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In extinction learning, abehaviour that was previously learned
isextinguished whenitnolonger occursinresponse to atarget
stimulus. However, laboratory research with non-human animals has
revealed ‘paradoxes’ that consist of relapses or amplifications of the
extinguished behaviour. In this Perspective, we examine extinction
learning as a psychological mechanism and as an evolutionary
adaptation. Relapse effects (including spontaneous recovery, renewal
and reinstatement) and amplification effects (including extinction
burst, increased behavioural variability and the partial reinforcement
effect) reflect evolutionarily developed strategies to optimize survival
inunpredictable environments. In the wild, reward loss motivates
exploration and enables organisms to re-engage when success is
possible. This functional interpretation combines psychological and
ecologicalinterpretations to redefine extinction as an adaptive search
process and provides new insights for psychology and neuroscience.
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Introduction

Memories enable humans and other animals to predict the future.
However, memories can only serve as useful predictions if they are
updated every time the predictions prove to be wrong. Because new
encounters are rarely radically different from those of the past, most
updates only need to slightly alter the memory traces'. But in extinc-
tionlearning, aprediction fromthe pastis completely wrong when an
expected reward does not occur. How the animal adapts to this scenario
isinformative torecognize the evolutionary embedding of extinction
learning and to understand why so many of its features are difficult to
explain by learning theory.

In laboratory studies of extinction in non-human animals, a rein-
forcer is presented with a stimulus, which leads to learning of this
association. Thereinforcer canbe positive, suchas food, whichinduces
appetite and approach behaviour during acquisition, or negative, such
as an electric shock, which produces fear or avoidance reactions.
A typical example is seen when observing the behaviour of aratin a
conditioning device called aSkinner box thatis used to study animalsin
operantor classical conditioning paradigms. In classical conditioning, a
ringing tone serves as the conditioned stimulus, which reliably predicts
the occurrence of ashock (unconditioned stimulus). Therat thenstarts
to freeze as a fear response when the ringing tone is presented. When
extinction learning begins, the conditioned stimulus (ringing tone)
is no longer followed by the unconditioned stimulus (shock). Thus,
the rat’s prediction regarding this association fails. When the condi-
tioned stimulus is presented several times without the unconditioned
stimulus, therat gradually decreases their response to the stimulus —a
behaviour known as extinction. Reinforcer suppression extinguishes
the reinforced behaviour irrespective of whether the stimulus is pre-
dictive of the reinforcer (conditioned, as in this example) or sets the
occasion for action to obtain or avoid the reinforcer (discriminative,
asininstrumental conditioning).

Psychological studies have described many core processes
of behavioural change related to extinction. In certain scenarios,
the animal demonstrates transient relapse or amplification of the
extinguished behaviour (during and after classical or instrumental
extinction?), called ‘paradoxes”. These paradoxes form two categories:
relapses of behaviours (in which aninitial behaviour re-emerges after
atime or in another place) and behavioural amplifications (in which
aninitialbehaviourisinvigorated, lengthened or varied). In the exam-
ple above, the rat might initially stop freezing after the ringing tone,
then later freeze again when the conditioned stimulus is heard again.
So, relapses occur when time passes after extinction (spontaneous
recovery), when the context changes after extinction (renewal) or
when the unconditioned stimulus is presented again shortly after
extinction (reinstatement). Relapse effects depend on the change in
context between acquisition and extinction and/or extinction and
reacquisition. By contrast, amplification effects are persistence of the
behaviour. Theseinclude asuddenincrease inresponserates to the pre-
viously rewarded stimulus (extinction burst), aflood of new behaviours
(greater behavioural variability) and greater resistance to extinction
after asparse reinforcement schedule (partial reinforcement effect).

