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Abstract

We explore the causes and outcomes of scientific conceptual change using a case study of the
development of the individualized niche concept. We outline a framework for characterizing
conceptual change that distinguishes between epistemically adaptive and neutral processes
and outcomes of conceptual change. We then apply this framework in tracing how the
individualized niche concept arose historically out of population niche thinking and how it
exhibits plurality within a contemporary biological research program. While the
individualized niche concept was developed adaptively to suit new research goals and
empirical findings, some of its pluralistic aspects in contemporary research may have arisen
neutrally, that is for non-epistemic reasons. We suggest reasons for thinking that this plurality
is unproblematic and may become useful, e.g., when it allows for the concept to be applied
across differing research contexts.

Keywords: Ecological Niche, Conceptual Change, Pluralism, Niche Partitioning, Niche
Dimension, Individual-Based Research

1. Introduction

Scientific concepts change over time, often in ways that result in complex and pluralistic
conceptual structures. Central scientific terms such as ‘species,” ‘gene,” ‘temperature,’
‘planet,” ‘element,” and ‘niche’ (our focus) have shifted in both their meanings and extensions.
Philosophers have taken the whole range of attitudes toward this phenomenon. First, some
philosophers have seen intractable conceptual plurality as a problem threatening reference,
realism, generalization, or clear communication (Ereshefsky 1998; Machery 2005; Santana
2018; Justus 2019). In contrast, other philosophers have emphasized that conceptual plurality
can contribute to successful scientific practices (Brigandt 2010; Feest 2010; Feest and Steinle
2012; Chang 2012; Neto 2020; Haueis 2024), for example, by allowing established concepts
to survive theoretical shifts. Finally, it has recently been proposed that conceptual complexity
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could be neutral, arising and persisting simply due to a lack of overt harmfulness (Novick
2023).

We consider the development of the ecological niche concept over time, and in
particular, how this concept was expanded to individuals and how it later fragmented into
different conceptions. In mid-century ecology, the niche was thought of as an attribute of a
population (Hutchinson 1957). However, around the 1980s, early individualized niche
concepts began developing, attributing niches to individual organisms (e.g., MacMahon et al.
1981). Since the turn of the century, there has been increasing research interest in
individualized niches, driven by the general move toward individual-level and integrated
ecological-evolutionary research (e.g., Bolnick et al. 2003; Carlson et al. 2021; Takola and
Schielzeth 2022; Trappes et al. 2022).

In this paper, we trace the research questions that led to the development of the
individualized niche concept and show that this change occurred in order to expand on the
explanatory potential and improve the empirical adequacy of niche-related thought. We
conclude that the development of the individualized niche concept is an example of scientific
conceptual change that occurred adaptively according to epistemic aims of scientists.'

We analyze a second conceptual change process that took place after the expansion of
the niche concept to individuals. The individualized niche concept fragmented into a plurality
of conceptions. As philosophers within the Transregio Collaborative Research Center (TRR-
CRC) 212 "A Novel Synthesis of Individualisation across Behaviour, Ecology and Evolution:
Niche Choice, Niche Conformance, Niche Construction (NC®)," a large interdisciplinary
research center studying individual differences and individualization processes in animals, we
identify multiple related yet nonequivalent conceptions of the individualized niche. There are
several ways in which the concept is pluralistic: first, it permits multiple views of what counts
as a niche dimension (Section 4.1); second, it can be represented as either temporally
extended or time-sliced (Section 4.2); and third, it can be attributed to individuals or groups
(Section 4.3). We argue that this plurality may have arisen through neutral or non-epistemic
processes, though this does not entail that the plurality is harmful.

This paper serves two general purposes. First, we characterize the emergence and
structure of the individualized niche concept, thus extending the philosophical literature on
the population-level ecological niche (Griesemer 1992; Sterelny and Griffiths 1999, chap. 11;
Pocheville 2015; Justus 2019; Trappes 2021; Dussault 2022a; 2022b; Wakil and Justus 2022;
Morrow 2024). Second, we contribute to debates about the change of scientific concepts by
presenting a revealing case study and by applying a framework for characterizing conceptual
change, drawing attention to the difference between processes and outcomes of conceptual
change, both of which can be adaptive or neutral.

In the next section, we review some philosophical accounts of how to evaluate
scientific conceptual change and explain the framework we apply. In Section 3, we give a
historical overview of the development of the individualized niche concept, arguing that it

'Tt should be noted that our analysis is primarily descriptive, as opposed to normative or prescriptive.
We reconstruct the actual processes, outcomes, and scientific aims leading to the contemporary
structure of the individualized niche concept.



arose in an epistemically-driven manner. In Section 4, we present three respects in which the
individualized niche concept is pluralistic and explore reasons for the plurality.

2. Characterizing conceptual change in science

Scientific concepts are known to change over time in various ways (e.g., Brigandt 2010).
Moreover, scientific concepts are thought to commonly have multiple related meanings (i.e.,
be polysemous) in contemporary usage (e.g., Taylor and Vickers 2017; Haueis 2024).
Processes of conceptual change and dissemination in science need not, but often do, lead to
polysemy and complex conceptual structures.

