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Abstract

This paper evaluates recent work purporting to show that the “agency” of organisms is an important phenomenon for evolutionary biology to
study. Biological agency is understood as the capacity for goal-directed, self-determining activity—a capacity that is present in all organisms
irrespective of their complexity and whether or not they have a nervous system. Proponents of the “agency perspective” on biological systems
have claimed that agency is not explainable by physiological or developmental mechanisms, or by adaptation via natural selection. WWe show
that this idea is theoretically unsound and unsupported by current biology. There is no empirical evidence that the agency perspective has the
potential to advance experimental research in the life sciences. Instead, the phenomena that the agency perspective purports to make sense of
are better explained using the well-established idea that complex multiscale feedback mechanisms evolve through natural selection.
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Introduction

Agency has been the subject of increasing attention in biol-
ogy and allied disciplines, as indicated by the number of
special issues, edited volumes, books, and papers devoted to
it (e.g., Corning et al., 2023; Fibregas-Tejada et al., 2024;
Levin, 2022; Mitchell, 2023; Moczek & Sultan, 2023; Moss,
2024; Newman et al., 2024; Sultan et al., 2022; Svorcova,
2024; Vane-Wright & Corning, 2023). In colloquial contexts,
“agency” is a cognitive or psychological term with connota-
tions of freedom, self-determination, and rational control. It
is commonly used in human social settings that presuppose
a high level of neurobiological complexity among actors.
Biological agency, however, has been treated as something
that is displayed by all organisms—even those without ner-
vous systems or advanced cognition. Proponents claim that
biological agency captures an important phenomenon that
has been neglected by the gene-centric research programs
in evolutionary biology that originated during the Modern
Synthesis. Proponents also suggest that a focus on agency
promises to fill in crucial explanatory gaps purportedly left by
these traditions, while also supporting an empirical research
program capable of revealing previously unknown facts
about the biological world.

There are several versions of the agency concept in
the recent literature (see Okasha, 2018, 2024), which pres-
ent orthogonal or even incompatible proposals of its meaning
and role in biological research (see Box 2 below). Here, we
focus on one prominent understanding of agency, exempli-
fied especially in Sultan et al. (2022), papers in Moczek &

Sultan (2023), in Corning et al. (2023), and Newman et al.
(2024). In this understanding, agency is an organism’s capac-
ity for goal-directed activity and self-determination that is not
explained by underlying mechanisms or by natural selection.
We refer to this as simply as “biological agency.” Biological
agency is supposed to be manifested in a diverse set of more
specific features, including niche construction, robustness,
plasticity, open-ended evolvability, downward causation,
internal causal control, and even the origin of evolutionary
novelties. Many of these phenomena are those foregrounded
by advocates of the Extended Evolutionary Synthesis (EES)
(Lala et al., 2024; Laland et al., 2015), and much of the liter-
ature on biological agency can be understood as an extension
of that controversial framework (Dickins & Dickins, 2023;
Futuyma, 2017; Houle, 2024; Noble et al., 2017; Svensson,
2018). In addition, much of the recent work on agency aims
to resuscitate the Aristotelian view of biological purpose and
teleology as real rather than merely apparent, and as rooted
in individual organisms rather than being explained in terms
of Darwinian natural selection in populations (Corning et
al., 2023; Oderberg, 2018; Turner, 2017; Vane-Wright &
Corning, 2023; Walsh, 2015; Woodford, 2016).

The flurry of recent work promoting this “biological agency
perspective” has not been subjected to careful scrutiny. We
show that the central claims of the agency perspective are
misguided, and their acceptance would be detrimental to the
progress of the biological sciences (see Box 1 for a summary).
The following sections critically examine what we take to
be the core aspects of biological agency: goal-directedness,

Received September 23, 2024; revised November 22, 2024; accepted December 9, 2024

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Evolutionary Biology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
mailto:james.difrisco@crick.ac.uk
mailto:rgawne@nevadaculture.org
https://watermark02.silverchair.com/voae153.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAl8wggJbBgkqhkiG9w0BBwagggJMMIICSAIBADCCAkEGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMH0ah-M4QdTiJAEmCAgEQgIICEmU5HJaLRX6JZ7jWZGIOVVZYcUatb3HuWlMJijwTFZfVe3FXkYIBYR7HGXuW9FlK0jfW0v704VwG7gdBxb9-XpChiOvhlY6dc7d30uzI7PH-avb3fbIoy0mmVnBeMBwSBqusPCuI4VXd1zkKI0XHbnFr1zKGrqVYvpb-DNazxqsWmYGHgkFa7leUwnCtLZ7gVhvsK1zbDZGI-wtu3U49iTDUvmNaj2mkJZw-piqv0yqZTIELTymgsP_GZZ4NCVhScrhSNG0Jgvr3lkuDXUTJv_atCGo6vYrl1Nwz1_ZbsLKoFTWioXu6J60PL5NMzzJq1KXeOVXj8S7mof68C4UAgvITlXriBibjlBmfHYJWhNzetuKHtVOcKWleB0tL6LeC16rgvD0savChC2XTo5MjjKFkFEkNmpVKyyHvfFSVqtAqdIKPvlN7PFoROyORFBKilctRWDQSvavXdwasXj0obDDsPJ8LfUxW2OGMbXvOKWL77ccs5hgwCWWC0evhniiloWuL2rMykIzj5Xt6RtaU-UmaI_eIMjYUgYIaPg8lJe3iSxr2emn_i18VdMgHwEDDBiO-fRBtHmU3LJ2dqSi3MQCLXDuZL_zGZzg4ZD7A24Dk66dHglEfTmyjPdPZZdSDstzgnt-Bq-qRyXjXor9z5YCmPIjyFEW6hUy5Ss4v6V53dJsdEf0XbXJ6hyUw5gIwZX7M

144

Box 1:The central claims of this paper

1. An organism’s capacity for goal-directed behaviour does not
itself explain any biological phenomena. Apparently goal-
directed behaviours are, instead, something to be explained
as an evolved characteristic of biological systems.

2. The capacity for goal-directed behaviour (outside of human
cognition, which can set arbitrary, novel goals) is explained
by Darwinian natural selection acting in populations of indi-
viduals.

3. Notions such as self-determination, or the idea that the
whole organism is a cause of its own developmental or
physiological processes, are either empirically untestable,
or restatements of ordinary questions about which causal
mechanisms at which scales influence events.

4. Downward causation and context-dependence are “mech-
anistic” in the sense relevant to experimental biology. They
are not mysterious processes that require adopting the te-
leological form of investigation provided by an agency per
spective.

5. Rejection of molecular reductionism or determinism does
not necessitate a commitment to the idea of biological agen-
cy. Researchers need not embrace the agency perspective
in order to acknowledge the importance of multi-level com-
plexity, emergence, and downward causation.

6. The idea that biological goal-directedness is a product of nat-
ural selection rather than the inherent agency of organisms
does not require a commitment to the idea that all traits are
adaptations. It is compatible with genetic drift, mutation, and
developmental constraints playing an important role in evolu-
tion.

7. Agency is a psychological concept originating in heuristic
ascriptions of intentionality. Accordingly, it is applicable only
where psychological explanations are useful—i.e., when ex-
plaining the behaviour of humans and possibly other neuro-
logically complex organisms such as primates.

8. Agency is not an empirically meaningful property, and incor
porating the agency concept into experimental practices will
not contribute to progress in biology.

non-mechanistic explanation, and self-determination. Each
aspect is problematic in light of current biology. We show that
the central claims of the agency perspective are uninterpreta-
ble except as promoting a cryptically cognitive or psychologi-
cal perspective on biological systems, despite assurances to the
contrary. In effect, this perspective represents an effort to rein-
stitute the use of untenable psychological or folk-biological
ideas in experimental research on non-human organisms.
Because this perspective does not generate testable predictions,
it is empirically unproductive. We conclude that biological
agency is an empty concept without a research program.

Agency and goal-directedness

Organisms from bacteria to ants to sequoias are generally
well-adapted to their environments, and display physiologi-
cal and/or behavioural tendencies toward certain outcomes
and against others. Supposing that all organisms display
“goal-directedness” in some form, there are two possible
explanations for this. One is to pursue an analogy with the
goal-directedness that pervades human psychology by invok-
ing a special property inherent to all living organisms—their
agency. While cognitive agency in human beings involves things
like intentionality, self-awareness, symbolic reasoning, and
complex inference in pursuit of goals (Dennett, 1987), simpler
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organisms like bacteria lack these mental capacities. It then
becomes pressing to clarify what this form of non-cognitive,
biological agency is. What is clear is that single-celled organ-
isms have morphological, physiological, and behavioural
traits that tend to promote the individual’s survival and
reproduction. This provides the basis for the other explana-
tion for goal-directedness—namely, that it is adaptation due
to natural selection. We argue that this is a sound basis for
understanding biological goal-directedness, whereas agency
is not.

There is an extensive historical precedent for explaining the
goal-directedness or purposiveness of organisms as adapta-
tion arising from the process of natural selection (Boomsma,
2022; Dennett, 1995; Dobzhansky, 1937; Huxley, 1942;
Mayr, 1961, 1982; Simpson, 1950; Weismann, 1889, 1893;
Williams, 1966). Darwinian explanations of adaptation can
be formulated along the following general lines: when indi-
viduals in a population have heritable trait variations that
cause differential survival and/or reproduction, variants that
cause greater survival and/or reproduction will come to pre-
dominate. Organisms descending from such populations will
display traits and behaviours conducive to survival and repro-
duction—i.e., adaptations (Lewontin, 1978; Williams, 1966).

Of course, there are many factors that can prevent adap-
tations from evolving, such as mutational pressure, weak
selection, small population size, trade-offs, developmen-
tal constraints, and changing environments (Arnold, 1992;
Cheverud, 1984; Futuyma, 2010; Lynch, 2007; Orzack, 2024;
Pérez-Escudero et al., 2009; Pierce & Ollasen, 1987; Stearns,
1992). But where adaptation does occur, standard Darwinian
thinking suggests that it can be explained by natural selection.
An organism’s “goals,” according to this way of thinking, can
be understood as outcomes that enhance Hamiltonian inclu-
sive fitness (Hamilton, 1964; Williams, 1966), such as finding
a mate or immune defense against infection. Being in the state
of seeking these outcomes—“goal-directedness”—is due to
positive selection in the past, and is thus equivalent to adap-
tation. Those who embrace this Darwinian interpretation of
the phenomena generally seek to avoid misleading associa-
tions with cognitive or represented goals by only referring
to technical evolutionary concepts (e.g., adaptation, fitness,
selection, and unit of selection) known to have applicability
in non-human contexts. These concepts are connected with
a body of evolutionary theory that is demonstrably useful
for conducting empirical research and advancing biological
science by allowing researchers to formulate testable pre-
dictions. No such progress has been made by invoking the
notions of goals and agency.

The agency perspective is rooted in the intuition that
goal-directedness or purposive organization and behaviour
must be an inherent attribute of an organism, not just a result
of natural selection in previous generations (Igamberdiev,
2023; Newman, 2023; Noble & Noble, 2023a, 2023b;
Odling-Smee, 2024; Rosslenbroich et al., 2024; Walsh, 2015).
To justify this idea, one would have to show how it some-
times leads to different attributed “goals” than those that
arise from natural selection, and presumably, how it leads to
different predictions and explanations. If, by contrast, agency
just means being a unit of selection, as in explicitly metaphor-
ical evolutionary talk of agency (Dawkins, 1976; Dennett,
2017; Haig, 1997; Okasha, 2018, 2024), or if the two are
completely co-extensive, then agency is hardly a neglected
phenomenon requiring more scientific attention. Similarly,
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if any goal-directed system is automatically an agent, this is
compatible with a selection-based view of goal-directedness.
In these cases, using the term “agency” without explicitly
flagging it as a metaphor for natural selection is misleading
insofar as it incorrectly implies that proto-cognitive attributes
are a widespread feature of the biological world that scientists
have failed to observe and study.

