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Abstract
Biological individuality is a notoriously thorny topic for biologists and philosophers 
of biology. In this paper we argue that biological individuality presents multiple, 
interconnected questions for biologists and philosophers that together form a prob-
lem agenda. Using a case study of an interdisciplinary research group in ecology, 
behavioral and evolutionary biology, we claim that a debate on biological individu-
ality that seeks to account for diverse practices in the biological sciences should be 
broadened to include and give prominence to questions about uniqueness and tem-
porality. We show that broadening the problem agenda of biological individuality 
draws attention to underrecognized philosophical issues and discussions and thereby 
organizes and enriches the existing debate.

Keywords  Biological individuality · Problem agenda · Uniqueness · Temporality · 
Individual differences · Identity · Temporal stability

Introduction

The philosophical debate on biological individuality often focuses on questions of 
how to identify biological individuals (e.g., Clarke 2010; Kovaka 2015; Lidgard and 
Nyhart 2017; Wilson and Barker 2018). What counts as a biological individual? 
How can biological individuals be defined, and which criteria can be used to pick 
out biological individuals? The sheer difficulty of identifying individuals in biologi-
cal reality has generated the debate on biological individuality centered on questions 
about individuation and related questions of demarcation, parthood, and unity. We 
follow Scott Lidgard and Lynn Nyhart in characterizing this discussion in terms of 
a “problem agenda” (2017, 45), consisting of multiple interconnected questions pro-
voked by closely related phenomena. Adopting this terminology, we argue that the 
problem agenda of biological individuality is broader than often thought.
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Our aim to broaden the problem agenda of biological individuality stems from 
our work within the DFG-funded Collaborative Research Centre “A Novel Synthesis 
of Individualisation across Behaviour, Ecology and Evolution: Niche Choice, Niche 
Conformance, Niche Construction” (in the following ‘CRC’). The CRC is a large 
interdisciplinary research group involving ecologists, behavioral biologists, evolu-
tionary biologists, and theoretical biologists, in which we participate as resident phi-
losophers. The biologists in the CRC address the task of identifying, studying, and 
explaining individual differences, such as differences in personalities of individual 
animals (e.g., boldness, optimism/pessimism), and individualized niches (individu-
als having different ecological niches). The role of the philosophers in this research 
group is to collaborate with the biologists to refine and clarify central concepts and 
working hypotheses as well as to develop a sound and empirically fruitful theoreti-
cal framework for the group’s research.

The biologists in our case study do not ask how to identify biological individuals, 
nor how to determine what their parts are, where their boundaries lie, or what holds 
together an individual’s parts. Questions about identification, demarcation, part-
hood, and unity may be urgent in other research contexts, including within behavio-
ral ecology (Smith-Ferguson and Beekman 2019). Hence, we do not believe that the 
recent philosophical debate on biological individuality is irrelevant for practicing 
biologists (Kovaka 2015). Nevertheless, the biologists in our case study focus on 
different phenomena and raise different questions about biological individuality than 
those which are most prominent in the philosophical debate. Accordingly, encom-
passing a full range of biological practices requires paying attention to these other 
questions.

Based on our case study, we identify two sets of questions about biological indi-
viduality that are often underrecognized in the philosophy of biology. First, the 
CRC’s questions about how individuals differ from one another raise philosophi-
cal questions about what makes biological individuals unique.1 Second, the CRC’s 
questions about changes and stability invite questions about how biological indi-
viduality changes over different timescales as well as how much and what sorts of 
temporal stability is required. Although questions about uniqueness and temporal-
ity have been asked by philosophers of biology, they have received little systematic 
recognition and treatment. In addition, some uniqueness and temporality questions 
have been neglected altogether. We therefore argue that questions about uniqueness 
and temporality should be recognized as central parts of the problem agenda of bio-
logical individuality, especially because including them will bring the philosophical 
debate closer to a broader range of biological practices.

In "The problem agenda of biological individuality" Section we introduce the 
problem agenda of biological individuality. We present our case study in "New 
trends in studying biological individuality" Section, highlighting how the research-
ers investigate individual differences. In "Uniqueness questions" and "Temporality 

1  In this paper, we follow the biologists in the CRC and use the term ‘individual’ to refer only to organ-
isms. However, this is not to say that non-organismal biological individuals do not raise interesting ques-
tions about uniqueness and temporality.
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questions" Sections we explicate the philosophical questions provoked by the CRC’s 
work, including questions about uniqueness and about temporality, and argue that 
these questions belong to the problem agenda of biological individuality. We con-
clude in   "Conclusions" Section  with a reconstruction of the extended problem 
agenda of biological individuality.

The problem agenda of biological individuality

This section introduces the main questions addressed in the recent philosophical 
debate on biological individuality. Our aim is not to reconstruct the course of the 
debate and its major positions and arguments. Rather, we shed light on the central 
questions of the debate and how they are linked together in the problem agenda 
of biological individuality ("Identifying biological individuals" and "Questions of 
identification, demarcation, parthood, and unity" Sections). We also explain why 
biological individuality poses problems to biologists and philosophers ("Origins of 
the problematic nature of biological individuality" Section). We focus on the most 
dominant questions in the debate on biological individuality. Other questions have 
arisen in relation to biological individuality, but they are typically peripheral and are 
not treated in a systematic way.

Identifying biological individuals

‘What is a biological individual?’, or ‘What makes something a biological indi-
vidual?’, is a question that takes center stage in the recent philosophical debate 
about biological individuality. This question asks for a characterization or defini-
tion of biological individuality. Answers are often given in terms of certain features 
or properties that biological individuals must have, such as spatial continuity, func-
tional autonomy, or genetic homogeneity. It is also common to refer to processes 
that individuals must undergo, such as reproduction, natural selection, and coopera-
tion or conflict. These properties and processes give rise to a plurality of identifica-
tion criteria (see e.g., Clarke 2010, 315–320; Boulter 2013, 81; Lidgard and Nyhart 
2017, 19–21). In turn, these criteria—alone or in combination—constitute the core 
of different concepts of biological individuality and can be used to pick out different 
kinds of biological individuals, such as evolutionary, developmental, immunologi-
cal, and ecological individuals.

Criteria and concepts of biological individuality allow us to identify which enti-
ties in the world are “genuine individuals” (Huneman 2014, 362). In particular, they 
help to distinguish biological individuals from mere assemblies or groups of bio-
logical individuals on the one hand, and from parts of biological individuals on the 
other (Pepper and Herron 2008, 622; Bouchard and Huneman 2013, 6; Wilson and 



	 M. I. Kaiser, R. Trappes 

1 3

   15   Page 4 of 28

Barker 2018, Sec. 3).2 Questions about identifying entities as biological individu-
als are often called questions of individuation. However, individuation covers more 
than only picking out individuals in the world. We thus use the term identification to 
refer specifically to questions concerning the criteria for and activity of picking out 
biological individuals. The identification question is central to the problem agenda 
of biological individuality.

Recently, it has been argued that philosophers should not ask “What is a biologi-
cal individual?”, but rather “How do biologists individuate biological individuals, 
and for what purposes?” (Waters 2018; see also Love and Brigandt 2017; Bueno 
et al. 2018). We agree that philosophers should pay attention to concrete practices 
of identifying biological individuals and to the epistemic goals different practices 
serve. Such practice-based approaches are widespread in the debate on biological 
individuality. However, even practice-based approaches to biological individuality 
have centered on identification questions (as well as questions of demarcation, part-
hood, and unity, see "Questions of identification, demarcation, parthood, and unity" 
Section).

Identification Question

What is a biological individual? 
How can we identify biological 
individuals?

Demarcation 
Question 
What demarcates 
a biological 
individual from its 
environment?

Parthood 
Question
What is a part 
of a biological 
individual?

