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Abstract

Vivoscape, from Latin ‘vivo’ (living) and the English ‘scape’ (shape and form of a
place) is presented as a new ecosemiotic agency that integrates the interactions between
biological and ecological components of a taxon with the environment. According to
this model, the interactions between species and the environment are fused into a new
functional unity driven by external and internal events (vivoevents). Sensorial and
relational channels are used by a taxon to sense external energy gradients, matter,
information and to return actions and proactions in an external operational environ-
ment. The eco-field model is suggested as the functional ecosemiotic mechanism
associated with each vivoevent.
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Introduction

The separation between the human and natural worlds has dominated debate in both
academic and cultural domains for centuries, for example, the Greek idea of rationalism
(Abram, 2012), Judaco-Christian concepts which differentiate these domains (White,
1967) and the ongoing scientific and humanities debate (e.g., Jenkins, 2002). Yet this
separation is not seen in the real world. All forms of life modify their environment
(White, 1967), and the growing human intrusion into natural ecosystems (Pimm et al.,
2014) is producing unprecedented world-wide modifications to the composition, struc-
ture and functioning of natural populations, communities and habitats and of commu-
nication mechanisms (Beniston & Stephenson, 2004; Haberl et al., 2007). Humans and
the natural world are clearly linked and part of the same system. Cultural development
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associated with the human quality of life expectations has a growing impact on
ecological paradigms that in turn influence human decisions (Fish et al., 2016).
Changes in human lifestyle aggravate the environmental uncertainty experienced by
individuals and species and are associated with an increased risk of local and global
extinction (Maxwell et al., 2020).

Models that have been considered as pillars of ecological knowledge (e.g., metabolic
theory, niche theory, ecological succession, food web, etc.) (Brown et al., 2004;
Fretwell, 1987; Marquet et al., 2014; Scheiner & Willig, 2008) today seem inadequate
to assure an appropriate level of knowledge applicable to address the increased
complexity and difficulty in maintaining efficient complex relationships between
human societies and natural environments. Such relationships are largely affected by
technological energy-demanding advances and rarely regulated by ecological feedback
systems. As a result, the scientific community has requested that an effort should be
made to accumulate new knowledge to inform solutions addressing these challenges
(Seymour, 2016; Smith & Varzi, 1999), especially in the energy-demanding human
habitats such as metropolitan cities, suburbs and rural areas in dry or in cold climates
(Milner-Gulland, 2012). This requires concepts to be revisited to ensure that they can
be integrated in a way that allows the new environmental conditions to be navigated
successfully.

Scholars such as Forman and Godron (1986); Naveh and Lieberman (1984); Wu
(2017) recognized the role of spatial considerations in biological, ecological, socio-
political, economic and cultural phenomena, disclosing new perspectives on the appli-
cation of ecology to the design and management of land and territories. They also
connected ecological processes to the spatial dimension and to consequential emergent
properties (Tilman & Kareiva, 1997). These functional, spatial and temporal relation-
ships can be conceptualized as pillars of eco-complexity observed inside coupled
human-natural systems (Pickett et al., 2005) and defined by Michener et al. (2001)
‘as properties emerging from the interplay of behavioral, biological, chemical, physical,
and social interactions that affect, sustain, or are modified by living organisms,
including humans’. However, after decades of producing models, empirical evidence
and applications, today this conceptualization requires some refreshment to maintain an
alignment with the advances in many philosophical, environmental, ecosemiotics,
cognitive and socio-economic disciplines (e.g., Maran, 2020; Maran & Kull, 2014;
Smith & Varzi, 1999, 2002).

Although the systems approach in ecology has illuminated several previously hidden
processes, contributing to a better understanding of the emergent properties of the
environment (Dale, 1970; Evans, 2012; Grace, 2015), we believe that moving down the
complexity scale will return further useful information to address the environmental
challenges we currently face. In pursuance of this goal, we suggest exploring the
ecological domain from an individual-based perspective. From such a perspective we
can see that there is potentially perceptible sensory information distributed irregularly
in the space around individuals and this forces every individual to scan around them
within a four-dimensional space (including time as, for example scent marking leaves
information about what has happened (another individual, say, of the same species or of
a predator species has been in that place and, if the scent is still strong, may return to the
potential detriment of the individual detecting the scent). This continuous scanning
centred around an individual returns information that depends on the radius of
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sensitivity of the sensors (ears, eyes, etc.) and on the medium in which the organism is
embedded (air, soil or water). Where there are topographical or other obstructions, the
scanned area will be less than where no such obstructions exist.