One potential deviation of goal-directed behaviour from
the “goals” set by natural selection arises from the fact that
humans, having elaborate social cognition and complex
nervous systems capable of abstract and symbolic reason-
ing, are capable of setting their own goals and even creating
new goals that have no direct relationship to fitness or selec-
tion—e.g., the arbitrary goals of sporting events and other
games. Whether or not the human capacity to form represen-
tations of novel goals is itself an adaptation (Pinker, 1997),
this kind of goal-directedness presupposes a degree of psy-
chological and social complexity that is clearly not present
in all species. It therefore does not license attributing agential
goal-directedness to all organisms.

Another form of goal-directed behaviour that could be
viewed as deviating from adaptation arises from the fact
that organisms often possess proximate control mecha-
nisms honed toward goals that are fitness components rather
than overall fitness (Charlesworth & Hughes, 2000; Flatt,
2020; Stearns, 1992)—for example, mate-recognition sys-
tems or sensori-motor circuits for foraging. Like any other
trait, these proximate mechanisms are subject to natural
variation that is never entirely eliminated by the stochastic
process of selection, and they can also be plastic in their
development. When these mechanisms break down, misfire,
or otherwise deviate from the previously selected outcome,
an organism may appear to pursue goals that are contrary
to its reproductive success, e.g., attempting to mate with a
non-conspecific (Coyne & Orr, 2004; Groning & Hochkirch,
2008; Noor, 1995). Similarly, when there is rapid environ-
mental change, e.g., due to human activity, animals may
respond to environmental cues that lead them to select worse
habitats that reduce their fitness compared to other available
habitats. Known as an “ecological trap,” this phenomenon
occurs when formerly reliable environmental signals of hab-
itat quality become decoupled from current adaptive value
(Gates & Gysel, 1978; Hale & Swearer, 2016; Robertson
& Hutto, 2006; Schlaepfer et al., 2002). For example, some
insects lay their eggs on horizontal artificial surfaces such
as glass panes or car hoods, apparently mistaking them
for water (Watson, 1992; Wildermuth & Horvéth, 2005;
Wyniger, 1955). Deviations in environmental cues and in the
perceptual mechanisms that respond to them can give rise to
apparent goal-directed behaviours that run counter to repro-
ductive success. On close scrutiny, however, such phenomena
do not license anchoring goal-directedness in an organism’s
inherent agency. The operation of the maladaptive mecha-
nism is only goal-directed at all due to past selection, and the
mismatch between apparent behavioural goals and repro-
ductive success is explainable by a combination of mecha-
nistic variation and changing selective environments rather
than purposeful planning. Natural selection is responsible
for the goal-directedness (adaptedness) of behaviours like
mate-finding, foraging, or egg-laying even if the behaviour is
responsive to environmental cues rather than being a deter-
ministic outcome of genetic programs, and even if the cues
no longer accurately signal adaptive value.
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It is important to recognize that the attribution of non-
fitness-related goals to an organism can only be empirically
grounded in the psychological case, where investigators can
ask another human being to report on their internal cogni-
tive states. For systems that lack the capacity to report on
such states, the attribution of goals is empirically unmoored
and arbitrary (see Figure 1). Is it the goal of a given stem
cell to differentiate? (Levin, 2021, 2022; Manicka & Levin
2019) Or, if the stem cell fails to differentiate and dies, was
that really its goal? In order for goal-attributions to explain
anything, goals would need to be linked to some empirically
detectable feature of the system other than the actual out-
comes of its behaviour. Otherwise, these explanations would
be circular and uninformative. It is not clear that this can be
done without reference to natural selection.

It is not enough to say that goals are attractors or stable
end-states (Aaby & Desmond 2021; Walsh 2015), or that sys-
tems exhibiting “persistence and plasticity” are goal-directed
(Fulda, 2023; Lee & McShea, 2020; Nagel, 1979)—which
is known as the “systems view” of goal-directedness. In this
context, “persistence” means the tendency of a system on a
trajectory to return to that trajectory following perturbation.
“Plasticity” is here understood in an unusual sense as the ten-
dency of an entity to converge on a specific trajectory from
a variety of initial conditions (more often termed “canali-
zation” or “robustness”). Multicellular organisms have a
persistent and “plastic” tendency toward death over time,
but attributing the goal of death to them is not biologically
meaningful and does not advance our understanding of their
biology. Many living things have a persistent and “plastic”
tendency to be found in contact with the Earth’s crust due to
gravity. Is it their goal to be close to the ground? Does any
object with mass—Iliving or nonliving—also share this goal?
These questions are not answerable because the notion of an
inherent system goal does not generate empirically meaning-
ful contrasts (see Okasha, 2023). As Okasha (2023, p. 244)
notes, the fundamental problem with the “systems view” of
goal-directedness is that “the goal toward which a process is
directed, if any, is heavily underdetermined by the process’s
actual behaviour.” In other words, from the same observed
behaviour (e.g., mitosis, quiescence, autophagy), one can
attribute many hypothetical goals, but there is no empirical
criterion for telling which goal-attribution is correct.

In a central paper of the agency literature, Sultan et al.
(2022, p. 8) explicate goals of biological agents in the follow-
ing way: “A goal is simply a state that a system reliably tends
to attain or maintain by making adaptive responses across a
range of conditions.” Yet the reference to adaptation is con-
spicuously ambiguous between individual and population
levels. Is this just ordinary adaptation by natural selection? If
not, how do we know which system responses are “adaptive”
and which are not? It is not enough to assess this based on
which responses seem beneficial or harmful to the individual
according to human intuition. Many organisms reproduce at
the expense of their own survival (Stearns, 1989; Williams,
1957). For example, in the Antechinus genus of small mar-
supials, males engage in frenzied mating during breeding
season to an extent that leads to anaemia, elevated parasite
load, hepatic necrosis, and haemorrhaging gastrointestinal
tracts (Griffiths, 2009; Wingfield & Sapolsky, 2003). They die
shortly after breeding season (Woolley, 1966), whereas males
experimentally isolated from mating survive longer (Bradley,
1985). Human observers would likely find this behaviour
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“The system exhibits
goal-directedness”

Then its goal-directedness
is equivalent to adaptation

Is it explained by
natural selection?

Is it based on

feedback mechanisms?

Then its goal-directedness
is mechanistically explainable

Then it is a form of goal-directedness
not inherent to all organisms

Is it based on
cognition?

‘ Then attributions of goal-directedness

are empirically underdetermined

Figure 1. A decision tree illustrating a set of dilemmas surrounding
agential goal-directedness. Goal-directedness, we maintain, is either
explainable by selection, by natural selection plus proximate feedback
mechanisms, or it is based on mental representations of goals, which
only some animals possess. Outside of these alternatives, it is not clear
that attributions of goal-directedness can be empirically grounded.

to be self-destructive. But is it “adaptive?” This cannot be
decided in an empirically tractable way except by looking at
whether males engaging in the behaviour tend to have more
offspring than males that do not.

We suggest that there are two kinds of goal-directedness.
Biological goal-directedness is adaptation and is explainable
by natural selection. Cognitive goal-directedness is something
different, and regardless of whether or not it is a direct prod-
uct of selection, it is only present in some lineages (perhaps
very few) with complex nervous systems. This distinction
leaves no residual phenomenon of goal-directedness, common
to yeast and ferns and mammals, that needs to be captured by
a notion of biological agency. The idea that there are distinc-
tive agential explanations (Sultan et al., 2022; Walsh, 2015)
based on organisms’ pursuit of goal-states seems therefore to
either be a repackaging of adaptive explanations based on
natural selection, or a proposal to explain biological phenom-
ena in psychological or cognitive terms. The main upshot of
the notion of agency is thus to suggest a parallel between bio-
logical and cognitive goal-directedness, which is encouraged
by some researchers (Levin, 2022; Levin & Dennett, 2020;
Rama, 2024; Shapiro, 2011, 2021) and disavowed by others
(Fulda, 2020; Sultan et al., 2022).

One reason given for encouraging the parallel between bio-
logical and cognitive goal-directedness is that it appears to
aid in understanding how cognitive agency has evolved out
of simpler ancestral forms (Levin, 2019; Levin & Dennett
2020). For example, one can avoid positing sharp disconti-
nuities or emergence events by picturing cognitive agency as
being on a continuum or gradient (Levin, 2019, 2021; Seifert
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et al., 2024; Watson, 2024) stretching back in time, with, say,
bacteria also having cognitive states but to a lesser degree
(Margulis, 2001; Reber et al., 2023). A “gradualist” view of
agency may even seem more consistent with evolutionary
gradualism (Levin, 2022). The absurdity that follows from
this reasoning can be appreciated by shifting examples. The
avian capacity for flight did not evolve in a sudden saltational
jump (Feo et al., 2015; Padian & Chiappe, 1998; Prum et al.,
20135). But it is not useful to say that the wingless theropod
ancestors of birds could also fly, only to a lesser degree. Saying
so does not help to explain the evolution of flight. More
generally: the evolutionary emergence of a complex trait is not
explained by imagining that same trait to be present earlier in
evolution to lesser degrees. Rather than explaining something
about the complex trait (e.g., cognitive goal-directedness), one
has merely re-described the earlier evolutionary form in terms
of the complex trait, giving the illusion of understanding. It
should be concerning that the same “gradualist” reasoning
against emergence and discontinuity has been used to support
panpsychism, the idea that even elementary particles possess
consciousness to some degree (Goff, 2017; Wright, 1964).

Agency and mechanistic explanation

Several authors have proposed that biological agency provides
a form of explanation distinct from, and complementary to,
the causal-mechanistic style of explanation that characterizes
much of biology (Rosslenbroich et al., 2024; Sultan et al.,
2022; Uller, 2023; Walsh, 2015; Watson, 2024). The nature of
mechanistic explanation is a large and widely discussed issue
(Salmon, 1984; Gllenan & Illari, 2018; Craver & Tabery,
2024). It generally involves decomposing a system into parts,
perturbing its properties and parts to discover how they inter-
act as a system, and using this information to explain some
system behaviour. To motivate the idea that mechanism is
not enough, many proponents of agency conflate mechanism
with molecular or genetic reductionism, and deploy general
anti-reductionist arguments as vindications of agency (Ball,
2023; Noble & Noble, 2023a, 2023b; Potter & Mitchell,
2022; Sultan et al., 2022; Uller, 2023; Walsh & Sultan, 2024;
Watson, 2024). We believe this is a mistake.

Sultan et al. (2022) identify two features of agential sys-
tems that purportedly call for non-mechanistic explanations:
goal-directedness (discussed above) and context-sensitivity.
Context-sensitivity is essentially plasticity or dependence on
the environment, observed in organisms and their component
parts. When a mechanism is context-sensitive, it generates dif-
ferent behaviours under different conditions. In this situation,
citing the mechanism without the context will not explain
the difference between the behaviours. Instead, Sultan et al.
(2022) argue, this requires a system-to-component direction
of explanation, or downward causation, which they regard as
a non-mechanistic characteristic of agential systems.

This conclusion does not follow. Context-sensitivity is
typically addressed not by switching to a different style of
explanation, but by simply expanding the scope of the orig-
inal mechanism to include more context. If there are causal
influences from the context, mechanistic investigation can
be refocused there. For example, stem cells in different tis-
sues differentiate into one cell type or another depending on
extracellular signals they receive from the surrounding tissue
(Chacén-Martinez et al., 2018). The fact that a given stem cell
differentiates into a given cell type rather than another is not
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explained solely by genetic mechanisms within the stem cell,
but also by extracellular signals. Such examples lie squarely
within the standard mechanistic approaches to biological
research.

