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Highlights 
• Assuming that behaviour is a binary, categorical concept leads to a lack of 

consensus in biology 
• Behaviour is a spectrum concept whose dimensions relate to the underlying 

explanatory mechanisms  
• The behaviour dimensions include the mechanism’s complexity, stability, and 

input-dependence  
• The dimensions define a behaviour-space with paradigmatic and marginal 

cases of behaviour  
• The behaviour-space highlights disciplinary differences with respect to the 

concept construal 
 
Abstract 
Behaviour is a widespread object of research in biology, yet it is often left 
undefined, and the variety of existing definitions have not led to a consensus. We 
argue that the fundamental problem in defining behaviour has been the 
assumption that the concept must be categorical: either a phenomenon is a 
behaviour or it is not. We propose instead that ‘behaviour’ is best understood as 
a spectrum concept. We have identified three major characteristics of phenomena 
which, we argue, fuel the intuitions of biologists regarding the classification of 
cases as behaviour. All are related to the mechanistic explanations put forth to 
account for the phenomena, and are (i) the complexity of the mechanism, (ii) the 
stability of the constitutive entities, and (iii) the quantity and significance of the 
inputs to the underlying mechanism. We illustrate this new conceptualization 
through a three-dimensional behaviour-space which highlights the apparently 
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different conceptualizations of behaviour attributed to humans, animals and 
plants, showing that they, in fact, all partake of a unified, malleable 
understanding of a single concept.  
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behaviour; behaviour space; mechanism; explanation; definitional pluralism; 
conceptual engineering 
 
 
 
1  Introduction 
 
Many disciplines in biology explain the behaviour of organisms through various 
means. Yet the very concept of ‘behaviour’ is more often than not left 
unexamined by biologists, who tend to rely on a common-sense or intuitive 
understanding of what behaviour is—for instance a response to stimuli—and 
what phenomena ought to count as behaviour (Levitis, Lidicker, & Freund, 
2009). This has resulted in a lack of consensus regarding a definition of 
behaviour, as well as conflicting intuitions regarding classifications of 
phenomena.  
 The concept of ‘behaviour’ is central to—and could even be said to define—
many scientific disciplines, in particular biological disciplines such as 
behavioural ecology, evolutionary psychology, ethology or neurobiology. The 
concept has played a major role in the history of these disciplines, with such 
landmark work as Darwin’s research on animal and human behaviour (Darwin, 
1859, 1871), the development of ethology (Tinbergen, 1963, 1976), as well as 
more controversial work on human behaviour such as sociobiology (Wilson, 
2000), or even eugenics (Galton, 1883). The concept has also received much 
attention from philosophers, leading to work on the nature/nurture debates 
(Griffiths, 2002; Tabery, 2014), and in the philosophy of psychology 
(Churchland, 1981; Dennett, 1998; Sober & Wilson 1999; Longino, 2001).  
 In this paper, we look at the use of the concept of ‘behaviour’ in biological 
disciplines, in an attempt to understand what it is about their object of study—if 
anything—that unites these disciplines. Our project is first and foremost 
descriptive, analyzing and explicating the concept of ‘behaviour’ through its use 
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in biological research, and fits within the metaphilosophical framework of 
conceptual explication or engineering (e.g. Eklund, 2015; Cappelen, 2018). 
Looking specifically at uses in biology, we circumscribe what it is that feeds the 
intuitions of biologists when they label a phenomenon as a behaviour, or 
conversely, when they take it to not be a behaviour. Though this would classically 
be laid out in a list of necessary and sufficient conditions, we argue instead for a 
definition of behaviour as a spectrum, and propose the dimensions along which 
the intuitions of biologists are developed. This graded multi-dimensional 
definition leads to an explicit reconceptualization of behaviour in a biological 
framework.  
 To this aim, we first review the recent debates about defining behaviour and 
identify the lack of consensus as notably stemming from the assumption that 
behaviour is categorical (Section 2). By analysing the various definitional 
elements that have been previously proposed in the literature, we argue that the 
attribution of the label ‘behaviour’ stems from the knowledge and intuitions we 
have about how the phenomenon of interest is mechanistically produced (Section 
3). More specifically, we identify three major characteristics of the mechanistic 
explanation that play a key role in this respect: the complexity of the mechanism, 
the stability of its constitutive entities, and the quantity and significance of input 
variables (Section 4). We show (Section 5) how paradigmatic cases of behaviour 
are those which rank high in all three characteristics. Finally, we look at how 
coarse cross-discipline attributions of behaviour compare to one another (Section 
6).  
 
 
2  The problem of defining ‘behaviour’ 
 
A first difficulty regarding definitions of ‘behaviour’ is that common-sense 
definitions separate the notion into two distinct meanings: (1) the way in which 
an animal or person behaves in response to a particular situation or stimulus, or 
(2) the way in which a machine or natural phenomenon works or functions, as in 
“the erratic behaviour of the old car” (OED online, 2017). Our aim is to explore 
the conceptualisation of ‘behaviour’ in the biological scientific literature, looking 
at the definitions and uses in that context more specifically. Indeed, our 
contention is that sense (1) is closer to what is typically found in biology, though 
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sense (2) is also used, and could be considered an extension, or marginal case, 
for our proposed conceptualisation of ‘behaviour’ (see Lazzeri, 2014 for a 
discussion of this issue). We will address this point in more detail in section 6.  
 Looking at definitions of behaviour within the biological literature reveals a 
dearth of definitions, and a lack of consensus. Levitis and colleagues (2009) did 
an extensive review of texts in biology1, finding over 25 operationally distinct 
definitions, and over 100 sources which they believed should have included a 
definition, but which did not. Of the definitions that are put forward, some are 
too vague or too large to properly circumscribe the phenomenon. For instance, 
Tinbergen (1976) defines behaviour as “The total movements made by the intact 
animal”, whereas Davis (1966, pp. 4–5) proposes: “What an animal (or plant) 
does.” Others are more precise in their description, such as Beck et al. (1991, 
glossary) who propose to define behaviour as the “externally visible activity of 
an animal, in which a coordinated pattern of sensory, motor and associated neural 
activity responds to changing external or internal conditions.” We will proceed 
with a more in-depth analysis of these definitions in the next section, but for the 
moment, suffice to say that their variety is indicative of a problem with defining 
behaviour in biology, or at the very least a lack of clarity, which is reflected in 
the disagreements regarding the classification of phenomena.  
 Indeed, biologists disagree regarding which phenomena ought to be classified 
as behaviour. Levitis et al. (2009) performed a survey, asking biologists which 
of a list of phenomena ought to be attributed the label of behaviour. While some 
phenomena were the object of wide agreement, no phenomenon was 
unanimously considered behaviour or non-behaviour, and many indicated major 
divergences of opinion. For instance, “A spider builds its web” was labeled as 
behaviour by 97% of respondents, whereas “A beetle is swept away by a strong 
current” scored only 5%. However, examples such as “A plant bends its leaves 
towards a light source” (48%) or “A rat has a dislike for salty food” (66%) were 
not so clear-cut. There is therefore a lack of consensus regarding which 
phenomena ought to be labelled a behaviour.  
 Overall, two major problems stand out with respect to the classification of 
phenomena. The first, and relatively simple, one relates to properly 