Unity                
Question
What binds together 
the parts of a 
biological individual?

The Problem Agenda of Biological Individuality

Fig. 1   The Existing Problem Agenda of Biological Individuality. Central questions in the problem 
agenda are linked by various interrelations, indicated by the multi-headed arrow. Less prominent ques-
tions or less systematic philosophical discussions about biological individuality are not depicted

2  This claim is compatible with the widely acknowledged fact that biological individuality occurs on 
multiple levels of organization (Gould and Lloyd 1999, 11,906; Guay and Pradeu 2015, 7; Lidgard and 
Nyhart 2017, 32).
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Questions of identification, demarcation, parthood, and unity

Identifying biological individuals is closely linked to other tasks, such as demarcat-
ing a biological individual from its environment (including from other individuals), 
decomposing the biological individual into parts, and specifying the kind of unity 
that holds an individual’s parts together. This is why discussions about biologi-
cal individuality are often interwoven with discussions about part-whole relations, 
demarcation, decomposition, constitution, levels, integration, and unity. Figure  1 
depicts the identification question distinguished from three other central questions: 
questions about demarcation, parthood, and unity (see Kaiser 2018).

Despite these four questions being distinct, answers to one often imply or pre-
sume answers to others. For example, if you think that biological individuals are 
units of selection, this will have implications for your views on what binds together 
an individual’s parts (e.g., their common fate in selection processes), and when 
something is a part of a biological individual (e.g., if it engages in a process that 
contributes to the individual’s fitness; Haber 2015; Kaiser 2018). In contrast, if 
you take functional autonomy as an important criterion of biological individual-
ity, this will predispose you to regard functional integration as crucial for unity and 
the existence or absence of functional relations as central to determining parts and 
boundaries. This is not even to mention the complex interrelations among questions 
of demarcation, parthood, and unity themselves.

Given the interconnectedness of different questions, the debate on biological indi-
viduality can be characterized as a problem agenda. A problem agenda, as devel-
oped by Alan Love (2005, Ch. 2; 2008; 2016), is a set of interconnected questions 
generated by a set of related phenomena. While specific phenomena and questions 
can come in and out of focus in the course of research, Love suggests that the prob-
lem agenda furnishes a field with a continuous research program. We believe Lid-
gard and Nyhart (2017) are correct in suggesting that biological individuality, too, 
constitutes a problem agenda. The notion of a problem agenda nicely captures the 
fact that questions about identification, demarcation, parthood, and unity are deeply 
interconnected.

Origins of the problematic nature of biological individuality

Why does biological individuality give rise to problems? Recent literature highlights 
three reasons for the problematic nature of biological individuality. First, there is 
a clash between our everyday intuitions and biological reality (e.g., Wilson 1999; 
Bouchard and Huneman 2013; Chauvier 2017). On the one hand, our intuitions con-
cerning biological individuals arise from familiar organisms: higher-level animals 
and especially adult mammals. On the other hand, individuality concepts are usually 
tasked with accommodating the wide variety of biological individuals studied in the 
biological sciences. Many of these biological individuals, such as colonial organ-
isms, symbiotic associations, plants, microbes, ecosystems, and clonal species, look 
“exotic” (Bouchard and Huneman 2013, 3; Chauvier 2017, 1) or “weird” (Huneman 



	 M. I. Kaiser, R. Trappes 

1 3

   15   Page 6 of 28

2014, 362) from the perspective of everyday intuitions. The clash between intuitive 
individuality concepts and those that capture the diversity of biological individuals 
is a major source of debate about biological individuality.

Second, in some domains it is very hard to identify biological individuals (Folse 
and Roughgarden 2010; Clarke 2013; Clarke and Okasha 2013; Huneman 2014). 
Ellen Clarke refers to such difficult cases as “substantial ‘individuation puzzles’” 
(2013, 414). Many of the unintuitive individuals just mentioned are also examples 
of individuation puzzles. In these “problem cases,” it is often not obvious how to 
delineate discrete biological individuals. This is problematic not only for philoso-
phers but also for practicing biologists, for instance when biologists need to count 
individuals to make fitness assessments (Clarke 2010, 313).

Third, much recent debate concerns the existence of many different, partly con-
flicting concepts of biological individuality (J Wilson 1999; Clarke 2010; Clarke and 
Okasha 2013; Lidgard and Nyhart 2017; Bueno et  al. 2018). Extensive lists (e.g., 
Lidgard and Nyhart 2017, 19–21) impressively illustrate the large number and diver-
sity of proposed identification criteria and concepts of biological individuality, some 
of which lead to different results when identifying biological individuals (Clarke 
2010). The many and contrary biological individuality concepts present problems 
for both monists and pluralists. Monists aim to find a single consistent, unified and 
universal concept of biological individuality, which typically prioritizes one kind of 
identification criterion, such as evolutionary criteria (Godfrey-Smith 2009, 84–86; 
Clarke 2012). Hence, monists debate which of the multiplicity of concepts of bio-
logical individuality is the right one. As Clarke puts it, “there is a choice to be made 
about which definition […] to accept” (2010, 315). Pluralists, in contrast, endorse 
the adequacy of many different individuality concepts in different contexts and for 
different purposes (Love and Brigandt 2017; Lidgard and Nyhart 2017; Bueno et al. 
2018; Waters 2018). A common pluralistic view is that there are different kinds 
of biological individuality—evolutionary, developmental, metabolic, ecological, 
immunological, and so on (e.g., Pradeu 2016, 766–769). Pluralists face the problem 
of determining which of the many individuality concepts operate in which contexts, 
how they relate to each other and which are appropriate for which purposes.

Recognizing that these three reasons all motivate the central questions in the 
problem agenda, there are nevertheless more questions about biological individual-
ity to be asked. In the next section we introduce our case study, which forms the 
springboard for our recognition of two underestimated sorts of philosophical ques-
tions about biological individuality.

New trends in studying biological individuality

Our case study highlights an aspect of biological research on individuality that has 
received little attention in philosophy, the investigation of individual differences. In 
this section, we explicate the abstract research questions of the biologists in our case 
study ("The CRC’s abstract research questions" Section) and illustrate how these 
abstract questions are exemplified in specific research questions ("The CRC’s spe-
cific research questions" Section). We then explain why questions about individual 
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differences do not give rise to standard questions about biological individuality 
("Individual differences and biological individuality" Section).

The CRC’s abstract research questions

The CRC is a large research center with seventeen projects bringing together ecol-
ogy, behavioral biology, evolutionary biology, theoretical biology, statistics, and 
philosophy of biology. What unites these projects is their joint interest in identi-
fying, studying, and explaining individual differences, that is, differences between 
individual organisms in a population. Especially important are individual differences 
that are temporally stable and contextually consistent, and that are not attributable to 
broad categories like age, sex, or morphological type (Dall et  al. 2012; Wolf and 
Weissing 2012; Kaiser and Müller 2021). Different fields study individual differ-
ences in their own way, including polymorphism in evolutionary biology (Oliveira 
et al. 2008), individual specialization in ecology (Bolnick et al. 2003; Araújo et al. 
2011; Violle et al. 2012), and animal personality in behavioural biology (Wolf and 
Weissing 2012; Trillmich et al. 2015; Kaiser and Müller 2021).