Extinction learning is widespread and involves fundamental evolu-
tionary components for survival. Extinction has been shown in highly
similar ways inmammals (including humans* ), birds’, fish®, amphibia’,
insects such as honeybees'® and Drosophila™, and molluscs'®. Due to
the existence of various animal models, the neuronal mechanisms
of extinction learning have also become a highly successful field of
neuroscientific inquiry'*. Indeed, many animal studies attempt to

explainthe ‘how’ of extinction and describe various psychological and
neuroscientific conditions that lead to paradoxical relapses into extin-
guished behaviour. However, many key questions remain, including
why similar phenomena have evolved throughout the animal kingdom
and why contextis soimportant for extinction learning and relapsesin
particular. Surprisingly, this evolutionary ‘why’ of extinction learning
isalmostignoredinthebiopsychologicalliterature, eventhoughthese
behavioural and cognitive mechanisms have certainly arisen through
natural selection due to an associated survival advantage®.

However, behavioural ecologists and ethologists study situations
inthe wild thatare identical or quite similar to each of the phenomena
of non-human animal extinction and routinely ask these ‘why’ ques-
tions. But these ecological studies remain completely separate from
psychological and neural studies of extinction. Integrating these two
parallel and perfectly complementary scientific traditions could enable
a deeper understanding of the evolutionary, behavioural and neural
principles of extinction learning. It would explain the various behav-
ioural paradoxes of extinction learning through evolutionary principles
and could provide ecological studies withamechanistic understanding
that ranges from learning theory to the synapse.

These mechanisms have important translational implications,
because conditioning obeys the same principles in animals and
humans. Anxiety disorders are thought to mostly originate from aver-
sive conditioning events. In Europe, 10-14% of adults suffer from an
anxiety disorder eachyear'®, with specific phobias being the most com-
mon. Exposure therapy is the gold standard for treating phobias and
other forms of anxiety”. In exposure therapy, the patient is confronted
with an object that causes the anxiety response without the option to
leave the situation. Because the feared negative consequence does
not occur, the anxiety response lessens over time and subsequently
reportsareductionof anxiety tothe objects used inthe therapy. How-
ever, approximately 19-62% of patients who initially benefit from
exposure therapy later experience a relapse of fear when encounter-
ing the aversive condition again'®'. Many relapses occur because
patients are confronted with contextual stimuli that differ from those
they were exposed to during psychotherapy”, where extinction learn-
ing took place. These relapses represent some of the ‘paradoxes’ of
learning’: extinction does not erase the learned behaviour, evenifitis
not exhibited at the behavioural level until relapse.

In this Perspective, we argue that the mechanisms and the func-
tions of extinction learning are complementary and must be consid-
ered together to understand the paradoxical effects of extinction.
In doing so, we show that extinction in laboratory animals has func-
tional equivalents for animals in the wild and that the paradoxesiden-
tified by psychologists vanish when the ‘why’ of those behaviours is
investigated. We first discuss relapse and the key role of context in
these effects, followed by amplification effects. Finally, we present
our framework, which posits that extinction-related effects in the wild
mostly evoke motivationsto ‘try harder’, ‘try later’ or ‘try differently’ —
behaviours that look paradoxical in [aboratory settings but reflect
adaptive attempts for animals to reach their survival and reproductive
requirements.

We mostly focus on foraging behaviour ininstrumental situations.
Although there are important differences in the neurobiological and
psychological mechanisms of classical and instrumental condition-
ing, as well as between appetitive and aversive preparations, there are
strong parallels in the behavioural effects obtained in these different
conditioning types’. The observed unity in these effects suggest that
extinctionis controlled by similar evolutionary pressures, irrespective
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Table 1| Mechanistic and functional interpretations of extinction-related effects

Category Extinction-related effect Psychological description Analogous ecological scenario
Relapses of Spontaneous recovery Reappearance of an extinguished response withthe  Travelling back to an exploited food patch after gradual
behaviour passage of time repletion

Renewal

Reappearance of an extinguished response when the
spatial context is altered after extinction learning

Leaving a moderately profitable feeding location for
another in which the success rate is expected to be higher

