into modern environmentalism,
a public movement with its own ideology and policy),
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or even with various other interests and ideologies. This
process has been apparent particularly since the 1960s.
Ecology is thus used as an ideological abracadabra,
which contributes to the merging of various ideas and is
ungenial to ecology itself (SKLENICKA, 2011; SUCHOMEL
et al., 2014). But ecology is a regular scientific discipline,
one of the central branches of biology (together with
evolutionary and conservation biology, they are sister
scientific disciplines on living nature) and overlaps with
many others, especially with genetics, evolutionary theory,
ethology and physiology (BEGON et al., 1996). Therefore,
despite the fact that its outputs have wide practical uses,
it is necessary to apprehend it in this meaning and to
consistently disengage it from other semantic tendencies,
justas itis necessary to distinguish between an ecologist, an
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environmentalist and an environmental activist. However,
we should mention that there are authors attempting to
synthesize environmental science and ecology, at least
emphasizing their mutual overlap (FREEDMAN, 1995;
YAaDAvV and MISHRA, 2004).

On the other hand, it is also logical that this scientific
discipline itself has been displaying a high boom in
dynamics, which is also reflected in its various definitions.
Currently, there are many approaches emphasizing various
aspects of ecology, but for the most part they are not
very complex. In this contribution we try to summarize
the subject and contents of current ecology as a modern
and highly integrative scientific discipline. Consequently,
we try to propose its more systemic and comprehensive
definition, which should be more in line with current
scientific knowledge.

A short look back

The term ecology has the same roots as the word economy
(from the Greek “oikos ” —household, home, place for life);
therefore, with a certain simplification, we can say that it deals
with the economy of nature (RICKLEFs and RELYEA, 2014).
This necessarily includes the study of organisms, their
distribution, mutual relations and interactions, as well as
their requirements for and interactions with their place for
life — the environment. It is not surprising that Haeckel’s
original definition (based on broad morphological studies
of organisms during their ontogenesis) dealt with the
relations of organisms and their environment and with
their mutual relations (HAECKEL, 1866). Darwin denoted
these relations as the conditions of organisms’ struggle
for existence; however, this is far from the much broader
substance of ecology, which includes the understanding
of comprehensive processes taking place in nature. (All
the ecological processes emerge as concatenations of
numerous and diverse interactions of the individual
elements of ecological systems.)

Ecology was initially perceived as an inseparable and
fully integrated part of biology. Roughly in the 1920s the
character of this discipline began to change and to become
an independent and authentic scientific discipline. In the
process it became clear that ecology is a science in which
all the features delineated by classical physics cannot be
applied (KOVAR, 2014).

Among the first scientists who contributed to the
development of ecology were geographers. The most
prominent among them was the geographer, geologist,
botanist, meteorologist, explorer and top polyhistor
Alexander von Humboldt (1769-1859), who in his
magnificent masterpiece (divided into many volumes)
Voyage aux régions équinoxiales du Nouveau Continent
fait dans les annés 1799—1804 par Alexander de Humboldt
et Aimé Bonpland (Personal Narrative of Travels to the
Equinoctial Regions of the New Continent during the
years 1799-1804) described organisms and ecological
factors in the tropical regions of Latin America.

Among his most considerable productions, the book
Cosmos, a marvellous “portrait of nature”, should be
mentioned. It expressed Humboldt’s deep awe before

the diversity and at the same time the interconnectedness
and harmony of the natural world, as well as his search
for universal underlying and unifying principles and
patterns hidden behind this diversity and seeming chaos.
The dynamics of Cosmos also includes a widening and
deepening of the perception of nature by man, which has
a great positive influence on him (WaLLs, 2009). Humboldt
intensively perceived in particular the common genesis
of organisms, the climate and the Earth’s crust, and his
studies became the basis of a new scientific discipline,
biogeography (SMITH, 1996; SmiTH and SmITH, 2014).