When context-sensitivity involves downward causation, or
causal influence from a variable at a higher level of organi-
zation to one at a lower, this does not imply “agency” in any
other sense of the term. Consider action potential propagation
in neurons (Hodgkin & Huxley, 1952; Woodward, 2021a).
Ion channel proteins control the passage of ions across the
cell membrane and thereby influence the electrical potential
of the cell. At the same time, the cell potential influences
the gating of the ion channels. This is an example of down-
ward causation from a cell-level variable (cell voltage) to a
protein-level variable (ion channel gating). Yet nothing would
be gained by saying that cell voltage possesses agency. The
downward causation that can be found in action potential
propagation is thoroughly mechanistic, though it is a com-
plex mechanism involving nonlinear feedback across different
scales.

Another example of downward causation is the influence
of tissue mechanics on cell states and gene expression during
development (Busby & Steventon, 2021; Collinet & Lecuit,
2021). Mechanical properties of a tissue such as stiffness and
elasticity influence the rates at which cells move past each
other during morphogenesis, which can influence the timing
of signal propagation between cells and its transduction to
gene expression. Different degrees of mechanical tension and
compression in a cell’s environment can cause different genes
to be expressed via threshold effects on mechanotransduction
transcription cofactors YAP and TAZ (Panciera et al., 2017).
Mechanical properties of tissues are themselves influenced
by genetic effectors of the cellular actomyosin complex and
adhesion proteins (Gilmour et al., 2017), giving rise to com-
plex feedback across scales, which can be modified by natural
selection to yield different modes of morphogenesis (Braun &
Keren, 2018). Here again, it is not clear what would be gained
by ascribing agency to mechanical properties of tissues or
attributing the latter to the agency of the organism as a whole.

Many of the phenomena that have not yielded to reduction-
istic approaches are now studied using the tools of complex-
ity science, which focuses on emergent dynamics of systems
with many components, interactions, and feedback relation-
ships (Anderson, 1972; Ladyman & Wiesner, 2020). Even
when dealing with emergent processes, however, as Ladyman
& Wiesner (2020, p. 7) write, “complexity science always
involves describing a system by describing the interactions
and relations among its parts.” In this sense, it remains mech-
anistic rather than teleological. For example, to understand
the emergent dynamics of a flock of birds flying, it is necessary
to study how the local feedback interactions between indi-
vidual animals give rise to the group-level swarm behaviour
(Bialek et al., 2012). The fact that a given bird exhibits dif-
ferent flying behaviour in a group compared to solo flight
would not be explained by invoking agency at the level of the
group. The latter is at best an optional re-description of the
context-sensitive flight behaviour of individuals.

These examples highlight why we should not think of
mechanistic explanations as only bottom-up (“component-
to-system”) as suggested by Sultan et al. (2022), nor of mech-
anisms as exclusively genetic or molecular. This is not just
a verbal issue concerning different definitions of mechanism.
Variables at higher levels of organization that exert down-
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ward causal influence—e.g., cell voltage or tissue mechanics—
are identified and studied using the same basic principles of
causal discovery that are used in molecular studies: controlled
perturbation of system variables followed by observation of
effects on system behaviours. The examples of downward
causation that we actually understand are mechanistic in this
sense. Recognizing these phenomena, and rejecting the most
extreme forms of molecular reductionism, therefore does not
require embracing the view of organisms as biological agents.

Even if one allows explanations based on agency, it is
difficult to see how such explanations could be useful for
understanding an ordinary biological process—e.g., wound
healing. To explain why a wound heals following injury,
the statement that it is because the system possesses agency
and pursues the goal of healing wounds is not useful from
a scientific point of view. This is because agency is not an
experimentally meaningful property that can be subjected to
tests as to whether its presence or absence influences wound
healing. The “goal” of wound healing is not something that
can be detected or measured, but would have to be inferred
and attributed ex post facto based on the system’s actual
behaviour (see Agency and goal-directedness). This procedure
cannot predict that wound healing fails in pathological cases
(e.g., tumorigenesis), nor can it explain why such malfunc-
tions do or do not happen. In the context of modern biolog-
ical research, wound healing is understood to be explainable
in terms of complex positive and negative feedback mecha-
nisms in which a wide array of signalling molecules mediate
the progression through cell- and tissue-level processes, from
wound detection to haemostasis, inflammation, cell prolifera-
tion, re-epithelialization, and tissue remodelling (Rodrigues et
al., 2019; Singh et al., 2017). These feedback mechanisms are
tuned to parameter values conducive to survival and repro-
duction because of natural selection.

Between mechanistic explanations and adaptive ones
(Stearns, 1982; Tinbergen, 1963), there is no obvious role for
a distinct form of explanation based on agency. Proximate
organismic traits have evolved that exhibit goal-directedness,
for example, foraging behaviour or cellular pH homeostasis.
How they work is explained mechanistically, and their adap-
tiveness—to the extent that they are adaptive—is explained
by natural selection.

Agency as self-determination

Perhaps the most central feature attributed to agents is
self-determination, as seen in reflexive expressions like the
following:

e “Biological agency—the capacity of living systems [...] to
participate in their own development, maintenance, and
function” (Sultan et al., 2022, p. 1);

e “Organisms themselves actively shape their own struc-
ture and function” (Sultan et al., 2022, p. 4);

e “We do not adequately understand the components of an
agential system until we understand the ways in which
the system regulates its structures, activities and relations
in pursuit of the system’s stable endstates” (Sultan et al.,
2022, p. 8);

e “Constructive development refers to the ability of an
organism to shape its own developmental trajectory
by constantly responding to, and altering, internal and
external states” (Laland et al., 2015, p. 6);
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e “Typical descriptions of organismal dynamics treat
organisms and their component parts as objects—organ-
isms are the passive vessels of internal biochemistry at
a nexus with the external thermodynamics of the envi-
ronment, being separate from and passive to the condi-
tions under which they develop and evolve” (Nadolski &
Moczek, 2023, p. 3);

o “[Agency is] the ability of the entity (‘self’) to contin-
uously (though sometimes transiently and provision-
ally) demarcate itself from its environment (‘non-self’)
and actively constitute and reconstitute its boundary”
(Newman et al., 2024).

e “Agency—a set of properties closely related to decision-
making and adaptive action which determine the degree
to which optimal ways to relate to the system (in terms
of communication, prediction, and control) require
progressively higher-level models specified in terms of
scale of goals, stresses, capabilities, and preferences
of that System as an embodied Self-acting in various
problem spaces” (Levin 2022, p. 42, capitalization in
original).

These are not parenthetical or ornamental expressions but
are put forward as defining what biological agency is. Here,
self-determination is contrasted with external determina-
tion. One form of external determination is the way physical
systems are thought to passively conform to the boundary
conditions imposed upon them (Yates, 1987). Another is the
determination of phenotypes by genes, a methodological prin-
ciple of Modern Synthesis biology and contemporary evolu-
tionary and developmental genetics that is said to deprive
organisms of agency (Noble & Noble 2023a, 2023b; Walsh,
2015; Walsh & Rupik, 2023).

An initial difficulty with the notion of self-determination
centres on the self. It is not clear how to interpret expressions
such as “the capacity of living systems [...] to participate in
their own development.” Development is the process of an
organism going through the stages of its life cycle. It is not
something separate from the organism. So how can an organ-
ism fail to participate in its development? If we suppose that
the development of a given organism is fully determined by a
set of underlying molecular factors, it is still the development
of that particular organism rather than of another entity. It is
also difficult to interpret the statement that “typical descrip-
tions [...] treat organisms [as] separate from and passive to the
conditions under which they develop and evolve” (Nadolski
& Moczek 2023, p. 3). If this refers to environmental condi-
tions, it is an ordinary question of the relative causal impor-
tance of internal versus external factors. If it refers to internal
conditions, however, the statement veers into obscurity. How
can an organism be separate from, or passive to, a process of
development of itself?

It is instructive that this kind of language becomes intelligi-
ble if we switch to the mode of psychological agency in human
contexts. For example, consider the statement: “medical
patients should participate in their own treatment.” The con-
trast between participation and passivity is meaningful here
because the treatment involves interventions or procedures
that are distinct from the patient, the patient is a human, and
the patient has some choice about which options to pursue.
When we apply this language to the relation between organ-
ism and development, some other source of distinctness and
some biological grounding of choice is needed for it to make
sense.
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The apparent notion underlying the quotations above
seems to be that the “self” of self-determination is the organ-
ism as a whole (Nadolski & Moczek, 2023; Newman et al.,
2024; Sultan et al., 2022). Let us now examine the idea that
physiological and developmental processes are caused by
whole organisms exhibiting some form of choice or decision-
making.

Self-determination as whole-organism causation

Attributing causal responsibility for events to the organism as
a whole seems to be appropriate largely for phenomenological
descriptions of organism behaviour—e.g., “the antelope runs
from the lion to avoid being killed.” Once we inquire more
deeply, however, we often discover that it is not the whole sys-
tem that is causally responsible for a behaviour, but a mecha-
nism or sub-system within it. For example, circadian rhythms
are system-level behaviours in some sense, but in mammals
they are largely controlled by a population of oscillating neu-
rons in the suprachiasmatic nucleus (Moore & Eichler, 1972;
Stephan & Zucker, 1972). The yeast cell cycle is a whole-cell
behaviour, but progression through stages is regulated by a
subset of genes and proteins in the cell (Moris et al., 2016).
If the primary cause of an organism’s behaviour is a partial
mechanism within the system, is this self-determination or
external determination? Between the extremes of whole-
organism behaviours and the expression of individual genes,
there is a variety of intermediate causes of system behaviour
whose status as self-determination or external determination
is not clear. The same lack of clarity also afflicts any attempt
to map the contrast between organisms as active agents ver-
sus as passive objects onto specific biological events (Walsh,
2015).

To say that it is “the system as a whole” (Potter & Mitchell,
2022; Sultan et al., 2022) that regulates or controls some
component process can sometimes be a convenient figure of
speech, but on close scrutiny it is not a well-formed causal
statement (see Woodward, 2021a, 2021b). A defensible form
of holism would be, for example, that the parts of cells are
organized in a way that metabolically maintains the cell
through time, making many of their parts interdependent
(Kauffman, 2000; Moreno & Mossio, 2015; Rosen, 1991).
This is not the same as attributing causal responsibility for
events to the entire system. Consider how that type of claim
could be empirically tested. It would require perturbing the
whole system, as opposed to parts or properties of the system.
Experiments one can perform on whole organisms like yeast
cells—as opposed to parts (e.g., proteins and membranes), or
properties (e.g., temperature or mechanical states)—would be
limited to perturbations like destroying the cell in its entirety,
moving it, or putting it under mechanical pressure. These
perturbations have nonspecific effects on cell behaviours like
differentiation, endocytosis, or mitosis, compared to specific
effects of partial mechanisms in the cell and its environment.
It is not possible to use whole-organism perturbations to test
the causal hypotheses that it is either the whole system or
its parts that influence some behaviour, because one cannot
perturb the system as a whole while not perturbing its parts.

What can be perturbed to yield causal information are prop-
erties of an individual, like temperature, pH, or camouflage;
behaviours, like meiosis or foraging; or parts, like transmem-
brane proteins or antennae. These aspects can often be varied
independently, and variations can be linked to other changes
in a system (i.e., dependent variables) to verify a causal rela-
tionship. By contrast, consider the following statement: “The
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Box 2:Alternative conceptions of agency

The critical arguments of this paper are intended to apply to bio-
logical agency as defined earlier in the Introduction. However,
what we refer to as “biological agency” represents just one out
of a variety of concepts of agency that have been developed in
different areas of scientific literature. Below we list some exam-
ples of alternative conceptions and contexts of discussion of
agency (see Okasha, 2024 for further elaboration). The concep-
tual heterogeneity surrounding agency is an additional difficulty
for implementing it in empirical research.

1. Inthe field of artificial intelligence research, the idea of an in-
telligent agent is invoked to describe any system that senses
its environment and alters its behaviour in response (Rus-
sell & Norvig, 2016; see Okasha, 2024), which may include
non-biological engineered systems such as thermostats or
chatbots.