                                                
1 Though we criticize several of their fundamental assumptions, (Levitis, Lidicker, & Freund, 
2009) is one of the rare pieces of research done specifically about the definition of behaviour in 
biology, and as such has been valuable to our own research. 
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circumscribing the phenomenon that is to be labelled. This may seem obvious, 
but is often overlooked, leading to differing views about what may seem, at first 
sight, to be the same phenomenon. For instance, in Levitis et al.’s (2009) survey, 
one of the cases presented is “A rat has a dislike for salty food”, which two thirds 
of respondents classified as a behaviour and one third as non-behaviour. This 
disagreement may very well have stemmed from confusion regarding the 
phenomenon at stake: does it refer to the action of avoiding salty food (“A rat 
tastes some food, spits it out, and does not eat the rest”), or merely to a non-
actualized propensity (“A rat, in its cage, is said to dislike salty food, though no 
food is present”)? While the former is quite clearly a behaviour, the latter is not 
so obvious. It is therefore imperative to be explicit, so as to reduce the chance of 
divergent classification attributable to misunderstandings regarding the 
phenomenon at stake. 
 This can be done in three simple steps, by specifying: (i) the entity in question 
(e.g. is this a single organism, a group of organisms, a part of an organism?); (ii) 
what the entity is doing, through the use of an active verb (this therefore excludes 
events which happen to the entity in question); (iii) the appropriate context, so as 
to state more precisely what the doing is about. Consider: “A goose and its flock 
fly in a V formation.” This can reformulated either as “A goose flies alongside 
other geese, creating a V formation” or as “A flock of geese flies in V formation”. 
In the first case, the phenomenon of interest is one that pertains to a single 
organism, whereas in the second case, it concerns a group of organisms, each 
case possibly leading to different reasons for attributing or not behaviour. “A 
beetle is swept away by a strong current” is also awkwardly formulated for a 
behaviour, but for a different reason: here, it is the use of a passive verb that 
introduces a confusion about who is at the origin of the action. Reformulated with 
an active verb (ii) as “A strong current sweeps away a beetle” clarifies the 
phenomenon of interest. The context (iii) also plays an important role in certain 
cases. Consider: “A spider flies off a branch along with its web, caught by the 
wind”. This should probably not be labeled as ‘behaviour’ if what is meant is “A 
spider falls to the ground along with its web; both were caught by the wind”, but 
could very well be an instance of behaviour if reformulated as “A spider catches 
its web in the wind and electric fields, thus getting carried away once resources 
are scarce” (as some spiders are capable of doing, see Morley & Robert, 2018). 
Of course, the reformulation of the phenomenon alone should not be understood 
to determine whether the phenomenon is or is not an instance of behaviour; it 
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merely ensures that communication across researchers is as unequivocal as 
possible, after which labeling it as behaviour or not can be addressed. 
 The second problem to behaviour attribution, we argue, is the assumption that 
behaviour is binary. Indeed, definitions found in the literature—such as the ones 
from Tinbergen, Davis or Beck and colleagues mentioned above—apparently 
take for granted that ‘behaviour’ is to be understood as a categorical binary 
concept, insofar as they list necessary and sufficient conditions for classification. 
Researchers furthermore seem to understand certain actions as being behaviour 
or not, with no researcher ever referring to a case as being “almost” behaviour, 
“nearly” behaviour, or any such intermediate qualification. All surveyed 
definitions by Levitis et al. (2009), including their own, assume that a 
phenomenon can only be a behaviour or a non-behaviour, despite the fact that 
their survey results hint that such a division is untenable; their survey as well 
works with that assumption, asking respondents to determine whether a given 
phenomenon is or is not a behaviour, with no other choices offered. Such a binary 
assumption could stem from a wish to cleanly sort phenomena for pragmatic or 
explanatory reasons. Yet if no such clear-cut divide truly exists, then it would not 
be surprising that there is disagreement about the classifications. We elaborate 
on this problem in section 4. 
 