The concept of a niche is no exception. While retaining some core features, the general
term ‘niche’ has expanded and been repeatedly redefined over the past century (Griesemer
1992; Pocheville 2015), resulting in a plurality of conceptions at both the population and
individual level. This paper analyzes the processes of conceptual change leading to the
contemporary structure of the individualized niche concept. First, we document how and why
the term ‘niche’ was expanded to include individual-level in addition to population-level
phenomena. Second, we reveal that the contemporary concept of an individualized niche has
already fragmented and admits of different sorts of plurality. We characterize the reasons for
these changes according to the framework developed in this section.

Rose Novick has recently cautioned against “adaptationist” investigations of
conceptual complexity (Novick 2023). Adaptationists about scientific conceptual complexity
assume that observed conceptual complexity is epistemically beneficial (adaptive outcome),
and, moreover, that the conceptual complexity must have come about for those epistemic
benefits (adaptive process). By analogy with insights about neutral evolution, she argues that
conceptual complexity should not be presumed to have arisen in an adaptive manner, since
complexity or polysemy might come about and persist due to neutral mechanisms. We take
neutral mechanisms to include linguistic and sociological processes of term dissemination that
are not sensitive to local epistemic needs. While Novick’s discussion focuses on complex
(e.g., pluralistic) concepts, we propose that the framework can be extended to any case of
conceptual change and the resulting outcome of that change (Table 1). Thus, conceptual
changes — including those that do not increase conceptual complexity — can occur either
because of epistemic benefits (adaptive) or in a manner independent of epistemic benefits
(neutral). Moreover, the resulting conceptual structure (outcome) can later be evaluated as
either functional, neutral or dysfunctional with respect to present epistemic aims. Either of the
types of process can be connected to any of the types of outcome: for instance, a conceptual
structure that is developed due to perceived epistemic benefits may later turn out not to be
comparatively well-suited to changing research aims; and a conceptual structure that arises
due to neutral mechanisms might later turn out to have epistemic benefits.



Table 1. Ways of evaluating conceptual changes (framework modified from Novick 2023).

Explanation of conceptual Evaluation of conceptual structure (outcome)
change (process)

Adaptive Neutral Functional Neutral Dysfunctional
Conceptual Conceptual Conceptual Conceptual structure is Conceptual
change change structure is neutral with respect to structure is
occurred on occurred comparatively epistemic aims; comparatively
account of independently = well-suited to  potential variations in ill-suited to
epistemic of epistemic epistemic aims conceptual structure  epistemic aims
benefits benefits do not make an

epistemic difference

In the next sections, we first trace the research contexts that led to the development
and proliferation of the individualized niche concept (Section 3). We argue that the
individualized niche concept did arise in an adaptive manner, i.e., it was developed by
researchers as an expansion of the population niche concept in view of their epistemic goals
and theoretical and empirical findings. An expanded niche concept was expected to generate
new and better explanations and to better account for observed individual variation.
Moreover, this conceptual expansion opens the door to new research avenues. We then, in
Section 4, turn to a second conceptual change process and its outcome. We document
pluralism within the individualized niche concept as it is used in contemporary biological
practice. Some aspects of this pluralism may have come about in a neutral manner. However,
this cannot be taken to imply that the plurality is problematic. We suggest that conceptual
plurality is not a problem in general, and that plurality in the individualized niche case may be
beneficial as it allows for the concept to be applied to a greater diversity of research contexts.

3. The individualization of the niche

This section analyzes the origin and development of the individualized niche concept. This is
not meant to be a comprehensive history, but rather we describe major relevant research
developments. We begin with a short overview of the population-level ecological niche
concept, highlighting one way in which the received concept of a niche was pluralistic. We
then discuss the research questions that led to expanding the niche to individuals and explain
why it makes sense to expand what is typically thought of as a population-level attribute to
individuals. We argue that this expansion process was adaptive, i.e., it was driven by
epistemic aims and resulted in epistemic benefits.

3.1. Population-level ecological niches

The niche was initially characterized as either the habitat (Grinnell 1917; 1924) or trophic role
of a species (Elton 1927). In contemporary language, these are known as environmental and
functional definitions of the niche, respectively (Leibold 1995; Griesemer 1992; Morrow
2024). Thus, Grinnellian researchers conceive of the niche in terms of environmental



conditions under which populations are found, while Eltonian researchers conceive of the
niche with respect to functional traits exhibited by members of the population.

Both environmental and functional conceptions of the population niche have persisted
to the present (e.g., Soberén 2007; Junker et al. 2019). More recently, some ecologists—most
notably Jonathan Chase and Mathew Leibold—have developed integrated definitions of the
niche that include both environmental states and species’ effects on those states (Chase and
Leibold 2003). As a descriptive matter, this work has not led to a single unified meaning of
‘niche’ being adopted within the ecological literature. Instead, at least three distinct
conceptions of the ecological population niche (environmental, functional, and integrated)
remain, and ideally papers clearly state which definition(s) they apply or at least what niche
dimensions’ they investigate (e.g., Sanz-Aguilar et al. 2015; Pianka et al. 2017; Junker et al.
2019; De La Riva et al. 2023). As we will explain, a similar type of conceptual plurality has
also arisen with respect to ‘individualized niche’ (Section 4.1).

