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Abstract. A formal theory of the ecological niche is indispensable not
only for semantic precision in philosophy to understand and compare it
with other meanings of niche, but also when computer scientists and ecol-
ogists desire to create interoperable software where one can retrieve the
niche of a species and compare their parameters. The proposed model is
a more fine-grained description of the ecological niche, including the dis-
tinction between its complex concept, the abstract niche (‘fundamental
niche’) with its hypervolume in multidimensional space, and its reali-
sations (‘realised niches’). The presented ecological niche may initiate
new avenues for research in ecology, particularly concerning the condi-
tions/categories of a hypervolume, as well as further philosophical inquiry
and comparison with other niches.

1 Introduction

The first formal representation and description of a theory of the niche by Smith
and Varzi [36] provides detail from a philosophical perspective and has some
relation to ecology, but it focuses on the spatial niche concept in general. From
the viewpoint of ecology, certain assertions are incorrect and raised questions not
a problem for the ecological niche — which is not to say they are not valid issues
considering other meanings of the niche. Smith and Varzi’s analysis, however, is
useful for comparing the ‘original’ niche, as a hollow recess in a wall (excavated
hole) with or without (an) object(s) in it that exist as material entities, and the
changes ecologists have made to the niche concept, as will be described in the
following paragraphs. Our aim is to provide a philosophy-inspired contribution
for bio-/ecoinformatics that may be used to develop databases and applications
that can achieve more comprehensive and effective research into ecological niches.

A formalisation of the ecological niche is useful for ecologists who want to
create interoperable software [2] [8] [41] [7] [35], for databases storing niche data
(which do not exist yet) enabling search and retrieval of the niche of biological
species, and to make it possible to reason about that information to generate new
knowledge (alike the IKD [34] but then with a formal foundation and broader
coverage). This can facilitate discovery of patterns between species, species inva-
sion/migration dynamics — providing transparency and reusability of the model
in contrast to [32] [45] —, indicate where niche diversification occurs, or may be
used for conservation efforts by examining where potentially suitable habitats
exist for reintroduction of the endangered species. In addition, accommodating



ecological knowledge in a (formal) ontology can solve implementation [41] and
maintenance [5] problems to a higher degree than object-oriented approaches [2],
although OO already provides more reusable components than procedural code
(the vast majority of software in ecology and agriculture is procedural, see [25]
[27] [41] for a discussion). Through the sharing of a common view of the subject
matter, it can provide the sought-after relative implementation-independence
such that modelled knowledge can be reused in multiple settings for diverse
applications and software integration efforts. Although a philosophical investi-
gation and formal model will not solve all ambiguities automatically, as that is
for ecologists to resolve, it does provide a useful methodology and tool for clar-
ifying differences. This can be represented in a formal model, and subsequently
either tested in in silico and in vivo & in vitro experiments, or be used to narrow
down research hypotheses in order to eliminate or mature (parts of) ecological
theories. Last, ontology-driven information systems [15] have a known and ex-
plicit underlying structure, a white box instead of several black box modules,
which aids understanding of a modelled system — an approach that is especially
urgent for ecology research [39].

The contents of this article is organised as follows: §2 contains the overview
of the ecological niche, where its main components — fundamental niche, hyper-
volume, and realised niche — are described in more detail in successive subsec-
tions, with the formal characterisation and verbalization of the ecological niche
available online (http://www.meteck.org/files/ AppNiche.pdf). I compare it with
related philosophy research into other niches in §3. The last section (§4) contains
some final remarks and suggestions for further research.

1.1 A note on niche terms

Movements of people across language regions are from a semantic and linguistics
perspective interesting because of import and naturalisation of foreign terms into
local vocabularies. Niche originates from the Italian nicchio, morphed into the
verb nichier and noun niche in French, went back into Italian as nicchia [11] or
changed directly from nicchio into nicchia in Italian. Subsequently, it was copied
into English as niche and naturalised to nis in Dutch during the late Middle Ages
[44]. The nis and nicchia still refer to the original literal meaning of niche — the
3-dimensional (architectural) structure of a recess in a wall (excavated hole) that
exist as physical material object — and conceptualised and analysed by Aristo-
tle and, later, Roger Barker [36]. In the last century, ecologists borrowed the
term ‘niche’ and modified the meaning for their own purposes; business and pol-
itics took the ecological niche and modified it even further for their respective
preferred uses. Ecologists make use of the niche with multidimensionality and
species, and differentiate between abstract (‘fundamental’) and physical (‘real-
ized’) niches. This recent modification has been copied from English into Dutch
as miche, it being distinct from the nis and micchia in that it has a figurative
meaning, and has not undergone naturalisation (in Italian, the ecological niche
is registered since 1961 as nicchia ecologica [11]). Several other languages, such
as English, Spanish, German, and French, all use the term niche for both the



original and modified meanings. Here, I focus on the ecological niche and have
no intention to capture meanings of niche other than the ecological one.