 
3  Recognizing instances of ‘behaviour’ 
 
Despite the disagreements and problems associated with defining behaviour, 
biologists do classify phenomena as behaviour and non-behaviour. What is it that 
biologists recognize when applying the labels? And does it work?  
 A first thing to note regarding definitions of behaviour is that many of them 
specify that ‘behaviour’ is attributed only to certain types of entities. According 
to these views, the decision to classify a phenomenon as behaviour depends at 
least in part on the properties of the entity to which it will be attributed. For 
instance, Tinbergen (1976) defines behaviour as “the total movements of the 
intact animal”, limiting behaviour attribution to animals. Others, such as Davis 
(1966, pp. 4–5) have included plants in their definition, while still others stipulate 
only that it must be attributed to an organism (Raven & Johnson, 1989; Wallace, 
Sanders, & Ferl, 1991). 
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 A look at the uses of the term ‘behaviour’ shows that such restrictions do not 
reflect current scientific practice. Indeed, looking at the literature in biology 
reveals that virtually all types of organisms and all levels of organisation can be 
said to exhibit behaviour. Behaviour is of course attributed to ‘medium-sized’ 
organisms such as humans, mammals, birds, reptiles and invertebrates, with 
entire disciplines created around these issues, such as evolutionary psychology, 
ethology, or behavioural ecology, to name only a few (as evidenced by any 
textbook in those disciplines). Yet behaviour is also attributed to plants 
(Silvertown, 1998; Karban, 2008; Trewavas, 2009; Belter & Cahill, 2015; 
Cvrčková, Žárský, & Markoš, 2016), single-celled organisms such as bacteria 
(Ben-Jacob et al., 1994; Dussutour, Latty, Beekman, & Simpson, 2010) or 
amoebae (Hansell, 2007), viruses (Miyashita, Ishibashi, Kishino, & Ishikawa, 
2015; Quignon, Kiene, Levi, Sardin, & Schwartzbrod, 1997), and even proteins 
(Royer, 2002). Though the use of ‘behaviour’ to characterize the movements of 
some of these entities may be more akin to the term as applied to inanimate 
objects (sense 2 above), it is for now sufficient to point out that given the variety 
of entities to which behaviour is attributed, the identification of the subject of the 
phenomenon to be evaluated will (at best) not play an important role in the 
attribution of behaviour. 
 A second element found in ideas regarding definitions of behaviour relates to 
its intentionality. This is intuitively a central aspect of behaviour, the idea being 
that what might differentiate behaviour from mere movement or physiological 
processes is that while the former is purposive insofar as it stems from mental 
content which is directed at particular objects, the latter is not. It is interesting to 
note however that intentionality is seldom referred to explicitly in definitions of 
behaviour within the biological literature. Nonetheless, it has long been 
defended—and criticized—as an explanatory tool in philosophy and cognitive 
science (e.g. Churchland, 1981; Stich, 1981; Millikan, 1993; Dennett, 1998 to 
name only a few). However, in biology, reference to beliefs, desires, etc. has 
generally been regarded with suspicion, with most researchers opting to avoid 
such an approach. For instance, Kornblith (2002) and Weber (2012) both suggest 
that though there may be value in adopting the intentional stance when it comes 
to the initial observation and classification of behaviour, it ought to be dropped 
for explanations. Indeed, as Longino has pointed out, the folk psychological 
concepts that are the hallmark of intentional explanations “are not well suited to 
scientific investigation, being vague and inflected with the social values that 
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make the behaviours they designate salient in the first place” (2013, pp. 151–
152). Intentionality may thus at times be used as a form of heuristic by biologists 
for identifying and even explaining certain behaviours, but is not a central aspect 
used to define behaviour itself.  
 One definition which explicitly, though indirectly, attempts to include 
purposiveness is Millikan’s (1993) proposal, which rests on the notion of 
biological function. According to her definition, for an action to be considered a 
behaviour, it needs to have been selected for, otherwise it is merely movement. 
In this way, Millikan naturalizes purposiveness by equating the function of the 
adaptive behaviour with the purpose of the behaviour. However, this approach 
excludes exaptations and other non-adaptive behaviours from being labelled 
behaviour, despite the fact that—as Millikan herself concedes—biologists will 
tend to call them behaviours. Thus the main issue with Millikan’s definition of 
behaviour is that it explicitly runs counter to many of the intuitions and uses of 
the term by biologists, which is precisely what our proposed analysis is 
attempting to capture; while Millikan’s approach has a normative aspect to it, 
ours remains descriptive. 
 Third, certain definitions will focus on the output of a phenomenon as the 
mark of behaviour. In particular, some will specify sets of criteria that outputs 
must meet, such as Grier & Burk (1992, p. 4) who define behaviour as “all 
observable or otherwise measurable muscular and secretory responses (or lack 
thereof in some cases) and related phenomena such as changes in blood flow and 
surface pigments in response to changes in an animal’s internal and external 
environment.” Dawkins (1990) as well emphasizes particularities of the output, 
characterizing behaviour as “the trick of rapid movement,” the idea being that 
animals—as opposed to plants—evolved to become efficient vehicles for their 
genes, able to quickly navigate their environment. Another property of the output 
which is mentioned by Dawkins (1990), and elaborated on by Sih (2004) is that 
behaviour is reversible, opposing it to developmental changes which, even if 
plastic, are typically irreversible. Sih (2004) furthermore relates this approach to 
the idea that behaviour is understood to be labile, allowing for a variety of outputs 
over the course of a lifetime. Other definitions will be broader and require only 
that the output be observable (e.g. Beck et al., 1991; Wallace et al., 1991), 
presumably in order to exclude internal physiological processes (e.g. Millikan, 
1993, p. 137). 
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 However, somewhat counterintuitively, evaluating what the ‘outputs’ of the 
phenomenon are does not always help in its classification as behaviour. There 
are numerous cases when the outputs can range from just about anything to 
nothing at all. Indeed, consider an animal playing dead, or a human choosing to 
do nothing. In both cases, there is no movement to be observed. Yet they would 
typically be considered behaviours. As for speed being a determining factor, this 
too is problematic for similar reasons. How are we to evaluate the speed of 
inaction? And if we go along with many plant biologists (Silvertown, 1998; 
Trewavas, 2009; Belter & Cahill, 2015; Cvrčková et al., 2016) and agree that 
plants exhibit behaviour, then it would seem that speed, though a common feature 
of much prototypical behaviour, is not a necessary feature.2 The reversibility and 
lability aspects of behaviour also face counter-examples, such as the migration 
patterns of salmon, which happen only once in the lifetime of a given fish, or 
mate choice in species which form long-term mating bonds (see Sih, 2004, p. 114 
for further examples). These phenomena are nevertheless quite clearly 
considered behaviour by biologists. In light of these difficulties, it becomes 
difficult, if not impossible, to find common aspects specific to the outputs of 
phenomena considered behaviour. 
 A fourth and final element found in many definitions of behaviour is the 
notion that behaviour is a response to stimuli, whether external or internal. This 
is the case for instance with Wallace et al.’s definition: “observable activity of an 
organism; anything an organism does that involves action and/or response to 
stimulation” (1991, glossary, our italics), or Raven & Johnson’s  definition as 
“the way an organism responds to stimulation” (1989, p. 1119, our italics). 
Though this does seem to capture something important for a biological definition 
of behaviour, without further precisions regarding the notion of what constitutes 
a response, it remains somewhat vague. Since a ‘response’ is merely a change, 
or movement, which results from a stimulus, these criteria can make it difficult 
to differentiate examples of paradigmatic behaviour from non-behaviour. For 
instance, a tree burning, or an animal molting due to season change, both involve 
                                                
2 We furthermore considered another interpretation of ‘speed’: rather than absolute speed, 
perhaps the appropriate metric would be the ‘execution time relative to life-cycle.’ Our idea was 
that such a conceptualisation could allow for our definition to adumbrate plant behaviour, under 
the assumption that plants such as trees have longer life-cycles, and therefore slower movement 
could still be proportionately seen as ‘fast’. However, the difficulty with such an approach is that 
we are left with an unwieldy metric which inadequately deals with the measurement of ‘execution 
time,’ not to mention issues with short-lived plants and other organisms. 
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changes following stimuli, though few would want to consider them behaviours. 
Nevertheless, if the notion of response alone is insufficient to make the needed 
distinctions, it is a step in the right direction.  
 Certain definitions specify which of the organisms’ underlying mechanisms 
need to be recruited in order to classify the response as one which results in 
behaviour. For instance, Beck et al. emphasize the presence of “a coordinated 
pattern of sensory, motor and associated neural activity [that] responds to 
changing external or internal conditions” as the mark of behaviour (1991, 
glossary, our italics). Levitis et al. define behaviour as “the internally 
coordinated responses (actions or inactions) of whole living organisms 
(individuals or groups) to internal and/or external stimuli, excluding responses 
more easily understood as developmental changes” (2009, p.108, our italics). 
Both these definitions point out that mechanisms of a certain sort must be present 
in order to classify a phenomenon as a behaviour, which allows for a more precise 
understanding of ‘response’ and how this makes the phenomenon a behaviour. 
 We believe that the emphasis on the underlying mechanisms is most fruitful, 
allowing the differentiation of superficially similar phenomena which are 
nevertheless quite clearly at opposite ends of the spectrum of behaviour and non-
behaviour. Compare for instance the two following examples: (a) “A dog bites 
my hand when I touch it”; (b) “A rose bush punctures my skin when I touch it”. 
On a superficial level, both are similar: they involve biological entities to which 
behaviour can be attributed, both entities seem in some sense to have been 
biologically disposed to hurt me, and the output is similar insofar as both result 
in pain to my hand. But the differences become evident when looking at how the 
phenomenon came about, and what the resulting explanation is. In the case of the 
dog, there is a perceptual apparatus which feeds signals to a neural mechanism 
for processing, then coordinated control of bodily movements through muscular 
activity, which leads to the dog biting. The explanans thereby involves a 
sophisticated mechanism (perception, processing, coordinated bodily 
movements etc.), with specific types of entities playing specific roles (visual 
cells, neurons, muscles etc.), and fed by numerous inputs (through vision, smell, 
proprioception, etc.). In the case of the plant, the only mechanism recruited is the 
presence of thorns on the stems, which then come into accidental contact with 
my skin, leading to a puncture wound. This explanans calls upon virtually no 
mechanism whatsoever and involves very few inputs. The perceived difference 
between these two phenomena therefore does not relate to the properties of the 
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organism or phenomenon itself, but rather to what is understood as producing the 
phenomenon. Akin to the definitions mentioned earlier, we argue that what plays 
a key role in behaviour attribution is the set of characteristics of what explains 
the phenomenon to be classified (more about this below).  