While a plurality of concepts or definitions of the niche remain in use (a matter that is
well-recognized among ecologists), Hutchinson’s definition is the most influential on how
many contemporary ecologists think about niches. Hutchinson thought of the niche as a
multidimensional hypervolume, or abstract geometric space. This space represents the
combinations of environmental conditions that would allow a population to persist
indefinitely, assuming the absence of competition (Hutchinson 1957). Hutchinsonian niches
have an interesting modal character. Hutchinson refers to the space of conditions under which
a population could persist as the fundamental niche. He distinguishes this from the realized
niche, or the set of conditions actually experienced by a population. Because of this modal
character of Hutchinsonian fundamental niches, they are widely thought to be characteristics
of populations, rather than, for instance, independently existing “slots” in the environment
(Whittaker, Levin, and Root 1973; Sterelny and Griffiths 1999, chap. 11; Justus 2019). In the
following section, we explain how this understanding of ‘niche’ was modified to develop the
concept of an individualized niche.

3.2. From niche partitioning to individualized niches

As stated, Hutchinsonian niches have been widely considered as attributes of populations. In
particular, the Hutchinsonian fundamental niche is delimited by conditions that would permit
a population as a whole to persist, which does not translate directly to individual-level
attributes (since population persistence does not rely upon the reproductive success of any
members considered individually). In view of this, it may be surprising that individualized
niche researchers have often specifically cited Hutchinson and characterized the
individualized niche as a modification of the Hutchinsonian conception (Takola and
Schielzeth 2022; Trappes et al. 2022). To achieve this, contemporary researchers delimit the
boundaries of the individualized niche in terms of individual fitness rather than population
persistence (Section 4). In what follows, we show that the individualized niche is a natural
expansion of the Hutchinsonian approach to modeling population niches that developed out of

’In traditional hypervolume models (see below), niche dimensions correspond to the axis labels, i.e.,
environmental variables or variable functional traits. In concrete terms, environmental examples
include conditions such as water depth and resources such as prey species abundance.
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theoretical work on niche width and partitioning in the 1960s-70s (e.g., Van Valen 1965;
Roughgarden 1972). We characterize this conceptual change as an adaptive conceptual
expansion (Table 2, Case I).

Table 2. Processes in the development of the individualized niche concept.

Case Concept Process of Explanation for Outcome of
conceptual change conceptual change conceptual change

I Ecological niche Expansion (to Adaptive Broader concept
concept individuals) (larger domain of
applicability)
I Individualized Fragmentation* (of Neutral Conceptual
niche concept individual-level plurality (multiple
concept) conceptions)

*Term from Taylor and Vickers (2017)

We lead with a few terminological clarifications. Niche width refers to the breadth or
variability along a niche dimension for a given population. For environmental niches,
populations with a wider niche use a greater variety of resources or tolerate a wider range of
environmental conditions. Populations with a narrower niche are more specialized and require
more specific conditions. Niche partitioning refers to the dividing up of niche space among
populations within a community (e.g., Albrecht and Gotelli 2001; Cardinale 2011; Frey et al.
2017). One hypothesis investigated in this research on population niches is whether niche
partitioning, resulting in narrower (realized) niches, promotes the coexistence of greater
numbers of similar species (e.g., Michalko and Pekar 2015; Lear et al. 2021).

A natural continuation of this line of thought is to consider how niche space is
partitioned within populations. When a population’s realized niche width changes, it does so
in virtue of its individual members interacting with the environment differently. In addition,
biologists have always known that populations are not homogeneous but are made up of
individuals that specialize in different ways. Theoretically, populations could be made up of
individuals that all utilize the same range of environmental conditions, or they could be made
up of small groups of highly specialized individuals that each utilize a small segment of the
population’s niche space (Fig. 1).



Resource use frequency

Niche axis

Figure 1. An abstracted depiction of a population consisting of niche generalists (top) and a
population consisting of niche specialists (bottom). The thick curves depict population niche width for
a particular niche dimension (x-axis), which is a type of resource here, while the thin curves depict
niche specialization by individuals (i.e., differing preferential use of the resource). The y-axis in this
figure is resource use frequency, but this could be replaced by environmental condition tolerance or by
fitness. Contemporary individualized niche researchers often use fitness as the y-axis variable, such
that the individualized niche is represented as an individuals’ fitness function over environmental
conditions. TNW refers to the total niche width of a population, and WIC and BIC are measures of
individual-level niche partitioning. The individual curves within population B are naturally interpreted
as (depicting one dimension of) individualized niches. While this figure is reprinted from a 2003
article, the authors present it to illustrate Roughgarden’s work on niche width from the 1970s (Bolnick
et al. 2003) (Fig. 1).



Early works highlighting niche differentiation among individual members of a
population came out in the 1980s, setting the stage for an explicit individualized niche
concept. We focus on just one important early presentation of the concept, which occurs in a
paper by James MacMahon and coauthors (1981), who develop an organism-centered
framework for various ecological concepts. Their move to the organism level was also clearly
influenced by the mid-century trend toward individual-based ecological models and studies.
This paper includes a view of the “individual niche” (MacMahon et al. 1981, 289), which they
argue is partly determined by genetics, can be restricted by physiological and acclimation
processes, and changes over the course of an organism’s development. MacMahon and
coauthors distinguish between the potential individual niche, reflecting the range of
environmental tolerance of an individual, and the actual individual niche, which is the point in
the abstract depiction of environmental space actually occupied by an individual at a moment
in time. This distinction clearly follows Hutchinson’s fundamental-realized niche distinction.
Interestingly, they explicitly incorporate a temporal dimension in their representation of the
individualized niche (Fig. 2), which highlights that individualized niches, actual as well as
potential, change over the lifetime of the individuals.