2 Main components

Despite objections which have been raised to the postulation of complex con-
cepts [12], the ecological niche EN as currently used by ecologists can be cate-
gorised as a complex concept, or, in ecological terms, an “integrative concept”
[13], hence it is composed of, and building upon, other entities and, arguably,
concepts. The ecological niche receives attention from people with diverse back-
grounds: philosophers, bioinformaticians and computer scientist, and ecologists.
They all emphasise different aspects of the ecological niche, use different estab-
lished vocabularies, and have their preferred representation. The main entities
and relations captured with EN are depicted here in the (formal) Object-Role
Modeling (ORM) model in Fig.1. The ORM methodology has the advantages
that the ORM model is a conceptual model for relational database- and object-
oriented software development, and produces pseudo-natural language sentences
that a domain expert easily can verify without having to learn new knowledge
representation languages (note: the verbalization of Fig.1 is available online in
the appendix). To formulate a constraint over entities and their relation (role)
in the fixed-syntax pseudo-natural language, called ‘verbalize’ in ORM terminol-
ogy, we have, for instance, the mandatory and uniqueness constraints between
the FundamentalNiche and Species, as follows:

Species defines FundamentalNiche / FundamentalNiche niche of Species.

Each FundamentalNiche niche of some Species.

Each FundamentalNiche niche of at most one Species.

Each Species defines some FundamentalNiche.

Each Species defines at most one FundamentalNiche.
Without the sugar coating of the verbalization, the graphical representation of
Fig.1, and FuN denoting fundamental niche and Sp species, then the FOL rep-
resentation of the same constraints is:

Va,y(FuN(z) A Sp(y) A nicheO f(x,y;) A nicheOf(z,y;)) — (vi =y;) (1)
Vo, y(FulN(z) A Sp(y) A nicheO f(z;,y) A nicheOf(z;,y)) — (x; = x;) (2)

2.1 The ecological niche EIN

The ecological niche EN sets the restrictions on the concepts/entities and rela-
tions it comprises. For instance, the species Sp ‘defines’ (in ecology terms) the
niche — thus, the ecological niche is existentially dependent on species —, that it
consists of an n-dimensional hypervolume HV [19] and that there is one fun-
damental niche FulN realised by one or more realised niches ReN that can be
found in nature. Such statements are combined into a definition like “The posi-
tion of the species and its response to factors of community hyperspace defines
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Fig. 1. ORM representation of the ecological niche depicting the main components,
where ovals denote entities, rectangles relations, arrows uniqueness constraints, and
blobs mandatory constrains (included in the formalisation); see [16] for details of ORM
and mappings to UML and ER, and VisioModeler 3.1 for automated verbalization and
semi-automated database generation from an ORM model.

its niche” [28], “A niche represents the range of conditions and resource qualities
within which an individual or species can survive and reproduce” [33], or “niche
is the ‘role’ of a species in a community, and can be defined as the conditions in
which the species can survive or the way of life that it follows” [6]. A role can be
competitor, predator, pathogen and so forth, but notice that the niche is more
than the specification of the role the organisms ‘play’: the ‘niche as a profession’
is a part of the whole niche of the species. Consequences of the definitions are
that no two species can occupy the same niche, because it is one species defining
(constraining) its niche. This is the widely accepted ‘Grinnell and Hutchinson’
meaning, where the latter provided an improvement on the former [19], most im-
portantly the n-categories with the hypervolume (I clarify hypervolume in §2.3).
Another consequence is that a niche cannot be empty and the species must have
living organisms belonging to that species. Regarding the former, one can find
statements to the contrary in ecology and conservation literature, like ‘finding
an empty niche’ to re-introduce or translocate organisms of endangered species
x. However, this is a shorthand expression for the case where there is a habitat
with a particular spatial region that has seemingly suitable conditions equal or
smaller than the endangered species” HV of the fundamental niche of z, i.e. there
is potentially a realised niche. This particular environment becomes a realised
niche for z if and only if the (re)introduced organisms belonging to species z
survive and procreate in that particular environment. This does not imply there
was a vacant niche, as it may be that x has outcompeted and replaced one of
the native species.



