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Abstract: The ecosystem is an essential biological concept linking the living and the inanimate and
represents the main structural and functional unit of nature. The biodiversity that exists on our
planet can be organized into closely interconnected living worlds: acellular (viruses and capsidless
genetic elements), prokaryotic (bacteria and archaea), and eukaryotic (all nucleated organisms). I
want to highlight the presence of viruses as components of biodiversity because they are often over-
looked in many studies despite their essential ecological and evolutionary role. Furthermore, I pro-
pose seven distinctive hallmarks that are inherent to any ecosystem: biodiversity, physical environ-
ment, hierarchy, interactivity, openness, “homecostasis”, and evolutionary. From the interaction
and coupling of these living worlds with the environment (the environmental world),I define the
ecosystem as a specific and dynamic ensemble of living and non-living worlds that functions as an
open, hierarchical, and evolving system. This complex web of interactions that we call ecosystem
can be graphically represented as a triangle reflecting the dynamic equilibrium between all the
worlds. Finally, I propose a new way of graphically relating the ecosystem to biodiversity by taking
the ecosystem as the nucleus from which all living worlds emerge.
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1. The concept of the ecosystem

An ecosystem is a geographical area or a specific place in which certain living organ-
isms interact with each other and with the environment they inhabit. Since the concept of
the ecosystem was introduced almost a century ago (Tansley 1935), not much has changed
because whatever it is, it must always include the interrelationships of species with their
environment. The ecosystem has served as the central organizing concept of ecology and
the study of ecosystems has become an important applied science for the analysis of global
change and human environmental impacts (Currie 2011).

Analysis of the ecosystem concept among specialists does not contradict the common
usage of the term, but many of the underlying assumptions have been questioned (Golley
1993; O'Neill 2001; Mayer and Rietkerk 2004; Currie 2011). Some ecologists even claim
that there may not be a single correct definition for the term ecosystem and that there may
be several definitions depending on different circumstances (Jax 2007). Other specialists
did propose a formal description of the concepts and relations linked to the ecosystem
definition as an ontology that can serve as a basis for future discussion, modelling and
conceptual work (Gignoux et al. 2011).

It is worth noting that some ecologists have introduced the concept of “novel ecosys-
tem” to describe ecosystems that have been altered by humans (Chapin and Starfield
1997). It has been proposed that a novel ecosystem can be identified by its origins rooted
in the human activity, the ecological thresholds it has crossed, the alteration of the original
biodiversity, and a capacity to sustain itself (Morse et al. 2014). Certainly, we are living in
the Anthropocene and human activity is increasingly influencing the evolution of ecosys-
tems. To understand how humans change ecosystem dynamics, we need to integrate re-
search into all components of each ecosystem and, perhaps, change the standard para-
digm of the ecosystem concept.
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In this paper, to define the concept of ecosystem, I used a strategy based first on the
identification of the elements that characterize it. Once these components were defined, I
elaborated an alternative definition to the classical concept of ecosystem (not necessarily
better, but with a different approach), as well as a novel and very clear way of represent-
ing it that implicitly includes all the multiple interrelationships that exist in such a natural
or human-altered space.

2. The hallmarks of the ecosystem

What are the elements that characterize any ecosystem? Reflecting on this question
and considering what is said in the ecological literature (I am obviously referring only to
the bibliography that I have been able to consult, although I am aware that there are many,
many more references on such a broad topic as the ecosystem concept and characteristics
that define it), I concluded that there are seven general elements, which I call the hallmarks
of the ecosystem, that serve to specifically characterize any ecosystem.