Reinstatement

after extinction

Reappearance of an extinguished response due to
re-exposure to the learned unconditioned stimulus

Increasing vigilance (if the unconditioned stimulus
is a threat) or promoting seeking behaviour (if the
unconditioned stimulus is a reward)

Amplifications  Extinction burst

of behaviour

Sudden absence of reward after continuous
reinforcement creates conditioned stimulus

Investing more effort in the task to quickly determine its
reward-related value (and go away in case of failure)

ambiguity, which boosts responding

Behavioural variability
(in early extinction,
including resurgence)

The interruption of reward delivery in response to a
cue induces a response to alternative cues

Trying alternative behaviours when the previously learned
successful response does not work anymore

Partial reinforcement
extinction effect

Exposure to intermittent cue-outcome association
during acquisition makes the animal more tolerant to

Lengthening reward-seeking behaviour to maximize
success under harsh environmental conditions

the absence of reward in extinction

of the appetitive or aversive conditions in which conditioning takes
place. This similarity makes sense given that situations encountered
in the wild are not as cleanly separated as those in the laboratory.
For instance, behavioural responses can be instrumental while being
influenced by specific cues and often consist of trade-offs between
overlapping appetitive and aversive contingencies (for instance,
looking for food under a predation risk). We therefore consider
extinction-related effects without distinguishing between appetitive
or aversive conditioning paradigms.

Relapses of behaviour

Relapsesare characterized by asuddenreappearance of the conditioned
response after successful extinctionlearning. Asarule, these relapses
are accompanied by a change in context and their existence poses a
major challenge for human psychotherapy. Here, we will briefly intro-
ducethreerelapse phenomenainthelaboratory (spontaneous recov-
ery, renewal and reinstatement) and their counterparts inbehavioural
ecology (Table 1). In addition, we show how much these phenomena
depend on contextual cues. We begin with spontaneous recovery —
a phenomenon that marks the historical beginning of extinction
learning research.

Spontaneous recovery

In a classic study, dogs were conditioned to salivate to the sound of a
metronome that was followed by flesh powder?. After this response was
extinguished, an experimental break of minutes to hours was sufficient
for the conditioned stimulus to trigger relapse: arenewed occurrence of
the conditioned response. Theresearcher concluded that extinctionis a
novel type of learning process that cannot be explained by forgetting, as
therestoration of conditioned response proved that the memory trace
had not disappeared. The more time that passes between extinction
and the next session, the stronger the spontaneous recovery?. But this
recoveryis then negatively accelerated and decreasesin strength with
further repetitions of extinction sessions” (Fig. 1a).

However, the function of spontaneous recovery was unclear. The
original study author posited that the conditioned response had been
inhibited and thatinhibitionisless stable than excitation, which leads
to a re-emergence of excitation over time”’. Later views assume that
the passage of time after extinction can be learned by the animal as

a context stimulus similar to a visual cue that can serve as the con-
text. As a change of a visual context can cause a relapse, so then does
the passage of time. Changes in context not only provide acommon
explanatory concept for all relapse phenomena but also overlap with
neurobiological findings®.

Behavioural ecologists have described many phenomena in the
wild that resemble spontaneous recovery. These are often referred to as
‘traplining’, which consists of ‘revisiting behaviour of feeding sites’ and
has been documented for species across different ecosystems, includ-
ingbumblebees?, pumas®, little egrets”, elephants® and ungulates?.
These and further speciesleave anareawhenitsresources are depleted
(similar toextinction learning), but later repeatedly revisit these sites
when they offer replenishable resources such as fruit, nectar or prey
(similar to spontaneous recovery)*?. Compared with constantly
searching for novelfeeding grounds, traplining improves foraging effi-
ciency whenthe foraged resources are slow to replenish and the revisit
occurs when the resource is at its peak®. Above all, the efficiency of
traplining depends on cognitive resources such as cumulative learning,
memory and estimation of the passage of time*>". In fact, humming-
birds and bumblebees canremember the time between flower visits and
adjust their next return visit to feeding sites accordingly® ™ (Fig. 1a).