Factor II

Figure 2. An early depiction of a temporally extended individualized niche. Factors I and II are
environmental dimensions, and the dotted line shows the realized individualized niche (actual
individual niche, in their terminology) at each point in time. The largest volume depicts the
“prospective” or “potential” individualized niche, or the range of conditions tolerated by the
individual. In addition, MacMahon et al. distinguish between the potential niche for the genotype (the
larger volume) and the potential niche for the developed phenotype, which they term the “acclimatized
niche” (the inner volume). The latter distinction has not often been made in subsequent literature, but
it might usefully be merged with thought about developmental canalization and plasticity. (MacMahon
et al. 1981) (Fig. 8).



To conclude, there were a couple of major theoretical developments in the period of
around 1960-2000. First, the idea of niche partitioning was extended from between-population
partitioning to within-population partitioning. This gave rise to the idea that individuals within
populations might utilize only portions of the population’s overall niche width. In these cases,
studying only the population’s niche width as a whole might mask important ecological
processes. For example, whether a population consists of generalists or specialists is
theoretically expected to influence how the population responds to environmental changes.

At the same time, ecologists were increasingly tracking individuals in long-term field
studies, allowing for more detailed findings about both populations and individual behavior
(Clutton-Brock and Sheldon 2010). Proponents of the move to individual-based research, such
as MacMahon and coauthors, were led to consider whether traditionally population-level
concepts such as the niche could be specified at the individual level. Moreover, the
theoretical-conceptual work of Richard Levins and Richard C. Lewontin (1985), drawing
attention to the reciprocal interaction between individual organisms and their environment,
also encouraged research focusing on the individual level. In the coming subsections, we
develop the argument that this ongoing conceptual expansion of ‘niche’ is adaptive because it
brings the concept of a niche better in line with emerging empirical evidence and allows for
new explanatory directions.

3.3. From theory to empirical evidence

Prior to around 1990, the importance of individual niche-related specialization was largely
theoretical. Diagrammatic depictions of individual niche partitioning may seem intuitively
compelling, but empirical evidence is needed to confirm whether intrapopulation niche
specialization is common in nature. This subsection reviews the empirical research that led
ecologists to think of intrapopulation niche partitioning as a ubiquitous natural phenomenon
rather than an exceptional theoretical possibility, evidence that contributed to the development
and growing popularity of the individualized niche concept. Thus, we will argue that this
expansion of niche thinking reflected new empirical evidence and developed in view of
emerging explanatory goals.

In an illustrative paper published in Nature, Thomas Bates Smith (1987) empirically
documents “intraspecific niche utilization” differences in feeding in black-bellied seedcracker
(Pyrenestes ostrinus), thought to be due to bill size polymorphism. Interestingly, Smith
remarks that “[d]ietary differences between morphs [of P. ostrinus] are similar to those found
between congeneric, sympatric species of Darwin's finches and appear to be one of the few
examples among vertebrates where a polymorphism is associated with differential niche
utilization” (718, emphasis added). This illustrates that as recently as the 1980s, working
ecologists thought of intraspecific niche partitioning as exceptional or poorly-documented. As
we will go on to discuss, since the publication of Smith’s article, a great number of niche-
related polymorphisms have been documented among not just vertebrates but also many
invertebrate and non-animal species. Thus, there was a major change in the ecological
evidence base partly driving conceptual change. Biologists were concerned not only that the
conceptualization of the niche be able to account for the empirically documented variation
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within communities, but moreover the emergence of the individualized niche concept allowed
for novel explanatory aims and research directions.

Studies in the late 1980s and 90s continued to document ecologically important
intraspecific variation. An important development in the individualized niche literature (and
the study of individual specialization within ecology more generally) was the publication of a
review by Daniel Bolnick and coauthors (2003), which surveys documented individual
specialization within populations and its potential biological implications. In their words,
“[t]he primary goal of this article is to challenge [received] views by showing that individual
specialization is widespread and that it can profoundly affect a population’s ecological and
evolutionary dynamics” (Bolnick et al. 2003, 2). The authors argue that between-individual
variation or specialization can be a major component of population niche width, though they
summarize evidence for and against this hypothesis. As of the time of writing, the Bolnick et
al. article has been cited more than 3000 times.®> While the cited review focuses on animals,
subsequent reviews of plants have also confirmed that intraspecies ecological variation is
common (Siefert et al. 2015).

The empirical study of individualized niches accelerated in the 2010s (e.g., Dall et al.
2012; Layman, Newsome, and Gancos Crawford 2015b (special feature)), with some
important new theoretical developments being published since 2020. So, while the
individualized niche is a not a brand-new concept, it is still the subject of novel and
developing research programs and is actively changing in relevant ways.

3.4. New applications of individualized niches

Having outlined the historical emergence of the individualized niche concept and reasons for
thinking this conceptual change was adaptive, we now turn to some of its major uses in
contemporary research. Individualized niches and (changes to) individual niche width are
being studied as both causes and consequences of other biological phenomena to be discussed
below. In the literature, standard terminology for individualized niches has not crystallized,
which suggests that the concept is still undergoing changes. Some papers use ‘individual
niche’ rather than ‘individualized niche.’ In addition, some studies about individualized niches
do not use the phrase but instead refer to (intraspecific) niche specialization, intraspecific
niche variation, or (individual) niche width. Nevertheless, these studies target similar
phenomena. Some aims of our Collaborative Research Center (hereafter CRC) are to further
popularize the individualized niche concept and contribute to the elaboration and
standardization of this conceptual-theoretical framework.