The first two hallmarks are the biodiversity and the physical environment; both are
structural because they define the elements that make up and distinguish each ecosystem.
Both hallmarks represent the most obvious features of any ecosystem, the ones that al-
ways appear in any definition of an ecosystem. But an ecosystem is much more than a
static representation of its biotic and abiotic components, it is an interactive and dynamic
entity. Metaphorically, we could say that the ecosystem is more like a video than a por-
trait. This ability of species to interrelate with each other and with their environment, to
adapt to new circumstances resulting from genetic changes or environmental alterations,
is reflected in two new hallmarks: interactivity and evolutionary. These hallmarks define
the functioning of an ecosystem because they include the multiple interactions (biotic-
biotic, biotic-abiotic, abiotic-abiotic) that take place in the ecosystem, as well as its capacity
to evolve. Finally, there are three more hallmarks that have both a structural and func-
tional character. I refer to hierarchy, openness, and "homecostasis". These hallmarks are
related to hierarchical processes such as trophic chains (hierarchy), to the constant ex-
change of matter and energy (openness), to the relationship with other ecosystems and to
the resistance and resilience mechanisms necessary to maintain ecosystem homeostasis
(homecostasis).

3. First hallmark: biodiversity

The importance of biodiversity in an ecosystem is not only the large number of spe-
cies living in it, but also the multiple interrelationships between all organisms. To fully
understand how an ecosystem is structured and how it functions, we must consider all
organisms and the networks behind them.

How can we organize all the biodiversity that lives in an ecosystem? The three-do-
main system divides all organisms with cellular structure into three groups: archaea, bac-
teria and eukarya (Woese et al. 1990); However, this organization of biodiversity excludes
viruses because they are not considered living things as they do not have a cellular struc-
ture, and this is, in my opinion, a serious biological problem. I think viruses deserve to be
included in the tree of life because they have played an important role in the evolution of
species (Harris and Hill, 2021) and because there are strong biological arguments to sup-
port their consideration as living things (Raoult and Forterre 2008; Dupré and O'Malley
2009; Gomez-Marquez 2021). In addition to the woesian tree of life, there are other phylo-
genetic variants of the tree of life that depend on the characters used to construct it (Wil-
liams et al. 2020; Choi and Kim 2020). In any case, the tree of life is a metaphorical con-
struct that cannot be experimentally validated (Choi and Kim 2020).

An alternative way of organizing biodiversity is by grouping all living things in the
Acellular World (AW), the Prokaryotic World (PW) and the Eukaryotic World (EW); these
living worlds are themselves immersed in the environmental world (EnW). The PW com-
prises all prokaryotes grouped in the Bacteria and Archaea networks. These networks
form complex ecological interactions, including win-win relationships such as mutual
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cross-feeding and cooperation interactions, win-lose relationships such as predator-prey
and host-parasite interactions, and loss-loss relationship such as competitive exclusion
interactions (Faust and Raes 2012; Lv et al. 2019). The EW includes all organisms with a
true nucleus and is subdivided into photosynthetic (autotrophic) and non-photosynthetic
(heterotrophic) organisms. Considering plants as the main eukaryotic organisms capable
of photosynthesis, however there are some exceptions to this such as non-photosynthetic
mycorrhizal plants (Bidartondo 2005), although we cannot make the exception the main
thing. The AW is mainly composed of viruses, but also includes genetic elements such as
viroids, plasmids, and transposons, although these elements, unlike viruses, should not
be considered as living beings.

I want to pay a little more attention to viruses because many studies of biodiversity
and ecosystem evolution have ignored viruses because they are not considered living, and
this exclusion is a major shortcoming in understanding the full complexity of ecosystems.
Viruses should not be ignored if we are to understand how an ecosystem works because
they participate in food webs, in horizontal gene transmission or in biogeochemical cycles
(Rower et al. 2009; O’Malley 2016; Gilbert and Cordaux 2017). The high abundance and
diversity of viruses in nature, often in the apparent absence of disease, suggests that they
are embedded into global ecosystems at all ecological scales (French and Holmes 2020).
As Barabasi (2016) said: "we will never understand complex systems unless we develop a
deep understanding of the networks behind them".

A final consideration on biodiversity: conserving biodiversity is essential because it
means maintaining a biological richness that is the fruit of millions of years of evolution
and because we rarely know a priori which species are critical to current functioning or
provide resilience and resistance (see below) to environmental changes (Stuart Chapin III
et al. 2000). Humans are destroying ecosystems on a massive scale through increased pol-
lution, deforestation, climate change and other man-made factors and this will have irrep-
arable consequences on biodiversity and, ultimately, on the well-being of the entire planet
(Goudie 2018).