Obviously, detailed knowledge about what produces the phenomenon need 
not be complete in order to feed the intuitions. The knowledge can range from 
full-fledged theories to tentative schematic explanations, and even to merely 
assumed mechanisms. In the case of the dog’s biting, for instance, one can either 
conjecture that there is some sensory input, processing and muscular 
coordination, or one can know the minute details of every part of the whole range 
of recruited mechanisms. We furthermore suspect that when the mechanism is 
unknown, the assumptions regarding the underlying mechanisms will often stem 
from anthropomorphising: when seeing an entity act in a way which somehow 
resembles human behaviour, the tendency will be to assume that the underlying 
mechanisms must be similar to a human’s, and therefore that the phenomenon 
will also be a case of behaviour. In sum, the knowledge and details of the 
mechanisms need not be explicit—on the contrary they are quite often implicit.  
 
4  Characteristics of the explanans as reasons for labeling a 

phenomenon ‘behaviour’ 
 
Explanations which rely on explicating the underlying mechanisms through 
which phenomena are brought about have led to a growing literature in 
philosophy of biology and other sciences. We take these “mechanistic 
explanations” to be the fuel behind the intuitions relating to classifications of 
phenomena as behaviour. It goes without saying that other explanations of 
behaviour exist, such as evolutionary explanations, or statistical explanations—
our claim is merely that the mechanistic explanations are those which play a role 
in classification. These types of explanations explain in virtue of uncovering the 
underlying mechanisms which reliably produce the phenomenon that is in need 
of explanation (Machamer, Darden, & Craver, 2000; Glennan, 2002; Craver, 
2007; Bechtel & Richardson, 2010). Mechanistic explanations explain by 
pointing to a number of specific entities—organized in a particular way and 
which carry out a number of specific activities—which, when affected by certain 
input conditions, are susceptible to produce a certain phenomenon. Behaviour as 
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well can be explained through mechanisms. These can come in various types: 
some have numerous entities, others fewer; some are more complex, others 
less, etc. We propose that three specific characteristics of the mechanistic 
explanans play a crucial role in attributing the label of ‘behaviour’ to a given 
phenomenon taken as explanandum. As we show below, each one of these three 
characteristics is best captured as being laid out along a gradient (and therefore 
not in a binary way). 
 
4.1 First characteristic: mechanism complexity  
The first of these characteristics is the complexity of the underlying mechanism: 
the more a mechanism is complex, the more biologists will tend to classify the 
resulting phenomenon as a behaviour. If we return to the comparison between 
the dog biting my hand and the rose thorn puncturing my hand, it is intuitively 
easy to see how the mechanisms underlying the former are quite complex, 
whereas the latter are relatively simple.  
 Of course, ‘complexity’ is a notoriously difficult term to define and to 
quantify. We do not presume to resolve those difficulties here: rather than attempt 
to give a generalizable definition applicable to all contexts, we are content to 
propose a fairly simple heuristic, evaluable through a mechanistic framework: 
what we have in mind with this characteristic is the number of entities and 
relations posited in the mechanism which accounts for the phenomenon. The 
more entities, activities and relations, the more complex a mechanism will be. 
 With this metric in mind, the evaluation of complexity will change depending 
on the bottoming-out entities that are assumed to be relevant for a mechanism to 
be explanatory in a given (disciplinary) context (Machamer et al., 2000, pp. 13–
14). For instance, in a discipline interested in physiological aspects, such as 
botany, one would explain how the rose plant punctured my skin just in terms of 
the presence of thorns, which then come into contact with my skin, leading to a 
wound. But for other disciplines, such as plant molecular biology, one could go 
to a finer granularity, for instance by mentioning the cellular entities involved in 
the growth of thorns. The implication is that measuring the complexity of a 
mechanism for the sake of evaluating whether or not it is a behaviour should be 
done comparatively with other phenomena, ideally at something resembling the 
same level of explanation. This comparative aspect applies to all three 
characteristics, and is addressed in greater detail in Section 5. 
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 When trying to assess the complexity of a mechanism, it may not always be 
possible or easy to evaluate the number of entities and activities that figure in the 
mechanism, especially when the mechanism is not known or detailed. We 
propose three rules of thumb relating to judging the complexity. (a) If the current 
state of science is such that the mechanism is not yet fully understood, it is likely 
that the mechanism is quite complex.3 Of course, this is not a firm rule, since 
knowledge of the mechanisms will depend on contingent factors relating to 
research, such as financing, availability of the research objects, ethical concerns, 
etc. (b) We take for granted that phenomena which stem from conscious and 
deliberate decision-making—or that could be labelled as intentional if one 
wishes—are among the most complex, because of the neural mechanisms 
involved, which are often so complex that we understand them only very partially 
(this relates to point (a) above). (c) When comparing phenomena, it can be useful 
to wonder whether one phenomenon’s mechanism is completely or partially 
‘included’ in the other. For instance, reflex movement is less complex than 
deliberate movement, since much of the mechanism included in reflex movement 
will be solicited by deliberate movement, as well as many others. 
 To clarify our understanding of the valuation of complexity, the following are 
examples of phenomena which score high on complexity. As alluded to earlier, 
“A dog bites my hand when I touch it” involves a very complex mechanism, 
recruiting various senses, deliberate muscle control and other neurological 
mechanisms. A similar story can be said about other phenomena such as “A dog 
salivates in anticipation of feeding time”, or “A salamander performs autotomy 
to escape a predator”.4 Complexity is also high for “A salamander regenerates a 
lost limb”, though it recruits complex developmental processes rather than the 
whole gamut of neurological mechanisms involved in the examples above. 
 Phenomena which score low are ones such as “A rose bush punctures my skin 
when I touch it”. The mechanistic explanation used to describe the phenomenon 
is extremely simple compared to the previous examples, limited as it is to the 
presence of thorns on the stem. Similarly, “A spider falls to the ground along 

                                                
3 If, on the other hand, the mechanism is not known by the individual researcher but it is known 
by other biologists, this can lead to mistaken assessments of the complexity of the mechanism 
(and indeed all characteristics of the mechanism). This issue is addressed in Section 5. 
4 Autotomy is when an organism deliberately casts off a part of its body when under threat. 
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with its orb web; both were caught by the wind” involves essentially no 
mechanism since the spider is a passive victim in this accident. 
 There are, of course, intermediate cases as well. For instance, the mechanistic 
explanations for “A sunflower turns its head to follow the sun” exhibit a certain 
complexity (Vandenbrink, Brown, Harmer, & Blackman, 2014), calling as they 
do on many entities and processes—such as mechanisms for the directional 
perception of a light source and differential growth of stem segments—though 
certainly not of the same order as the deliberate decision-making found in cases 
which score high. “A human’s leg jerks in a reflex response to an impact on the 
knee” is also considered intermediate, since using the third rule of thumb 
described earlier, it calls upon muscular and nervous mechanisms, but omits the 
deliberate decision-making processes involved in high-scoring complex 
phenomena. 
 