In this section we argue that the individualized niche concept contributes to
explanatory goals by encouraging subpopulation variation to be incorporated into niche-
related explanations, further suggesting that its development and proliferation is driven by
epistemic aims. The present-day explanatory goals related to the individualized niche concept
have arisen from those in the past, shaping the expansion of the niche concept to individuals.
There is some overlap in explanatory goals, but also a general trend from explaining that there

*According to the Google Scholar “cited by” function, accessed 22 February 2024.
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are differences in individualized niches to focusing on how these differences change over time
and what their ecological-evolutionary consequences are.

A major reason for the development and popularization of the individualized niche
concept is some biologists’ concern that ecological and evolutionary models that ignore
intraspecific variation cannot adequately explain certain biological outcomes. Niche models
that treat populations as if they were homogeneous neglect the real variation that occurs
within populations. This variation is thought to affect how populations interact, evolve,
respond to environmental change, and so forth.

As a cause, niche individualization has been proposed as a mechanism for mitigating
intraspecific competition. One illustration is that niche utilization often varies between age
classes, likely to reduce competition between adults and young of the same species (Zhao et
al. 2014; Székely et al. 2020). Individual niche specialization has also been suggested to
contribute to the coexistence of functionally similar species at the community level (Schirmer
et al. 2020). In addition, intraspecific phenotypic variation has been proposed as a key driver
of both adaptation and evolutionary diversification (following, e.g., West-Eberhard 2005). A
major aim of the CRC is to move toward integrating ecological and evolutionary insights at
the individual level.

While the individualized niche concept arose out of concerns to better explain certain
ecological-evolutionary phenomena, individualized niches are now being studied as research
targets in their own right (Layman, Newsome, and Gancos Crawford 2015a). As explananda
or effects, (changes to) individualized niches can be linked to various factors including
genetics, phenotypic and behavioral differences, dispersal, environmental heterogeneity,
resource availability, and social interactions, including both cooperative and competitive
interactions (Layman, Newsome, and Gancos Crawford 2015a; Newsome et al. 2015;
Robertson et al. 2015; Trappes et al. 2022; Kaiser et al. 2024). Individual niche width—one
way of representing the extent to which an individual is a specialist or generalist—is thought
to be an evolvable and plastic trait. Intriguingly, competition has been hypothesized to either
increase or decrease individualized niche width (Sheppard et al. 2018), so clarifying this
relationship has been a target of both theoretical and empirical research (Svanbdck and
Bolnick 2005; Costa et al. 2008).

One recent study did not detect individual niche variation related to foraging in three
Antarctic seabirds: Antarctic petrel (Thalassoica antarctica), cape petrel (Daption capense),
and southern fulmar (Fulmarus glacialoides) (Dehnhard et al. 2020). The authors suggest that
generalism is favored in this system due to a combination of high productivity and
environmental heterogeneity. The discussion in the cited paper illustrates a shift in perspective
that we argue is occurring in biology. Rather than seeing individual ecological specialization
as a departure from the norm that requires explanation, many biologists now see the absence
of specialization as something that also requires explanation.

Lastly, directing greater research attention to individualized niches allows for new
research and explanatory directions that are not supported by population-level niche research.
As we argued, individualized niches are inspired by thought about niche partitioning, and they
have sometimes been characterized as segments of population niches (Miiller et al. 2020;
Miiller and Junker 2022). However, strictly speaking individualized niches are not segments
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of population niches because they are thought to have some dimensions that cannot be
dimensions of population niches. Two examples are population density and social
relationships (Takola and Schielzeth 2022; Kaiser et al. 2024). These cannot be population
niche dimensions since they are not in the population’s environment nor are they population-
level functional roles, yet they are considered important dimensions of individualized niches.
Thus, research focusing on the individualized niche opens up new explanatory directions such
as characterizing the relevance of social contexts to ecological-evolutionary outcomes.

In summary, the individualized niche concept grew out of ecological theory regarding
niche width and partitioning, combined with increasing empirical evidence of the ecological
relevance of intraspecific specialization. The individualized niche concept is thought by
biologists to do explanatory work not captured by the population-level niche concept alone
since it incorporates the consideration of individual specialization and its effects on
population, community, and evolutionary outcomes. In addition, this research interest is
situated within the broader move toward greater integration of ecological and evolutionary
research, a goal that may be advanced by moving to the individual level.

This concludes our argument that the individualized niche concept both arose and
proliferated in a manner that was driven by specific explanatory goals and changing empirical
evidence, and moreover that expanding the niche concept to the individual level has permitted
new research directions and perspectives. In the next section, we turn to current conceptual
issues in research on individualized niches. We discuss ways in which ‘individualized niche’
has fragmented into a polysemous term. We argue that some aspects of the plurality may have
arisen due to neutral mechanisms, although this plurality is likely to permit benefits.