4. Second hallmark: physical environment

Life on Earth is made possible above all by solar radiation as a primary source of
energy, by water, an essential solvent for biochemical reactions to occur, and by tempera-
ture, which favours the interactions that allow living things to thrive. These and other
characteristics form part of the physical environment and are the substrate on which the
life process takes place. This abiotic component of the ecosystem can affect an organism
in multiple ways, causing molecular, cellular, physiological, or behavioural changes, in a
transient or permanent way.

The physical environment has four main components which determine the survival
of the species (Monteith and Unsworth 2014). First, it is a source of radiant energy that is
harnessed in photosynthesis to synthesize organic matter from inorganic molecules. Sec-
ond, the environment is a source of the water and all chemical elements needed to form
the components of living cells. Thirdly, factors such as temperature, gravity or daylength
provide stimuli for, for example, the growth and development of plants, or the onset of
reproductive cycles in many plant and animal organisms. Fourth, the physical environ-
ment determines the spatial and temporal distribution of species and the viability of path-
ogens and parasites which attack living organisms, and the susceptibility of organisms to
attack.

When we define an ecosystem, we are delimiting a physical space and environmental
conditions (Odum and Barret 2005). The physical component of environment includes air,
water, soil, sunlight, temperature, climate, minerals, etc. The habitat is the physical envi-
ronment where an organism, a population, a community lives or thrives (Kearney 2006).
Habitats can be an open geographical area (e.g., a forest) or a specific location (e.g., a tree),
and their boundaries can differ in origin, spatial structure, and dynamics, having a pro-
found importance for the conceptualization of an ecosystem (Strayer et al. 2003; Post et al.
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2007). Like habitat, niche is determined by biotic and abiotic factors, but it is a functional
concept as it describes the functional role of a species within the ecosystem as well as its
interactions (Polechova and Storch 2019). In a simple way we could say that the habitat is
where and the niche is how, and in this sense, the concept of niche should fit better into the
next two ecosystem hallmarks.

Ecosystems are not isolated spaces, independent of the environment which in turn is
formed by one or more other ecosystems. In fact, it is not always easy to define the bound-
aries of an ecosystem and in these places there are interactions with other ecosystems cre-
ating an interdependence between different ecosystems (Strayer et al. 2003). Several au-
thors have examined ecotones or ecological boundaries using a hierarchical approach to
provide a general criterion for identifying ecological entities (Yarrow and Salthe 2008; Ko-
lasa 2014). Overall, as Schulze et al. (2019) say “the limits of an ecosystem must extend so
far that the relevant fractions of all substance flux rates per ground area (e. g. carbon as-
similation, nitrogen mineralization, and formation of groundwater) of this particular eco-
system are taken into account”.

5. Third hallmark: hierarchy

The third hallmark, hierarchy, refers to the hierarchical structure and organization of
ecosystems (O'Neill et al. 1986). Ecosystems are complex and organized networks in
which each species unconsciously plays a role whose purpose is, in addition to the sur-
vival and perpetuation of the species, to contribute to maintaining the dynamic equilib-
rium necessary for the stability of the whole. From an organizational perspective, we can
perceive an ecosystem as a complex system organized at different nested hierarchical lev-
els (Reuter et al. 2010; Landl et al. 2018). Each level in the hierarchy represents an increase
in complexity and this hierarchization is important for at least three reasons: i) the emer-
gence of emergent properties (Nielsen and Miiller 2000; Ponge 2007); ii) hierarchical struc-
tures are more stable (Simon 1969); iii) the packing of the maximum amount of complexity
into the same container (Miller III 2008).