2.2 The fundamental niche FulN

The fundamental niche FuN is a concept consisting mainly of a combination of
conditions, in ecology called categories (from the ‘n-category theory’), to con-
struct a hypervolume in multidimensional space (see §2.3). In ontology termi-
nology, the ‘category’ is a combination of a quality/feature/property and its
value(s), henceforth called condition to avoid misinterpretation. Each condition
is a biotic or abiotic factor (also called a resource in ecology) with specific values
to which a species is adapted, such as its diet, activity pattern, and number
of young. The FuN has the mazimum hypervolume for the particular species,
which means that it has all the possibilia under which the organisms belonging to
the species can live. These are the constraints and if the organisms go ‘outside’ of
this viable hypervolume, they will die. More precisely: then they cannot maintain
the continuation of their type unless they manage to adapt, whereby niche di-
versification takes place — where the shape of the hypervolume has changed. The
adapted organisms may even diversify further and speciate into a new species,
which cannot breed with the old one anymore and produce fertile offspring, and
that has its own fundamental niche; this process is called niche differentiation.
Recollecting axioms (1) and (2), then because Sp(y;) # Sp(y2), it must be that
FuN(z1) # FuN(z2), and vice versa.

Thus, another characteristic of the FulN is that no two fundamental niches
are the same, because no two species are the same, and different species cannot
share the same niche, although it may be the case that for epistemological reasons
— limitations of our knowledge about a particular FulN — that fundamental
niches seem alike. According to the competitive exclusion principle (also called
the Volterra-Gause principle, or Grinnell’s Axiom), species must be sufficiently
differentiated [29] [40] [33] to be able to co-exist in the same environment (e.g. [1]
[20]). What two or more species also may have in common in complex food webs
is fulfilling the same function (role), which is a part of a complete description
of a niche for each species. Most notable with the role-view of the niche is that
the role emphasises the interaction of the organisms in relation to organisms
of other species, like predator or the trophic interactions in food webs (e.g.
[22]). This suggests that one may be able to categorise at least the axes of
the conditions according to different types of conditions. This does not receive
prominent attention among ecologists, but a closer inspection of conditions to
categorise them into coherent ‘sub-sections’ of the fundamental niche may benefit
the structure, manageability, and maintainability of a database or other software
application.

Last, there is no agreement among ecologists which conditions to include
and how niche data has to be obtained. There are four minor differences that
may yield divergent results in specification of a particular fundamental niche:
examining organisms of a species in a laboratory setting versus in situ, and
survival versus normal living conditions [24]. In addition, there is the not yet
well-researched notion if some conditions are ‘more essential’ than others are,
and how one can be sure to have included all conditions and all values — but
these are epistemological issues. In principle, the FuN uses the maximum possi-



ble conditions of the physical and physiological place, resources, behaviour and
role to create the largest hypervolume for the species; this, if desired, can be
subdivided into smaller hypervolumes for each group of conditions for further
analysis of niche data.

2.3 The hypervolume

I discuss the hypervolume and how it relates to the FulN here first, before de-
scribing the realised niche RelV in §2.4, so that the differences between the FulV
and ReN are easier to grasp. The hypervolume HV is an (abstract) region that
contains all conditions — the maximum amounts and value ranges possible — for
the species to survive or live in. The fundamental niche has a HV containing
a finite amount of conditions where no two conditions are the same. Each con-
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Fig. 2. Hypervolume HV (rectangle) of two conditions and two smaller hypervolumes
HYV,, (ellipse and circle) for species z.

dition consists of an axis Az with a value (range) VaRa, thereby FulN is a
mathematically describable hypervolume existing in a multi-dimensional space
that is valid for a particular species. Depending on the chosen time scale, this
hypervolume is static or dynamic. Generally, ecologists consider it as static be-
cause evolution occurs over a much larger time scale than the researcher’s time
span. Fig.2 illustrates a simple hypervolume: there are two conditions with axis
A and p and each axis has a demarcation of the maximum value range, where the
resulting maximum hypervolume HV is indicated with the rectangle. The ellipse
and circle represent the conditions that actually occur at different geographical
sites where organisms belonging to the species live. Each VaRa is not empty
and can consist of a set of one or more distinct entities, a single numerical value,
or value range between given boundaries. In addition, there can be restrictions
on the values in the same condition or between conditions, such as ‘if it feeds on
bread, then it also must have water’ and ‘if temperature > 30°C, then humidity
must be between 90% and 99%’. The advantage of using the n-category theory



for conditions is that of being able to refine the concept of ‘sameness’ with re-
lation to set theory, because it allows one to distinguish between isomorphisms
and equality [4]. Two elements in a set (or between two sets) are either the same
or different, but in a category, two objects can be mathematically not equiva-
lent, but only in some sense they are, i.e. isomorphic but not equal [4], where a
quality, feature, or quale can be isomorphic to an other.