4.2 Second characteristic: entities stability 
Another strong intuition which fuels our assessment of whether or not a 
phenomenon ought to be classified as a behaviour is how ontologically stable the 
mechanism is. This is particularly important in how we differentiate behaviour-
like phenomena from development-like phenomena: in the former case the 
entities constituting the explanatory mechanism stay as-is (i.e. do not cease to 
exist or do not create new entities), whereas in the latter case, entities tend to be 
created, modified, or destroyed (for example in instances of growth or cellular 
differentiation). The second important characteristic of the explanans that we 
propose to single out is thus the entities’ stability in the mechanistic explanation. 
The more stable the entities of a mechanism are during the production of the 
phenomenon of interest, the more likely the resulting phenomenon will be 
labelled as ‘behaviour’. Conversely, the more change there is in the entities (for 
instance, with new entities coming into existence or entities disappearing), the 
more likely the phenomenon will not be an instance of behaviour—but rather 
typically an instance of development, aging, or degradation/decomposition.  
 Of course, change affects all entities of a mechanism through the action of 
their activities and according to their respective relationships: change is what 
produces the phenomenon the mechanism is supposed to explain. Yet change 
may affect the entities of the mechanism in two different ways. On the one hand, 
it may only concern the spatio-temporal position of the entities: this is typically 
what happens with the gears of a mechanical clock (they turn but remain intact—
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except for wear, which is neglected in the regular functioning of the clock 
mechanism). On the other hand, change may concern the very existence of the 
entities: most of the entities that constitute a firework get destroyed during the 
functioning of the firework; and conversely, numerous novel entities are created 
during the course of the development of an embryo. The second of these two 
characterizations of ‘change’ is the relevant one for the sake of categorization of 
phenomena as behaviour. 
 “A dog bites my hand when I touch it” is a paradigmatic case of a phenomenon 
scoring high on entities stability: all the entities recruited in the mechanistic 
explanation remain essentially as they were at the outset. Other cases, such as “A 
spider builds its web”, involve a very small degree of entities production (in this 
case the silk), but the great majority of the entities remain stable throughout the 
process (all entities of the spider’s sensory mechanisms, of its muscle control and 
other neuro-physiological mechanisms involved in building a web). The same 
can be said of “A rose bush punctures my skin when I touch it”, since the thorn 
remains in place. 
 Phenomena which almost exclusively rely on growth and developmental 
processes will score low on this characteristic. For instance, “A plant adjusts its 
root placement in response to neighbours” (Belter & Cahill, 2015) is explained 
through the mechanisms of root growth, involving the production of a vast 
amount of new constitutive entities. In the same way, “A salamander regenerates 
a lost limb” is a phenomenon relying exclusively on developmental processes. 
The loss of entities is also a reason to score low on stability, as in the case of “A 
tree burns in a forest fire”, where the entities decay and are lost in the fire. 
 Intermediate cases include “A sunflower turns its head to follow the sun”. 
Though this type of growth-mediated heliotropism does rely on irreversible cell 
expansion, that change is localized and therefore involves only a small part of the 
plant (Vandenbrink et al., 2014). “A salamander performs autotomy to escape a 
predator” is another intermediate example: many entities are lost in the process, 
in this case the salamander’s limb, though the salamander itself and the 
mechanism through which the autotomy is produced remain mostly intact (if the 
escape is successful!). 
 It is interesting to note here that many phenomena which can be labelled 
behaviour in plants rely on developmental processes and therefore will tend to 
score low or intermediate on this dimension (though not all: “A mimosa plant 
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shuts its leaves when touched”5 scores high on stability since the mechanisms do 
not involve developmental processes). This is one of the reasons plant behaviour 
is often considered a marginal case of behaviour (see Section 5). 
 
4.3 Third characteristic: quantity and significance of difference-making 
inputs to the mechanism 
The third characteristic of the explanatory mechanism which, we argue, plays a 
role in differentiating behaviour and non-behaviour is the inputs that trigger the 
mechanism in the first place. Take the dog and rose bush examples. The dog’s 
biting of my hand involves the perception of stimuli in the form of visual and 
olfactory cues, and perhaps internal stimuli which dispose the dog to be 
aggressive (or prone to defend itself). A mechanistic explanation the dog’s biting 
will include all of these as inputs of the mechanism. On the other hand, the plant’s 
only input in the explanation of the puncture wound is that my hand came in 
contact with it. The dog example therefore calls upon multiple inputs, the rose 
bush example only one; as such, the dog’s biting will be considered more of a 
behaviour than the plant’s hurting my hand. 
 This characteristic relates to the inputs which are relevant to the mechanism 
explaining the phenomenon. The more relevant inputs there are, the more we will 
tend to call the phenomenon a behaviour. This can intuitively be understood as a 
form of reactivity or response to inputs in general, whether environmental or 
otherwise: if the mechanism changes its operation, end-state or outputs according 
to a broad range of inputs, it will be more reactive, and closer to paradigmatic 
cases of behaviour. 
 Of course, for each mechanism there are a potentially infinite number of inputs 
if one includes (for instance) all necessary circumstances. For the sake of 
classification of behaviour, and indeed for scientific explanation in general, what 
is relevant is the identification of ‘difference-making’ inputs in the sense 
highlighted by Waters (2007) in the context of causation. According to Waters, 
an actual difference-making cause is one which accounts for an actual difference 
in outcome, this difference being measured for a given population (in other 
words, a set of instances) that have been determined by our epistemic interests 