2. In psychology and cognitive neuroscience, researchers refer
to the experience of controlling one’s own actions as “sense
of agency” (Ciaunica et al., 2024; Haggard, 2017; Roessler
& Eilan, 2003). This is not considered a feature of biological
agency.

3. Some authors describe as “agents” systems such as
free-living cells in which metabolic interdependencies be-
tween components allow the system to maintain itself far
from equilibrium (Hofmeyr, 2021; Jaeger, 2024a, 2024b;
Kauffman, 2000; Moreno & Mossio, 2015). These approach-
es define agency in terms of cellular phenomena that are
explainable without having to invoke agency, unlike other
approaches that invoke agency as an explanation for system
behaviours. This interpretation is supported by the fact that
the precursor theories this literature relies on (e.g., Rosen,
1991) make no mention of biological agency. Hence, we sug-
gest that the notion of agency does not play an indispens-
able role in this strain of work.

4. In some areas of economics, an agent or rational actor is
characterized as one exhibiting utility-maximizing behaviour
(Okasha, 2024; Ross, 2010). This description of behaviour is
compatible with different explanations of the behaviour, such
as adaptation by natural selection or conscious planning in
the case of human beings.

5. Some work has proposed that single cells engage in “learn-
ing” (Dussutour, 2021; Gunawardena, 2022; Tang & Mar
shall, 2018; Wright et al., 2023). Despite not substantively
relying on biological agency (as in #3 above), this work can
be seen as supporting a cognitive perspective on simple
organisms. On close examination, however, more explicit
frameworks (e.g., Gunawardena, 2022) define learning in
terms of statistical concepts such as mutual information be-
tween cellular and environmental states—which is compat-
ible with the mechanistic view advocated here—but also in
terms of internal representations of the environment, which
may be just as difficult to link to detectable features of cells
as agency.

system as a whole, as it pursues its goals, modulates the activ-
ities of its parts and processes in ways that bias the system
toward the attainment of the goal in predictable (and empiri-
cally explicable) ways” (Sultan et al., 2022, p. 8). Any specific
modulation of parts and processes can only be tested by iden-
tifying a specific part or property of the system that is to be
treated as an independent variable, perturbing it, and looking
for change in a specific dependent variable. In that case, it is
not the system as a whole that is doing the modulation, but a
part or process that is in effect being studied mechanistically.
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Self-determination: “choice” versus multistability

Central to the idea of agential self-determination is that a
behaviour or process must be internally caused (Barandiaran
et al., 2009; Dretske, 1988; Moreno & Etxeberria, 2005;
Moreno & Mossio, 2015; see Okasha, 2024). Yet any com-
plex system is influenced by a combination of internal and
external factors. The tidal heating of moons may be influ-
enced by gravitational attraction as well as the composition
and viscosity of their interiors (Henning, 2009), but we do
not say that the existence of internal influences on tidal heat-
ing is indicative of agency or goals in celestial bodies. Internal
causes of system behaviour are thus not distinctive of bio-
logical systems or biological “agents.” More than internal
causation, self-determination seems to require a repertoire of
system behaviours, or “choices,” that can be made in response
to environmental conditions.

What it means to have a repertoire of choices is clear enough
in human psychological settings. In the setting of cyanobac-
teria, algae, and sea anemones, it is far from clear, because
it requires knowing how to map psychological expressions
onto biophysical reality. We suggest that, instead of pursu-
ing the analogy to cognitive decision-making, the biological
ability to switch between different behaviours in a repertoire
should be understood as multistability, defined in the lan-
guage of dynamical systems theory as the presence of multiple
attractors in a phase space (Strogatz, 2015). Multistability is a
common feature of dynamical systems and is also not unique
to biological organisms. Classic non-biological dissipative
structures such as the Belousov-Zhabotinsky reaction and
Bénard convection cells are multistable systems that switch
between emergent dynamical regimes depending on the com-
bination of internal states, external inputs, and inherent ther-
mal stochasticity (Glansdorff & Prigogine, 1971; Nicolis &
Prigogine, 1977).

To illustrate multistability in a simple biological system,
consider the lac operon. Escherichia coli and many other
bacteria are able to switch from a metabolic regime adapted
for the digestion of glucose to one that can digest lactose,
thanks to a cluster of genes known as the lac operon.
When lactose is present and and glucose levels are low,
the lac operon is switched on (de-repressed) via two reg-
ulators that detect ambient lactose and glucose levels—lac
repressor and catabolite activator protein (Ozbudak et al.,
2004; Santillidn et al., 2007). This form of multistability
(bistability) has likely evolved as an adaptation to the envi-
ronmental variability of food sources in which glucose is
prioritized.

We are free to describe the shift in metabolic regimes medi-
ated by the lac operon as a “choice” or “decision” that the
bacterium makes in pursuit of its “goals” (e.g., Ben-Jacob,
2009; Shapiro, 2011; see Reber et al., 2023). But the same
phenomena are more usefully described in the language of
mechanistic complexity science and natural selection (i.e.,
multistability of metabolic regimes and adaptive dynamics)
(see Ozbudak et al., 2004; Robinson et al., 2024; Santillin
et al., 2007) because this connects our observations to a test-
able body of models and theory with a substantial record
of empirical success. Moreover, if we describe the metabolic
switching as agential, it is not clear how to avoid attributing
the same form of biological agency to Bénard convection cells
and Belousov-Zhabotinsky patterns, which exhibit perhaps
greater system-level behaviour and multistability than the lac
operon.
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As noted above (in Agency and non-mechanistic explana-
tion), proponents of the agency perspective have suggested
that embracing agency is an alternative to molecular reduc-
tionism. We have provided reasons to believe that multiscale
feedback mechanisms capable of complex dynamics provide a
better alternative to molecular reductionism than embracing
the scientifically problematic notion of agency. Similarly, some
have suggested that agency and something like “free will” in
cells is an alternative to physical and genetic determinism
(Levin, 2022; Newman et al., 2024). Here again, we see other
unconsidered possibilities. Rejecting agency does not carry
with it any commitment to determinism. Multistable dynam-
ical systems with stochastic influences have a repertoire of
behaviours that need not be strictly programmed or deter-
mined by prior states. “Agential behaviours” in cells and sim-
ple muticelled aggregates can be fruitfully explained in this
way, whereas the reification of apparent agency, we suggest, is
cryptically cognitive and scientifically inert.

Biological agency is a cryptically cognitive
concept

The central idea of biological agency is a form of organismic
self-determination that is goal-directed and non-mechanistic
(Moczek & Sultan et al., 2023; Sultan et al., 2022). Against
the background of an appropriately nuanced framework of
mechanistic complexity science—one that includes nonlin-
ear dynamics, multistability, feedback across multiple scales,
emergent behaviours,and even downward causation—the idea
of agential self-determination seems to differ from ordinary
mechanistic causation only in the aspect of goal-directedness.
But goal-directedness, at least in organisms without complex
nervous systems and advanced cognition, is nothing other
than adaptation, which is explained by natural selection. So,
again, between mechanistic causation and natural selection,
there seems to be no distinctive explanatory role for biologi-
cal agency. The only known process that is goal-directed but
not directly explained by selection, and self-determining but
(seemingly) non-mechanistic, is conscious cognition in indi-
vidual organisms like humans with complex nervous systems.
This supports the interpretation that biological agency is in
fact cryptically cognitive—i.e., a psychological style of expla-
nation applied to organisms not normally regarded as having
a mind.

We suggest that the above difficulties with mapping self-
determination, goal-directedness, and agential explanations
onto biological systems stem from the fact that these are psy-
chological concepts that are primarily meaningful in social
contexts where intentionality, cognition, and the notion of a
person are assumed. Personal agency or self-determination
is a matter of freedom, and is contrasted with coercion or
manipulation. For organisms without complex nervous sys-
tems adapted for social interaction, there is no clear biologi-
cal analogue of the self or the person that can be empirically
investigated.

The fact that past psychological approaches to biologi-
cal science were never successful (e.g., Binet 1889; Haeckel,
1878) does not inspire confidence that they will start to
become so. The most fundamental problem with psychologiz-
ing more basic biological systems, such as bacteria (Shapiro,
2011) or plants (Ferretti et al., 2024), is that it is empirically
unproductive. We are free to attribute inherent goals to sys-
tems, to ascribe causal responsibility for events to whole sys-
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tems, or to describe the shift between multistable states as
choice. But the same phenomena are better described in terms
meaningful to mechanistic biology, complexity science, and
evolutionary biology. These concepts connect our inquiries
to a rich framework of methods, models, and data that have
successfully driven discovery in empirical research for many
decades. The psychological idiom does not do this. It is a stop-
ping point for investigations of how biological systems work.
It does not generate new data, and does not identify targets
of experimental intervention for purposes of verification and
causal understanding.

The psychology of agency attributions

The above analysis has focussed on understanding what bio-
logical agency means and whether viewing biological systems
as agents is justified scientifically. However, there is an addi-
tional question of how attributions of agency work cogni-
tively in the minds of human observers. Rather than being
separate issues, findings from experimental psychology on
how humans perceive and judge natural systems to exhibit
agency, and why they seek teleological interpretations when
they do, can help to explain why these ideas persist inde-
pendently of their scientific grounding.

There is an extensive literature in developmental psy-
chology, cognitive science, and related fields on attributions
of goal-directedness, agency, and teleological explanations
(e.g., Atran, 1994; Douglas et al., 2015; Keil, 1992; Kelemen,
1999a; Leslie, 1994; Piaget, 1929; Roberts et al., 2021;
Rutherford & Kuhlmeier, 2013; Tomasello et al., 20035;
Westfall, 2023). Work promoting the agency perspective in
biology has not, to our knowledge, reckoned with the chal-
lenges posed by this literature. One general finding has been
that humans have a seemingly inbuilt cognitive bias referred
to as “hypersensitive agency detection,” which leads them to
see purpose and intention in nature where it does not exist
(Barrett, 2004, 2011; Douglas et al., 2015; Kelemen, 1999a,
1999b; Okasha, 2023; Rosset, 2008). This bias is exhibited
in the classic Heider-Simmel illusion (see Figure 2) (Abell et
al., 2000; Heider & Simmel, 1944; Scholl & Gao, 2013).
Subjects are shown a cartoon in which two triangles and
a circle move in and out of a container and relative to one
another. Observers standardly attribute goals and intentions
to the shapes and conjure a socio-teleological explanation of
the scene (e.g., “the big triangle is aggressively chasing the
small one,” or “the small triangle is helping the circle”). The
display is considered an illusion, despite the fact that it is
experimentally contrived, because what participants strictly
observe is a configuration of abstract shapes moving in two
dimensions, and abstract shapes cannot possess psychologi-
cal attributes. The Heider-Simmel illusion is illustrative of the
“intentionality heuristic” or “intentionality bias” (Dennett,
1987; Kelemen, 1999a; Roberts et al., 2021) and shows how
easily attributions of intentionality are elicited in the human
visual processing system (Scholl & Gao, 2013).

According to intention-based theories of teleology, teleo-
logical explanations have their psychological origin in the
intentionality heuristic, which is honed for use in social con-
texts from an early age, but becomes “promiscuously” over-
extended in service of the broader need to make sense of the
world (Barrett, 2004; Kelemen, 1999a, 1999b; Roberts et al.,
2020, 2021; Rosset, 2008). These theories suggest that when
observers attribute goals to a system or propose a teleological
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Figure 2. A reproduction of stills from the classic Heider-Simmel (1944)
animation. The majority of subjects ascribe goals and intentions to
abstract shapes based on their movement patterns, despite the lack of
human-like or animal visual features, and despite the fact that triangles
and circles do not have goals or intentions.

explanation, they rely on the intuitive recognition of an
analogy between a system behaviour and human behaviours
guided by intentions. In this view, different natural systems
may get classified as goal-directed systems because “the sys-
tem behaves as if it were goal-directed in the sense of having,
or stemming from, a conscious mental representation of a
goal” (Okasha, 2023; p. 244; cf. Baker et al., 2009).