Examples of conditions of niches are illustrated in e.g. [20] [10] [18] [24].
Relatively straightforward are the abiotic conditions Temperature and Humid-
ity with a value range each, but characterising conditions such as Distribution,
Dispersal, and Diet goes beyond this overview (a toy example is included in
§2.4). Note that such conditions do not include physical properties of organisms
themselves, such as height, weight, or the density of the hairs on hairy leaves.
Of course, there is a relation between physical characteristics and the conditions
(such as fins for swimming) and the interaction between the environment and
physiological characteristics, but is not this type of interaction that is captured
with the niche. Both the axes and the values merit ontological investigation and
subsequent ontology development, thereby addressing, among others, types of
ecological role, diet, and foraging pattern as well.

2.4 The realised niche ReN

The realised niche RelN is the occurrence of a subsection of the hypervolume HV
of its fundamental niche FulN at a spatial region during some time interval and
that is inhabited with organisms belonging the species that defines the FuN. As
mentioned in the previous section, the HV is an abstract region, hence so is its
subsection HV), (like the ellipse is enclosed in the rectangle in Fig.2), whereas
organisms are physical particulars that do not inhabit an abstract object. To
solve this issue, one can either a) categorise a HV not to be abstract and make
it a mereological sum of (measured) physical conditions, or b) have the realised
niche to be a collection of measurements (and, depending on the condition,
average of the values) taken in a spatial region at different points in time, which
ecologists prefer. Either way, further investigation is needed by both philosophers
and ecologists to ascertain the precise ontological relation.

When studying some population of organisms belonging to one species living
in a particular habitat!, say, not just some mountain region but specifically the
Mont Blanc, one uses environmental parameters to describe the habitat. Differ-
ent populations of organisms of a species can live in different environments, i.e. it
can live under varying biotic and abiotic factors in different spatial regions, but
generally live in the same type of habitat. Organisms of different species occupy
a habitat, i.e. a habitat has more than one realised niche, whereas there are envi-
ronments where zero or more niches are realised. It is unlikely, but theoretically

! Environment is the complex of abiotic (climatic and edaphic) and biotic factors that
act upon an organism or community. A habitat is a generalisation of the kind of
environment where the species (focal organisms) live, and one describes the general
characteristics, such as coral reefs, coastal wetlands, and so forth.



not impossible, that a realised niche meets all conditions of the specification of
its FuN (though is always constrained by it). Normally it is smaller, as two
conditions or its value range may be mutually exclusive. The interplay between
the fundamental and realised niche is illustrated in the following example.

Example. There is not a niche for each individual organism, as in ‘the mouse of
species Mus musculus living in my kitchen in Dublin feeding on bread and water
has another niche than the mice in your basement in Trento eating cheese’, but
the F'uN-niche is valid for a species. Each population of mice lives in a realised
niche, where each realised niche can be different — either be disjoint or overlap as
the circle and ellipse in Fig.2. At the FuN-level, one of the conditions to describe
the niche for M. musculus may be diet{bread, water, cheese} and a ren;
with mice living on diet{bread, water} in Dublin, and a rens in Trento with
diet{cheese}. That mice live on a diet of bread & water in a sea climate and on
cheese in a land climate both form part of the FulN for M. musculus, but each
population has a realised niche at another spatial location. Hence, for each FulV,
there are > 1 ReNs. An example of a ReN can be: (diet{bread, water},
temperature{between 10°C and 25°C}, diet{vegetarian}, humidity{
between 60% and 90%}, shelter{house}, foraging{nocturnal}). No ren;
exist if the mice were surrounded by marsh mellows or when plunged into the
Atlantic Ocean: they cannot survive because this is outside the range of products
it can eat and shelter it can find, i.e. locations in the multidimensional space
that fall outside the hypervolume for the M. musculus. The Atlantic Ocean is
an environment, just not habitable for mice.

Multiple organisms live in the same spatial region at the same time, that
do not all belong to the same species, and share only some of the conditions
and/or a subset of its value range with organisms of the other species, e.g. they
all live in a temperature range between +5 and +30°C. For example, some rats
of the type Rattus norvegicus could be living in the Trento basement alongside
the mice, but the mice do not share their niche with the rats, and only have an
overlap of some condition(s). ¢

Several research programmes may be useful for a bottom-up approach to gather
real data of niches, in addition to manually mining the scientific literature. For
instance, SEEK [48] and AOS [42] focus on mediating data that precedes its
usage for niches and thereby may contribute to establishing which conditions
can be used and how they relate to each other. Other, disparate, efforts concern
microbe-, plant-, and animal taxonomy, which affects constructing a hypervol-
ume in the sense that one has to be able to agree on which species exists. A few
ontologies of the OBO family [47] include some axes and their values of condi-
tions, such as temperature ranges for growth of several cereal crops [46] whereas
other ontologies focus on specific species, such as the Arabidopsis [43]. Either
way, examining conditions is a bottom-up ontology development effort that can,
and should, take advantage of (existing) foundational ontology aspects.