Much of the initial scientific work on individual differences has been concerned 
with shifting the focus from species optima or averages towards recognizing that 
individual organisms are not identical and interchangeable (Violle et al. 2012; Lay-
man et  al. 2015). The CRC moves beyond recording individual differences to ask 
about ecological, evolutionary, and developmental causes and consequences of indi-
vidual differences, as well as the general mechanisms that give rise to individual 
differences. Accordingly, the overall goal of the CRC is “to gain a comprehensive 
understanding of how individual phenotypes interact with their environment and 
what the ensuing consequences for ecological and evolutionary processes are.”3

The role of the philosophers in the CRC is to clarify central concepts, such as 
‘individuality,’ ‘individualized niche,’ ‘fitness,’ ‘animal personality,’ or ‘mecha-
nisms of niche choice, conformance, and construction.’ This conceptual philosophi-
cal work is strongly informed by biological research and is often undertaken in close 
collaboration with CRC biologists in joint seminars, workshops, retreats, regular 
‘concept cloud’ meetings, and in joint publications (e.g., Kaiser and Müller 2021). 
By defining concepts, revealing underlying epistemic and ontological assumptions 
and scrutinizing working hypotheses, philosophers contribute to developing a sound 
theoretical framework for the CRC’s empirical research.4

In our philosophical work we found that the CRC’s research can be understood 
in terms of abstract research questions and the specific research questions that 
exemplify them. Abstract questions concern the phenomena studied by the CRC on 
a more general level than any specific project could answer. Based on abstracting 

3  https​://www.uni-biele​feld.de/biolo​gie/crc21​2/about​.html.
4  Due to our close collaboration with biologists, our philosophical approach is descriptivist rather than 
revisionist (Smith-Ferguson and Beekman 2019, 1939). Nevertheless, it is worth recognizing that a 
descriptivist approach does not preclude making normative claims and is compatible with criticizing how 
biologists use certain terms (Kaiser 2019).

https://www.uni-bielefeld.de/biologie/crc212/about.html
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away from specific research organisms, laboratory or field settings, and research 
interests of individual projects, they express the general goals of the CRC. In con-
trast, specific questions about individual differences are those asked and addressed 
by individual projects in the CRC. Since formulating abstract questions based on 
specific questions involves philosophical interpretation, it is not surprising that the 
abstract questions in the CRC are closely related to the philosophical questions that 
we elaborate in "Uniqueness questions" and "Temporality questions" Sections.

We identified three abstract questions concerning individual differences asked in 
the CRC. First, what are the evolutionary, ecological, and sometimes developmental 
causes of individual differences? Second, what are the evolutionary and ecological 
consequences of individual differences? Third, which genetic, transcriptomic, epi-
genetic, hormonal, and other physiological mechanisms underlie individual differ-
ences? Although the biologists may not classify their general research questions in 
exactly this way, the details of the questions are very similar to how the biologists 
describe the questions that the CRC addresses.

The first two of these abstract questions are related to the CRC’s new frame-
work of so-called NC3 mechanisms (i.e., mechanisms of Niche Construction, Niche 
Choice, and Niche Conformance). NC3 mechanisms specify the way that individ-
ual organisms create, choose, and conform to aspects of the environment (Kaiser 
and Trappes forthc.). Describing NC3 mechanisms tells us about ecological causes 
and consequences of individual differences, specifying which ecological enti-
ties and activities cause or result from specific individual differences or changes in 
individual differences. For instance, in Project A04 (Caspers)5 biologists study the 
ecological causes of individual differences in where fire salamanders (Salamandra 
salamandra) deposit their offspring. To do so, they describe the mechanism of niche 
choice, investigating how specific entities, such as female salamanders, larvae, and 
parasites, and activities, such as mating and growing, work together to cause the 
individual differences in maternal choice of offspring developmental environment.

NC3 mechanisms are an instance of what has been called “individual-level mech-
anisms” (Pâslaru 2018, 359). This is because they operate at the level of individual 
organisms and their abiotic and biotic environment, such as fire salamanders and 
their depositing larvae behavior. By contrast, the third abstract question is about 
genetic, transcriptomic, epigenetic, hormonal, and other physiological mechanisms. 
These mechanisms “underlie” individual differences because their components—
genes, genomes, hormones, and other physiological processes—are located on a 
lower level of organization than individual organisms. Hence, NC3 mechanisms and 
molecular mechanisms underlying individual differences must be kept apart (Kaiser 
and Trappes forthc.).

5  Projects in the CRC are labelled with a letter (A-D) and two-digit number. For clarity, we also include 
the PI’s name in brackets.
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The CRC’s specific research questions

None of the individual projects in the CRC directly addresses abstract questions 
about causes, consequences, and underlying mechanisms of individual differences. 
Researchers study single species in laboratory or field conditions using observation, 
experiments, or modelling. Here we provide some examples to show that the CRC’s 
abstract questions are addressed by answering specific questions, which are usually 
about finding out a restricted number of causes, consequences, or underlying mecha-
nisms (or even just parts of them).

The first two abstract questions are often addressed together by studying specific 
cases of NC3 mechanisms as well as the fitness consequences of individual differ-
ences. For instance, Project A03 (Schielzeth) studies the way steppe grasshoppers 
(Chorthippus dorsatus) jump to escape predators. Juveniles are raised in either bare 
cages or cages with various objects inside, such as grass and sand. The complex-
ity of the environment experienced by juveniles is treated as a possible ecological-
developmental cause of individual differences in the grasshoppers’ jumping behav-
ior, a case of niche conformance (i.e., individuals adjust their phenotype differently 
to different environments). The same project uses computer simulations to study 
evolutionary causes and consequences of individual differences. The simulations 
test whether and how individual differences in jumping behavior can be maintained 
in a population in response to a predator.

Another project that addresses the first two abstract questions is Project C03 
(Krüger). This project looks at where common buzzards (Buteo buteo) choose to 
construct their nests (niche choice) and what kinds of greenery they use to decorate 
them (niche construction). First, the project looks at whether individual differences 
in nesting behaviors are caused by the nest an adult experienced when they were a 
nestling; this is a developmental cause. A second question is how changes in eco-
logical communities, such as the arrival of the eagle owl (Bubo bubo), which preys 
on buzzards, affect individual differences in nest location and decoration; this is an 
ecological cause. Third, the project looks at the fitness consequences of individual 
differences in nesting behavior and thus asks about the evolutionary consequences 
of these individual differences.

The third abstract question is usually addressed by targeting specific genetic, tran-
scriptomic, epigenetic, hormonal, and other physiological mechanisms that underlie 
individual differences and changes in the phenotypic traits and niches of individu-
als. For instance, Project C04 (Gadau) looks at what mechanisms might underlie 
individual differences in the amount of aggression and prosocial behavior shown by 
harvester ant queens (Pogonomyrmex californicus). The project tests whether there 
are correlations between aggression and genetic and epigenetic differences, such as 
different alleles, DNA methylation, or small non-coding RNA. It also targets a hor-
monal factor (juvenile hormone titer) as well as the metabolic rate as possible physi-
ological mechanisms for aggressive behavior.

Another project that studies underlying mechanisms is Project A02 (Richter and 
Sachser). This project studies optimistic and pessimistic personalities in mice (Mus 
musculus), looking at why some individuals consistently judge an ambiguous stimu-
lus to be positive, and others consistently judge it to be negative. One of the central 
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questions is whether the epigenetic modification of certain candidate genes under-
lies the observed behavioral differences in optimism and pessimism.

Individual differences and biological individuality

The biologists in the CRC are generally not concerned with how to identify indi-
viduals, nor with defining their boundaries, parts, and unity. To them it is largely 
obvious how to pick out and count the various organisms they study (e.g., mice, 
grasshoppers, buzzards, beetles, seals, and salamanders). Only one project studies 
an organism—harvester ants—that belongs to the class of problem cases that phi-
losophers discuss (recall "Origins of the problematic nature of biological individual-
ity" Section). Even in this project it seems obvious to the biologists that ants—not 
ant colonies—are the proper biological individuals to study.