Indirect evidence for the intentionality-based theory is
found in statistical associations between endorsement of tele-
ological explanations, agency detection, and other intention-
related attributions. For example, Roberts et al. (2020) (cf.
Kelemen & Rosset, 2009; Roberts et al., 2021) compared
rates of endorsement of unwarranted teleological explana-
tions of natural phenomena (e.g., “The Earth has an ozone
layer in order to protect it from UV light”) and warranted
teleological statements (e.g., “Schools exist in order to help
people learn new things”). Study participants were asked
to judge such statements as true or false. Responses under
speeded conditions (<3,200 ms) were used to assess implicit
teleological endorsement, and responses under unspeeded
conditions were used to assess explicit teleological endorse-
ment. The study found higher explicit endorsement of unwar-
ranted teleological explanations among subjects who reported
belief in the existence of supernatural agents with intentions.
Interestingly, nonreligious subjects exhibited a greater dis-
parity between implicit and explicit endorsement across
speeded and unspeeded conditions than did religious subjects.
The finding that subjects who explicitly reject unwarranted
teleological statements nonetheless implicitly endorse such
statements under speeded conditions supports the idea that
teleological thinking is a persistent heuristic that can be inhib-
ited with explicit reasoning (Roberts et al., 2020).

Other studies point to the same conclusion. For example, a
positive association was found between belief in supernatural
and paranormal phenomena and belief in conspiracy theories
(Darwin et al., 2011; Swami et al., 2011). These beliefs are
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positively associated with individuals’ “sensitivity of agency
detection” (Douglas et al., 2015), as measured by the indi-
vidual differences in anthropomorphism scale (Waytz et al.,.
2010) and responses to questions about the Heider-Simmel
animation (e.g., “Did you think the behaviour of the shapes
was the result of conscious decisions?”) (see Douglas et al.,
2015). Other studies found that rates of endorsement of sci-
entifically unwarranted teleological statements are modulated
by youth and education level (Casler & Kelemen, 2008) and
by neurological illness (Lombrozo et al., 2007).

These associations do not, on their own, entail that viewing
organisms as agents is unjustified. Instead, they support the
hypothesis that humans possess an intentionality heuristic that
is prone to over-extension, and that can be reined in through
cognitive development and explicit reasoning. This hypothesis
may explain why many people, including scientists (Kelemen et
al., 2013), seek teleological explanations and attribute agency
to living systems even when this is not scientifically justified. It is
also consistent with our observation that features of biological
agency such as agential goal-directedness and self-determination
are conceptually unclear and difficult to map onto biological
reality, but are readily comprehensible in psychological terms.

Discussion

Pre-scientific humans are thought to have relied on the per-
sonalistic concepts available from social life to describe and
explain events in the world around them (Atran, 1994, 1998;
Gelman & Legare, 2011). Given that modern biology evolved
out of an earlier “folk biology,” it is not surprising to find
that mentalistic notions like agent, soul, mind, etc., have his-
torically been invoked to explain goal-directed behaviours in
non-human organisms, just as is done with humans (Aristotle
[350 BC], 1931; Atran, 1998; Gelman & Legare, 2011).
Contemporary advocacy of biological agency can be inter-
preted as recasting the framework of folk biology with a
scientific veneer in the effort to “supplement” modern mech-
anistic and evolutionary biology. We have made the case that
this is both unnecessary and undesirable.

From the point of view of an experimenter trying to under-
stand a system, adopting a biological agency perspective has
utility only in situations where nothing is known about how
the system works, as in pre-scientific folk biology. Attributions
of agency provide extremely basic predictions, e.g., that an
organism will tend to avoid damaging stimuli, whereas an
ordinary material object will not. At present, however, we are
not in the cognitive situation of pre-scientific humans. We
have highly sophisticated theories and research programs for
explaining complex adaptive behaviours of biological systems.
These are based on modern evolutionary biology, particularly
on natural selection as a mechanism for explaining goal-
directedness, and on causal-mechanistic investigation, which
is based on observation, controlled experimental perturba-
tion, data collection, and statistical inference. Importantly,
the practice of explaining goal-directedness as adaptation by
natural selection does not require commitment to adapta-
tionism (Orzack, 2024) about every trait an organism exhib-
its. Nor does the practice of seeking and giving mechanistic
explanations require commitment to genetic reductionism
or determinism. When adaptive and mechanistic approaches
are in place, explaining a given biological process in terms
of the agency of the organism is merely a psychological
re-description that does not contribute additional insight to
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our understanding of the development, ecology, or evolution
of the organism in question.

We are far from understanding the full complexity of basic
processes like eukaryotic gene regulation, mitosis, wound
healing, morphogenesis, or the evolution of novel body parts.
A touchstone of the empirical, mechanistic approach is to
acknowledge this incompleteness, and to work toward piece-
meal progress through the cyclical process of observation,
hypothesis-formation, experimental intervention, modeling,
and confirmation or revision of ideas. In the course of scientific
advance, it is possible that a psychological style of explanation
could turn out to be useful for biology. But it would need to
provide explanations and predictions that link to data so that
the ideas can be tested and verified. Despite claims that “agency
is an empirical property” (Sultan et al., 2022, p. 1), this is what
work promoting the idea of biological agency is lacking. Our
aim in insisting on testability is not to return to a positivist view
of science (Carnap, 1936). Testability instead serves the egali-
tarian stance that claims made by a speaker should be confirm-
able in principle by others rather than being taken on authority
or by non-rational forms of persuasion. Empirical tests are nec-
essary for transforming a concept into not just a “perspective”
but rather a progressive research program (Lakatos, 1978).

Biological agency is not adequately motivated empirically.
It is not clear how it could become so, because its theoretical
basis depends on flawed reasoning: (1) the misunderstand-
ing or neglect of natural selection as an explanation for goal-
directedness; (2) the promotion of teleological explanations
in science and misunderstanding of causal-mechanistic expla-
nation as inherently reductionistic; and (3) confusion about
self-determination and whole-organism causation. Once these
problems are recognized, it becomes evident that the phenom-
ena that agency is being invoked to explain can be explained
in terms of complex multiscale feedback mechanisms evolv-
ing under natural selection.

The cumulative outcome of the preceding is to pose a chal-
lenge to advocates of the biological agency perspective. Show
concretely what work this idea can do for biological research
that cannot be done better by current modes of explanation.
Until this is done, biological agency is merely a concept with-
out a research program.

Data availability

This article does not present new data.

Author contributions

James DiFrisco (Conceptualization [Equal], Writing—orig-
inal draft [Lead], Writing—review & editing [Equal]), and
Richard Gawne (Conceptualization [Equal], Writing—orig-
inal draft [Supporting], Writing—review & editing [Equal])

Funding

J.D. acknowledges funding support from the Francis Crick
Institute (CC2240), which receives core funding from
Cancer Research UK, the Medical Research Council, and the
Wellcome Trust.

Acknowledgments

We thank Jacobus J. Boomsma, Daniel S. Brooks, Johannes
Jaeger, Steven Hecht Orzack, Guinter Wagner, and three
reviewers for helpful comments on earlier drafts of this paper.

DiFrisco and Gawne

Conflicts of interest

The authors have no conflict of interest to declare.

References

Abell, F., Happé, E, & Frith, U. (2000). Do triangles play tricks? Attri-
bution of mental states to animated shapes in normal and abnor-
mal development. Cognitive Development, 15(1), 1-16. https://doi.
org/10.1016/s0885-2014(00)00014-9

Aaby, B. H., & Desmond, H. (2021). Niche construction and teleology:
Organisms as agents and contributors in ecology, development, and
evolution. Biology & Philosophy, 36, 47.

Anderson, P. W. (1972). More is different: Broken symmetry and the
nature of the hierarchical structure of science. Science, 177(4047),
393-396. https://doi.org/10.1126/science.177.4047.393

Aristotle [350 BC] (1931). The works of Aristotle: De Anima, trans. J.
A. Smith. Oxford: Clarendon Press.

Arnold, S. J. (1992). Constraints on phenotypic evolution. The Ameri-
can Naturalist, 140, S85-S107. https://doi.org/10.1086/285398
Atran, S. (1994) Core domains versus scientific theories: Evidence from
systematics and Itza-Maya folk biology. In L. A. Hirschfield, and S.
A. Gelman (Eds.), Mapping the mind: Domain specificity in cogni-
tion and culture (pp. 316-340). Cambridge University Press, New

York.

Atran, S. (1998). Folk biology and the anthropology of science: Cogni-
tive universals and cultural particulars. Behavioral and Brain Sci-
ences,21(4),547-69. https://doi.org/10.1017/s0140525x98001277

Baker, C., Saxe, R., & Tenenbaum, J. (2009). Action understanding as
inverse planning. Cognition, 113, 329-349.

Ball, P. (2023). Organisms as agents of evolution. New Research
Review, John Templeton Foundation. https://www.templeton.org/
news/organisms-as-agents-of-evolution-new-research-review

Barandiaran, X., Di Paolo, E., & Rohde, M. (2009). Defining agency.
Individuality, normativity, asymmetry and spatio-temporality in
action. Adaptive Behavior, 17(5), 367-386.

Barrett, J. L. (2004). Why would anyone believe in God? AltaMira
Press.

Barrett, L. (2011). Beyond the brain. Princeton University Press.

Ben-Jacob, E. (2009). Learning from bacteria about natural informa-
tion processing. Annals of the New York Academy of Sciences,
1178, 78-90. https://doi.org/10.1111/.1749-6632.2009.05022.x

Bialek, W., Cavagna, A., Giardina, L, ... Walczak, A. M. (2012). Sta-
tistical mechanics for natural flocks of birds. Proceedings of the
National Academy of Sciences of the United States of America,
109(13), 4786-4791.

Binet, A. (1889). The psychic life of micro-organisms: A study in exper-
imental psychology, trans. Thomas McCormack. Chicago: Open
Court.

Boomsma, J. J. (2022). Domains and major transitions of social evolu-
tion. Oxford University Press.

Bradley, A. J. (19835). Steroid binding proteins and life history in marsu-
pials. In B. Lofts, W. N. Holmes (Eds.), Current trends in compar-
ative endocrinology (pp. 269-270). Hong Kong University Press.

Braun, E., & Kinneret, K. (2018). Hydra regeneration: Closing the loop
with mechanical processes in morphogenesis. Bioessays, 40(7),
e1700204.

Busby, L., & Steventon, B. (2021). Tissue tectonics and the multi-scale
regulation of developmental timing. Interface Focus, 11,20200057.

Carnap, R. (1936). Testability and meaning. Philosophy of Science,
3(4), 419-471. https://doi.org/10.1086/286432

Casler, K., & Kelemen, D. (2008). Developmental continuity in
teleo-functional explanation: Reasoning about nature among
Romanian Romani adults. Journal of Cognition and Development,
9(3), 340-362. https://doi.org/10.1080/15248370802248556

Chacén-Martinez, C. A., Koester, J., & Wickstrom S. A. (2018). Signal-
ing in the stem cell niche: Regulating cell fate, function and plas-
ticity. Development, 45(15), dev165399.

Charlesworth, B, & Hughes K. A. (2000). The maintenance of genetic
variation in life-history traits. In R. S. Singh, & C. B. Krimbas


https://doi.org/10.1016/s0885-2014(00)00014-9
https://doi.org/10.1016/s0885-2014(00)00014-9
https://doi.org/10.1126/science.177.4047.393
https://doi.org/10.1086/285398
https://doi.org/10.1017/s0140525x98001277
https://www.templeton.org/news/organisms-as-agents-of-evolution-new-research-review
https://www.templeton.org/news/organisms-as-agents-of-evolution-new-research-review
https://doi.org/10.1111/j.1749-6632.2009.05022.x
https://doi.org/10.1086/286432
https://doi.org/10.1080/15248370802248556

Journal of Evolutionary Biology, 2025, Vol. 38, No. 2

(Eds.), Evolutionary genetics: From molecules to morphology (pp.
369-392). Cambridge University Press.