4. Fragmentation of the individualized niche concept within contemporary research

In contemporary studies of ecology, behavior and evolution the term ‘individualized niche’ is
pluralistic in the sense of having multiple meanings. Interestingly, researchers are only
starting to become aware of this polysemy. As philosophers in residence in the CRC, one of
our contributions has been to detect implicit conceptual similarities and differences among the
diverse research projects. The CRC has been running since 2018 and consists of empirical
biologists working in behavior, ecology and evolution along with some theoretical biologists,
statisticians and philosophers. The projects in this research center are diverse in methodology
and study organisms but all study how individual organisms differ from each other (e.g., by
realizing different individualized niches), how differences in individualized niches arise and
change over time (e.g., via niche construction: Odling-Smee, Laland, and Feldman 2003;
Aaby and Ramsey 2022; Trappes et al. 2022), and what ecological-evolutionary consequences
these differences have.

In order to clarify and evaluate differing conceptions of the individualized niche
within the CRC, we have conducted collaborative work with the biologists as well as a
qualitative empirical study of concepts and practices in the research center. In this paper, we
focus on summarizing some respects in which ‘individualized niche’ has been found to
display interesting polysemy.

* Details of this study’s methods and summarized findings may be found at Morrow et al. (2024).
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The distinct conceptions of the individualized niche within the CRC do share five key
features. First, in line with Hutchinson’s general idea (1957), it is assumed that individualized
niches are n-dimensional spaces. This means that individualized niches have many different
niche dimensions, such as temperature of the water that an individual lives in and the species
that the individual feeds on. Individualized niches are not conceptualized as concrete spaces
or locations (like habitats), even though space often matters because, for instance, different
environmental conditions exist in different locations.” Second, the concept of an
individualized niche arises from applying a population-level niche concept to individuals, an
assumption corroborated by the historical discussion of this paper. Third, only those
dimensions that affect an individual’s fitness are niche dimensions of its individualized niche.
Another way to put this is that individualized niches are characterized by individual fitness
functions over the n-dimensional space, where the boundaries of the niche are set by a fitness
cutoff, such as replacement-level fitness of the individual. Fourth, individualized niches arise
from the interactions of an individual with its environment. The behaviors and other
phenotypic traits of an individual shape how it interacts with its environment, how well the
individual’s phenotype and behaviors match the environment, and which fitness consequences
that has. Without individual-environment interactions there would be no fitness consequences
and thus no individualized niche. CRC biologists study several mechanisms by which
individuals interact with their environments in ways thought to enhance phenotype-
environment match (Miiller et al. 2020; Trappes et al. 2022; Kaiser and Trappes 2023). Fifth,
it follows from the second and third assumption that there can be no pre-existing, vacant or
empty individualized niches because individualized niches depend for their existence on the
individuals. Individualized niches are thus realized by individuals, in contrast with the view
that niches are recesses in the environment that can be empty (Smith and Varzi 1999).

In the next three subsections, we highlight three ways in which the individualized
niche concept is pluralistic within contemporary research: it permits multiple views of what
counts as a niche dimension (Section 4.1), it can be represented as either temporally extended
or time-sliced (Section 4.2), and it can be attributed to individuals or types of individuals
(Section 4.3). The combination of shared key features and differing specific meanings might
indicate that the individualized niche is an interesting example of a “boundary object,” that is,
an object that is “plastic enough to adapt to local needs, ... yet robust enough to maintain a
common identity across sites” (Star and Griesemer 1989, 393). We argue that some of the
conceptual changes leading to pluralism may have arisen via neutral processes (Table 2; Case
1), although this should not be taken to suggest that the plurality serves no beneficial roles,
since this can permit application of concepts to a greater number of research designs.
Following Novick (2023), we hold that conceptual complexity in general is not harmful and
that the costs of attempting to revise conceptual structures are often likely to outweigh any
epistemic costs associated with working with complex terms.

4.1. What are the dimensions of the individualized niche?

> For some individualized niches, such as social niches (Kaiser et al. 2024), space might be
completely irrelevant.
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In our work as philosophers in residence in the CRC, we have distinguished three conceptions
of the individualized niche: the environmental individualized niche, the inclusive
individualized niche, and the strategy-based individualized niche. All of them share the
assumptions specified above and, hence, all are different conceptions of the same core
concept of an individualized niche.

According to the environmental individualized niche conception, only environmental
factors are niche dimensions (loosely following Grinnellian views of the population niche:
Section 3.1). Environmental factors or conditions include, for instance, abiotic conditions
(e.g., temperature, salinity, pH value) and parts of the social environment (e.g., mating
partners, aggressive conspecifics). Specific examples of environmental niche dimensions
include parasite density; population density; the green-up date in an area; water depth; abiotic
water parameters; water flow speed; and time of day at which an individual is active (citation
of workshop results redacted for anonymity). An example of a non-CRC study that we
interpret as applying the environmental conception of the individualized niche is Carlson et al.
(2021), titled “Individual environmental niches in mobile organisms,” which uses
environmental variables characterizing foraging habitat as niche axes.