Rather than asking ‘What is a biological individual?’ or ‘Which objects are bio-
logical individuals?’, the CRC asks, ‘How do biological individuals differ from 
each other, how does this come about, and what are the consequences?’ The focus 
is thus not on identifying biological individuals and distinguishing them from non-
biological individuals. The CRC also does not study how different kinds of biologi-
cal individuals, such as evolutionary individuals, developmental individuals, and so 
on, diverge. Instead, the CRC looks into the set of all biological individuals and asks 
how we can distinguish one biological individual from another. For example, Project 
C04 (Gadau) studies how ant queens differ in their aggression level, and Project A02 
(Richter and Sachser) investigates individual differences in the personalities of mice.

Research into individual differences, including the research in the CRC, treats 
individual differences as effectively synonymous with individuality. “Behavioral 
individuality,” for instance, is used to refer to behaviors that differ between indi-
viduals, and especially to differences that are persistent or change in some specific 
way (Barash 1997; Freund et al. 2013; Vogt 2015; Bierbach et al. 2017). Individual 
specialization is often seen as a way that individuality appears in ecological models, 
and individualized or individual niches are the consequence of such specialization 
(Dall et al. 2012; Fodrie et al. 2015). Thus, when biologists investigate individual 
differences, they often describe themselves as investigating individuality. This is 
also why the main goal described in the title of the CRC is the provision of a “novel 
synthesis of individualization across behavior, ecology and evolution.”

One might object that the biologists in the CRC are just using the term ‘individu-
ality’ with a meaning distinct from the meaning of ‘individuality’ in the philosophi-
cal debate about biological individuality. However, questionnaires and interviews 
we have conducted (Trappes 2021) suggest that this is not the case and that the 
biologists’ way of reasoning about individuality in terms of individual differences 
bears close relations to philosophical discussions about biological individuality. For 
instance, when asked what about their research organisms makes them individuals, 
the biologists list classical criteria of biological individuality (e.g., being a unit of 
selection, undergoing reproduction, having a metabolism, being independent from 
the environment) alongside criteria concerning individual differences (e.g., person-
ality, singularity, distinctness from others, uniqueness). This supports the thesis that 
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philosophers of biology and the biologists in the CRC mean similar things when 
they talk about (biological) individuality.

In the next two sections we further substantiate this claim. We explicate two sets 
of philosophical questions that arise from the CRC’s studies of individual differ-
ences—questions about uniqueness and questions about temporality (including 
change and temporal stability)—and we argue that these questions belong to the 
problem agenda of biological individuality.

Uniqueness questions

In this section we consider how questions about uniqueness emerge from the CRC’s 
studies on individual differences, arguing that uniqueness questions should be rec-
ognized as central questions in the problem agenda of biological individuality. We 
begin by considering the links between individual differences, uniqueness, and 
individuality in the CRC’s research ("Individual differences, uniqueness and indi-
viduality in the CRC​" Section). We then introduce the uniqueness questions that we 
think should be recognized as central questions in the problem agenda of biological 
individuality and consider how they relate to other questions in the problem agenda 
("Asking about uniqueness in philosophy of biology" Section). Finally, we provide 
further support for including uniqueness questions in the problem agenda by draw-
ing an analogy to general metaphysics ("Uniqueness and individuality in metaphys-
ics" Section).

Individual differences, uniqueness and individuality in the CRC​

Studying how and why individuals differ from each other can involve reasoning 
about what makes individuals unique or distinct from others. For instance, behavio-
ral biologists sometimes look for individuals with “unique personalities” (Bell 2007, 
540). Most empirical studies, however, focus on individual differences rather than 
on uniqueness.

That some individuals differ from each other with respect to a trait or trait value 
does not typically mean that the trait or trait value is unique: there may be several 
individuals that have the same trait or trait value. For instance, individual guinea pigs 
(Cavia aperea f. porcellus; B01, Kaiser and Sachser) differ in their social behavior, 
but the behavioral traits that are studied, such as being aggressive or dominant (or 
less or more dominant or aggressive than the average), are ascribed to more than one 
individual. Indeed, most of the experiments and empirical studies in the CRC group 
together individuals with similar traits and study, for instance, optimistic mice, 
aggressive ant queens, and zebra finch males with denser ejaculates. This grouping 
of individuals is necessary for many of the observational, experimental and statisti-
cal methods, and is particularly important for developing generalizations about the 
causes, consequences, and underlying mechanisms of individual differences.

Although biologists do not typically study unique traits, questions of uniqueness 
do arise in the context of research on individual differences. Biologists in the CRC 
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bring up uniqueness in theoretical discussions, stating that individuals have unique 
sets of traits. The individual differences they study are elements of these unique sets; 
they contribute to uniqueness by adding differences between individuals. The theo-
retical discussions in the CRC as well as the questionnaire and interviews conducted 
with CRC members (Trappes 2021) demonstrate that the concept of uniqueness 
plays a central role in understanding and researching individual differences.

Questions about uniqueness, which arise when studying individual differences, 
in turn connect to biological individuality. Biologists in the CRC frequently explain 
or specify the concept of individuality and related concepts such as individualized 
phenotype and individualized niche in terms of uniqueness (Trappes 2021). In addi-
tion, we showed in "Individual differences and biological individuality" Section that 
biologists in the CRC understand the concept of individuality in a way closely con-
nected to how biological individuality is discussed in the philosophical debate.

There is also strong empirical evidence that biological individuals are unique. The 
CRC’s research provides many examples of how individuals differ from one another 
in many different traits. Genetically identical individuals such as monozygotic twins 
typically differ in at least one (and usually more than one) phenotypic trait (Wong 
et al. 2005). There is also evidence that differences arise amongst genetically iden-
tical individuals raised in the same environment (Vogt et  al. 2008; Gärtner 2012; 
Freund et  al. 2013; Vogt 2015; Bierbach et  al. 2017). Given the high prevalence 
of differences between individuals in many different traits, there is strong empirical 
support for the inference that individuals, in general, will have unique sets of traits.

In sum, empirical facts about biological individuals and about conceptual and 
reasoning practices in the CRC suggest that uniqueness is an important aspect of 
biological individuality and that questions about uniqueness should be a central ele-
ment of the problem agenda of biological individuality. It might be objected that 
the mere fact that biological individuals are unique does not show that uniqueness 
is a necessary condition for or constitutive dimension of biological individuality. 
Even the fact that biologists in their research practice assume a very close relation 
between biological individuality and uniqueness does not prove that uniqueness is 
necessary for biological individuality. This might be true, but we do not see the need 
to make such a strong claim.

Uniqueness might not be a necessary condition for (or a constitutive dimension 
of) biological individuality but it can still be an important aspect of biological indi-
viduality and thus should be included in the problem agenda of biological individu-
ality. From a pluralistic perspective it seems plausible to assume that phenotypic 
uniqueness (see next section), is only one plausible criterion for identifying biologi-
cal individuals, amongst many others, which is particularly relevant in fields such 
as behavioral ecology. Hence, uniqueness can be a central aspect of biological indi-
viduality without being necessary for it.

Asking about uniqueness in philosophy of biology

What, exactly, is the relation between uniqueness and biological individuality 
assumed in the CRC? In their research uniqueness is a feature ascribed to biological 
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individuals due to their unique sets of phenotypic traits. Even though the biologists 
are not concerned with identifying biological individuals and distinguishing them 
from non-individuals (recall "Individual differences and biological individuality" 
Section), they implicitly provide an answer to the question ‘What is a biological 
individual?’ The answer is ‘Biological individuals are unique in the sense that they 
have unique sets of phenotypic traits.’

The assumed close connection between uniqueness and biological individuality 
gives rise to various philosophical questions, which can be subsumed under the gen-
eral philosophical question ‘In what way are biological individuals unique?’ Differ-
ent sets of more specific questions about uniqueness in relation to biological indi-
viduality can be distinguished. Not all of these uniqueness questions are new to the 
debate about biological individuality. But some of them are truly novel and all of 
them should be recognized and systematically addressed as central parts of the prob-
lem agenda of biological individuality.