Cheverud, J. M. (1984). Quantitative genetics and developmental con-
straints on evolution by selection. Journal of Theoretical Biology,
110(2), 155-171. https://doi.org/10.1016/s0022-5193(84)80050-8

Ciaunica, A., Ayache, J., Haggard, P., ... Auvray, M. (2024). Explicit and
implicit sense of agency in depersonalisation experiences. Scientific
Reports, 14(1), 15396. https://doi.org/10.1038/s41598-024-65862-z

Collinet, C., & Lecuit, T. (2021). Programmed and self-organized flow
of information during morphogenesis. Nature Reviews Molecular
Cell Biology, 22(4),245-265. https://doi.org/10.1038/s41580-020-
00318-6

Corning, P A., Kauffman, S. A., Noble, D, ... Pross, A. (2023) (Eds.),
Evolution “on purpose”: Teleonomy in living systems. MIT Press.

Coyne, J. A., & Orr, H. A. (2004). Speciation. Sinauer Associates.

Craver, C., & Tabery, J. (2024). Mechanisms in science. In. E. N. Zalta,
& U. Nodelman (Eds.), The Stanford Encyclopedia of Philosophy
(Fall 2024 Edition) https://plato.stanford.edu/archives/fall2024/
entries/science-mechanisms

Darwin, H., Neave, N., & Holmes, J. (2011). Belief in conspiracy the-
ories. The role of paranormal belief, paranoid ideation and schizo-
typy. Personality and Individual Differences, 50(8), 1289-1293.
https:/doi.org/10.1016/.paid.2011.02.027

Dawkins, R. (1976). The selfish gene. Oxford University Press.

Dennett, D. C. (1995). Darwin’s dangerous idea: Evolution and the
meanings of life. Simon and Schuster.

Dennett, D. C. (1987). The intentional stance. MIT Press.

Dennett, D. C. (2017). From bacteria to Bach. Norton.

Dickins, T. E., & Dickins, B. J. A. (2023) (Eds.), Evolutionary biology:
Contemporary and historical reflections upon core theory. Vol. 6.
Springer Nature.

Dobzhansky, T. (1937). Genetics and the origin of species. Columbia
University Press.

Douglas, K. M., Sutton, R. M., Callan, M. ]J., ... Harvey, A. J. (2015).
Someone is pulling the strings: Hypersensitive agency detection and
belief in conspiracy theories. Thinking & Reasoning, 22(1), 57-77.
https://doi.org/10.1080/13546783.2015.1051586

Dretske, E (1988) Explaining behavior: Reasons in a world of causes. MIT Press.

Dussutour, A. (2021). Learning in single cell organisms. Biochemical
and Biophysical Research Communications, 564, 92-102. https:/
doi.org/10.1016/j.bbrc.2021.02.018

Fibregas-Tejada, A., Baedke, J., Prieto, G. 1., & Radick, G. (2024) The
riddle of organismic agency: New historical and philosophical
reflections. Routledge.

Feo, T. J., Field, D. J., & Prum, R. O. (2015). Barb geometry of asym-
metrical feathers reveals a transitional morphology in the evolu-
tion of avian flight. Proceedings Biological Sciences, 282(1803),
20142864. https://doi.org/10.1098/rspb.2014.2864

Ferretti, G., Schulte, P., & Wild, M. (2024) (Eds.), Philosophy of Plant
Cognition: Interdisciplinary Perspectives. Routledge.

Flatt, T. (2020). Life-history evolution and the genetics of fitness com-
ponents in Drosophila melanogaster. Genetics, 214(1), 3-48.
https://doi.org/10.1534/genetics.119.300160

Fulda, F. (2020). Biopsychism: Life between computation and cogni-
tion. Interdisciplinary Science Reviews, 45(3), 315-330.

Fulda, F. (2023). Agential autonomy and biological individuality. Evo-
lution & Development, 25,353-370.

Futuyma, D. J. (2010). Evolutionary constraint and ecological conse-
quences. Evolution, 64(7), 1865-1884. https://doi.org/10.1111/
j.1558-5646.2010.00960.x

Futuyma, D. J. (2017). Evolutionary biology today and the call for an
extended synthesis. Interface Focus, 7(5), 20160145. https://doi.
org/10.1098/rsfs.2016.0145

Gates, J. E., & Gysel, L. W. (1978). Avian nest dispersion and fledging
success in field-forest ecotones. Ecology, 59(5), 871-883. https:/
doi.org/10.2307/1938540

Gelman, S. A., & Legare, C. H. (2011). Concepts and folk theo-
ries. Annual Review of Anthropology, 40, 379-398. https://doi.
org/10.1146/annurev-anthro-081309-145822

153

Gilmour, D., Rembold, M., & Leptin, M. (2017). From morphogen to
morphogenesis and back. Nature, 541(7637), 311-320. https://doi.
org/10.1038/nature21348

Glansdorff, P. & Prigogine, 1. (1971). Thermodynamic theory of struc-
ture, stability, and fluctuations. Wiley.

Glennan, S. & Illari, P. M. (2018) (Eds.), The Routledge handbook of
mechanisms and mechanical philosophy. Routledge.

Goff, P. (2017). Consciousness and fundamental reality. Oxford Uni-
versity Press.

Griffiths, P. E. (2009). In what sense does ‘nothing make sense except in
the light of evolution’? Acta Biotheoretica, 57(1-2), 11-32. https://
doi.org/10.1007/s10441-008-9054-9

Groning, J., & Hochkirch, A. (2008). Reproductive interference
between animal species. Quarterly Review of Biology, 83(3), 257-
282. https://doi.org/10.1086/590510

Gunawardena, J. (2022). Learning outside the brain: Integrating cogni-
tive science and systems biology. Proceedings of the IEEE, 110(5),
590-612. https://doi.org/10.1109/jproc.2022.3162791

Haeckel, E. (1878). Zellseelen und Seelenzellen. Alfred Kroner Verlag

Haggard, P. (2017). Sense of agency in the human brain. Nature
Reviews Neuroscience, 18(4), 196-207. https://doi.org/10.1038/
nrn.2017.14

Haig, D. (1997). The social gene. In J. R. Krebs, & N. B. Davies (Eds.),
Behavioral ecology (4th ed.) (pp. 284-304). Blackwell Scientific.

Hale, R., & Swearer, S. E. (2016). Ecological traps: Current evidence
and future directions. Proceedings Biological Sciences, 283(1824),
20152647. https://doi.org/10.1098/rspb.2015.2647

Hamilton, W. D. (1964). The genetical evolution of social behaviour.
II. Journal of Theoretical Biology, 7(1), 17-52. https://doi.
0rg/10.1016/0022-5193(64)90039-6

Heider, F, & Simmel, M. (1944). An experimental study of apparent
behavior. The American Journal of Psychology, 57(2), 243-259.
https://doi.org/10.2307/1416950

Henning, W. G., O'Connell, R. J., & Sasselov, D. D. (2009). Tid-
ally heated terrestrial exoplanets: Viscoelastic response mod-
els. The Astrophysical Journal, 707(2), 1000-1015. https://doi.
org/10.1088/0004-637x/707/2/1000

Hodgkin, A. L., & Huxley, A. E (1952). A quantitative description
of membrane current and its application to conduction and exci-
tation in nerve. Journal of Physiology, 117(4), 500-544. https://doi.
org/10.1113/jphysiol.1952.sp004764

Hofmeyr, J. S. (2021). A biochemically-realisable relational model of
the self-manufacturing cell. Biosystems, 207, 104463. https://doi.
org/10.1016/j.biosystems.2021.104463

Houle, D. (2024). Niches for neglected ideas? Evolution, 78(11), 1883—
1887. https://doi.org/10.1093/evolut/qpae129

Huxley, J. (1942). Evolution: The modern synthesis. George Allen &
Unwin.

Igamberdiev, A. U. (2023). Teleonomic anticipatory configurations in
biological evolution: The downward dynamical nature of goal-
directedness. In Corning et al. (Eds.), Evolution “on purpose”:
Teleonomy in living systems (pp. 105-117). MIT Press.

Jaeger, J. (2024a). The fourth perspective: Evolution and organismal
agency. In M. Mossio (Ed.), Organization in Biology (pp. 159—
186). Springer International Publishing.

Jaeger, J. (2024b). Ontogenesis, organization, and organismal agency.
In J. Svorcova (Ed.), Organismal agency: Biological concepts and
their philosophical foundations. Springer Nature.

Kauffman, S. (2000). Investigations. Oxford University Press.

Keil, E C. (1992) The origins of an autonomous biology. In M. R. Gun-
nar and M. Maratsos (Eds.), Modularity and constraints in lan-
guage and cognition. Minnesota Symposium on Child Psychology.
Vol. 25 (pp. 103-138). Erlbaum.

Kelemen, D. (1999a). Beliefs about purpose: On the origins of teleolog-
ical thought. In M. Corballis and S. Lea (Eds.), The descent of mind
(pp. 278-294). Oxford University Press.

Kelemen, D. (1999b). The scope of teleological thinking in preschool
children. Cognition, 70(3), 241-272. https://doi.org/10.1016/
s0010-0277(99)00010-4


https://doi.org/10.1016/s0022-5193(84)80050-8
https://doi.org/10.1038/s41598-024-65862-z
https://doi.org/10.1038/s41580-020-00318-6
https://doi.org/10.1038/s41580-020-00318-6
https://plato.stanford.edu/archives/fall2024/entries/science-mechanisms
https://plato.stanford.edu/archives/fall2024/entries/science-mechanisms
https://doi.org/10.1016/j.paid.2011.02.027
https://doi.org/10.1080/13546783.2015.1051586
https://doi.org/10.1016/j.bbrc.2021.02.018
https://doi.org/10.1016/j.bbrc.2021.02.018
https://doi.org/10.1098/rspb.2014.2864
https://doi.org/10.1534/genetics.119.300160
https://doi.org/10.1111/j.1558-5646.2010.00960.x
https://doi.org/10.1111/j.1558-5646.2010.00960.x
https://doi.org/10.1098/rsfs.2016.0145
https://doi.org/10.1098/rsfs.2016.0145
https://doi.org/10.2307/1938540
https://doi.org/10.2307/1938540
https://doi.org/10.1146/annurev-anthro-081309-145822
https://doi.org/10.1146/annurev-anthro-081309-145822
https://doi.org/10.1038/nature21348
https://doi.org/10.1038/nature21348
https://doi.org/10.1007/s10441-008-9054-9
https://doi.org/10.1007/s10441-008-9054-9
https://doi.org/10.1086/590510
https://doi.org/10.1109/jproc.2022.3162791
https://doi.org/10.1038/nrn.2017.14
https://doi.org/10.1038/nrn.2017.14
https://doi.org/10.1098/rspb.2015.2647
https://doi.org/10.1016/0022-5193(64)90039-6
https://doi.org/10.1016/0022-5193(64)90039-6
https://doi.org/10.2307/1416950
https://doi.org/10.1088/0004-637x/707/2/1000
https://doi.org/10.1088/0004-637x/707/2/1000
https://doi.org/10.1113/jphysiol.1952.sp004764
https://doi.org/10.1113/jphysiol.1952.sp004764
https://doi.org/10.1016/j.biosystems.2021.104463
https://doi.org/10.1016/j.biosystems.2021.104463
https://doi.org/10.1093/evolut/qpae129
https://doi.org/10.1016/s0010-0277(99)00010-4
https://doi.org/10.1016/s0010-0277(99)00010-4

154

Kelemen, D., & Rosset, E. (2009). The human function compunction:
Teleological explanation in adults. Cognition, 111(1), 138-143.
https://doi.org/10.1016/j.cognition.2009.01.001

Kelemen, D., Rottman, J., & Seston, R. (2013). Professional physical
scientists display tenacious teleological tendencies: Purpose-based
reasoning as a cognitive default. Journal of Experimental Psy-
chology: General, 142(4), 1074-1083. https://doi.org/10.1037/
20030399

Ladyman, J., & Wiesner, K. (2020). What is a complex system? Yale
University Press.