The development of ecology was influenced also by
many prominent botanists. For example, Danish botanist
Johannes Warming (1841-1924) strived to unite various
subdisciplines of botany, emphasizing the impacts
of environmental factors on vegetation composition
(SmitH, 1996). Plants’s life forms from another Danish
botanist, Christen Christensen RaunKizr, are still used
to characterize plant communities (RAUNKIZeR, 1934).
Swiss botanist Josias Braun-Blanquet (1884-1980)
also proposed a widely applied vegetation classification
according to the species composition in communities
and an evaluation of the abundance of individual species
in them (BRAUN-BLANQUET, 1932). American botanists
Henry Chandler Cowles (1869-1939) and Frederic
Clements (1874-1945) were the first to study vegetation
succession. For Clements biocoenosis was no more a set
of intact elements, but a network of mutually interacting
species which together form a kind of a ,,superorganism*.
Although the notion of a superorganism was mostly
rejected, Clements’s theory of succession as consequent
developmental changes of vegetation leading to a climax
community is, with some improvements, still well recognized
today (CLEMENTS, 1916).

The arrival of a new phase of ecological thinking (the
so-called ,,new ecology”) coincided with a widening of the
research from plants to also embrace animals. Emphasis
was placed on cooperation and social integration, which is
facilitated mainly through mutually advantageous relations
between producers and consumers.

German limnologist, freshwater biologist and
ecologist (with a strong interest in aquatic insects) August
Friedrich Thienemann (1882-1960) introduced the
concept of trophic levels and formulated three fundamental
biocenotic principles (THIENEMANN, 1921, 1925, 1926).
His lake research led to the first typology of European
lakes based on their biological productivity (THIENEMANN,
1931).

One of the founders of the new ecology, English
biologist (zoologist) Charles Sutherland Elton (1900-
1991), emphasized the study of biotic factors’ influence
on organisms and their populations (more precisely
with representative samples of these populations). He
elaborated the trophic chain and food web issues as an
important, integrating mechanism within communities
(ELTON, 1927) and also paid attention to quantitative
aspects (changes in the occurrence and sizes of
populations in a given area, ELTON, 1935). His transition
from a descriptive methodology (in which complexities
often constrained scientists from generalizations) to



a functional methodology, which describes relations,
striving to analyse universal causality through key patterns
and attributes common for distinctive animal taxa or even
for distinctive geographical areas, was also important
(PIvNICKA, 1986). He aimed at paying attention to existing
ecological knowledge that would enable the building of
a new theoretical model of an ecological community.
Therefore, Elton aimed at the structure and functions of
a community, and to a lesser extent also its dynamics
(KELLER, 1997). He was the first to define an ecological
niche as a basic functional role, the position of an organism
in a community, and he also dealt with population cycles
of wild animals and with invasive alien species (ELTON,
1958).

The works of American mathematician, physical
chemist and statistician Alfred James Lotka (1880-1949)
and Italian mathematician Vita Volterra (1860—1940)
were rather influential in the development of ecology
and general biology in the 1920s. These two scientists,
independently of one another, proposed sets of differential
equations describing logistic growth in populations,
applicable to the study of competitive and predator-prey
relations between organisms (the Lotka-Volterra model
of the logistic growth of two competing species and the
model of predation, LoTkA, 1925; VOLTERRA, 1926a, b).
The model of population dynamics describing a rise in
the number of predators depending on the numbers of
their prey is among the first attempts at mathematical
clarification of the mechanisms controlling and enhancing
species coexistence.

Oxford botanist Arthur George Tansley (1871—
1955), who pragmatically strived to introduce quantitative
assessments into ecology and to get rid of all its romantic
depositions, became the leading personality of the
new ecology. The basis for this was his concept of the
ecosystem, which he proposed and introduced into biology
in 1935. Tansley defined an ecosystem as a basic ecological
unit, in which a biological community is integrated with its
physical environment (TANSLEY, 1935).