The individual-based model in ecology is an efficient approach to complete ecolog-
ical theory (DeAngelis & Grimm, 2014), especially with regard to the spatial realm
(Patten, 1978, 1982). Moreover, the ecosemiotic relationship between individual spe-
cies and their environment represents a fundamental agency of species adaptation that
has long been neglected and under-developed in ecological research and sometimes
perceived as subordinate to other ecological approaches (Maran & Kull, 2014). To
address this requires the development of new concepts, theories and models that
illuminate the interdisciplinary frontier between the phenomenological dimensions in
which species interact with their environment (Prosser et al., 2007; Scheiner & Willig,
2008).

Moving from speculation to the phenomenological real world, we can assign
biological species the status of a component of a broader category, that is to say of
an ‘ecological species’ (Andersson, 1990; Mayden, 1997). Van Valen (1976) defines
any species using an ecological perspective as ‘a lineage (or a closely related set of
lineages) which occupies an adaptive zone minimally different from that of any other
lineage in its range and which evolves separately from all lineages outside its range’.
The relationship with this operational environment is guided by genetically and
culturally (sensu /ato) transmitted mechanisms. We can assume that a portion of
environmental functionality depends on the genome of the species; every taxon is
responsible for and exerts influence on a portion of the environment, and this portion of
the environment is associated with the two-way interaction between the environment
and other individuals and species present. This creates a new holistic entity, the
ecological species, which has a distinct and unitarian position in biological and
ecological theories. These assumptions are concordant with Gause’s universally ac-
cepted principle of competitive exclusion (Gause et al., 1934) that states that every
organism reduces competition with all other species living in the same region, differ-
entiating the use of resources. On one hand, individuals try to reduce competition with
other individuals and species, by resource repartition (MacArthur & Levins, 1967,
Rosenzweig, 1981), however, inadvertently acquired information may offer some
advantages when species intercept and decode the ‘sensoriality’ of other species living
in the surroundings (Lewanzik et al., 2019).

Organisms produce environmental modifications — a phenomenon well formalized
by the niche construction principle (Odling-Smee et al., 2013) — that may persist over
time (ecological inheritance) (Odling-Smee & Laland, 2011) and that have conse-
quences for a multitude of other species according to eco-evolutionary dynamics
(Mullon & Lehmann, 2018). Each species is an agent (the engineer) of the environ-
ment, and genes control the quality of the ‘operational environment’, defined as a class
of phenomena that has a strict relationship with species (Mason & Langenheim, 1957).
When a biological species becomes locally or globally extinct, the ‘ecological species’
follows the same fate and environmental consequences follow (Janzen, 1974;
Memmott et al., 2007). For this reason, preserving biological species implicitly means
the portion of the environment (ecological interactions) associated with that species
is maintained. If an individual species is eradicated, voluntarily or involuntarily, from
an area, environmental interactions are suppressed, and the causalities (effects)
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associated with that species are changed or absent. The fewer species present in an area,
the fewer ecological interactions function, and those that do are less complex and
differently driven. For instance, an agricultural field usually is sown with one variety of
crop at a time and during the growing season the diversity of invertebrate fauna is lower
than that encountered in natural grassland which is richer in grasses and forbs (Riggins
et al., 2009). The suppression of a species, for example, a pollinator or flowering plant
(e.g., Schiestl & Johnson, 2013; Willmer, 2011), is not simply a matter of the physical
elimination of a genomic expression but the loss of species-specific relationships/links
is transmitted, via a cascade reaction effect, to other environmental components
(Lawton, 1997).

Often, the importance of a species is attributed based only on a cultural evaluation
of associated symbolism (Schirpke et al., 2018) neglecting the effective role that a
species has in the ecosystem. The term taxon is ordinarily used as a proxy for
biological diversity without appreciating that the contribution made by a species to
ecological complexity is the fundament guarantor of environmental resilience and
that much of this resilience (Holling, 1973) is dependent on the efficient transmis-
sion of signals between individuals and the environment. That said, we aim to
describe a new ecological model in which the interactions between biological and
environmental components of an ecosystem become a tangible emergent property
with several important implications for other ecological theories and properties of
the ecological systems. To do this, we introduce the concept of ‘vivoscape’, from the
Latin ‘vivo’, meaning living and the English ‘scape’, a suffix used to form nouns
referring to the shape and form of a place. The concept of the scape is appropriate for
the spatial competencies around an individual’s ‘function-circle’ (Von Uexkiill,
1926).