First, what kinds of properties make biological individuals unique? The CRC 
focuses on studying individual differences in phenotypic traits, often in behavioral 
traits. This suggests that the uniqueness of biological individuals can be understood 
as phenotypic uniqueness (of which behavioral uniqueness is a major part). In addi-
tion, the idea of unique individualized niches seems to imply that ecological proper-
ties (e.g., social relations or resource use) also affect the uniqueness of a biological 
individual.

Furthermore, several other kinds of properties have been discussed by philoso-
phers in relation to the uniqueness of biological individuals. The type of unique-
ness that has received most attention so far is genetic uniqueness (Hull 1978; J 
Wilson 1999; Santelices 1999; De Sousa 2005; Clarke 2010, 317; 2012; Herron 
et al. 2013; Chauvier 2017). Since there are many biological individuals with non-
unique genomes, genetic uniqueness is usually rejected as a criterion of biological 
individuality (Hull 1978; Santelices 1999; Hauskeller 2004; De Sousa 2005; Folse 
and Roughgarden 2010; Clarke 2012; Elwick 2017). Other kinds of uniqueness that 
have been discussed or mentioned include immunological uniqueness (Pradeu 2012; 
Minelli 2020), historical uniqueness (Hull 1978), epigenetic uniqueness (Boniolo 
and Testa 2012; Gorelick 2012) and phenotypic uniqueness (Hull 1978; De Sousa 
2005; Guay and Pradeu 2015; Nyhart and Lidgard 2017). Most discussions focus 
on only one type of unique property (e.g., genetic uniqueness or phenotypic unique-
ness), leaving little space for a general discussion about uniqueness and biological 
individuality. We think that these different strands of the debate should be drawn 
together and the question which kinds of properties determine the uniqueness of a 
biological individual should be systematically addressed.

Second and relatedly, we can ask if there is a priority of some kinds of properties 
over others in determining the uniqueness of a biological individual. For example, 
is it plausible to assume that only phenotypic traits determine the uniqueness of an 
individual and that other properties, such as genetic, epigenetic, or hormonal proper-
ties, are relevant only to the underlying mechanisms of individual differences (recall 
"The CRC’s abstract research questions" Section)? Moreover, are behavioral traits 
more important than other phenotypic traits because they determine the personality 
of individual organisms (Kaiser and Müller 2021)?
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A third question concerns how uniqueness can help to answer other central ques-
tions in the problem agenda. Even though uniqueness questions are questions about 
biological individuality in their own right, they can also contribute to answering the 
question of how to identify biological individuals. For instance, the CRC’s assump-
tion that biological individuals have unique sets of phenotypic traits could give rise 
to a criterion for identifying biological individuals, which we call the criterion of 
phenotypic uniqueness. It can be formulated as follows:

Phenotypic Uniqueness Criterion for Biological Individuality

An object x1, which is a member of the population p, is a biological individual if.

(1)	 x1 differs in at least one phenotypic trait from some of the other members x2-xn 
of p; and

(2)	 no other member of p shares with x1 the same set of phenotypic traits.

This criterion can identify what could be called phenotypic individuals (with 
“behavioural individuals” as a subtype; Smith-Ferguson and Beekman 2019).

Some philosophers, such as David Hull, have rejected phenotypic uniqueness as 
irrelevant to biological individuality, chiefly because we can imagine two pheno-
typically identical individuals that are nevertheless distinct (Hull 1978, 345). On 
the other hand, a phenotypic uniqueness criterion has been supported by behavio-
ral ecologists as suitable for individuating “non-standard” organisms such as social 
insects and slime molds (Smith-Ferguson and Beekman 2019). Given this disagree-
ment, it makes sense for philosophers to ask, ‘Is phenotypic uniqueness a plausible 
criterion of biological individuality?’.

We think that the phenotypic uniqueness criterion could help to identify one kind 
of biological individual among others. Thus, although many individual organisms 
satisfy the phenotypic uniqueness criterion, it need not be applicable to all biologi-
cal individuals, nor can it account for all different practices of identifying biological 
individuals in different research contexts. Formulating such a criterion of pheno-
typic uniqueness is hence compatible with the pluralistic view that there are various 
types of biological individuals identified on the basis of different individuality con-
cepts and criteria.

A final question about uniqueness we would like to raise is whether biological 
individuals could be unique in the different ways in which they satisfy certain 
criteria or realize types of biological individuality.6 According to this line of rea-
soning, different biological individuals could have, for instance, unique modes of 
cohesion, differentiation, autonomy, or reproduction. The way in which the amoe-
bae of a multicellular slime mold slug (Dictyostelium discoideum) form a cohe-
sive whole, for example, is very different from the type of cohesion that exists 
between the different cells of a grasshopper or a buzzard. Likewise, the green 

6  We thank the editors of Biology and Philosophy for this idea.
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algae in a lichen possess a very different type of autonomy than that of the ants 
in an ant colony. Hence, individuals of many species can be said to be unique in 
the way they are biological individuals, that is, how they realize a certain kind of 
biological individuality and meet certain identification criteria.

In most cases the ways in which individuals realize a certain type of biologi-
cal individuality will be the same for all members of a species. Hence, this way 
of thinking about what makes biological individuals unique places uniqueness on 
the species level. By contrast, conceiving of uniqueness as a feature of biological 
individuals locates uniqueness on the individual level, such that individuals dif-
fer in their phenotypic, genetic, or immunological properties. In our view, both 
ways to think about uniqueness—in terms of unique properties of individuals and 
unique ways to realize biological individuality—raise interesting philosophical 
questions about uniqueness that should be recognized as central parts of the prob-
lem agenda of biological individuality.

BOX 1 summarizes some different uniqueness questions that arise in relation 
to biological individuality and that can be subsumed under the general question 
‘In what way are biological individuals unique?’.

The third and fourth sorts of uniqueness questions indicate how closely con-
nected some uniqueness questions are to the existing problem agenda of biologi-
cal individuality (and its questions of identification, demarcation, parthood, and 
unity). Recognizing uniqueness questions as an independent, central part of the 
problem agenda of biological individuality contributes to the existing debate in a 
number of ways.

First, it broadens the scope of uniqueness considered by philosophers of biol-
ogy. Rather than primarily looking at genetic uniqueness, and occasionally and 
separately at other sorts of unique properties, we can collect investigations about 
uniqueness under a central question. This will connect scattered debates and also 
draw attention to relatively overlooked sorts of uniqueness. For instance, phi-
losophers could investigate behavioral uniqueness and uniqueness of ecological 

Box 1   Uniqueness questions

General uniqueness question:
In what way are biological individuals unique?
Specific uniqueness questions:
(1) What kinds of properties make biological individuals unique? Are only phenotypic traits 

relevant or do also other kinds of properties (e.g., genetic, epigenetic, historical, or immunologi-
cal properties) determine the uniqueness of a biological individual? Does the idea of unique 
individualized niches imply that ecological properties, too, express the uniqueness of a biological 
individual?

(2) Is there a priority of some kinds of uniqueness properties over others? For instance, are behav-
ioral traits more important to the uniqueness of a biological individual than other phenotypic 
traits?

(3) How can the uniqueness of biological individuals help to identify them (i.e., answer the identifi-
cation question)? Is phenotypic uniqueness a plausible criterion of biological individuality?

(4) How do biological individuals (of different species) realize types of biological individuality 
differently? How can these unique modes of, for instance, cohesion, differentiation, autonomy, or 
reproduction be specified?
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properties and consider how these sorts of uniqueness relate to genetic and epige-
netic uniqueness.