The inclusive conception recognizes not only environmental factors as niche
dimensions but also behaviors and other phenotypic traits of the individual whose niche is at
stake (compare to the integrated view of population niches: Section 3.1). Even more, it
encompasses internal states of the individual as niche dimensions. These can be hormonal
states, immune states, or other physiological states. CRC biologists have identified some
important niche dimensions as especially apt for an inclusive niche concept, in some cases
because it is unclear whether the dimension should be attributed to the environment or to the
individual. Examples like this include daily or seasonal activity patterns, compounds on the
cuticle or skin, and behavioral responses to external stimuli. They also mentioned that niche
dimensions on this conception could include internal states, such as cortisol level and immune
state, and environmental states, such as green-up date (citation of workshop results redacted
for anonymity). While some CRC biologists expressed reasons for favoring this conception
(e.g., being able to focus on the interdependencies between phenotypic traits/behaviors and
environmental conditions because both are niche dimensions), we are not aware of any
already-published studies that clearly apply it, so it remains to be seen how widely it will be
utilized.

The strategy-based conception locates the niche entirely on the side of the individual
and not the environment. According to this conception, individualized niches are
combinations of phenotypic traits of individuals, or spaces of alternative (behavioral)
strategies that individuals employ, including trophic strategies. This roughly aligns with
Eltonian (functional) conceptions of the population niche (Section 3.1). Environmental
conditions are thus not niche dimensions but only constrain or shape these (behavioral)
strategies. Examples of strategy-based niche dimensions include individual color (when
fitness-relevant, e.g., in organisms that use camouflage), activity budgets, anti-predator traits,
habitat use preferences, immune responses, and foraging strategy (citation of workshop results
redacted for anonymity). An example of a non-CRC study that we interpret as applying the
strategy-based conception is Zhao et al. (2014), titled “High intraspecific variability in the
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functional niche® of a predator is associated with ontogenetic shift and individual
specialization,” which investigates functional traits related to feeding to characterize niche
variation.

Each of the three conceptions has advocates among the senior CRC biologists, and at
least two of them also appear in literature not associated with this research center. It may seem
surprising that individualized niche researchers hold conflicting views about what count as
niche dimensions, but we argue that this should be expected in view of the history of ‘niche’
in ecology.

Earlier in the paper, we briefly outlined the history of functional, environmental and
integrated conceptions of the population niche. The three conceptions of the individualized
niche we identify within the CRC closely reflect these three conceptions of the population
niche. The environmental individualized niche reflects environmental conceptions of the
population niche, on which niche dimensions are exclusively features of the environment. The
strategy-based individualized niche is similar to the functional population niche, since both
focus on behaviors and trophic roles. Finally, the inclusive individualized niche reflects
integrated conceptions of the population niche, although the individual-level notion is more
encompassing, since it also includes factors internal to the individual.

This neat correspondence did not occur by our design. We have identified the three
conceptions of the individualized niche in collaboration with working biologists in the CRC,
and we did not have a prior expectation that we would find the conceptual correspondence
noted here. However, we are also not the first researchers to note a connection between
conceptions of population and individualized niches. For example, Devictor et al. (2010)
distinguish Grinnellian and Eltonian (Section 3.1) conceptions of individualized niches. Given
that individualized niches have been thought to arise from the partitioning of population
niches, it is unsurprising to find that conceptual plurality at the level of individualized niches
reflects that at the population level.

Given the correspondence between conceptions of the population and individualized
niche, it is possible that the polysemy of ‘individualized niche’ arose due to biologists
differentially inheriting distinct population niche concepts. A neutral hypothesis would be that
biologists who have been educated in a theoretical framework favoring the Eltonian niche
concept may have gravitated toward the strategy-based individualized niche, while biologists
who have been brought up on a Grinnellian niche concept may have gravitated toward an
environmental individualized niche, perhaps only implicitly. On this hypothesis, while each of
the existing conceptions may have epistemic benefits, the plurality may have arisen
independently of epistemic functions of polysemy per se, and thus the fragmentation has
persisted through neutral mechanisms. There are also potential adaptive hypotheses
explaining this conceptual structure, for instance, that biologists have deliberately generated
multiple conceptions based on the better perceived suitability of a fragmented conceptual
structure for investigating diverse research questions. Importantly, one can evaluate the
suitability of an existing conceptual structure independently of its origins (Table 1). Even if

¢  The label ‘strategy-based niche’ was developed internally to the CRC, so other groups employing a

similar conception may use different terms, including ‘functional niche’ or ‘individualized
Eltonian niche.’
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the structure of the individualized niche concept arose in a neutral manner, this is compatible
with particular conceptions having epistemic benefits and does not directly suggest that the
conceptual structure ought to be revised.

4.2. Are individualized niches temporally extended?

A second way in which the individualized niche concept is pluralistic has to do with the role
of time. Individualized niches (both fundamental and realized) potentially change over the
lifetime of individuals. In this regard they differ from population fundamental niches, which
change only if a population evolves, and do not otherwise change over ontogenetic timescales.
There are currently two lines of thought about how to deal with this change of individualized
niches over lifetimes (Takola and Schielzeth 2022). One approach (following MacMahon et
al. 1981) is to represent individualized niches as temporally extended. The second is to index
individualized niches to life stages.

For empirical studies that cannot follow organisms over their lifetimes, indexing
individualized niches to life stages is most practical. For example, field studies of organisms
that undergo a metamorphosis, such as various amphibians or insects, are generally not able to
re-identify individuals post-metamorphosis. These studies distinguish the individualized
niches of life classes, such as the individualized niches of fire salamander adults and larvae
(Schulte et al. 2024). In studies this is often done implicitly, and diagrammatic representations
of individualized niches do not always clearly signal that they are connected to particular time
periods of development. However, defining the focal individual(s) of a study, such as adult
and larval fire salamanders, inherently attributes individualized niches to particular life stages.