2.5 Some concepts associated with the ecological niche

The ecological niche is an (in ecology terminology) integrative concept, building
on universals such as species, evolution, environment and so forth, which are
integrative concepts themselves. This means that if the meaning of such closely
related concepts change (e.g. [17]), then the niche might require a definitional
adjustment as well, or vice versa: when due to new scientific discoveries the
niche is conceptualised differently, this can have an impact on the notion of
what species are or how the process of evolution occurs. Observe the difference
between redefining the intension of, for instance, the universal Species and the
situation where organisms are categorised as distinct species but later found to
be the same species and/or being reclassified as a result from a better taxonomy.
The former might affect the meaning of niche, the latter explicitly uses the niche
for scientific investigations of the focal organisms.

Processes that build upon and wuse the ecological niche, are, among oth-
ers, niche diversification, niche differentiation, niche construction [26] [30], and
neutrality [9] [29]. These may change accordingly if the ecological niche does.
However, terms can be deceptive. Taking a closer look at niche construction, it
adds to the traditional understanding of evolution (i.e., the genotype changes
through natural selection to become a new species), the process in the opposite
direction: phenotypes do affect the process of evolution, both in the survival
strategies of the organism and with relation to the role organisms play in their
habitat. The addition to evolution — i.e. Fvolution.y # Evolution,e, — incor-
porates a feedback mechanism whereby “legacies of ancestrally modified natural
selection pressures affect the subsequent evolution of later generations” [26]. Put
differently, also that what the organisms do to their own environment affect their
continuation, diversification and/or specialisation as a species in space and time
— a more appropriate term to convey the process is ecosystem engineering [23].
Thus, niche construction acts out at the level of the realised niche, which may at
a later stage affect a species’ niche description of the HV hypervolume, but does
not change the definition of the F'ulN, only might change a condition by adding
a quality or changing its quale. For example, the leaf-cutter ant Atta sexdens
influences environmental conditions such that Leucoagaricus sp. can grow more
easily in the ants’ fungus gardens in the ant nest2.

As such, even though there can be minor changes to the by the niche encap-
sulated integrative concept evolution, this does not imply either the niche or the
underlying structure automatically needs to be revised. On the contrary, instead

2 With niche construction/ecosystem engineering, organisms of different species live
in vicinity of each other and one’s surrounding is affected by the engineering of the
other. This is distinct from symbiosis, where organisms belonging to one species
live (facultative or obligate) in or on organisms of other species — which can be
harmful (parasitism), beneficial to one or to both, or neither harmful nor beneficial
(commensalism). It is outside the scope of this article to report on the relations of
the ecological niche concept with symbiosis, parasitism, and commensalism. These
-isms deal with interactions between organisms of different species, which is distinct
from the ecological niche concept.



of obfuscating, complicating, the notion of niche, the devised model proves to be
a useful aid in understanding the various aspects that belong to the ecological
niche concept.

3 Related research

As mentioned in the introduction, the original literal meaning of niche and the
ecological niche are two distinct universals. One can argue if this modification
made by ecologists is philosophically justifiable and sound or not, but ecologists
use the niche concept differently and it has to be stated clearly which niche
one is analysing. One can compare the outcomes that may result in identifying
useful/workable overlap between the different meanings only after formalisation
of each distinct meaning, but one cannot define one encompassing niche by
ignoring both subtle and obvious differences from the start. Extant philosophical
investigations into the niche, be it ecological or other, are limited; descriptions of
niches in e.g. marketing and politics are even fuzzier than the ecological niche and
sometimes contradict, which makes a comparison on similarities and differences
more challenging to do.