The authors of another widely used definition were
Australian zoologist, entomologist and animal ecologist
Herbert George Andrewartha (1907-1992) and his
disciple, Australian population ecologist Louis Charles
Birch (1918-2009), who considered especially the
study of distribution and abundance of organisms as the
subject of ecology. Their publication The Distribution and
Abundance of Animals (ANDREWARTHA and BIRCH, 1954)
caused a significant furore. They questioned, inter alia,
whether there really is “equilibrium in nature”. They also
introduced the concept of a “relative shortage”, by means
of which they explained locust population dynamics, and
they pointed to the fact that local populations of insects
are often ephemeral, and oscillations and consequently
also fluctuations in their numbers do not express the
dependence of their density on control, but rather reflect
the influence of weather.

They called attention to the phenomenon that what
seems to be one population (at first glance), may in fact
be a whole series of local populations interconnected by
migrations and movements of various intensity. They

clarified the fact that local extinction is a common
phenomenon in a population, while global extinction is
avoided due to the fact that one population goes extinct and
others arise. They stated that places which are occupied
today may not be occupied tomorrow and again occupied
in a week, or within a year, respectively. However, they
were criticised for not formulating their population theory
in a mathematical language. The classical metapopulation
model (e.g. LEviNs 1969, Hanski and GiLpiN, 1997)
and source-sink dynamics were linked to their direction
(PuLLiam 1988).

In 1957, British-American zoologist, ecologist and
limnologist George “G” Evelyn Hutchinson (1903—
1991) formulated the first complex definition of the
ecological niche. In his mathematical definition, a niche
is represented by a set of values of ecological factors, as
points in an “n-dimensional hypervolume”, in which each
factor represents one dimension. An ecological niche is
a part of the hypervolume, in which certain ranges of the
values of ecological factors provide suitable conditions for
the survival and reproduction of a species (HUTCHINSON,
1957). This means that organisms did not inhabit the
whole ecological hypervolume, but just the suitable part
of it, bounded by the zones of the organism’s tolerance
towards the individual ecological factors.

A significant shift was achieved by a prominent
American ecologist from the first half of the 20th century,
Eugene Pleasants Odum (1913-2002), who considered
ecology as the study of'the structure and functions of nature,
i.e. the study of the ecology of ecosystems (Opuwm, 1971),
or more precisely the organization of all hierarchically
higher living systems, starting from the organism (ObuM,
1977). He was among the first to point out that the
hierarchical organization of nature, from genes, through
organisms, up to biological communities, which was also
enhanced by their abiotic environment, form an ecosystem
(Opuwm, 1953). Therefore, the approach of E. P. Odum
and his brother Howard Thomas Odum (1924-2002) is
sometimes called “cybernetic ecology” (PRINGLE, 2019)
(in particular, H.T. Odum introduced the ideas of general
systems theory and thermodynamics to ecology) Odum’s
suggestion that ecology is a science studying the structure
and functions of nature was further developed by the
American ecologist Robert Leo Smith: “structure includes
the distribution and abundance of organisms as influenced
by the biotic and abiotic elements of environment; and
Sfunction includes all aspects of the growth and interaction of
populations, including competition, predation, parasitism,
mutualism, and transfers of nutrients and energy among
them” (SmITH, 1996; SMITH and SmiTH, 2014).

In the methodological approach of the Odum brothers,
modern-thinking ecologists have found a suitable way of
holistic expression of the organization of living nature (its
structures and functions), manifested in many dimensions
and complexities (JENIK, 2002). The Odum brothers
also defined the “emergent properties” of an ecological
system (differing from cumulative properties), which
always emerge on a new hierarchical level of organisms’s
organization (Opum, 1977).



Canadian zoologist and ecologist Charles Joseph
Krebs (¥1936), apart from the distribution and relations
between organisms, also emphasizes the flows and
transformations of matter in ecosystems. He defined
ecology as a scientific study “of the processes regulating
the distribution and abundance of organisms and their
mutual relations and the study of how these organisms
facilitate transport and transformation of energy and
matter in the biosphere, especially the study of the structure
and function of ecosystems” (KREBs, 1972). According to
British biologist and ecologist Michael E. “Mike” Begon
(*1951), ecology is the understanding of the processes and
structures in living nature (BEGON et al., 1996, 2006).