By contrast, empirical studies that can reliably re-identify individuals and follow them
over long time periods are able to study temporally extended individualized niches of
individual organisms (Trappes 2023). This is being done for several animals, particularly large
birds and mammals, for instance by fitting them with a transmitter device or by tracking them
with video. This allows for researchers to investigate how individualized niches change over
time, for instance how the neonatal environment affects movement patterns and activity levels
of Antarctic fur seals (Arctocephalus gazella) later in life (Nagel et al. 2021).

To sum up, the individualized niche concept is pluralistic in the respect that niches can
be conceived of as either temporally extended or as indexed to life stages. This flexibility
appears beneficial because it permits a greater number of study designs. However, this does
not mean that the plurality came about for this reason (Section 2). Notably, recent papers on
individualized niches have not cited the MacMahon et al. (1981) paper, and more often
include depictions of individualized niches that are time-sliced or that do not explicitly
incorporate temporal extension (see Carlson et al. 2021, fig. 1; Trappes et al. 2022, fig. 2;
Kaiser et al. 2024, fig. 3). An exception is Takola and Schielzeth (2022, figs. 3-5) which
includes figures of both types. In general, while individualized niche researchers are aware
that individualized niches change over organisms’ lifetimes, there may be less familiarity with
works presenting temporally-extended depictions of individualized niches. These
considerations suggest that the process generating this structure was neutral. Again, it is
plausible that each of the temporal views of the individualized niche serves epistemic
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functions even if the plurality itself is epistemically neutral or arose due to neutral
mechanisms.

4.3. Are individualized niches attributed to individuals or groups of individuals?

In addition to the questions about the niche dimensions and temporal extension of an
individualized niche, there is a question about whether individualized niches can be attributed
to groups of individuals or only to single individuals. We argue that attributing them to both
single individuals and types or groups of individuals is legitimate.

Proposed definitions of individualized niches refer to (token) individuals rather than
groups or types of individuals (e.g., Carlson et al. 2021; Trappes et al. 2022). Thinking about
a particular organism is often most useful for diagrammatic and pedagogical representations
of individualized niches. In addition, many studies of individualized niches collect data at the
level of individual organisms, which in principle allows for attribution of realized niches to
single individuals. However, in practice, niches of types or groups of individuals are often
investigated under the description of individualized niches. Since individualization is a
process, multiple individuals can realize the same individualized niche. The term
‘individualized niche’ does not imply that only a single individual can realize a given
individualized niche.

There are several methodological reasons why biologists often focus on groups, even
within individual-based studies. For studies that cannot track individuals at all (e.g.,
laboratory or field studies of small insects), it is necessary to attribute individualized niches to
groups of individuals sharing relevant characteristics. However, many studies can re-identify
individuals but still consider individualized niches at the level of types of individuals. One
reason is that it is difficult to empirically study the fundamental niche of a single individual,
since this would require (on an environmental niche conception) estimating the fitness effects
on one individual of a variety of non-actual environmental conditions (see Takola and
Schielzeth 2022). Instead, research groups often investigate the niches of salient types of
individuals, such as fire salamander larvae (Salamandra salamandra) deposited in ponds
versus streams (Schulte et al. 2024), female Galapagos sea lions (Zalophus wollebaeki) that
forage at different ocean depths (Schwarz 2021), or California harvester ant (Pogonomyrmex
californicusnt) queens that do or do not tolerate the presence of other queens in their colony
(Errbii et al. 2021). A second reason is that the statistical methods used in biological studies
generally preclude the possibility of separately analyzing data for individual organisms. While
it is now feasible for many behavioral-ecological niche studies to track individuals, the
resulting data are always analyzed in groups (e.g., Carlson et al. 2021; Schwarz 2021; Heinze
et al. 2022). Moreover, most biologists aim at drawing general conclusions from their
empirical findings. Developing generalizations about the ecological and evolutionary
consequences of individual differences requires classifying individuals into types. The key
feature of individual-based ecological research is not that studies report findings at the level
of single individuals, but rather that they investigate within-population variation and the
consequences of individual variability (see Trappes 2022).

In this section we have argued that individualized niches can be attributed to groups of
individuals of the same type and not only to particular individuals. This flexibility is useful
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because it allows individualized niches to be investigated within a greater number of study
systems and with various methodologies. As we have discussed, however, the fact that
conceptual plurality is useful does not entail that it came about for that purpose. A plausible
neutral hypothesis is that this fragmentation occurred because biologists did not notice the
difference between attributing individualized niches to token individuals versus groups of
similar individuals, since they are accustomed to study designs that utilize replicates.

5. Conclusions

This paper characterizes the origins and structure of the individualized niche concept. We
show that the expansion of the population-level concept of a niche to individuals occurred in
an adaptive manner, while some aspects of the fragmentation of the individualized niche
concept likely occurred due to neutral mechanisms. We also illustrate that a neutral origin for
a complex conceptual structure (Novick 2023) is compatible with the conceptual structure
permitting beneficial uses. In the case of the individualized niche concept, for instance, we
argue that the respects in which it is pluralistic permit the concept to be applied to a greater
variety of study designs. In closing, we expect this concept to continue undergoing change
within currently developing biological research programs.
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