Second, uniqueness questions bear interesting connections to existing questions 
in the problem agenda of biological individuality. Some connections are already 
clear from the existing use of uniqueness to answer questions about demarcation 
and identification. Exploring different types of uniqueness, rather than just genetic 
uniqueness, might contribute to new ideas about how to answer such questions. We 
have already discussed the potential for new criteria for identifying biological indi-
viduals, such as the phenotypic uniqueness criterion. Another example is the role of 
uniqueness for demarcation. Although genetic properties cannot be used to demar-
cate clones or identical twins, it is often possible to use unique epigenetic or immu-
nological properties to answer demarcation questions about genetically identical 
individuals (Boniolo and Testa 2012; Pradeu 2012). In addition, unique behavioral 
or even ecological properties could be used to demarcate individuals in a compre-
hensive and systematic way, without requiring molecular investigation of the can-
didate individuals. Asking uniqueness questions can also connect to other questions 
about biological individuality by introducing new considerations about the existing 
ways we have to answer such questions, such as whether there might be unique ways 
to satisfy criteria of biological individuality.

Uniqueness and individuality in metaphysics

In the previous two subsections we have argued that questions about uniqueness 
arise in relation to biological individuality in biological practice and that they are 
closely connected to existing discussions in the philosophical problem agenda of 
biological individuality. A third and final argument for including uniqueness ques-
tions as central questions in the problem agenda of biological individuality relies 
on an analogy to general metaphysics. In metaphysics, unique identity is often con-
sidered to be an important aspect of individuality. Philosophical debate centers on 
which properties are unique and can thus determine identity for individuals. By 
analogy, we think that philosophers of biology should also conceive of uniqueness 
as a central aspect of biological individuality.

Many metaphysicians argue that individuality consists of two aspects: countabil-
ity and identity.7 For instance, Jonathan Lowe states that “what ‘individuates’ an 
object […] is whatever it is that makes it the single object that it is—whatever it 
is that makes it one object, distinct from others, and the very object that it is as 
opposed to any other thing” (Lowe 2003, 75; emphasis in original). Accordingly, 
Lowe provides the following definition of an individual: “Something, x, is an indi-
vidual if and only if (1) x determinately counts as one entity and (2) x has a deter-
minate identity.” (Lowe 2016, 50; emphasis in original) Lowe argues that these two 
requirements for individuality must be kept apart because concepts of countability 

7  Terms used to describe individuality are often confusing. Singularity, for instance, can refer at once 
to being a single entity and being unique. For clarity’s sake, we will refer primarily to countability and 
identity.
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and identity are not necessarily always co-applicable.8 Other metaphysicians iden-
tify the same two requirements on individuality: “By an individual we understand 
something that is considered as one […] and which can be reidentified in a different 
situation […] as being that same item.” (Krause and Arenhardt 2016, 62).

How does identity relate to uniqueness? According to Leibniz’s Law, two entities 
that share all the same properties must be one and the same entity (Forrest 2016). 
It follows that two distinct entities cannot share all the same properties: there must 
be some properties that are not shared with any other entity, that is, unique proper-
ties. There is a long debate about which properties could serve this role; essences or 
haecceities, qualitative properties, and relational properties such as spatiotemporal 
position have all been considered as candidates for defining identity (Strawson 1959; 
Hawley 2009).9 Typically, the aim is to identify which properties are metaphysically 
necessarily unique, that is, unique in all possible worlds or all conceivable situations 
(Hawley 2009).10

So, when asking questions about individuality, many metaphysicians hold that we 
must also consider identity and hence ask questions about what makes individuals 
unique. What does that mean for philosophers of biology? Metaphysicians focus on 
individuality and identity in the most general sense, whereas philosophers of biology 
are only concerned with the individuality of biological entities. But if unique iden-
tity is often seen as a constitutive aspect of individuality in general, then it is plausi-
ble to assume that it could play a similar role for biological individuality. Hence, we 
suggest that philosophers of biology should also be asking questions about unique-
ness—not just in the service of other questions about biological individuality, but as 
questions in their own right.

The questions about uniqueness (and identity) asked by metaphysicians and phi-
losophers of biology will likely differ. First, they may focus on different properties. 
While metaphysicians ask about general properties, such as spatiotemporal position 
or essences, philosophers of biology focus on biological properties, such as phe-
notypic, genetic, or epigenetic properties. Second, philosophers of biology need 
not focus on metaphysical necessity; contingency or even some form of biological 
necessity may be adequate for investigating the uniqueness of biological individuals. 
Third, the uniqueness about which philosophers of biology ask comes in degrees; 
some individuals can be more unique than others, for instance if they share fewer 
phenotypic properties with other individuals. In contrast, metaphysicians are often 

8  For example, the water in my bathtub has a determinate identity without a determinate countability, 
whereas the orbital electrons of a helium atom are clearly two electrons but they do not have a determi-
nate identity because there is no fact of the matter as to which electron is spin-up and which is spin-down 
(Lowe 2016, 50–53).
9  Note that the connection between identity and individuality should hold regardless of which sorts of 
properties one thinks are identity-determining. In particular, it is not necessary to believe, as Lowe does, 
that individuals have essences to nevertheless believe that identity is a crucial aspect to individuality.
10  The metaphysical debate about identity involves more than just questions about uniqueness. Another 
topic is persistence, or what determines identity over time. Answers to questions about persistence often 
involve more than just uniqueness, including for instance some sort of temporal continuity or unity 
between temporal parts. See "Temporal stability and biological individuality" Section, where we briefly 
raise such considerations.
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(though not always) interested in absolute rather than relative identity. They there-
fore ask about which properties are unique simpliciter; an object being unique in 
more properties is irrelevant to its being identical with itself.

Finally, philosophers of biology will not always be addressing the same sorts of 
metaphysical and conceptual problems as metaphysicians. Metaphysicians often 
debate problem cases of identity, such as whether there could be two qualitatively 
identical but numerically distinct objects. Since biological individuals typically have 
unique spatiotemporal positions, hard identity problems do not usually arise, and 
asking about biological uniqueness is not usually required to decide whether two 
individuals are distinct. Nevertheless, uniqueness of biological properties might 
still be sufficient to solve some identity problems. For instance, as we mentioned 
in "Asking about uniqueness in philosophy of biology" Section, it is possible to 
distinguish individuals based on phenotypic uniqueness rather than only spatiotem-
poral distinctness. In addition, philosophers of biology might use questions about 
the uniqueness of biological individuals to address other issues related to biological 
individuality. We have already discussed the idea of uniqueness criteria for identify-
ing biological individuals. In addition, the uniqueness of biological properties con-
tributes to the discussion about why biological individuality may come in degrees 
(e.g., Pepper and Herron 2008; Godfrey-Smith 2009; Clarke 2012; Pradeu 2016) by 
providing an instance of measurable degrees of individuality based on the number of 
properties that are unique.

Drawing an analogy between general metaphysics and philosophy of biology 
is possible despite these differences because they also possess important similari-
ties. For instance, they analyze parallel phenomena of individuality in general and 
biological individuality, and they share the structure of the questions about which 
sorts of properties are unique. In addition to supporting our argument for explicitly 
including uniqueness questions in the problem agenda of biological individuality, 
we hope the analogy will also facilitate the use of conceptual resources from the 
long metaphysical tradition by philosophers of biology.

We began this section by showing how the CRC’s questions about individual dif-
ferences lead to philosophical questions about what makes biological individuals 
unique. We now have several reasons for why such questions belong to the problem 
agenda of biological individuality. Uniqueness and individuality are strongly con-
nected in biological research, in philosophy of biology and in general metaphysics, 
indicating that questions about uniqueness should be explicitly acknowledged as part 
of the problem agenda of biological individuality. Doing so will help to systematize 
and broaden the existing scattered references to uniqueness in the literature on bio-
logical individuality.