                                                
5 Mimosa pudica plants are well known for their capacity for seismonastic reaction to touch, 
meaning that they can ‘shut’ their leaves by folding them close to the stem. The mechanisms 
involve electrophysiological processes, as opposed to developmental ones (Allen, 1969). 
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(2007, p. 569). Similarly, we can define a difference-making input to any given 
mechanism as one which accounts for an actual difference in the phenomenon 
that is produced by that mechanism, for a given set of instances of that 
mechanism. What this implies for our purposes is that it does not suffice to have 
many inputs; only the inputs which account for some difference will be relevant. 
For instance, although the growth of a tree’s limb requires a great number of 
inputs—sunlight, water, nutrients and minerals (Poorter, Anten, & Marcelis, 
2013)—these inputs may not be actual difference-makers if the relevant 
population of growing trees is affected by the same inputs. In the context of 
behaviour, if the relevant population is a copse of trees which are all exposed to 
sensibly the same inputs, then these will not be difference-making inputs between 
the trees that compose that copse (population). If, on the other hand, only one of 
the trees grows much faster or slower due to particular inputs, then those 
particular inputs will be considered difference-making and therefore relevant to 
behaviour attribution.6 
 Consider the following examples which score high on difference-making 
inputs: “A dog bites my hand when I touch it” and “A salamander performs 
autotomy to escape a predator”. In both cases the underlying mechanism 
integrates a great number of inputs over time in order to arrive at the end state, 
whether it is the biting or the autotomy. Conversely, the explanatory mechanism 
for “A rose bush punctures my skin when I touch it” recruits very few inputs, 
simply the presence of a thorn on the rose bush and the trajectory of my hand 
relative to the bush. A more difficult case could be “A salamander regenerates a 
lost limb”: the mechanism underlying this phenomenon is likely to be a complex 
growth process with many entities at the cellular and molecular level; yet this 
complex growth process is simply triggered by a single variable: the sectioning 
of the limb. In this respect, it too can be considered to score low on difference-
making inputs. 
 Intermediate cases are those which integrate a certain number of inputs over 
the unfolding of the mechanism, but fewer than the paradigmatic cases. For 
instance, “A dog salivates in anticipation of feeding time” involves the dog 
integrating the information regarding the time of day and the implications thereof 

                                                
6 Note that Waters (2007) adds in footnote 24 that this analysis also applies to singletons when 
the population is considered to be the individual “before, during, and immediately after” the input 
is considered. This also applies to our analysis.  
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(whether consciously or not), but that remains fewer inputs than those involved 
in the example of the biting of a person’s hand above. “A plant adjusts its root 
placement in response to neighbours” is an example of a plant mechanism 
integrating a certain number of difference-making inputs, namely its neighbours’ 
location, species and even relatedness (Belter & Cahill, 2015), and changing the 
root placement accordingly. 
 
4.4 Rejected characteristics 
There are further characteristics that we considered but ultimately rejected due 
either to the existence of counter-examples, or because the characteristics we 
propose already account for those aspects. If it is possible to find an example of 
a phenomenon which is considered to be a paradigmatic example of behaviour, 
but which does not satisfy the criterion highlighted, then that criterion is not a 
crucial feature of behaviour. As such, in our review of the various definitional 
elements (section 3), we have already given good reasons to reject many of the 
characteristics that we considered as contenders for relevant aspects of 
behaviour. 
 This explains why we ignore the type of entity to which the behaviour is 
attributed, as well as all the ways of characterising the outputs of the mechanisms 
in question. As we mentioned earlier, behaviour is attributed to all manner of 
entities, and the sheer variety of possible outputs which are labelled ‘behaviour’ 
make it impossible to use those elements as determining factors for behaviour 
classification. For instance, though it is often the case that rapid movement will 
be considered behaviour, there are nevertheless paradigmatic examples of 
behaviour which involve no movement whatsoever, such as playing dead, or the 
freezing behaviour of prey animals. Thus, even in a spectrum framework, entity 
type and outputs are not factors which make a phenomenon more or less a 
behaviour, since certain examples are clearly considered behaviours despite the 
variety of entities and outputs. 
 The notions of intentionality or goal-directedness may be intuitively 
appealing, but as previously mentioned, within biology they are typically 
discarded in favour of a more naturalistic understanding of the mechanisms of 
decision-making. In that respect, the notion of behaviour being a “response” is 
captured by the three characteristics we have highlighted, since a response, 
translated in terms of a mechanistic explanation, will involve a complex 
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mechanism which adequately deals with a number of difference-making inputs, 
often without significant changes to the constituent parts of that mechanism.  
 
 
5  Behaviour space  
 
Paradigmatic cases of behaviour are legion, and are those phenomena that 
typically score high on all three dimensions. For instance, the mechanism put 
forward to explain “A dog bites my hand when I touch it” is complex, stable, and 
relies on a great many inputs. The same can be said of innumerable other 
examples, such as a bird building a nest, a wolf hunting its prey, a bee foraging 
for nectar, a person playing soccer, etc. Any phenomenon which is 
uncontroversially considered behaviour will score high on all three 
characteristics. On the other hand, paradigmatic cases of non-behaviour will 
score low on at least two of the three dimensions. For instance, “A mouse floats 
in zero gravity in outer space” (taken from Levitis et al. 2009) is paradigmatically 
not a behaviour, since the underlying explanatory mechanism scores low on both 
complexity and inputs. Similarly, “A salamander regenerates a lost limb” scores 
low on both stability and inputs (as discussed earlier), and is therefore clearly 
non-behaviour. The three characteristics taken together thus make it possible to 
differentiate between paradigmatic cases of behaviour and non-behaviour. 

But in between these paradigmatic extremes are a broad range of intermediate 
cases. One of the interests in using the combination of these characteristics is to 
reveal these intermediate phenomena: those which score neither high nor low on 
at least one of the characteristics, or which score low on only one of the three. 
When forced to say whether a given intermediate case is or is not a behaviour, 
some biologists will say that it is, and others that it is not. However, in our graded 
view of behaviour, these are simply phenomena which remain intermediates: 
neither paradigmatic behaviour, nor non-behaviour, but somewhere in between. 
 Inspired by Godfrey-Smith’s (2013) treatment of Darwinian individuals, we 
have constructed a three-dimensional space, where each of the characteristics is 
represented as a dimension, that makes it possible to capture the full range of 
phenomena and compare them to one another by means of assessing how their 
underlying explanatory mechanisms fare along each of these characteristics (see 
Fig. 1). The phenomena placed within it are intended to be relatively 
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uncontroversial, with the placements along each axis assumed to be fairly 
intuitive when remaining as close as possible to the same level of analysis. The 
illustration shows certain informative contrasts among phenomena, but limits 
itself to a coarse three-way distinction for each axis, with cases rated on each 
dimension as low, intermediate or high. As a general rule, the closer a case is to 
the corner representing a high value for all dimensions, the more it is a behaviour, 
though as will shortly be discussed, interesting differences exist between 
disciplines and when looking at finer distinctions for certain axes. We note 
furthermore that there exist cases which are high on one dimension and low on 
the others, implying that the dimensions are conceptually independent from one 
another, the important point being their capacity to capture the diversity of 
behavior-related phenomena. 

 
Figure 1 – Three-dimensional behaviour space, with positioning of sample phenomena (positioning done 
by assessing the score of the underlying explanatory mechanism along each one of the three dimensions: 
complexity, stability and inputs). 

