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The ecosystem is an essential biological concept linking the living and the inanimate. Each ecosystem is characterized by its own biodiversity, including viruses because of their essential ecological and evolutionary role, and physical environment. In addition to these biotic and abiotic components, what other distinguishing features characterize any ecosystem? Here I propose seven distinctive features that are inherent to any ecosystem: biodiversity, physical environment, hierarchy, interactivity, openness, "homecostasis", and evolutionary. From these hallmarks, I define the ecosystem as a specific dynamic set of living and non-living worlds that functions as a hierarchical, open, and evolving system. This complex web of interactions can be graphically represented as a triangle or tetrahedron reflecting the dynamic equilibrium between all the worlds. Finally, I propose a new way of graphically linking the ecosystem with biodiversity.

The hallmarks of the ecosystem

Since the concept of the ecosystem was introduced almost a century ago [START_REF] Tansley | The use and abuse of vegetational concepts and terms[END_REF], not much has changed because whatever it is, it must always include the interrelationships of species with their environment. In this work, to define the concept of ecosystem, I use a strategy based on the identification of the elements that characterize it. Once the ecosystem has been defined, it is useful to find a clear way of representing it that implicitly includes the multiple interrelationships that exist.

Along these lines, I propose seven general elements, the hallmarks of the ecosystem, that serve to characterize any ecosystem. The first two hallmarks, biodiversity and the physical environment, are structural and define the elements that make up and distinguish each ecosystem. Interactivity and evolutionary are two hallmarks that 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. The hallmarks hierarchy, openness, and "homecostasis" are both structural and functional and refer to hierarchical processes such as trophic chains, the constant exchange of matter and energy, the relationship with other ecosystems, and the resistance and resilience mechanisms necessary to maintain ecosystem homeostasis.

First hallmark: the biodiversity

How can we organize the biodiversity? The three-domain system divides all organisms with cellular structure into three groups: archaea, bacteria and eukarya [START_REF] Woese | Towards a natural system of organisms: proposal for the domains Archaea, Bacteria, and Eukarya[END_REF], and excludes viruses because they were not considered living things. In my opinion, viruses deserve to be included in the tree of life because they have played an important role in the evolution of species [START_REF] Harris | A place for viruses on the tree of life[END_REF] and because there are strong biological arguments to support their consideration as living things [START_REF] Raoult | Redefining viruses: lessons from mimivirus[END_REF][START_REF] Gómez-Márquez | What is life?[END_REF]. In addition to the woesian tree of life, there are other phylogenetic variants of the tree of life that depend on the characters used to construct it [START_REF] Williams | Phylogenomics provides robust support for a two-domains tree of life[END_REF][START_REF] Choi | Whole-proteome tree of life suggests a deep burst of organism diversity[END_REF]. In any case, the tree of life is a metaphorical tree which cannot be validated experimentally [START_REF] Choi | Whole-proteome tree of life suggests a deep burst of organism diversity[END_REF].

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 immersed in the environmental world (EnW). The PW comprises all prokaryotes grouped in the Bacteria and Archaea networks. The EW includes all organisms with a true nucleus and is subdivided into photosynthetic (autotrophic) and nonphotosynthetic (heterotrophic) organisms. There are some exceptions such as the nonphotosynthetic mycorrhizal plants [START_REF] Bidartondo | The evolutionary ecology of myco-heterotrophy[END_REF]), 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. Many studies of ecosystem biodiversity and evolution have ignored viruses because they were not considered as alive, 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;[START_REF] Gilbert | Viruses as vectors of horizontal transfer of genetic material in eukaryotes[END_REF]. The high abundance and diversity of viruses in nature, suggests that they are embedded into global ecosystems at all ecological scales [START_REF] French | An ecosystem perspective on virus evolution and emergence[END_REF]. To fully understand how an ecosystem is structured and how it functions, we must consider all organisms and the networks behind them.