Lakatos, I. (1978). The methodology of scientific research programmes
(Philosophical Papers: Vol. 1), In J. Worrall & G. Currie (Eds.).
Cambridge University Press.

Lala, K.N., Uller, T., Feiner, N., ... Gilbert, S.F. 2024. Evolution evolv-
ing: The developmental origins of adaptation and biodiversity.
Princeton University Press.

Laland, K. N., Uller, T., Feldman, M. W., ... Odling-Smee, J. (2015).
The extended evolutionary synthesis: Its structure, assumptions
and predictions. Proceedings Biological Sciences, 282(1813),
20151019. https://doi.org/10.1098/rspb.2015.1019

Lee, J. G., & McShea, D. (2020). Operationalizing goal directedness:
An empirical route to advancing a philosophical discussion. Philos-
ophy, Theory, and Practice in Biology, 12, 5.

Leslie, A. M. (1994). ToMM, ToBY, and agency: Core architecture and
domain specificity. In: L. A. Hirschfeld, S. A. Gelman, (Eds.), Map-
ping the mind: Domain specificity in cognition and culture (pp.
119-148). Cambridge University Press.

Levin, M. (2019). The computational boundary of a “self”: Develop-
mental bioelectricity drives multicellularity and scale-free cogni-
tion. Frontiers in Psychology, 10, 2688. https://doi.org/10.3389/
fpsyg.2019.02688

Levin, M. (2021). Life, death, and self: Fundamental questions of
primitive cognition viewed through the lens of body plasticity
and synthetic organisms. Biochemical and Biophysical Research
Communications, 564, 114-133. https://doi.org/10.1016/j.
bbrc.2020.10.077

Levin, M. (2022). Technological approach to mind everywhere: An
experimentally-grounded framework for understanding diverse
bodies and minds. Frontiers in Systems Neuroscience, 16, 768201.

Levin, M., & Dennett, D. C. (2020). Cognition all the way down. Aeon,
October 2020.

Lewontin, R. C. (1978). Adaptation. Scientific American, 239(3),
212-8, 220, 222 passim. https://doi.org/10.1038/scientificameri-
can0978-212

Lombrozo, T., Kelemen, D., & Zaitchik, D. (2007). Inferring design:
Evidence of a preference for teleological explanations in patients
with Alzheimer’s disease. Psychological Science, 18(11), 999-1006.
https://doi.org/10.1111/.1467-9280.2007.02015.x

Lynch, M. (2007). The frailty of adaptive hypotheses for the origins
of organismal complexity. Proceedings of the National Academy
of Sciences, 104(Suppl 1), 8597-8604. https://doi.org/10.1073/
pnas.0702207104

Manicka, S., & Levin, M. (2019). The cognitive lens: A primer on con-
ceptual tools for analysing information processing in developmen-
tal and regenerative morphogenesis. Philosophical Transactions of
the Royal Society B, 374,20180369.

Margulis, L. (2001). The conscious cell. Annals of the New
York Academy of Sciences, 929(1), 55-70. https://doi.
org/10.1111/1.1749-6632.2001.tb05707.x

Mayr, E. (1961). Cause and effect in biology: Kinds of causes, pre-
dictability, and teleology are viewed by a practicing biolo-
gist. Science, 134(3489), 1501-1506. https://doi.org/10.1126/
science.134.3489.1501

Mayr, E. (1982). The growth of biological thought: Diversity, evolu-
tion, and in heritance. Harvard University Press.

Mitchell, K. J. (2023). Free agents: How evolution gave us free will.
Princeton University Press.

Moczek, A., & Sultan, S. (2023). Agency in living systems. Special Issue
of Evolution &. Development, 25(6), 329-469.

DiFrisco and Gawne

Moore, R. Y., & Eichler, V. B. (1972). Loss of a circadian adrenal cor-
ticosterone rhythm following suprachiasmatic lesions in the rat.
Brain Research, 42(1), 201-206. https://doi.org/10.1016/0006-
8993(72)90054-6

Moreno, A., & Etxeberria, A. (2005). Agency in natural and arti-
ficial systems. Artificial Life, 11(1-2), 161-175. https://doi.
org/10.1162/1064546053278919

Moreno, A.,& Mossio M. (2015). Biological autonomy: A philosophi-
cal and theoretical enquiry. Springer.

Moris, N., Shrivastava, J., Jeffery, L., ... Nurse, P. (2016). A genome-
wide screen to identify genes controlling the rate of entry into mito-
sis in fission yeast. Cell Cycle, 15(22),3121-3130. https://doi.org/1
0.1080/15384101.2016.1242535

Moss, L. (2024). Concepts of agency. Special Issue of Biological Theory,
19(1), 1-71.

Nadolski, E., & Moczek, A. (2023). Promises and limits of an agency
perspective in evolutionary developmental biology. Evolution &
Development, 25, 371-392.

Nagel, E. (1979). Teleology revisited, and other essays in the philosophy
and history of science. Columbia University Press.

Newman, S. A. (2023). Inherency and agency in the origin and evolu-
tion of biological functions. Biological Journal of the Linnean Soci-
ety, 139(4), 487-502. https://doi.org/10.1093/biolinnean/blac109

Newman, S. A., Benitez, M., Bhat, R., ... Sarkar, S. (2024). Agency in
the evolutionary transition to multicellularity. Unpublished.

Nicolis, G & I Prigogine. (1977). Self-organization in nonequilibrium
systems. Wiley.

Noble, D., Cartwright, N., Bateson, P., ... Laland, K. (2017). New
trends in evolutionary biology: Biological, philosophical and social
science perspectives. Special Issue of Interface Focus, 7(5).

Noble, D. & Noble, R. (2023a). How purposive agency became banned
from evolutionary biology. In P. A. Corning et al. (Eds.), Evolution
“on purpose”: Teleonomy in living systems (pp. 221-235). MIT
Press.

Noble, D., & Noble, R. (2023b). Physiology restores purpose to evo-
lutionary biology. Biological Journal of the Linnean Society, 139,
357-369.

Noor, M. A. (1995). Speciation driven by natural selection in Drosopbhila.
Nature, 375(6533), 674-675. https://doi.org/10.1038/375674a0

Oderberg, D. (2018). The great unifier: Form and the unity of the
organism. In W. M. R. Simpson, R. C. Koons, & N. J. Teh (Eds.),
Neo-Aristotelian Perspectives on contemporary science. (pp. 169—
184). Routledge.

Odling-Smee, J. (2024). Niche construction: How life contributes to its
own evolution. MIT Press.

Okasha, S. (2024). The concept of agency in biology: Motivations and
meanings. Biological Theory, 19, 6-10.

Okasha, S. (2018). Agents and goals in evolution. Oxford University
Press.

Okasha, S. (2023). Goal attributions in biology: Objective fact, anthro-
pomorphic bias, or valuable heuristic? In Corning et al. (Eds.), Evo-
lution “on purpose”: Teleonomy in living systems (pp. 237-256).
MIT Press.

Orzack, S. (2024). Adaptationism: Past, present, and future. Cambridge
University Press. Manuscript in press.

Ozbudak, E. M., Thattai, M., Lim, H. N., ... Van Oudenaarden, A.
(2004). Multistability in the lactose utilization network of Esche-
richia coli. Nature, 427(6976), 737-740. https://doi.org/10.1038/
nature02298

Padian, K., & Chiappe, L. M. (1998). The origin and early evolution
of birds. Biological Reviews, 73(1), 1-42. https://doi.org/10.1111/
j.1469-185x.1997.tb00024.x

Panciera, T., Azzolin, L., Cordenonsi, M., & Stefano, P. (2017). Mech-
anobiology of YAP and TAZ in physiology and disease. Nature
Reviews Molecular Cell Biology, 18, 758-770.

Pérez-Escudero, A., Marta, R. -A., & de Polavieja, GG. (2009).
Structure of deviations from optimality in biological systems.
Proceedings of the National Academy of Sciences, 106(48),
20544-20549.


https://doi.org/10.1016/j.cognition.2009.01.001
https://doi.org/10.1037/a0030399
https://doi.org/10.1037/a0030399
https://doi.org/10.1098/rspb.2015.1019
https://doi.org/10.3389/fpsyg.2019.02688
https://doi.org/10.3389/fpsyg.2019.02688
https://doi.org/10.1016/j.bbrc.2020.10.077
https://doi.org/10.1016/j.bbrc.2020.10.077
https://doi.org/10.1038/scientificamerican0978-212
https://doi.org/10.1038/scientificamerican0978-212
https://doi.org/10.1111/j.1467-9280.2007.02015.x
https://doi.org/10.1073/pnas.0702207104
https://doi.org/10.1073/pnas.0702207104
https://doi.org/10.1111/j.1749-6632.2001.tb05707.x
https://doi.org/10.1111/j.1749-6632.2001.tb05707.x
https://doi.org/10.1126/science.134.3489.1501
https://doi.org/10.1126/science.134.3489.1501
https://doi.org/10.1016/0006-8993(72)90054-6
https://doi.org/10.1016/0006-8993(72)90054-6
https://doi.org/10.1162/1064546053278919
https://doi.org/10.1162/1064546053278919
https://doi.org/10.1080/15384101.2016.1242535
https://doi.org/10.1080/15384101.2016.1242535
https://doi.org/10.1093/biolinnean/blac109
https://doi.org/10.1038/375674a0
https://doi.org/10.1038/nature02298
https://doi.org/10.1038/nature02298
https://doi.org/10.1111/j.1469-185x.1997.tb00024.x
https://doi.org/10.1111/j.1469-185x.1997.tb00024.x

Journal of Evolutionary Biology, 2025, Vol. 38, No. 2

Piaget, J. (1929). The child’s conception of the world. Routledge and
Kegan Paul.

Pierce, G. J., & Ollason, J. G. (1987). Eight reasons why optimal for-
aging theory is a complete waste of time. Oikos, 49(1), 111-118.
https://doi.org/10.2307/3565560

Pinker, S. 1997. How the mind works. Penguin Books.

Potter, H. D., & Mitchell, K. J. (2022). Naturalising agent causation.
Entropy, 24(4), 472. https://doi.org/10.3390/e24040472

Prum, R. O., Berv, J. S., Dornburg, A., ... Lemmon, A. R. (2015). A
comprehensive phylogeny of birds (Aves) using targeted next-
generation DNA sequencing. Nature, 526(7574), 569-573. https://
doi.org/10.1038/nature15697

Rama, T. (2024). Is a cognitive revolution in theoretical biology under-
way? Foundations of Science.

Reber, A. S., Baluska, F., & Miller, W. (2023). The sentient cell: The cel-
lular foundations of consciousness. Oxford University Press.

Roberts, A. J., Handley, S. J., & Polito, V. (2021). The design stance,
intentional stance, and teleological beliefs about biological
and nonbiological natural entities. Journal of Personality and
Social Psychology, 120(6), 1720-1748. https://doi.org/10.1037/
pspp0000383

Roberts, A. J., Wastell, C. A., & Polito, V. (2020). Teleology and the
intentions of supernatural agents. Consciousness and Cognition,
80, 102905. https://doi.org/10.1016/j.concog.2020.102905

Robertson, B. A., & Hutto, R. L. (2006). A framework for understand-
ing ecological traps and an evaluation of existing evidence. Ecol-
ogy, 87(5), 1075-1085. https://doi.org/10.1890/0012-9658(2006)
87[1075:affuet]2.0.co;2

Robinson, D. G., Jon, M., Wendy, A. P, ... Taiz, L. (2024). Cell con-
sciousness: A dissenting opinion. EMBO Reports, 25,2162-2167.