 Most of the examples present in the cube have been at least partially justified 
in the discussions for each of the three characteristics (Section 4), and we will 
cover here only a few of the as yet unjustified placements. “A mimosa plant shuts 
its leaves when touched” has already been highlighted as an unusual example of 
plant behaviour which scores high on stability. It furthermore falls in the 
intermediate area for complexity since the underlying mechanism does involve a 
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good amount of entities and activities, including electrophysiological processes 
which affect turgor pressure (Allen, 1969). It furthermore scores intermediate for 
inputs, since there is some sensitivity to touch (but not all touch at all times 
[Cahill, personal communication]), though few other inputs will have an effect. 
“A tree grows a limb over years” scores low on stability due the fact that the 
mechanism effects change precisely by adding constitutive entities to the tree in 
the form of additional cells with varying structures and functions. The complexity 
is intermediate since though the mechanisms involved in growth-ring formation 
do contain many entities and activities (Rossi et al., 2006), they are not as 
complex as the neurological mechanisms involved in many of the paradigmatic 
cases of behaviour. This growth furthermore scores low on inputs since despite 
the fact that inter-species variability can be great, growth rates tend to be similar 
for a given species in a given location (Rossi et al., 2006, p. 302), implying that 
the inputs tend to not be actual difference-makers. “A tree burns in a forest fire” 
scores low on all dimensions: the explanatory mechanism is simply a set of 
oxidation reactions of the organic compounds of the tree; because the burning 
destroys the constitutive entities of the mechanism, the stability is low; and the 
difference-making inputs are low when considering that the burning requires only 
the difference-making input of heat. Interestingly, this is one of the few examples 
we have found of a phenomenon scoring low on all dimensions. We suspect that 
this is due to the fact that it is rare that biological mechanisms will jointly present 
low stability and low complexity, since the former often relies on complex 
developmental mechanisms, or alternatively passive ones such as in the example 
just mentioned of the tree burning. Finally, “A human performs mental 
calculations” is high on complexity and stability since the intricate neural 
mechanisms it recruits remain essentially unchanged, and low on inputs since 
very few elements will be difference-making aside from the numbers and 
formulas to solve. 
 It is possible to place any phenomenon of interest within these three 
dimensions—simply by assessing the characteristics of its underlying 
explanatory mechanism—and hence evaluate just how close it is to being a 
paradigmatic case of behaviour. Comparing our results to those of Levitis et al.’s 
survey reveals that our approach captures the paradigmatic cases, as well as the 
difficult intermediate cases which caused “major divergences among respondents 
as to whether the phenomena were behaviours” (2009, p. 107). Indeed, all 
phenomena which met with widespread approval score high on all three 
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dimensions, those which were generally considered non-behaviour score low or 
intermediate on at least two dimensions, and intermediate cases fall somewhere 
in between.7 
 The placement of each of these cases within the cube comes with a few 
caveats, notably with respect to the valuing or measurement of each of the 
dimensions. First, we should note that we do not expect there to be precise, 
numeric values for each dimension; the placement should instead be understood 
as a way of sketching comparisons between different phenomena. The position 
of a phenomenon will therefore be done with respect to other phenomena which 
are believed to be better understood or more easily classified than the 
phenomenon at hand in terms of their underlying explanatory mechanism. We 
take for granted that comparing cases involving very different entities as we have 
done makes it impossible to discern fine distinctions along each axis, hence the 
coarse-grained nature of the behaviour-space in Figure 1.  
 Second, it is furthermore necessary, when trying to compare mechanisms with 
a view to assessing whether a phenomenon is an instance of behaviour, to attempt 
as best as possible to remain at the same level of analysis. There will be times 
when comparisons across levels are done, but it will always be very difficult due 
to the fact that entities and activities present in different mechanisms can 
sometimes belong to radically different types due to epistemic interests and 
choice of bottoming-out entities (Machamer et al., 2000). This difficulty may be 
why our intuitions are so conflicted when we attempt to do so; talk about 
behaviour at the level of single-celled organisms (e.g. Hansell, 2007; Dussutour 
et al., 2010), in particular bacteria (Ben-Jacob et al., 1994) or even proteins 
(Royer, 2002) can be somewhat jarring, but close examination of the phenomena 
can leave biologists with the feeling that it does indeed look something like 
behaviour. 
 Finally, the knowledge that is mobilized to determine where to place a 
phenomenon can have a great impact on the valuation for each dimension. This 
is reflected in individual and disciplinary knowledge, as well as the advancement 
                                                
7 For brevity’s sake we have not reviewed each of the cases in Levitis et al. (2009) here, though 
we encourage curious readers to see for themselves how our approach compares favourably with 
the survey results. We also are aware that the survey takes for granted a binary approach and 
therefore does not measure the degree to which a phenomenon is a behaviour; as such the results 
need not—and do not—directly correspond to our valuations. Nevertheless, we believe that it is 
reasonable to assume that divergences in opinions among biologists are an indication that the 
cases are intermediate cases and not paradigmatic ones. 
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of science in general. In Section 3 we mentioned that, on an individual level, 
knowledge need not be complete, and indeed may be schematic or assumed; 
though in some circumstances the degree of detail may not change the final 
classification, it sometimes does. The knowledge-dependent nature of the 
valuation can also be reflected on a disciplinary level, especially when 
considering the comparative aspect of the valuations. This is notably the case in 
phenomena sometimes labeled ‘plant behaviour’: what could look to the 
layperson (or non-plant biologist) as a clear example of non-behaviour may be 
judged otherwise by a plant biologist. On a more general level, this also implies 
that our understanding of a phenomenon as a behaviour—hence its relative 
positioning in the cube—is liable to change as our explanations for its underlying 
mechanisms change or get refined over time.  
 
 
6  Shades of behaviour 
 
There are many cases of phenomena falling somewhere between paradigmatic 
cases of behaviour and non-behaviour. As touched upon earlier, these 
intermediate cases pose problems for those who assume that behaviour is a 
categorical concept: where does one draw the line, both in terms of definitions 
and classification? Our conceptualisation removes the need for such a line. 
Behaviour is understood not as a definite and circumscribed class of phenomena, 
but simply a way of understanding certain complex biological processes which 
are particularly receptive to inputs, and which tend to preserve the entity or 
mechanism in question as-is. Intermediate cases are therefore phenomena which 
score lower on these dimensions. Our approach explains away the variable 
intuitions, by pointing out that forcing biologists to draw a line between that 
which is and is not behaviour leads to unnecessary and difficult decisions on an 
individual level, and conflicting decisions when comparing with peers. If it is 
recognized instead that phenomena can simply be classified as more or less 
behaviour, then these conflicts disappear, and are replaced instead by debates 
regarding the valuation along each axis.  
 Because placement in the behaviour-space depends on the knowledge of the 
classifier, the level of analysis, and importantly, comparison with other cases, 
different disciplines are likely to place phenomena at somewhat different 
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locations, and even to understand behaviour in a broader or stricter sense. In 
Figure 2 we have identified broad regions understood as behaviour for different 
classes of entities (often—though not exclusively—correlated with different 
biological disciplines). The region typically associated with human behaviour 
tends to include at its margins phenomena which score very high on complexity 
and stability, but that need not score high on the inputs dimension. This is likely 
due to the fact that we, as humans, can understand or assume the mental processes 
behind some apparently input-free phenomena. For instance, we appreciate that 
a person performing mental calculations and who is otherwise immobile is doing 
something like behaviour. However, when looking at animals, plants, or other 
entities, we will often assume that immobility is simply the absence of 
behaviour—except in notable cases such as when animals play dead, in which 
case we understand that the lack of movement is the result of complex neural 
processes and the integration of multiple inputs. This explains why the region 
associated with animals is similar to that associated with humans, except for a 
higher requirement with respect to the inputs dimension. 
 