Second hallmark: the physical environment

When we define an ecosystem, we are delimiting a physical space and environmental conditions [START_REF] Odum | Fundamentals of Ecology[END_REF]. The physical component of environment includes air, water, soil, sunlight, temperature, climate, minerals, etc. The habitat is the physical environment where an organism, a population, a community lives or thrives. 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 profound importance for the conceptualisation of an ecosystem [START_REF] Post | The problem of boundaries in defining ecosystems: a potential landmine for uniting geomorphology and ecology[END_REF].

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 [START_REF] Polechová | Ecological Niche[END_REF]. 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.

Third hallmark: hierarchy

The third hallmark, hierarchy, refers to the hierarchical structure of ecosystems. Ecosystems are complex and organized networks in which each species plays its part in helping to maintain the dynamic equilibrium necessary for the stability of the whole [START_REF] Landl | Complexity and stability of ecological networks: a review of the theory[END_REF]. There is a hierarchy of structural complexity from viruses, cells and multicellular organisms to populations and communities, with each level being more complex than the previous one; above the ecosystem level are the landscape, the biome and the ecosphere [START_REF] Odum | Fundamentals of Ecology[END_REF].

There is a functional hierarchy that has to do with the role each species plays in the ecosystem. From a general perspective there are autotrophs or the producers of organic matter from inorganic compounds, and heterotrophs that are the consumers that obtain their energy and organic matter from other organisms [START_REF] Garvey | Trophic Ecology[END_REF]. I would add a new category: "virotrophs" (viruses), which are neither producers 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 generating the food web. 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 enters all ecosystems as sunlight and is gradually lost as heat. Other levels of hierarchical organization in ecosystem processes include decomposition, secondary production, soil formation, etc. [START_REF] Currie | Units of nature or processes across scales? The ecosystem concept at age 75[END_REF].

Fourth hallmark: interactivity

The ecosystem represents a complex network of interactions between species, from the same or different living worlds, and with their environment. In the ecosystem, there are many kinds of interplay between living worlds. Let me give a few examples. There are beneficial interactions such as the symbiosis between intestinal bacteria and human beings or between the nitrogen fixation bacteria and the legumes. We can also see interactions in which one organism benefits while the other is negatively affected (parasitism). 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. We can also see many examples of interactions between living beings and their environment, such as the interaction 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, and the biogeochemical cycles which are the interactions of living beings with chemical processes in nature [START_REF] Zak | A molecular dawn for biogeochemistry[END_REF]. 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 [START_REF] Ponge | Emergent properties from organisms to ecosystems: towards a realistic approach[END_REF][START_REF] Gilbert | Predicting ecosystem emergent properties at multiple scales[END_REF]. Emergent properties help living beings to better adapt to their environment and thus increase their chances of survival.

Fifth hallmark: openness

Openness means that ecosystems are thermodynamically open systems, where both matter and energy are exchanged in a constant process of transformation and recycling [START_REF] Chapman | How the second law of thermodynamics has informed ecosystem ecology through its history[END_REF]. Thus, energy enters in the ecosystem in the form of sunlight and leave in the form of heat, carbon enters as CO2 and is converted into organic matter through photosynthesis while respiration returns CO2 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.

Openness also means that in the boundaries of a specific ecosystem there are interactions with other ecosystems and that every ecosystem always depends on external factors. A mature ecosystem has a high degree of autonomy which explains its ability to control internally the phenomena that occur within it [START_REF] Trojan | Ecosystem Homeostasis[END_REF]. The openness of the ecosystem favours its development and evolution, and serves to cover its energy needs, preventing its degradation and disappearance.

In ecosystem ecology, the principle of maximum power and the principle of maximum entropy production (MEP), which is an extension of the second law of thermodynamics in non-equilibrium systems, have been applied to provide a mechanistic explanation of how systems develop and organize in the context of energy uptake and use for ecosystem maintenance [START_REF] Meysman | Ecosystem functioning and maximum entropy production: a quantitative test of hypotheses[END_REF][START_REF] Sciubba | What did Lotka really say? A critical reassessment of the "maximum power principle[END_REF]. According to the MEP principle, ecosystems evolve until they reach a steady state in which the entropy increases as the result of the equilibrium state [START_REF] Kleidon | Maximum entropy production in environmental and ecological systems[END_REF]. Consequently, the evolutionary process slows down because the system has reached a level of stability that runs counter to the need to evolve.