Temporality questions

In addition to questions about uniqueness, the study of individual differences in the 
CRC raises two related sets of philosophical questions about temporality: one about 
kinds of changes in individuality at various timescales ("Changes in biological indi-
viduality over various timescales" Section) and the other about temporal stability 
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("Temporal stability and biological individuality" Section). Both sets of questions 
have precedent in discussions about temporal aspects of biological individuality, 
but are often underrecognized. Like questions about uniqueness, questions about 
temporality should be explicitly included into the problem agenda of biological 
individuality.

Changes in biological individuality over various timescales

One main philosophical question about temporality that arises from the CRC’s 
research questions is about what kinds of changes biological individuality can 
undergo at various temporal scales.

Many of the projects in the CRC study how individual differences arise and 
change at evolutionary, ecological, and developmental timescales. At the evolution-
ary scale, for instance, Project D03 (Wittmann) uses computer modelling to look 
at how individual differences in genotype, plasticity, and reaction norms arise and 
change over thousands of generations. At the ecological scale, Project C03 (Krüger) 
studies changes in where and how buzzards build their nests over successive breed-
ing years and over several generations. At the developmental timescale, Project B01 
(Kaiser and Sachser) looks at how guinea pigs’ social behavior changes during ado-
lescence and adulthood (see Sachser et al. 2018). Studying changes in individual dif-
ferences at different timescales fits into the abstract questions about causes and con-
sequences of individual differences and is hence a major part of the CRC’s research.

In "Uniqueness questions" Section we showed that the biologists’ questions about 
individual differences give rise to philosophical questions about uniqueness. Since 
the CRC also studies how individual differences change over time, the philosophical 
question arises about how uniqueness changes at different timescales and how this 
affects biological individuality. When individual differences are generated or cease 
to exist, this may alter which types of or how many properties are unique for an 
individual. Individuals differ in some respects and not in others, and changes in their 
traits can lead to an increase or decrease of both the number of traits that an indi-
vidual shares with other individuals and the number of other individuals with which 
the individual shares a trait. Accordingly, changes in the traits of an individual can 
make the individual more or less unique and thus increase or decrease its degree 
of individuality. Hence, the CRC’s studies about how individual differences change 
not only give rise to the question what kinds of changes uniqueness and biological 
individuality can undergo, they also provoke more specific questions about degrees 
of uniqueness and biological individuality and how these degrees can change at dif-
ferent timescales.

Posing the temporality question ‘What kinds of changes can biological individu-
ality undergo at what timescales?’, as such, is not new. Because this question encom-
passes more than just changes in uniqueness, any changes in biological individuality 
can be (and partly have been) investigated in answer to this question. This includes 
changes in whether and how certain individuality criteria are satisfied, changes in 
degrees of biological individuality, and changes in different kinds of biological 
individuality.
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The existing philosophical debate on biological individuality has considered 
changes in kinds and degrees of biological individuality at an evolutionary scale: 
so-called evolutionary transitions in individuality. This research focuses on the evo-
lution of complex biological individuals exhibiting functional integration and repro-
ductive specialization, often considered as criteria for biological individuality (e.g., 
Buss 1987; Maynard Smith and Szathmary 1995; Godfrey-Smith 2009; Calcott and 
Sterelny 2011).11 The questions asked in this discussion include “How did unicel-
lular organisms give rise to multicellular organisms? How did some multicellular 
animals come to form superorganisms?” (Love and Brigandt 2017, 325). Such tran-
sitions represent significant changes in biological individuality occurring on the 
macro-evolutionary scale.

In addition, a few philosophers have asked about developmental changes in bio-
logical individuality. James Griesemer (2018), for example, has proposed that dif-
ferent degrees of individuality are exhibited at different developmental stages. Simi-
lar thoughts have come from those studying complex life forms, such as algae and 
amoebae which form temporary colonies, thus exhibiting changes in the degree of 
individuality over shorter timescales (Herron et  al. 2013). Earlier philosophers of 
biology, such as Georges Canguilhem (1991; Gayon 1998) and Gilbert Simondon 
(1992), also discussed changes in biological individuality through development. 
Nevertheless, such work is an exception. Indeed, a common unstated assumption is 
that biological individuality is constant across the lifespan of an individual; while 
the individual may change during its lifetime, its status as an individual and its 
degree of individuality does not.12

The changes that individual differences and uniqueness can undergo invite us to 
consider changes in biological individuality at all time scales. Individual differences 
can change over a smaller number of generations due to micro-evolutionary pro-
cesses, and through developmental and ecological processes over just a few gen-
erations or even within a single generation. We can therefore start to ask about how 
biological individuality changes not just during macro-evolution, but also at micro-
evolutionary, ecological, and developmental timescales. Asking these questions 
systematizes discussions about macro-evolutionary and developmental changes in 
biological individuality into a clear set of questions within the problem agenda of 
biological individuality. In addition, if we think about individuality in terms of indi-
vidual differences and uniqueness, it will become clear that change in individuality 

11  Much of this literature also looks at the role of inheritance mechanisms for biological individuality 
(McConwell 2017). Note however that inheritance mechanisms are not mechanisms for the changes in 
biological individuality observed over evolution; instead, evolutionary changes in individuality are pro-
duced by changing the inheritance mechanisms. In contrast, the mechanisms studied in the CRC are 
mechanisms involved in producing and changing individual differences.
12  This assumption may be attributable to the focus on evolutionary individuality, which often involves 
identifying bearers of fitness (Clarke 2013). Since fitness is usually assigned to an entire life rather 
than to life stages, so too is evolutionary individuality. Hence, biological individuality is thought not to 
change at developmental timescales, and the focus is rather on determining the temporal boundaries of 
an individual, that is, when an individual begins and ends (Maienschein 2011; Minelli 2011; Godfrey-
Smith 2015), or on the persistence conditions that allow an individual to continue to exist despite radical 
changes during development (Hull 1978; Pradeu 2018).
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is not restricted to the rise and decay of individuality, such as multicellular organ-
isms evolving through evolutionary transitions, or a slime mold emerging from a 
set of solitary amoebae once they are spatially and functionally organized in a spe-
cific way. Instead, change in individuality in terms of individual differences includes 
gradual changes in degrees of individuality.

Temporal stability and biological individuality

The second set of questions about temporality generated by the CRC’s research con-
cerns temporal stability. The main question is how much and which kind of temporal 
stability is needed for biological individuality. Contrary to questions about changes 
in biological individuality ("Changes in biological individuality over various time-
scales" Section), questions about temporal stability have not been directly addressed 
in the debate about biological individuality so far—though we show that they can be 
fruitfully related to existing debates about criteria of biological individuality and the 
persistence of biological individuals.

When asking about individual differences biologists look for a certain kind of 
temporal stability in phenotypic traits. Two subtypes of temporal stability can be 
distinguished: continuity and repeatability. Continuous individual differences are 
those that are constantly exhibited over an extended period of time, such as a whole 
developmental period or a whole lifetime. For instance, color pattern is an important 
continuous individual difference in adult fire salamanders. Project A04 (Caspers) 
seeks to determine how larval experience affects this continuous individual differ-
ence in adulthood. Repeatability, by contrast, refers to traits that are exhibited con-
sistently by an individual at many distinct time points (Bell et al. 2009; Novak and 
Tinker 2015). Animal personalities, for instance, are individual differences in behav-
ioral phenotypes that are stable across times and contexts (Wolf and Weissing 2012, 
453). For example, an individual beetle is characterized as bold only if it shows the 
same bold behavior in repeated behavioral tests (Tremmel and Müller 2013). In gen-
eral, biologists discuss whether relevant individual differences should extend across 
developmental periods (Sih et  al. 2004), at what timescales they exist and can be 
studied (Fodrie et al. 2015; Novak and Tinker 2015), and how continuous or repeat-
able a phenotypic trait must be in order to count as a relevant individual difference 
(Bell et al. 2009).