First, several main aspects of Smith and Varzi’s work [36] [37] [38] will be
addressed here for comparison, but which also serve the understanding of char-
acteristics of the ecological niche. The differences can be divided roughly re-
garding the point of departure, and consequently some formalisations, and open
questions. Most salient is the absence of species in Smith and Varzi’s work. For
instance, they refer to “organisms or groups of organisms”, thereby omitting if it
refers to an individual organism, a population of organisms of the same species,
or a community of organisms from different species. The absence of species in-
troduces several problems. By the very definition that the species defines the
niche, i.e. it also defines (constrains) the boundaries of the niche, it is redundant
to state that there are objects that fall outside a niche: a) if with objects is
meant organisms of another species, then yes, that is the intention, and b) if
there were no objects outside the ecological niche then all organisms would be
of the same species and thereby become a meaningless concept. Unlike Smith
and Varzi [36] mention for organisms, a species cannot have two (FuN-) niches,
because of the existential dependency of the niche on the species. Other aspects
refer to a realised niche, which actually refers to the architectural niche, but not
the ecological one. For instance, “boundaries of a tenant are its surfaces, which
face out toward the niche” or “the clutch of eggs [in the anthill]”, where the
tenants are things that develop into organisms. This makes sense with a recess
in the wall, but organisms are not multidimensional (multi being > 4) so they
cannot face out toward its niche. An organism does not have its “boundary of
the niche” starting on a plant’s bark or the bacterial cell wall, because the hy-
pervolume is constructed from ‘odd’ conditions such as diet. Eggs are a stage
in the life cycle of ants, where the environmental conditions the eggs require
to develop are specified within the conditions, i.e. part of the hypervolume for
the Monomorium minimum (little black ant). The ants’ nest physical and en-
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vironmental aspects form part of the realised niche (and by creating the nest,
the ants are doing niche construction). Smith and Varzi switch at convenience
between the functional ‘niche as profession’ and the environmental niche [36]
[37] [38] even though one cannot use them interchangeably as they are distinct
from one another: with the FulN’s maximum hypervolume, these are different
sub-groupings of several, but not all, conditions into a smaller hypervolume. Fur-
ther, ‘collapsing’ the FulN and its ReNs into one niche [36] omits the difference
between the maximum possible and its realisation(s), although the distinction is
addressed to a limited extent in [38]. Johnson [21] focuses on the causal relation-
ship between a species and its niche. Interesting is that from that philosophical
perspective, he notes that “presumably, the reason niches can play such a role
is that they are not merely abstract entities in the sense Ghiselin calls thought
objects, but empirically discoverable parts of the universe itself” [21]. Thus, also
the identification of two levels of the niche — abstract and realised — that fits
within the presented model and corresponds to how ecologists perceive the eco-
logical niche to be.

With the ecological niche as outlined in the previous paragraphs, several
questions for the spatial niche raised by Smith and Varzi are irrelevant for the
ecological niche. Their difficulty with “vagueness” of the boundaries is for the
ecological niche due to practical research limitations and the challenges of gath-
ering data (see e.g. [40] for a fuzzy set approach), but this is not an ontological
problem. The “identity of niches” is not an issue either: the species and differ-
ent kinds of conditions that make up the hypervolume facilitates straightforward
categorisation of each F'uN with relation to environment, role and so forth. Last,
the “movement... within and between their respective niches” [36] is no problem
for the ecological niche: by the very definition of the ecological niche, this is not
possible.

Last, I briefly consider ‘extensions’ of the ecological niche into the market-
ing and political domains. Although there is no formalisation of the niche in
marketing, Grassl’s Reality of Brands [14] provides a potential useful start for a
comparison of the multi-dimensional ‘brand niche’ with the ecological niche, par-
ticularly the section on brand realism. Two differences with the ecological are: 1)
species and its niche have a 1:1 relationship, but it is a 1:n relationship between
the marketing niche and (major & minor) brands, and 2) humans influence and
create marketing niches for the brands, i.e. it is a triad of concepts where it is not
the brand that determines the niche, but there is no such ‘third party’ for the
ecological niche. There are similarities like “[bJrands are ‘moored’ in niches and
resist change” [14], which has its equivalent in biology where species resist change
(homeostasis, stabilizing selection); idem ditto niche overlap. A formalisation of
the brand niche and full comparison can be an avenue for further research. The
niche as applied to political parties [31] may be of interest for comparison with
the ecological niche. On the other hand, comparing niches to assess differentia-
tion or comparing hypervolumes for finding a potentially suitable environment
to ‘reintroduce endangered political parties’ at another spatial location is of less
practical value, and repositioning of brands and parties generally occurs more
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swiftly than that species adapt or diversify. A more serious complication with
niches for brands and political parties is that the marketing and politics equiv-
alent to the ecological conditions for the hypervolumes are not readily known
and easily measurable as are environmental parameters of the ecological niche.
Considering that describing a ReN-niche of a species is not easy, this will be
nigh impossible for brands and parties.