Sixth hallmark: homecostasis

Homeostasis is the term used to describe any process of self-regulation whereby biological 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 ecosystems [START_REF] Ernest | Homeostasis and compensation: the role of species and resources in ecosystem stability[END_REF]. Any ecosystem is continuously adjusting biogeochemical cycles and ecophysiological processes and changes in species composition to reach a steady state [START_REF] Schulze | Plant Ecology[END_REF]. The equilibrium can be altered by extraordinary 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 [START_REF] Beisner | Alternative stable states in ecology[END_REF] or may be profoundly modified to reach a new dynamic equilibrium.

Resistance and resilience are two fundamental components involved in the maintenance of ecosystem homeostasis. The resilience and resistance of an ecosystem is a measure of its robustness, its ability to recover whether due to natural causes or human intervention [START_REF] Falk | Scaling ecological resilience[END_REF]. Ecological resilience was defined as the amount of disturbance that an ecosystem could withstand without changing self-organized processes and structures [START_REF] Gunderson | Ecological resilience in theory and application[END_REF] and resistance as the ability for an ecosystem to remain unchanged when being subjected to a disturbance or disturbances [START_REF] Nimmo | Vive la résistance: reviving resistance for 21 st century conservation[END_REF]. If disturbances are tolerable for the ecosystem, it will return to its pre-disturbance state, either because it is resilient to change or because it is resistant to internal or external disturbances [START_REF] Gunderson | Ecological resilience in theory and application[END_REF]. At this point, I want to propose a new term, homecostasis, derived from the homeostasis, which refers specifically to the mechanisms of resistance and resilience needed to maintain stable the ecosystems.

Understanding the mechanisms of homecostasis, or how ecosystems withstand environmental perturbations, is basic for predicting the consequences of environmental changes on ecosystem functioning [START_REF] Wang | Ecosystem stability in space: a, b and g variability[END_REF], and so it is critical to address the global changes resulting from human activity and population growth, which is eroding natural resources and causing the extinction of many species [START_REF] Capdevila | Towards a comparative framework of demographic resilience[END_REF].

Seventh hallmark: evolutionary

We know that there is an evolutionary imperative in nature (Gómez-Márquez 2020) and ecosystems must also evolve in response to significant environmental changes; it is the evolutionary process that ultimately shapes the biodiversity that populates the ecosystem [START_REF] Weber | Evolution in a community context: on integrating ecological interactions and macroevolution[END_REF]. 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 [START_REF] Segar | The role of evolution in shaping ecological networks[END_REF].

There is no definite ecological theory about ecosystem evolution [START_REF] Matthews | Toward an integration of evolutionary biology and ecosystem science[END_REF]. Throughout the history of life, the evolution of biodiversity has transformed the environment, 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 living there, such as glaciations or changes caused by plate tectonics [START_REF] Zektser | Geology and Ecosystems[END_REF]. 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" [START_REF] Barker | Integrating ecology and evolution: niche construction and ecological engineering[END_REF].

An alternative definition and representation of the ecosystem

I do not criticize the classical definition of ecosystem, but I would like to propose an alternative way of defining it based on these hallmarks. Thus, I define the ecosystem as a specific dynamic set of living and non-living worlds that functions as a hierarchical, open and evolving system.

How could we represent this conception of the ecosystem? From the definition proposed above, we can imagine the ecosystem as an ensemble of interconnected worlds that functions as an open system exchanging matter and energy with its environment (Figure 1). It should be noted that the graphical representation of the ecosystem is essentially unchanged if we use the woesian domains instead of living worlds; the main difference is whether or not viruses are included in this web of multiple interactions. Moreover, we can consider planet Earth as a gigantic ecosystem composed of multiple ecosystems that form the biosphere (Figure 2). Finally, I show the tree of the ecosystems and worlds, which represents the linkage between the graphical representation of the ecosystem and the three living worlds.
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 3 Figure 3. The tree of ecosystems and worlds. A tree of life is shown in which the