         

 
Figure 2 - Behaviour-spaces representing the volumes containing phenomena that would be considered 
behaviour for animals (top left), humans (top right), and plants (bottom). 

 When it comes to plants, plant biologists will tend to conceptualize even 
marginal cases as behaviour. This is due, at least in part, to the comparative 
valuing of the dimensions mentioned earlier: explanatory mechanisms within 
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plants, which seem complex compared to other plant mechanisms, may appear 
less so when compared to certain human or animal neural processes such as those 
involved in deliberate decision-making. The same applies to the inputs 
dimension. The stability dimension is also treated quite differently, as evidenced 
by phenomena such as root foraging, which are sometimes conceptualised as 
behaviour despite the fact that they clearly rely on developmental processes. In 
light of these examples, some plant biologists do not believe that the stability 
dimension is very important (Cvrčková et. al 2016; Cahill, personal 
communication), since in many cases it is the only way that plants can exhibit 
something resembling behaviour. Indeed, for sessile organisms, development is 
often the most viable option for complex interactions with the environment—
though not the only option (e.g. Mimosa pudica mentioned above). The 
understanding of what counts as behaviour for plants is therefore more 
permissive than for animals or humans. 
 One last area which we have not highlighted in the behaviour space is the use 
of the term ‘behaviour’ as applied to inanimate objects. As previously mentioned 
(Section 2), the common definition of behaviour is divided in two definitions, 
one applying to animate entities (the way an animal or person behaves) and the 
other to inanimate entities (e.g. “the erratic behaviour of the old car”). We believe 
that our proposed conceptualisation of behaviour not only captures the use of the 
term in the biological literature, it also captures its use elsewhere. Thus, a 
mechanistic explanation of the car’s erratic behaviour will likely focus on a few 
worn-out components—say the steering rack—resulting in relatively low scores 
in terms of difference-making inputs (compared to well-functioning cars); 
complexity of the mechanism however could still be found to be average, and 
stability high. All in all, this will result in placing the old car behavior far from 
the upper-right cases of paradigmatic behaviour, though not in the lower-left 
corner either. Thus, when the term is used to refer to inanimate behaviour, it can 
be understood as cases that are even further from prototypical biological 
behaviour, though still within the behaviour-space. We furthermore suspect that 
all uses of the term ‘behaviour’ could fit somewhere on the spectrum, including 
such phrases as ‘hurricane behaviour,’ or ‘the behaviour of metals.’ In all cases, 
there is an assumption that there are inputs which will trigger some complex 
underlying mechanisms which will generally not alter the stability of the entities; 
though to be sure, most uses for inanimate behaviour will be quite far from the 
paradigmatic behaviours found in biology. This brings us back to certain uses 
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within biology which, it could be argued, use the inanimate sense of the common 
definition, for example when talking about the behaviour of proteins or viruses. 
By encompassing even these uses, we forgo the need to assume the two different 
senses of the common definition, once again relying instead on the three 
dimensions of behaviour we proposed. 
 In light of this, and despite intuitions to the contrary, it is therefore incorrect 
to say that a given phenomenon will “count” or not as a behaviour. Indeed, 
abandoning the binary assumption not only removes the problems related to 
intermediate cases, it quite radically changes the conceptualisation of behaviour 
itself. The debate surrounding the classification of a particular phenomenon 
changes from one regarding the definition of behaviour to an empirical and 
comparative investigation into the underlying mechanisms. If a researcher can 
show that a given phenomenon is in fact produced by a complex, stable and input-
laden mechanism, then its placement within the behaviour-space will be 
uncontroversial, and hence its position relative to paradigmatic examples of 
behaviour. Classifications of phenomena will therefore be based on empirical 
grounds, regarding specific characteristics of the explanation (which is, 
incidentally, what biologists are in fact interested in). Whether or not a given case 
truly is a behaviour is simply not a question which can be answered: rather, one 
should ask whether one deals with a paradigmatic case of behaviour or a more 
marginal one, dissolving certain quarrels among biologists who might complain 
of incorrect uses of the term. 
 If recognizing that behaviour is a spectrum yields interesting consequences, 
placing the cases within a behaviour-space furthermore has heuristic value. Not 
only can we identify regions associated to particular entities or disciplines, as 
seen in Section 5, populating the behaviour-space reveals that certain areas are 
sparser than others. Some of these areas seem to be due to logical impossibilities, 
such as high inputs but low stability and complexity (how could a mechanism 
integrate many inputs and change the entities within it without complexity?). 
Others may simply be due to our own ignorance, both on a personal level (i.e. we 
the authors may simply not know about them), and on the grander scale of 
scientific knowledge. As such, the behaviour-space may steer investigations 
towards the discovery of heretofore rare or unseen phenomena, in an attempt to 
better understand the limits of behaviour or biological mechanisms in general. 
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7  Conclusion 
 
Behaviour is more often than not undefined in biology, and when researchers 
attempt to define it, they assume that it is a categorical concept. We have shown 
that this leads to problems, including the lack of consensus in definitions and 
classifications. We have proposed instead a conception of behaviour as a 
spectrum, which turns to the explanations of the underlying mechanisms of the 
phenomenon in order to determine to what extent it is considered a behaviour. 
The important characteristics are the complexity, inputs and stability of the 
mechanism. What we are left with is a more flexible understanding of the concept 
of ‘behaviour’ which relies not on a categorical definition, but rather on the idea 
that phenomena are understood using different characteristics, each comparable 
along a spectrum. This conception explains why definitions and classifications 
of behaviour have thus far been difficult in biology, and furthermore accounts for 
individual and disciplinary differences in conceptualisations of behaviour. It also 
removes the problems relating to drawing a line between that which is and is not 
behaviour by pointing out that we are simply dealing with intermediate cases, 
somewhere between paradigmatic cases of behaviour and non-behaviour. Rather 
than trying to find where a demarcation is, we can instead recognize that these 
intermediates are different strategies that organisms or other biological entities 
have developed to interact with the environment, some more complex, stable, or 
input-dependent than others. 
 Finally, we understand our approach to defining behaviour to be a tool for 
dissolving apparent pluralism. Faced with the disagreements regarding 
definitions and classifications of behaviour, some have attempted to propose new 
definitions (Levitis et al., 2009), and others have taken it as a demonstration of 
disunity within biology (Longino, 2013, p. 151). Our conception suggests that 
the real problem is in the binary assumption, and that understanding the term as 
a multi-dimensional spectrum effectively bridges conceptual gaps between 
disciplines. Many researchers have proposed various integrative strategies (e.g. 
Darden & Maull, 1977; Mitchell, 2003; Brigandt, 2013; Leonelli, 2013; Sullivan, 
2017; Laubichler, Prohaska, & Stadler, 2018). Graded concepts such as ours and 
Godfrey-Smith’s (2013) also contribute to the integration of disciplines and 
concepts, adding another tool to the integrationist toolbox. 
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