4 Final remarks

The ecological niche is a specific kind of niche, having the distinction between
the ‘fundamental (ecological) niche’ and ‘realised (ecological) niche’ that are
intertwined with species and multidimensionality where the notion of hypervol-
ume is important. I have described summary of the ecological niche, which is
not exhaustive in modelling all facets of the ecological niche; in particular, the
conditions that make up the hypervolume and the related concepts such as the
perceived interference of the idea of neutrality. However, ecologists already can
use this investigation of the standard ecological niche to refine their discussions
and investigations into the niche, and it can be used to compare the conceptual-
isation of the ecological niche with other types of niches, such as the constraints
on the original meaning and the more loosely defined marketing and political
niches. In addition, the representation of the niche in an ORM conceptual model
can be used to develop software applications that will be reusable and extendible
compared to the presently available limited attempts to store niche data and its
results can feed back into a clearer definition of the ecological niche. Last, the
underlying structure of the ecological niche may be of interest in other domains,
which is a topic for future research.

Acknowledgments The main part of the research was carried out at, and
supported by a grant from, the Laboratory of Applied Ontology (LOA-CNR) in
Trento, Italy. I am grateful to Claudio Masolo for the stimulating discussions. I
also thank Barry Smith for his clarification and feedback.

References

1. Albrecht, M., Gotelli, N.J. Spatial and temporal niche partitioning in grassland ants.
Oecologia, 2001, 126:134-141.

2. Argent, R.M. An overview of model integration for environmental applications —
components, frameworks and semantics. Environmental Modelling € Software, 2004,
19(3):219-234.

3. Baez, J., Dolan, J. N-categories - Sketch of a definition. De-
partment of Mathematics, University of California, Riverside. 1995.
http://math.ucr.edu/home/baez/ncat.def.html. Date accessed: 15-3-2004.

4. Baez, J., Dolan, J. Categorifcation. ArXiv:math.QA/9802029v1, 5 Feb 1998.
http://arxiv.org/pdf/math.QA/9802029. Date accessed: 2-4-2004.

5. Baskent, E.Z., Wightman, R.A., Jordan, G.A., Zhai, Y. Object-oriented abstraction
of contemporary forest management design. Fcological Modelling, 2001, 143:147-164.

12



6. Bernhardt, T. Biodiversity: abundance and composi-
tion. The Canadian Biodiversity Website, McGill University.
http://www.canadianbiodiversity.mcgill.ca/english /theory /abundance.htm. Date
accessed: 15-3-2004.

7. Bowers, S., Ludéscher, B. Towards a Generic Framework for Semantic Registra-
tion of Scientific Data. In: Semantic Web Technologies for Searching and Retrieving
Scientific Data, Sanibel Island, Florida, USA. 2003.

8. Brilhante, V., Robertson, D. Metadata-Supported Automated Ecological Modelling.
In: Environmental Information Systems in Industry and Public Administration. Raut-
enstrauch, C. (ed.). Hershey, Pennsylvania, USA: Idea Group Publishing. 2001.

9. Chave, J. Neutral theory and community ecology. Ecology Letters, 2004, 7(3):241-
253.

10. Conklin-Brittain, N.L., Knott, C.D., Wrangham, R.W. The Feeding Ecology of
Apes. Proceedings of The Apes: Challenges for the 21st Century, 2001. ppl67-174.
11. Cortelazzo, M., Zolli, P. Dizionario etimologico della lingua italiana 3/I-N.

Bologna: Zanichelli, 1983. p802.

12. Earl, D. The classical theory of concepts. Internet Encyclopedia of Philosophy,
2005. http://www.iep.utm.edu/c/concepts.htm.

13. Ford, E.D. Scientific method for ecological research. Cambridge: Cambridge Uni-
versity Press, 2000. 564p.

14. Grassl, W. The reality of brands: toward an ontology of marketing. American
Journal of Economics and Sociology, 1999, 58:313-360.

15. Guarino, N. Formal Ontology and Information Systems. Formal Ontology in In-
formation Systems FOIS’98, Trento, Italy, Amsterdam: IOS Press, 1998. pp3-15.

16. Halpin, T. Information Modeling and Relational Databases. San Francisco: Morgan
Kaufmann Publishers, 2001. 761p.

17. Hey, J. The mind of the species problem. Trends in Ecology €& FEvolution, 2001,
16(7):326-329.

18. Hirzel, A.H., Hausser, J., Chessel, D., Perrin, N. Ecological-niche factor analy-
sis: how to compute habitat-suitability maps without absence data? Ecology, 2002,
83(7):2027-2036.

19. Hutchinson G.E. Concluding remarks. Cold Spring Harbor Symposia on Quantita-
tive Biology, 1957, 22, 415-427.

20. Jacomo, A.T.A., Silveira, L., Diniz-Filho, J.A.F. Niche Separation between the
Maned-Wolf (Chrysocyon brachyurus), Crab-Eating Fox (Dusicyon thous) and the
Hoary-Fox (Dusicyon vetulus) in the Cerrado of Central Brazil. Journal of Zoology,
2004, 262:99-106.