Current understanding of ecology — emphasis on the
dynamics of natural processes

Today, many studies emphasize only the high dynamics of
natural processes. Even in the recent past the premises of
ecology included the assumption that natural systems exist
or at least head for a certain “equilibrium” and only rarely
are disturbed by the impacts from the outer environment
(PLESNIK, 2010). Therefore, the logical aim of ecosystem
management was to maintain their natural “ecological
equilibrium”, measured and quantified by means of the
indicators of ecological stability. Ecological stability
(in the sense of homeostasis) means that an ecosystem,
a landscape or an ecoregion exists in a state of equilibrium
or in cyclically repeating sequences of several quasi-
equilibrium states, while the basic mechanism keeping
ecosystems in such an equilibrium is a negative feedback.

However, according to many paleontological studies,
literature reviews and meta-analyses, the “equilibrium
state in an ecosystem is rather rare” (ROHDE, 2006): thus,
stable, unchanging ecosystems practically do not exist
in nature (BoTkiN, 2016). Not only organisms, but also
ecological systems are characterized by their high dynamics,
their movement along their life trajectories (lifelines, ROSE,
1998) or eventually complex life cycles (e.g. various phases
of the forest cycle), an integral part of which are changes
in their material, energetic and information balance — from
the point of view of inputs, flows through the system, their
transformations, and subsequently outputs. Apart from this,
the more detailed analysis has revealed that ecological
equilibrium 1is exactly the consequence of the relatively
high natural dynamics of the elements at lower hierarchical
levels.

Therefore, the paradigm of ecology is changing, and
instead of stability, emphasis is placed on the high dynamics
and complexity of ecological systems, leading to their non-
linear behaviour (ProuLx, 2007). The high dynamics of
nature grasps well the metaphor of the “flowing mosaic
of habitats”, which considers both deterministic and
stochastic processes (PLESNfK, 2010). The species in
communities and ecosystems are interconnected by
diverse numerous “interactions of a variable strength,
which take part in their evolution” (we should note that
not only elements — species, but also their interactions
develop during biological evolution). The system analysis
is applied not just in population and ecosystem ecology,
but also in evolutionary and behavioral ecology (FISHER
and PruitT, 2020).

Ecological equilibrium in this new systemic
view means that ecosystems develop on the basis of
spontaneous  self-organization processes and  their
achieved organization (and order) is maintained by
spontaneous self-regulation processes. Therefore, the
new aim of ecosystem management is to improve and
maintain, or recover, their ecological integrity, which is
the indicator of the health of the respective ecological and
biological system (WooDLEY, 2010; SABo et al., 2017,
2020; PLESNIK, 2019). The tools to achieve this should be
based on strengthening the natural structure of microbial,
fungal, plant and animal communities, as well as the
natural dynamics of hierarchically lower life-supporting
biological and ecological processes, as these dynamics are
a precondition of the integrity of higher levels (HOLLING,
2001).

Among the new trends in ecology, especially in
system and ecosystem ecology, is also the dynamic non-
equilibrium paradigm of an ecosystem, which even prevails
during its life cycle. This is due to the fact that ecosystems
are not closed systems isolated from their environment;
on the contrary, they intensively exchange matter, energy
and information with this environment, which is projected
into the high dynamics of the processes in a system of
complex autopoietic networks (NARUSE and IBa, 2008).
These high dynamics are conditioned and influenced by
the synergic activity of various and numerous internal
and external interactions and ecological factors; therefore,
their behaviour is strongly non-linear, thus it is rather hard
to predict and project ecosystem development (PARROTT,
2010).