This is how biologists investigate and reason about the temporal stability of 
individual differences. In our view, this shows that certain amounts and kinds of 
temporal stability of phenotypic traits are required for the uniqueness of biological 
individuals. The biologists’ research questions and assumptions thus generate philo-
sophical questions about temporal stability and biological individuality. The central 
question is ‘How much and what kind of temporal stability is needed for biological 
individuality?’ This question invites further, more specific questions: How is tem-
poral stability quantified and how much temporal stability is sufficient for biological 
individuality? What should be temporally stable (e.g., which kinds of phenotypic 
traits or properties)? Are the two kinds of temporal stability—continuity and repeat-
ability—equally important to biological individuality?
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Asking questions about the temporal stability of biological individuality connects 
to discussions of the persistence conditions of biological individuality (e.g., Guay 
and Pradeu 2015; Dupré 2018) and hence may lead to new insights concerning ques-
tions of identification, demarcation, parthood, and unity. For instance, in the debate 
about biological individuals as processual, it has been proposed that processes can 
be identified by their continuity over time (Guay and Pradeu 2015). On the other 
hand, paying attention to repeatability may indicate that a biological individual can 
persist without it continuously exhibiting the features that satisfy a criterion of bio-
logical individuality. For instance, an organism that is repeatedly but not constantly 
autonomous could thereby remain a biological individual. Establishing when and 
at what point repetition and continuity qualify an organism for individuality conse-
quently presents itself as an important task for philosophers of biology.

Asking about temporal stability also sheds light on existing criteria of biological 
individuality. As we discussed in "Changes in biological individuality over various 
timescales" Section, philosophers often assume that individuality does not change 
at the developmental timescale, which means the criteria they choose should ensure 
that individuality is temporally stable. For instance, criteria such as cohesion or 
functional-causal integration, as well as functional or metabolic autonomy or dis-
creteness, ensure the stability of an individual over time in response to changes in 
the environment. Other criteria for identifying biological individuals also presup-
pose a certain kind of stability, such as genetic homogeneity, a stable succession of 
the stages of a life cycle, or being a stable unit on which natural selection acts. Of 
course, most criteria assume that certain kinds of changes are also crucial to individ-
uality (Lidgard and Nyhart 2017, 19–21). For example, metabolic autonomy requires 
metabolic processes such as the conversion of food to energy (Dupré 2018), units of 
selection require inheritance mechanisms (Godfrey-Smith 2009; McConwell 2017), 
and an immunological criterion requires immunological processes for demarcating 
biological individuals (Pradeu 2012). Nevertheless, it is typically a temporally stable 

Box 2   Temporality questions

General temporality question 1:
What kinds of changes can biological individuality undergo at what timescales?
Specific temporality questions 1:
(1) How did unicellular organisms give rise to multicellular organisms? How did some multicellu-

lar animals come to form superorganisms?
(2) How does the degree of biological individuality change during development?
(3) How does individuality change at micro-evolutionary and ecological timescales?
(4) Do changes in individual differences imply gradual changes in degrees of individuality?
General temporality question 2:
How much and what kind of temporal stability is needed for biological individuality?
Specific temporality questions 2:
(1) How much temporal stability is sufficient for biological individuality?
(2) What should be temporally stable (e.g., which kinds of phenotypic traits or properties)?
(3) Are the two kinds of temporal stability—continuity and repeatability—equally important to 

biological individuality?
(4) What would a processual account of identity over time look like?
(5) What changes does biological individuality require?
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feature, such as the reoccurrence or continuation of a certain change, that serves as a 
criterion for biological individuality.

In BOX 2 we summarize the temporality questions. Like questions about unique-
ness, questions about temporality that arise from the CRC’s research are connected 
to prominent questions in the problem agenda of biological individuality, help to 
organize and systematize existing discussions, and generate distinct insights about 
biological individuality. Hence, the two sets of temporality questions should be 
explicitly included into the problem agenda of biological individuality.

Conclusions

The problem agenda of biological individuality has often concentrated on questions 
about identification, demarcation, parthood, and unity. By studying a contemporary 
example of biological practice in an interdisciplinary research group from ecology, 
evolutionary biology, and behavioral biology, we have revealed two underestimated 
sorts of questions about biological individuality: uniqueness and temporality ques-
tions. We have argued that these questions should be included as explicit and central 
parts of the problem agenda of biological individuality, resulting in the extended 
problem agenda shown in Fig. 2.

In arguing for the explicit inclusion of uniqueness and temporality questions, 
we showed how they arise out of the CRC’s research into individual differences 
and why they are questions about biological individuality. Uniqueness ques-
tions, such as ‘In what way are biological individuals unique?’, are generated 

The Extended Problem Agenda of Biological Individuality

Uniqueness Question 
In what way are biological 
individuals unique?

Temporality Question
What kinds of changes can 
biological individuality 
undergo at what timescales? 
How much and what kind of 
temporal stability is needed 
for biological individuality?

Identification Question

What is a biological individual? 
How can we identify biological 
individuals?Demarcation 

Question 
What demarcates 
a biological 
individual from its 
environment?

Parthood 
Question
What is a part 
of a biological 
individual?

Unity Question
What binds together 
the parts of a 
biological individual?

Fig. 2   The Extended Problem Agenda of Biological Individuality. Central questions in the problem 
agenda, now including uniqueness and temporality questions, are linked by various interrelations, indi-
cated by the multi-headed arrow
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based on questions about how biological individuals differ from one another in 
sets of phenotypic traits and other properties. We demonstrated the connections 
between uniqueness and biological individuality in biological research and the 
existing philosophical debate and supported this with an analogy to metaphysical 
theorizing about individuality, identity, and uniqueness. Asking questions about 
uniqueness will bring together scattered discussions of various types of unique-
ness and stimulate a systematic discussion of uniqueness in relation to biological 
individuality.

The first major temporality question, ‘What kinds of changes can biological indi-
viduality undergo at what timescales?’, arises out of the CRC’s abstract research 
questions about causes, consequences, and mechanisms of individual differences. 
Asking how biological individuality changes organizes and expands the exist-
ing debate on changes in individuality to include changes at all temporal scales 
and involving both kinds and degrees of individuality. The second major tempo-
rality question, ‘How much and what kind of temporal stability is needed for bio-
logical individuality?’, takes its cue from the requirement for temporal stability in 
the study of individual differences. This question opens up a new topic for philo-
sophical research and promises to shed light on existing ideas about persistence and 
identification.

Acknowledging the uniqueness and temporality questions as explicit and central 
parts of the problem agenda of biological individuality does increase its complexity. 
But it does so at a significant benefit to the scope and organization of the debate, the 
connections it makes to other fields, and its proximity to biological practice. First, 
asking about uniqueness and temporality brings underrecognized aspects of biologi-
cal individuality and scattered existing discussions into coherent and comprehensive 
research agendas for philosophy. This may also affect how existing questions about 
identification, parthood, demarcation, and unity are answered. Second, drawing the 
connection to metaphysics provides new tools and will hopefully lead to a fruitful 
dialogue. Finally, recognizing uniqueness and temporality questions as central parts 
of the problem agenda brings it further in line with areas of biological research in 
which individuality is discussed outside of its relation to problems of identification, 
such as the research into individual differences in behavior, evolution, and ecology 
that we investigated here. Hence, we believe that further exploration of the ques-
tions raised in this paper will lead to new insights about biological individuality and 
enhance the connection between metaphysics, philosophy of biology, and biological 
practice.
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