Rodrigues, M., Nina, K., Clark, A. B., & Gurtner, G. C. (2019).
Wound healing: A cellular perspective. Physiological Reviews,
99, 665-706.

Roessler, J., & Eilan, N. (2003) (Eds.), Agency and self-awareness:
Issues in philosophy and psychology. Oxford University Press.
Rosen, R. (1991). Life itself: A comprebensive inquiry into the nature,

origin, and fabrication of life. Columbia University Press.

Ross, D. (2010). The economic agent: Not human, but important. In U.
Maki (Ed.), Elsevier handbook of philosophy of science. Vol. 13:
Economics (pp. 627-671). Elsevier.

Rosset, E. (2008). It’s no accident: Our bias for intentional explana-
tions. Cognition, 108(3), 771-780. https://doi.org/10.1016/j.cogni-
tion.2008.07.001

Rosslenbroich, B., Kiimmell, S., & Bembé, B. (2024). Agency as an
inherent property of living organisms. Biological Theory.

Russell, S. J., & Norvig, P. (2016) (Eds.), Artificial intelligence: A mod-
ern approach (3rd ed.) Pearson.

Rutherford, M. D., & Kuhlmeier, V. A. (2013) (Eds.), Social perception:
Detection and interpretation of animacy, agency, and intention.
Boston Review.

Salmon, W. C. (1984). Scientific explanation and the causal structure of
the world. Princeton University Press.

Santillin, M., Mackey, M. C., & Zeron, E. S. (2007). Origin of bista-
bility in the lac operon. Biophysical Journal, 92(11), 3830-3842.
https://doi.org/10.1529/biophysj.106.101717

Schlaepfer, M. A., Runge, M. C., & Sherman, P. W. (2002). Ecological
and evolutionary traps. Trends in Ecology and Evolution, 17(10),
474-480. https://doi.org/10.1016/s0169-5347(02)02580-6

Scholl B. J., & Gao T. (2013) Perceiving animacy and intentionality:
Visual processing or higher-level judgment? In: M.D. Rutherford,
V.A. Kuhlmeier, (Eds.), Social perception: Detection and interpreta-
tion of animacy, agency, and intention. The MIT Press.

Seifert, G., Sealander, A., Marzen, S., & Levin, M. (2024). From rein-
forcement learning to agency: Frameworks for understanding basal
cognition. Biosystems, 235, 105107.

Shapiro, J. A. (2021). All living cells are cognitive. Biochemical and
Biophysical Research Communications, 564, 134-149.

Shapiro, J. A. (2011). Evolution: A view from the 21st century. FT Press
Science.

155

Simpson, G. G. (1950). The meaning of evolution. Oxford University
Press.

Singh, S., Young, A., & McNaught, C.-E. (2017). The physiology of
wound healing. Surgery, 35(9), 473-477.

Stearns, S. (1989). Trade-offs in life history evolution. Functional Ecol-
ogy, 3(3), 259-268.

Stearns, S. (1992). The evolution of life histories. Oxford: Oxford Uni-
versity Press.

Stearns, S. (1982). The role of development in the evolution of life his-
tories. In: J. T. Bonner (Ed.), Evolution and development, Dahlem
Konferenzen (pp. 237-258). Springer-Verlag.

Stephan, F. K., & Zucker, I. (1972). Circadian rhythms in drinking and
locomotor activity of rats are eliminated by hypothalamic lesions.
Proceedings of the National Academy of Sciences, 69(6), 1583~
1586. https://doi.org/10.1073/pnas.69.6.1583

Strogatz, S. H. (2015). Nonlinear dynamics and chaos—with appli-
cations to physics, biology, chemistry, and engineering (2nd ed.).
Westview Press.

Sultan, S. E., Moczek, A. P., & Walsh, D. (2022). Bridging the explana-
tory gaps: What can we learn from a biological agency perspective?
Bioessays, 44(1), 2100185.

Svensson, E. I. (2018). On reciprocal causation in the evolutionary pro-
cess. Evolutionary Biology, 45(1), 1-14. https://doi.org/10.1007/
s11692-017-9431-x

Svorcova, J (ed). (2024). Organismal agency: Biological concepts and
their philosophical foundations. Springer.

Swami, V., Coles, R., Stieger, S., ... Voracek, M. (2011). Conspiracist
ideation in Britain and Austria: Evidence of a monological belief
system and associations between individual psychological differ-
ences and real-world and fictitious conspiracy theories. British
Journal of Psychology, 102(3), 443-463. https://doi.org/10.1111/
7-2044-8295.2010.02004.x

Tang, S. K. Y., & Marshall, W. E. (2018). Cell learning. Current Biology,
28(20), R1180-R1184. https://doi.org/10.1016/j.cub.2018.09.015

Tinbergen, N. (1963). On aims and methods of ethology.
Zeitschrift  fiir Tierpsychologie, 20(4), 410-433. https://doi.
org/10.1111/j.1439-0310.1963.tb01161.x

Tomasello, M., Carpenter, M., Call, J., ... Moll, H. (2005). Understand-
ing and sharing intentions: The origins of cultural cognition. The
Behavioral and Brain Sciences, 28(5), 675-91; discussion 691.
https://doi.org/10.1017/50140525X05000129

Turner, J. S. (2017). Purpose and desire: What makes something “alive”
and why modern Darwinism has failed to explain it. HarperOne.

Uller, T. (2023). Agency, Goal Orientation, and Evolutionary Explana-
tions. In Corning et al. (Eds.), Evolution “on purpose”: Teleonomy
in living systems (pp. 325-339). MIT Press.

Vane-Wright, R. 1., & Corning, P. A. (2023). Teleonomy in living sys-
tems. Special Issue of Biological Journal of the Linnean Society,
139(4), 341-587.

Walsh, D., & Rupik, G. (2023). The agential perspective: Counter-
mapping the modern synthesis. Evolution & Development, 25,
335-352.

Walsh, D. (2015). Organisms, agency, and evolution. Cambridge Uni-
versity Press.

Walsh, D, & Sultan, S. (2024). “The higher-order norm of reaction:
Biological agency and adaptive phenotype response.” In: Fibregas-
Tejada et al. (Eds.), The riddle of organismic agency. Routledge.

Watson, J. A. L. (1992). Oviposition by exophytic dragonflies on vehi-
cles. Notulae Odonatologicae, 3,137.

Watson, R. (2024). “Agency, goal-directed behavior, and part-whole
relationships in biological systems.”. Biological Theory, 19(1), 22—
36. https://doi.org/10.1007/s13752-023-00447-z

Waytz, A., Cacioppo, J., & Epley, N. (2010). Who sees human? The
stability and importance of individual differences in anthropomor-
phism. Perspectives on Psychological Science : A Journal of the
Association for Psychological Science, 5(3), 219-232. https://doi.
org/10.1177/1745691610369336

Weismann, A. (1889). Essays upon heredity and kindred problems. Vol
1. Clarendon Press.


https://doi.org/10.2307/3565560
https://doi.org/10.3390/e24040472
https://doi.org/10.1038/nature15697
https://doi.org/10.1038/nature15697
https://doi.org/10.1037/pspp0000383
https://doi.org/10.1037/pspp0000383
https://doi.org/10.1016/j.concog.2020.102905
https://doi.org/10.1890/0012-9658(2006)87[1075:affuet]2.0.co;2
https://doi.org/10.1890/0012-9658(2006)87[1075:affuet]2.0.co;2
https://doi.org/10.1016/j.cognition.2008.07.001
https://doi.org/10.1016/j.cognition.2008.07.001
https://doi.org/10.1529/biophysj.106.101717
https://doi.org/10.1016/s0169-5347(02)02580-6
https://doi.org/10.1073/pnas.69.6.1583
https://doi.org/10.1007/s11692-017-9431-x
https://doi.org/10.1007/s11692-017-9431-x
https://doi.org/10.1111/j.2044-8295.2010.02004.x
https://doi.org/10.1111/j.2044-8295.2010.02004.x
https://doi.org/10.1016/j.cub.2018.09.015
https://doi.org/10.1111/j.1439-0310.1963.tb01161.x
https://doi.org/10.1111/j.1439-0310.1963.tb01161.x
https://doi.org/10.1017/S0140525X05000129
https://doi.org/10.1007/s13752-023-00447-z
https://doi.org/10.1177/1745691610369336
https://doi.org/10.1177/1745691610369336

156

Weismann, A. (1893). Die Allmacht der Naturziichtung: Eine Erwiderung
an Herbert Spencer. Jena. Translated and published in the Contem-
porary Review, 1893. The all-sufficiency of natural selection. A reply
to Herbert Spencer. Contemporary Review, 64: 309-338

Westfall, M. (2023). Perceiving agency. Mind & Language, 38(3), 847—
865. https://doi.org/10.1111/mila.12399

Wildermuth, H., & Gébor, H. (2005). Visual deception of a male Libel-
lula depressa by the shiny surface of a parked car (Odonata: Libel-
lulidae). International Journal of Odonatology, 8(1), 97-105.

Williams, G. C. (1957). Pleiotropy, natural selection and evolu-
tion of senescence. FEvolution, 11(4), 398-411. https:/doi.
org/10.2307/2406060

Williams, G. C. (1966). Adaptation and natural selection. Princeton
University Press.

Wingfield, J. C., & Sapolsky, R. M. (2003). Reproduction and resistance
to stress: When and how. Journal of Neuroendocrinology, 15(8),
711-724. https://doi.org/10.1046/].1365-2826.2003.01033.x

Woodford, P. (2016). Neo-Darwinists and neo-Aristotelians: How to
talk about natural purpose. History and Philosophy of the Life Sci-
ences, 38(4), 23. https://doi.org/10.1007/s40656-016-0123-0

DiFrisco and Gawne

Woodward, J. (2021b). Downward causation defended. In: J. Voosholz
and M. Gabriel (Eds.), Top-down causation and emergence (pp.
217-251). Springer Verlag.

Woodward, J. (2021a). Downward causation and levels. In: Brooks
et al. (Eds.), Levels of organization in the biological sciences (pp.
175-193). MIT Press.

Woolley, P. (1966). Reproduction in Antechinus spp. and other dasyu-
rid marsupials. Symposia of the Zoological Society of London, 15,
281-294.

Wright, C. S., Joshi, K., & Iyer-Biswas, S. (2023). Cellular learn-
ing: Habituation sans neurons in a unicellular organism.
Current Biology, 33(2), R61-R63. https://doi.org/10.1016/j.
cub.2022.12.008

Wright, S. (1964). Biology and the philosophy of science. The Monist,
48(2),265-288. https://doi.org/10.5840/monist196448215

Wyniger, R. (1955). Beobachtungen uber die Eiablage von Libellula
depressa L. (Odonata, Libellulidae). Mitteilungen der Entomolo-
gischen Gesellschaft Basel NF, 5, 62-63.

Yates, F. E. (Ed). (1987). Self-organizing systems: The emergence of
order. Plenum Press.


https://doi.org/10.1111/mila.12399
https://doi.org/10.2307/2406060
https://doi.org/10.2307/2406060
https://doi.org/10.1046/j.1365-2826.2003.01033.x
https://doi.org/10.1007/s40656-016-0123-0
https://doi.org/10.1016/j.cub.2022.12.008
https://doi.org/10.1016/j.cub.2022.12.008
https://doi.org/10.5840/monist196448215

	Biological agency: a concept without a research program
	Introduction
	Agency and goal-directedness
	Agency and mechanistic explanation
	Agency as self-determination
	Self-determination as whole-organism causation
	Self-determination: “choice” versus multistability

	Biological agency is a cryptically cognitive concept
	The psychology of agency attributions
	Discussion
	Acknowledgments
	References