Therefore, the state of ecosystem equilibrium is rather
rare and limited in time (PLESNiK, 2010). Furthermore,
ecosystem equilibrium is a dynamic sequence of quasi-
equilibria states. This dynamics and the trend of increased
ecosystem organization complexity can be observed
during ecological succession, as well as during study of
biological and thus also ecosystem evolution. An increase
in this complexity during evolution is most outstanding in
long-term stable environments (Apawi et al., 2000). In this
non-equilibrium perspective of an ecosystem, the essence
of homeostasis of the whole is the already mentioned
continual high dynamics of its components and the almost
continual changes in the flows of matter, energy and
information, e.g. in the case of a forest ecosystem visible
in small forest patches (UrBAN et al., 2018). Ecosystem
dynamics is linked with well recognizable patterns of the
ecosystem’s successional and evolutionary development,
despite the fact that not only deterministic, but also
stochastic (and even chaotic) processes occur there.

Important ecological rules applied in the mentioned
dynamics are e.g. assembly rules, which determine the
selection of the most suitable combination of species
and their genomes at each point of the life cycle of
a perpetually developing ecosystem. This led Danish
chemist and ecologist Sven Erik Jergensen to formulate
“the ecological law of thermodynamics”, which connects
the selection of optimal species combination with an
inherent system heading towards higher complexity to
conserve as much high quality energy (exergy) as possible
(JorRGENSEN, 2012). This is also partially demonstrated



by the evolutionary convergence of ecosystems in
a similar environment. It has already been knowledge
that ecosystems in the northern and southern hemisphere
have (under the same input of solar radiation and similar
precipitation) very resembling species composition and
level of complexity — based on very similar sets of the
available niches, despite the fact that in reality they are
occupied by different species (SALTHE, 2005).

The answer to high complexity of perpetually
changing and reorganizing ecological systems (including
the complexity of their structure and their high and
complex dynamics) is the concept of ecological integrity
(EI). Integrity expresses the wholeness, completeness
and quality of the organization of an ecological system
(Kay, 1991, 1993; Kay and SCHNEIDER, 1992). While
ecological complexity denotes the complex organization
of an ecological system, ecological integrity is a measure
of its intactness, completeness and authenticity, which at
the same time provides its functionality and its resilience
and resistance towards external disturbances (SABO et
al., 2017). It is the ability of a system to develop and
maintain its complex organization (including its structure
and function) through original self-organization and self-
regulation mechanisms, while safeguarding its original
physical structure, species composition, functionality and
natural level of complexity. The higher the ecological
integrity, the higher then is its vitality and functionality,
including its capacity to provide a full range of ecosystem
services (DE GROOT et al., 2010), and the higher is its
resilience.

It is necessary to realize that ecological complexity
(including biodiversity) and ecological integrity are
important parts of the natural capital, i.e. the natural basis
generating ecosystem services utilized by human societies.
As the whole existence and prosperity of a human society
is bounded to these services, and therefore to the natural
capital, this existence and prosperity definitely depend
on maintaining and recovering the original ecological
complexity and integrity of the ecological systems at
various hierarchical levels. It is not enough to conserve
and manage organisms and ecosystems as natural objects;
it is also necessary to maintain or recover diverse and
numerous interactions and processes as crucial strands in
the autopoietic networks of life.

How to define ecology at the present time?

As results from the previous text, the notion of ecology has
recorded an important shift in its content, significance and
understanding. Currently it is an independent, complex and
diversified scientific discipline that studies the distribution
and abundance of organisms and ecosystems, their
interactions and processes, including flows and cycles of
matter, energy and information, as well as their changes, in
order to understand the structures and processes in living
nature (STORCH and MIHULKA, 2000).

Therefore, we consider it is necessary to enhance the
previous definitions, especially the one by Odum, which is
widely used, to include the now very important dynamics
of nature, as well as its functions (which become ecosystem

services, when utilized by human society). This dynamics

is expressed in the behaviour of each ecological system,

in its life cycle — growth of biomass, successional and
evolutionary development — as well as in its disturbances

(followed by partial disintegration), but also in its

recovery, or more precisely in its innovative reorganization

(GunpERSON and HoLLING, 2009; UrBaN et al., 2018).