21. Johnson, D.M. Can Abstractions be Causes? Biology and Philosophy, 1990, 5:63-77.

22. Johnson, J.C., Borgatti, S.P., Luczkovich, J.J., Everett, M.G. Network Role Analy-
sis in the Study of Food Webs: An Application of Regular Role Coloration. Journal
of Social Structure, 2001, 2(3).

23. Jones, C.G., Lawton, J.H. and Shachak, M. Positive and negative effects of organ-
isms as physical ecosystem engineers. Ecology, 1997, 78:1946-1957.

24. Keet, C.M. Ontologising bioscience: a niche. Technical Report, Laboratory of Ap-
plied Ontology, Trento, Italy. 2004. 67p.

25. Keller, R.M., Dungan, J.L. Meta-modeling: a knowledge-based approach to facili-
tating process model construction and reuse. Ecological Modelling, 1999, 119:89-116.

26. Laland, K.N., Odling-Smee F.J., Feldman, M.W. Evolutionary consequences of
niche construction and their implications for ecology. Proceedings of the Natural Acad-
emy of Science, 1999, 96:10242-10247.

13



27. Liu, J., Peng, C., Dang, Q., Apps, M., Jiang, H. A component object model strategy
for reusing ecosystem models. Computers & Electronics in Agriculture, 2002, 35:17-33

28. Maguire, B. Niche response structure and the analytical potentials of its relation-
ship to the habitat. American Naturalist, 1973, 107, 213-246.

29. Mikkelson, G.M. Niche-Based vs. Neutral Models of Ecological Communities. Bi-
ology and Philosophy, 2005, 20:557-566.

30. Odling-Smee, F.J., Laland, K.N., Feldman, M.W. Niche Construction — The ne-
glected process in evolution. Sussex, UK: Princeton University Press, 2003. Chl.

31. Péli, G. Am I Specific Enough? Party Program Scope in Multidimensional Political
Spaces. SOM Research report, University of Groningen. 2002. 36p.

32. Peterson, A.T., Vieglais, D.A. Predicting species invasion using ecological niche
modeling: new approaches from bioinformatics attack a pressing problem. BioScience,
2001, 51(5):363-371.

33. Ricklefs, R.E., Miller, G.L. Ecology. New York: W.H. Freeman, 4th ed.,2000. 822p.

34. Sanchez, J.N., Langley, P. An Interactive Environment for Scientific Modeling and
Discovery. In: Proceedings of the Second International Conference on Knowledge Cap-
ture, Florida, USA. 2003.

35. Sheth, A.P. Changing focus on interoperability in information systems: from sys-
tem, syntax, structure to semantics. In: Interoperating Geographic Information Sys-
tems. Goodchild, M.F., Egenhofer, M.J., Fegeas, R., Kottman, C.A. (eds.). Boston:
Kluwer Academic Publishers. 1999.

36. Smith, B., Varzi, A.C. The Niche. Nois, 1999, 33(2):214-238.

37. Smith, B., Varzi, A.C. The formal structure of ecological contexts. In: Proceed-
ings of the 2nd Intl Conf on Modeling and using context. Bouquet, P., Brezillon, P.,
Serafini, L. (eds.). Berlin: Springer Verlag, 1999. pp339-350.

38. Smith, B., Varzi, A.C. Surrounding space — On the ontology of organism-
environment relations. Theory in Biosciences, 2002, 120(2):139-162.

39. Voinov, A., Fitz, C., Boumans, R., Costanza, R. Modular Ecosystem Modeling.
Environmental Modelling € Software, 2004, 19:285-304.

40. Wang, W.-X., Yi-Min, L., Zi-Zhen, L., Fengxiang, Y. A fuzzy description on some
ecological concept. Ecological Modeling, 169:361-366.

41. Watson, F.G.R., Rahman, J.M. Tarsier: a practical software framework for model
development, testing and deployment. Environmental Modelling € Software, 2004,
19(3):245-260.

42. Agricultural Ontology Services: http://www.fao.org/agris/aos.

43. Arabidopsis Consortium: http://www.arabidopsis.org/info/ontologies/go/.

44. Digitale Bibiliotheek voor de Nederlandse Letteren:
http://www.dbnl.org/tekst /wink003gron01/wink003gron01_008.htm.

45. Global Invasive Species Information Network: http://www.gisinetwork.org.

46. Gramene: http://www.gramene.org.

47. Open Biological Ontologies: http://obo.sourceforge.net/.

48. Science Environment for Ecological Knowledge: http://seek.ecoinformatics.org.

14