There are several hierarchical levels within an ecosystem (Miller 2008). There is a bi-
ological hierarchy of structural complexity from viruses, single cells (prokaryotes and eu-
karyotes) and multicellular organisms to populations and communities. The novelty in
this classical ecological hierarchy is the presence of viruses, which, as mentioned above,
is justified by their evolutionary relevance, their involvement in processes such as bioge-
ochemical cycles and their control of microbial populations. A level above this hierarchy
in the complexity of living things is the ecosystem, which integrates the biotic component,
representing the biological hierarchy, and the abiotic component, which incorporates the
environmental hierarchy. Above the ecosystem are (in this order) the landscape, which
represents a set of different interacting ecosystems, the biome and the ecosphere, which
includes all living species on Earth (Odum and Barret 2005).

There is a functional hierarchy that has to do with the role each species plays in the
ecosystem and the ecosystem processes are being increasingly viewed as the elements in
a hierarchy (Currie 2011). From a general perspective there are autotrophs or the produc-
ers of organic matter from inorganic compounds, and heterotrophs, consumers and de-
composers, that obtain their energy and organic matter from other organisms (Garvey and
Whiles 2017). I would add a new category: "virotrophs" (viruses), which are neither pro-
ducers nor consumers nor decomposers, but are constantly renewing themselves and
therefore recycle organic matter to a large extent. Altogether, autotrophs, heterotrophs
and “virotrophs”, form the trophic levels, which are organized hierarchically, generating
the food web (Duffy et al. 2007). Within the food web there is a unidirectional flow of
energy and an increase of the entropy according to the laws of thermodynamics. Energy
is what drives the ecosystem and while all matter is conserved (it is recycled), energy en-
ters all ecosystems as sunlight and is gradually lost as heat.

6. Fourth hallmark: interactivity


https://doi.org/10.20944/preprints202202.0202.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 February 2022 d0i:10.20944/preprints202202.0202.v1

An ecosystem is defined by the interactions that take place within it. Interactivity
means that each ecosystem represents a complex and specific network of interactions be-
tween living organisms and with their environment (Jordano 2016). These interactions are
part of the framework that forms the complexity of ecological communities (Lang and
Benbow 2013), and result in a flow of energy from the abiotic component (primarily the
sun) to life, from autotrophs, making organic matter through photosynthesis, to hetero-
trophs and back to the environment, increasing the entropy of the universe.

In the ecosystem, there are many kinds of interplay between living worlds (Pascual
and Dunne, 2006) following what I named as the “cooperating thrust” (Gémez-Marquez
2020). There are trophic interactions (feeding), mutualistic interactions (positive-positive)
such as the symbiosis between intestinal bacteria and human beings or between the nitro-
gen fixation bacteria and the legumes, and competitive interactions (interference for com-
mon resources). We can also see positive-negative interactions in which one organism
benefits while the other is negatively affected (parasitism). The life cycle of any virus is an
example of interaction between the acellular world and the prokaryotic or eukaryotic
worlds, involving parasitic relationships but also being an example of horizontal trans-
mission of genetic information and biological warfare between virus and host that drives
the evolution and adaptation of both species. In this sense, we could say that an infectious
disease is an example of the fight between organisms and this biological war can help to
evolve both species or to extinct one of them. On the other hand, we can also see many
examples of interactions between living beings and their environment, such as the inter-
action of birds with the aerial environment or fish with water.

Two extraordinary examples of global interactions within the ecosystem are the food
web, which represents the feeding relationships among organisms or the trophic levels,
and the biogeochemical cycles which are the interactions of living beings with chemical
processes in nature (Thompson et al. 2012; Zak et al. 2006). It is worth noting that from
these multiple ecosystem interactions, emergent properties arise, i.e., new properties or
processes that appear in the ecosystem that were not present in each of the individual
ecosystem components (Ponge 2005; Gilbert and Henry 2015; Schulze et al. 2019). Emer-
gent properties help living beings to better adapt to their environment and thus increase
their chances of survival.

Today, human activities are having an increasing impact on ecosystems because they
are causing multiple alterations in the interactions between species and the environment.
We are transforming the earth, species composition, biogeochemical cycles, etc. and all
this stress is gradually leading to the destruction of natural spaces (Goudie 2018). For this
reason, the analysis of the interactions among ecosystem stressors is fundamental for the
conservation of the ecological systems (Coté et al. 2016).