The Vivoscape as an Eco-Functioning Unit of Life

By adopting the term ‘vivo’, we intend the relationships between an agent (organism)
and an environmental biotic or abiotic agency. The association of ‘vivo’ with ‘scape’
creates a composite word that means the environmental (spatial) dimension of relation-
ships that is coincident with the ideas formulated by Smith and Varzi (2002). A
vivoscape is, used in this way, an eco-taxonomic unit, in which biological and
ecological information are actively exchanged with the environment through sensory
and interpretive mechanisms. Defined in this way, a vivoscape describes the emergent
organismic-oriented mechanism where the capacity of a living being to intercept signals
from its surroundings is also strictly connected to the result of its internal elaboration.
Vivoscape is, therefore, the ontological unit associated with the interaction between
individual taxa and the elements, both biotic and abiotic of the environment with which
they are in direct contact at any one time. Sensory channels are activated by receptors
that are located in the external part of the animal body (eyes, ears, taste buds, skin and
whisker tactile receptors, etc.) or internally (e.g., thirst, hunger, the drive to find a mate)
that transmit to the central nervous system electrical signals that will be elaborated in
specific areas of the “brain” according to the level of neural complexity of the taxon.
The vivoscape represents a collection of different vivoevents related to distinct and
discrete life functions: feeding, predator avoidance, finding a mate and so on. To be
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successful an individual needs to be aware of both internal and external factors: huger
(internal) sensing a food source (external), being receptive to mating (internal) locating
and finding a mate (external) and so on.

Vivoscape differs from other concepts such as the Umwelt — the surrounding as
sensed and interpreted by individual species (Von Uexkiill, 1982, 1992) —, ecoscape —
the organizational shape or layout of an ecosystem (Backhaus & Muringi, 2006) and
lifescape — the landscape and the people who live in it due to the inclusion of the
internal environment of the individual and the individual’s response (Gasteyer & Butler
Flora, 2000, Convery et al., 2008). Consider the case of a common kingfisher (Alcedo
atthis) which having caught a fish and returned to its perch drops the fish as it tries to
manipulate it so that it can be swallowed. The common kingfisher is driven by hunger
to seek to retrieve the fish but is aware of the danger posed by predators once it is on the
ground. Internal and external sensory channels drive different behaviours. The bird may
fly down momentarily to retrieve the fish. If it cannot be retrieved quickly will give up
and return to catching a new fish, leaving the first fish to change the environmental
clues by giving off odors that will attract other animals that will eat it. In a second
example, it is emerging that the fear of humans has a great influence on the distribution
and behaviour of large and medium predators at the landscape scale (Suraci et al.,
2019). This process has been termed the “landscape of fear” (Gaynor et al., 2018) but it
is evident that this is a case of a “fear event” that is a component of a vivoscape where
the fear of humans as apex predators modifies the perception of the surroundings and
several consequent actions (Gallagher et al., 2017; Laundré et al., 2014).

The entire vivoscape mechanism is driven by the primarily individual need to
track the indispensable resources required to stay alive and to perpetuate life (Farina,
2012). In this definition, the concept can be adapted to every individual as the
holistic semiotic agency that connects biological to ecological processes by specific
events in an organism-environment functional-circle (Von Uexkiill, 1926). To
develop a vivoscape narrative, we pragmatically assume a conceptual model that
considers life as the ensemble of physiological discrete events finalized to maintain a
gradient between the internal parts of an organism and the external environment by
input/output of resources (energy and matter) (Muller, 1966). We intend that the
term vivoscape should embrace the entire set of processes that connect the inside
world of an organism with the surrounding world, based on distinct sensorial process
of species-specific sensory organs and the transfer of matter and energy from the
external to the internal world of a taxon and vice versa. The vivoscape is the field of
existence or domain of an ecological species representing the totality of biological,
ecological and semiotical interactions between an organism and its operational
environment (Fig. 1). These interactions are represented by cybernetic loops in
which energy, matter, and information are exchanged between the external environ-
ment and the internal part of an organism (Korzeniewski, 2001). The vivoscape can
also be considered the functional application of the ecological niche concept (Patten
& Auble, 1981).