Our proposal for how to cope with this enhancement in the

definition of ecology is as follows:

Current ecology is the science studying the structure,
dynamics and functions of nature, whereby
e structure includes the distribution and abundance of

organisms, communities and ecosystems;

e dynamics includes all types of their interactions and
processes of growth, development and reproduction
(or regeneration), as well as all the flows and
transformations of matter, energy and information
through this structure;

e functions include the properties and niches of organisms
in an ecosystem as well as the properties and functional
roles of ecosystems in a landscape, ecoregion, biome
and in the Earth system.

As can be seen, this proposal does not reject the
previously outlined explanations of the term ecology; we
have merely tried to unite and to enhance them in order
to reflect recent developments in this scientific discipline.
Therefore, we do not see a reason to change the classical
explanation of a structure, which is a subject of many
studies and which we have taken from several authors,
mainly from SmiTH (1996) and SmiTH and SmiTH (2014).
However, we have enhanced it in the sense that the
structure of nature in reality also includes the distribution
and abundance of communities and ecosystems in the
landscape, or generally, on the Earth’s surface.

Taking into account the significance of nature’s
dynamics and reflecting the non-equilibrium paradigm
(and its metaphor of the flowing mosaic of habitats,
PLESNIK, 2010), we have inserted into the main body of the
above definition especially the fact that current ecology is
a science dealing in a substantial number of studies with
the high dynamics of nature. As all the processes are carried
out on a physical structure, the dynamics of nature are in
this definition strictly separated from the physical structure
of nature. As interactions are just the basic units of these
dynamics, we have also included the processes of growth,
development, reproduction or recovery and their changes.
Also reflecting the explanation of this dynamics by KREBS
(1972), we have enhanced the traditional explanation of
dynamics also by explicitly stating that this includes the
cycles of matter, flows of energy and information, as
well as their various transformations. Apart from Krebs,
we have also added information, in the sense of genetic
information, as an important and often underestimated
natural resource.

As the third part of this definition we have separated
the functions of nature from its structure and dynamics.
It is true that the functions are generated by the interplay
of the physical structure and processes carried on it,
however, many of these functions are emergent ecosystem
properties, which cannot be understood just by analyses



of the individual species, their interactions and individual
processes. At the same time, analyses of the niches of
individual species in an ecosystem, as well as analyses
of the ecological roles of their functional groups (guilds),
clearly contribute to this understanding. Within the context
of the rapid development of the Earth system science
(STEFFEN et al., 2020), we have also stressed the importance
of the ecological roles of the individual ecosystem in the
landscape and within the Earth system itself.

We consider these three basic dimensions of ecological
studies to correspond well to the individual dimensions
of ecological complexity and integrity, forming together
irreplaceable natural capital. This capital also generates
a huge range of ecosystem services utilized by human
society, which are substantial conditions of our existence
and also of our well-being as well as economic prosperity
(MA, 2005; pE GRrROOT et al., 2010; Diaz et al., 2019;
IpBES, 2019; UN ENVIRONMENT, 2019; ScBD, 2020).

Conclusions

This proposed attempt to unify and enhance the various
classical definitions of ecology has emerged from our
pedagogical practice, especially from teaching several
related subjects of ecology, as well as from the ecological
monitoring and biodiversity protection, conservation,
management and sustainable use, in which this term
is analysed from various points of view. Other reasons
are pragmatic, as the term ecology, considering its wide
applications and use, should be understood in the same
way not only among academicians, but also among those
in the professional practice and finally, in the wider public,
too.

We presuppose that only when the terms are clearly
understood, interpreted and shared within the expert
community also the decision-makers and the wider public
have the chance to adopt them correctly. If we want to avoid
misinterpretation of the terms ecology, environmental
science, environmental activism or environmentalism
in public discourse, it is necessary to clarify these terms
as precisely as possible. Thus, our proposal of a new
definition of ecology should be understood as an attempt
to open a discussion on this issue. We will therefore be
grateful for any comments, proposals or criticism.

Finally, we believe that the discussion and clarification
of what ecology is and what it is not, leading to a better
understanding of this term not only among scientists and
professionals but also in decision-making and policy
as well as in the general public, is a condition of better
protection, conservation, management and sustainable use
of nature and its services.
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