7. Fifth hallmark: openness

An ecosystem is an open system. Openness means that ecosystems are thermody-
namically open systems, where both matter and energy are exchanged in a constant pro-
cess of transformation and recycling (Chapman et al. 2016). We know that in the ecosys-
tems, energy is conserved, and matter can neither be created or destroyed, it can only be
transformed. Thus, energy enters in the ecosystem ultimately from sunlight and leave in
the form of heat, carbon enters as CO: and is converted into organic matter through pho-
tosynthesis while respiration returns COz to the atmosphere generating ATP and heat (we
can say that respiration is pumping out “disorder”), and water enters through rainfall and
leave through evaporation or stream flow.

The simplest way to demonstrate the flow of energy in the ecosystem is through the
analysis of a food chain, from primary producers to consumers (Begon and Townsend
2021). In the food chain, the transfer of energy is unidirectional in contrast to the cyclical
behaviour of matter and not all the energy generated or consumed at one trophic level
will be available to organisms at the next higher trophic level. Moreover, the study of food
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webs has revealed different patterns of energy flow and biomass partitioning depending
on the type of ecosystem (Shurin et al. 2006).

In the ecosystem, the order and organization of complex living structures that make
up the biomass is maintained by the catabolic activity, primarily cellular respiration,
which continuously "pumps out disorder". Consequently, we can consider ecosystems as
being open thermodynamic systems in disequilibrium (equilibrium is incompatible with
life) that continuously exchange energy and matter with the environment to decrease in-
ternal entropy (to maintain the vital order) but increase external entropy thus satisfying
the laws of thermodynamics (Gomez-Marquez 2020; Nielsen et al. 2020).

In ecosystem ecology, the principle of maximum power and the principle of maxi-
mum entropy production (MEP), which is an extension of the second law of thermody-
namics in non-equilibrium systems, have been applied to provide a mechanistic explana-
tion of how systems develop and organize in the context of energy uptake and use for
ecosystem maintenance (Meysman and Bruers 2010; Sciubba 2011). The MEP states that
thermodynamic processes far from equilibrium will adapt to steady states at which they
dissipate energy and produce entropy at the maximum possible rate (Kleidon et al. 2010).
Therefore, according to the MEP principle, ecosystems evolve until they reach a dynamic
equilibrium in which the entropy increases as the result of the functioning of the ecosys-
tem. In this situation of steady state, the evolutionary process should slow down because
the system has reached a level of dynamic stability that runs counter to the need to evolve.
The openness of the ecosystem favours its development and evolution, and serves to cover
its energy needs, preventing its degradation and disappearance.

8. Sixth hallmark: homecostasis

Homeostasis is the term used to describe any process of self-regulation whereby bi-
ological systems tend to maintain equilibrium by adjusting to conditions that are optimal
for survival. It denotes dynamic equilibrium and is considered a general property of eco-
systems (Trojan 1984; Morgan and Brown 2001). Indeed, all ecosystems are continuously
adjusting biogeochemical cycles and ecophysiological processes as well as changes in spe-
cies composition to reach steady state (Schulze et al. 2019). At this point, I want to propose
a new term, homecostasis, derived from the homeostasis, which refers specifically to the
processes and mechanisms needed to maintain stable the ecosystems.

Gradual changes in environmental factors such as temperature might have little ef-
fect on the steady state of the ecosystem. However, the dynamic equilibrium of an ecosys-
tem could be strongly altered by extraordinary or catastrophic physical and geological
agents such as volcanoes or climate change, and with a lesser impact by forest fires, severe
floods, or periods of drought. When this happens, the ecosystem reaches an alternative
stable state (Beisner et al. 2003; Scheffer and Carpenter 2003).