The sensorial capacity of an individual allows it to detect differences in some
fundamental signals that are voluntarily or involuntary broadcast by the abiotic and
biotic components of its vivoscape. The signals that a species can intercept from the
surroundings have a common origin in the physical characters of matter (e.g., colour)
and the perceived gradient of energy (e.g., sound, heat). Changes in the status of matter
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Fig. 1 In a traditional ecological perspective, biological species enter in relation/contact with a distinct/
separate environment. According to the vivoscape model biological species and environment become a unique
functional unit: the ecological species

are produced independently of the cognitive activity of organisms and represent an
energy-gradient process. In summary, physical signals are the result of the amount of
energy that impacts and flows across a biotic or abiotic entity and are sensed by
organisms. For instance, visual signals are the result of the different reflection of the
sunlight capacity of objects: the black colour is typical of materials that absorb all the
spectral frequency of the light, in contrast to the white colour that is the result of the
reflection of all the wavelengths. The different colours are the complementary results of
substances that absorb a specific electromagnetic wavelength subtracting from the full
spectrum of visible component of the light (which varies according to the taxon). At the
same time, acoustic signals are the result of the vibration of a medium (e.g., air and
water) (Shambaugh, 1930; Sturm et al., 2019), and olfactory signals are the interception
of chemical molecules released by liquid, solid and gaseous substances (e.g., Page
et al., 2011).

The combination of different perceptions allows many species to enter into better
contact with the external elements of their vivoscape and in several cases by
partitioning the environmental information and reducing predatory risk and inter-
specific competition for resources (Hebblewhite & Merrill, 2009), although the
opposite is also possible. The interspecific convergence of some signals may have
semiotic benefits, reducing the energy spent by individual species in scanning the
environment searching for resources (Laiolo, 2012; Tobias & Seddon, 2009). Such
cooperation can expose species to some unexpected competitive conditions. It is
evident that every sensorial capacity describes a perceived feature of the organisms
internal or external environment in a specific way and produces an appropriate
reaction. Every organism interacts with the surroundings using a set of sensory
organs that produce a perceptual world, or “creaon” (Patten, 1978; Von Uexkiill,
1926). This creaon allows an individual organism to select the most suitable habitat
in which to track the resources (material and/or immaterial) necessary to accomplish
its physiological needs that in turn control every vital function of the organism
(Farina, 2012). The ecosemiotic mechanisms utilized by organisms to intercept
resources are described by Farina and Belgrano with the eco-field model (Farina,
2021b; Farina & Belgrano, 2004, 2006).
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The Structure of the Vivoscape

The vivoscape represents an individual, the portion of the environment (operational
environment) and the interactions between these components. The vivoscape narrative
sets an individual both at the centre and, at the same time, as part of the vivoscape. The
reality is a more complex whereby different taxa are connected by relationships that can
be trophic (transfer of material resources) or semiotic (transfer of information) at
different levels of importance, and these processes lead, by extension, to the concept
of a meta-vivoscape. Extending the concept from a single to an ensemble of interacting
vivoscapes, it is reasonable to expect that the relationship between different vivoscapes
may create emerging properties in a system. Like in every ecological web the
vivoscapes are not isolated agencies but share some characters and functions with
other surrounding vivoscapes. From this, the idea of a meta-vivoscape describes the
relationships between different species either trophically (e.g., producers and primary
consumers, or prey-predator), or semiotically (e.g., emitter and receiver during an
“acoustic” semiosis) aspects that are well referenced in the ecological community
and the ecological guilds models.

The Physiology of the Vivoscape

There are at least two types of relationships (channels) beteween the internal world of a
taxon and the external world: the first is represented by the inputs/outputs from the
sensory organs, and the second by the elaboration of the information to track further
information from the external world. We call these two channels sensorial and rela-
tional respectively, because these are the ways species take decisions to gain resources,
that means in general to satisfy internal needs (Fig. 2). Every sensorial channel has
access to the “world-as-sensed” (sensu Von Uexkiill, 1926) and the relational channel
to the ‘world-of-action’, (sensu Von Uexkiill, 1926). The relational channels are the
result of a process of sensorial elaboration that may involve many sensorial channels at
the same time. A sensorial channel is activated before the relational channel, although a
relational channel can be activated in turn by some sensorial channels to complete the
environmental screening (Fig. 3).

Every sensory capacity is taxon-specific. For example, bats (Chiroptera) communi-
cate and activate their bio-radars using ultrasound (>20 kHz), a frequency range that
cannot be perceived by many other vertebrates, and inside this taxon exists a further
partitioning of frequencies to reduce interspecific competition, such as in Rhinolophoid
bats (Heller & Helversen, 1989). The extent of sensory capacity varies with each
species and each individual; some individuals in a population have impaired or
enhanced sensory perception in one or more of their senses. The link between sensorial
channels and relational channels may be sense-specific, but in general relational
channels receive input from different sensorial channels. The relation channels, in
which information, meaning and semiosis circulate, are created by individual needs
and assume the form of events (vivoevents) (Fig. 4). Living process can be simplify and
approximated as a sequence of individual events that are guided by internal physio-
logical needs, powered by autopoictic and teleonomic mechanisms (Maturana &
Varela, 1991; Monod, 1974; Monod & Jacob, 1961) and achieved by the eco-field
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Sensorial channels

World-as-sensed

Inner world

.------------.)