Resistance and resilience are two fundamental components involved in the mainte-
nance of ecosystem homeostasis. Ecological resilience was defined as the amount of dis-
turbance that an ecosystem could withstand without changing self-organized processes
and structures (Gunderson 2000) and resistance as the ability for an ecosystem to remain
unchanged when being subjected to a disturbance or disturbances (Nimmo et al.
2015). The resilience and resistance of an ecosystem is a measure of its robustness, its abil-
ity to recover whether due to natural causes or human intervention (Falk et al. 2019). If
disturbances are tolerable for the ecosystem, it will return to its pre-disturbance state, ei-
ther because it is resilient to change or because it is resistant to internal or external dis-
turbances (Gunderson 2000). When the resilience limit of the ecosystem is exceeded, new
pattern-process relationships are created in complex systems, thus creating the basis for
innovation (Allen and Holling 2010; Baho et al. 2017).

Understanding the mechanisms of homecostasis, or how ecosystems withstand en-
vironmental perturbations, is basic for predicting the consequences of environmental
changes on ecosystem functioning (Wang and Loreau 2014), and so it is critical to address
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the global changes resulting from human activity and population growth, which is erod-
ing natural resources and causing the extinction of many species (Capdevila et al. 2020).

9. Seventh hallmark: evolutionary

As ecosystems are made up of living things that can evolve to better adapt to their
physical environment, which also evolves over time, it is an imperative of nature that the
ecosystem must also evolve towards new stable states and it is the evolutionary process
that ultimately shapes the biodiversity that populates the ecosystem (Pennel and O'Con-
nor 2017; Weber et al. 2017). We know that ecosystems are dynamic in nature and their
characteristics can vary over time. In fact, the structure of ecological networks reflects the
evolutionary history of the ecosystem because the community dynamics is strongly driven
by eco-evolutionary processes and environmental changes (Segar et al. 2020).

Throughout the history of life, the evolution of biodiversity has transformed the en-
vironment, such as the concentration of oxygen in the atmosphere or the composition of
soils, while major changes in the environment have modulated the variety of species liv-
ing there, such as glaciations or changes caused by plate tectonics (Zektser et al. 2006). It
is well known that ecological factors influence adaptive radiation and that adaptive radi-
ation, even in the short term, can have profound effects on ecosystems (Mathews et al.
2011). The idea of organism-environment interaction in the evolutionary process was
clearly stated by R. Lewontin (1978) when he wrote: "There is a constant interplay of the
organism and the environment, so that although natural selection may be adapting the
organism to a particular set of environmental circumstances, the evolution of the organ-
ism itself changes those circumstances”.

A complex set of interactions within an ecosystem can maintain overall biodiversity
relatively constant over long periods of time as long as environmental conditions are sta-
ble. If there is a modest disturbance to the ecosystem, it can return to its original state due
to homecostasis mechanisms, rather than becoming a different ecosystem (Arnoldi et al.
2018). However, ecosystems must evolve in response to strong natural (e.g., intense vol-
canic activity or climate change) or anthropogenic disturbances to adapt to new circum-
stances. Ecological succession is a good example of how communities readjust to adapt to
the changing environment (Chang and Turner 2019).

Despite the conceptual understanding that evolution and species interactions are in-
extricably linked, it remains a challenge to study ecological and evolutionary dynamics
together over long time scales (Weber et al. 2017). There is no definite ecological theory
about the mechanism for ecosystem evolution (Matthews et al. 2011; Lu, 2014) but as it
was written elsewhere, “Ecology and evolution are tightly linked through the reciprocal
causal relationships connecting organisms to both biotic and abiotic components of their
local environment” (Barker and Odling-Smee 2014).

10. An alternative definition and representation of the ecosystem

First, I would like to stress that I do not disagree with the classical definition of eco-
system because there is nothing wrong with it. In this work, I propose a different defini-
tion based on the seven hallmarks common to all ecosystems, an alternative view of this
concept as an open interacting life system. Consequently, I define the ecosystem as a spe-
cific and dynamic ensemble of living and non-living worlds that functions as an open,
hierarchical, and evolving system. Every ecosystem has its own set of interconnected
worlds that makes it different from other ecosystems.