Abiotic agents

A

—

External world

Relation channels

World of action

Fig. 2 Vivoscape model that operates between an inner world and an external world (world-as-sensed and
world of action) through sensorial and relation channels

mechanisms (Farina & Belgrano, 2004, 2006) that assure a physical or physiolog-
ical reaction largely driven by procedures fixed in the genome of the ‘ecological
species’ (Van Valen, 1976) and by external stimuli. In synthesis, there are
different vivoevents (e.g., foraging event, mating event, fear event, spawning
event, etc.) for each organism according to the required resources and the

Taxon

— > Needs —»

Vivoscape
Internal stimuli
l Vivoevents
Eco-Field

Functions —» Cognitive template

—| Resources

External stimuli

Fig. 3 General schema with which vivoevents utilize eco-field mechanisms inside the vivoscape to gain

resources
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reactions to external stimuli. Vivoevents have different temporal recurrence and
impact on the ecological species according to their origin, the entire collection of
vivoevents composes every taxon-specific vivoscape (Fig. 4). Each vivoevent is
realized by a specific eco-field process: a function-specific ecosemiotic template
requested to intercept a spatial configuration carrier of meaning (Farina &
Belgrano, 2004, 20006).

Vivoscape as Common Agency Shared by Humans and Animals
to Track Resources

The General Theory of Resources states that every organismic-based performance is
motivated by an internal deficit of specific resources (Farina, 2012) and is an important
theoretical candidate to allow a reconnection between the human and natural domains,
by-passing cultural belief. In fact, the necessity to track resources is common to all
(auto-trophic and hetero-trophic) living organisms. From these premises, the vivoscape
concept has a central role as a functional context utilized by organisms to explore the
external world looking for resources. All living organisms require consumption of
energy and a consequent depletion of stocks. However, humans additionally require
spiritual, cultural and technological resources, and every day discover/invent new needs
and consequently require new resources (blog, chat, etc.). Furthermore, humans seem
not to place limits on resource use or, put another way, have lost the individual and
social mechanisms of self-control in resource use, triggering unsustainable mechanisms
that cause resource depletion.

Vivoscape

Seasonal Vivoevents

Daily Vivoevents

Fig. 4 A vivoscape is the result of a collection of vivoevents that are originated by internal needs (e.g.,
feeding) and by external occurrences (e.g., threat from predation). Some events have a regular temporal
occurrence, for example the dawn and dusk choruses in birds at a daily scale, the egg deposition in frogs
occurs at a seasonal scale. Seasonal vivoevents include migration and hibernation and all the associated
processes including the modification of the internal physiology and behaviour
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Concluding Remarks

We are aware that many of the ideas encapsulated within the vivoscape model have
similarities with those especially utilized in biosemiotics (Hoffmeyer, 2008: the semi-
otic niche) and in the landscape ecology (Farina, 2021a: interpreted landscape).
However, the semiotic niche considers the entire set of signs utilized by an organism
to interact with the environment and the “interpreted landscape™ is the representation of
the surroundings created by the use of species-specific set of filters that attribute a
meaning to a sensed environment.

The vivoscape paradigm describes a world in which biological and ecological
processes are integrated into a unique entity. Utilizing the metaphora of checkers the
pieces are the taxa and the board is the physical background on which organisms exist,
insist and interact. The rules of this game have been fixed into the evolutionary realm
and are modified by the natural selection mechanisms. Organisms and background are
the ingredients that concur to create the vivoscape. Definitively the vivoscape is the
environmental unit of reference comprising and individual and its biotic and abiotic
environment mediated by interacting processes.

The local extinction of a species is not simply the disappearance of a taxon but is
also the disappearance of all the interactions between that species and other species and
the physical background. If, like after a severe deforestation in the tropics, all the
species are extinct, the environment disappears and only bare mineral soil persists. The
vivoscape, thanks to the unitarian vision, can contribute to guide actions to protect the
environment and enhance its resilience, to restore degraded habitats, and to select the
best actions to assure the wellbeing of human and non-human organisms.
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