How could we graphically represent this concept of ecosystem? From the definition
proposed above, we can imagine the ecosystem as an ensemble of interconnected worlds
(the worlds as an ensemble) that functions as an open interacting life system constantly
exchanging matter and energy with its environment. As shown in Figure 1, the ecosystem
is graphically represented as a triangle (it could also be a tetrahedron) in which the four
worlds permanently interact with each other and with the other worlds in a dynamic equi-
librium. The entire ecosystem is primarily powered by the energy from the sun. Ecosystem
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activity generates heat and waste, from metabolic activity and the degradation and de-
composition of organic matter that will be largely recycled, leading to an overall increase
in the entropy of the universe according to the universal laws of thermodynamics. The
dynamic equilibrium of the ecosystem is maintained by "homecostatic" mechanisms but
can be profoundly altered by extraordinary physical and geological agents such as volca-
noes or climate change, and with less impact by forest fires, severe floods, or periods of
drought. It should be noted that the graphical representation of the ecosystem is essen-
tially unchanged if we use the three woesian domains (Archaea, Bacteria and Eukarya)
instead of living worlds. The main difference between the two representations is whether
viruses are included in this web of multiple biotic and abiotic interactions. On the other
hand, this representation also reflects the series of cycles that take place in nature.

The biosphere, also known as the ecosphere, is made up of the parts of Earth (atmos-
phere, hydrosphere, and lithosphere) where life exists. The biosphere is a living system
characterized by the continuous cycling of matter and an accompanying flow of solar en-
ergy. We can consider the planet Earth as a big, interconnected global ecosystem. Then,
how could we represent the gigantic ecosystem that is the biosphere? Figure 2 shows the
global planetary ecosystem, the biosphere, as a sum of ecosystems that interact with each
other across physical boundaries, because no ecosystem is completely isolated from the
rest and therefore its autonomy, its dynamic equilibrium, can be affected by what happens
in other ecosystems near or far away. One ecosystem encroaches into another along areas
called ecotones, where there is a mixing of species from the two ecosystems.

Finally, how can we incorporate this representation of the ecosystem in a new con-
ception of the tree of life? Figure 3 shows the linkage between the graphical representation
of the ecosystem and the tree of the living worlds. Although this representation does not
reflect the evolutionary history of biodiversity (it is not a phylogenetic tree), it would be
possible to do so by showing the interrelationships between organisms and their evolu-
tionary ancestors (manuscript in preparation).
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Figure captions:

Figure 1. Conceptual illustration of the ecosystem. The ecosystem is graphically represented as a triangle in which the

four worlds (AW, EW, EnW, PW) are permanently interacting with each other in a dynamic equilibrium. The entire

ecosystem is powered primarily by the sunlight and is influenced by the environment which is subject to physical and

geological forces. The generation of heat and waste resulting from ecosystem activity produces an overall increase in

entropy of the universe. Discontinuous line represents the openness of the ecosystem. Double-headed arrows represent

the interactions between different worlds. The curved double-headed arrows represent the interactions that take place

within each world.

Figure 2. Representation of the biosphere. We can consider our planet as a gigantic ecosystem made up of the sum of

large ecosystems (deserts, seas, forests, etc.), which are in turn made up of smaller ecosystems. All these ecosystems are
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not isolated or independent of each other, but their boundaries are permeable to interactions with neighboring ecosys-
tems or with the larger ecosystem.
Figure 3. The tree of ecosystems and worlds. A tree of life is shown in which the ecosystem is the core from which the

three living worlds emerge.

Environmental Acellular | |Eukaryotic | | Prokaryotic
World (EW) World (AW)| World (EW)| | World (PW)

| N

Physical | .| Living
Environment m Organisms

Solar energy l
and other |— |11 Waste and Heat
energy sources

Figure 1.


https://doi.org/10.20944/preprints202202.0202.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 February 2022 do0i:10.20944/preprints202202.0202.v1

The Biosphere

Figure 2.

The Tree of Ecosystems and Worlds

Animals Fungi Plants
Multicellular Unicellular Unicellular Multicellular
Non-Photosynthetic Photosynthetic

Organisms Organisms

N

Viruses /@I E:dacteriil
/ U\ -

)
Aw]:

Capsidless The Ecosystem Archaeal
elements Network

Figure 3. .


https://doi.org/10.20944/preprints202202.0202.v1