The spontaneous recovery phenomena in the biopsychological
literature are therefore similar to ecological observations, including
intheir details. For example, spontaneousrecovery has been observed
inthe laboratory with rats even after more than a hundred extinction
attempts®. According to the ecological literature, this pattern is sen-
sible if there is a possibility that an exhausted feeding site contains a
renewable resource®. Although rats show alarge number of spontane-
ous recoveries, these recoveries are negatively accelerated, so their
strength decreases with each repetition®*. Similarly, predators spend
negatively decreasing time in visiting areas if they record declining
catchrates eachtime due to alack of prey*®. The similarity between psy-
chologicaland ecological studies is also evident when considering the
temporal context of extinction learningin the laboratory: these studies
show that the strength of spontaneous recovery is proportional to the
time that has elapsed since extinction learning?*’. Ecological studies
also observe that the efficiency of revisiting an area is proportional
to the time that has elapsed since the last visit?*’. Taken together,
laboratory and ecological studies show that animals spontaneously
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Fig.1|Relapsesinthe laboratory and similar behavioursin the wild.

a, Spontaneous recovery of arat that presses alever for food reward (upper

left panel) and stops doing so after extinction (upper centre panel). When time
passes, the rat is placed back into the conditioning chamber and immediately
takes up its operant behaviour under extinction conditions (upper right panel).
Inthe wild, similar behaviour is known as ‘traplining’. Butterflies visit flowers
for nectar (lower left panel) and visit other flowers (lower centre panel) once
nectar resources are depleted. They then come back after some time has passed
to exploit the replenished nectar (lower right panel). b, During an ABA renewal
task, a pigeon pecks a key for food reward in context A (tan wall, upper left panel).
When the wall colour changes to green (context B), extinction starts and the

animal stops pecking (upper centre panel). As soon as the wall colour changes
back to tan (context A), the pigeon starts the operant response again (upper right
panel). Similar situations occur in prey-predator interactions when a bear hunts
deer (lower left panel). Hunting results in deer leaving this patch, which causes
the bear to leave too (lower centre panel). When the bear is gone, deer come
back, which canresultin reappearance of the bear (lower right panel).c,Ina
reinstatement study, a rat operates the lever for afood reward and stops doing
sounder extinction conditions. A single food delivery can reinstate the operant
response (upper panels). Similar situations are typical for relapses of smoking,
where quitting smoking can be followed by a reinstatement after experiencing a
smoking situation (lower panels).

retry to obtainresources from once-rewarding settings. Thislearning
theoretical paradox makes sense when minding the ecological condi-
tions of animals that were positively selected for revisiting areas with
replenishable resources.

Renewal

Environmental dynamics and an animal’s actions can induce context
changes that might lead to renewal of activities that were extinguished
inadifferent context. Renewal can take three forms depending on the
context in which abehaviour is acquired, extinguished and renewed.
ABArenewal is the most common form, involving Context A and Con-
text B.Inarat classical conditioning paradigm, white noise (Context A)
is present during aversive learning. When extinction learning begins,
the white noise is switched to blue noise (Context B) and the condi-
tioned stimulus is unexpectedly no longer followed by the uncondi-
tioned stimulus. This process creates a second memory that predicts
the absence of the unconditioned stimulus in Context B*°. In this com-
petition between memory traces, the context in which extinction took
place has a key role*’. During initial acquisition, contextual cues such
aswhite noise are not completely ignored, but play asubordinate role
overall*”, During extinction, contextual cues such as the blue noise
are strongly integrated®. As a consequence, the rat again expects the
aversive stimulus when Context A is delivered again.

This experimental ABA renewal design demonstrates something
important about the psychology of extinction learning: animals do
not forget an extinguished behaviour® (Fig. 1b). The originally learned
conditioned stimulus can activate two different memories — one in
which the unconditioned stimulus is predicted and one in which it is
not —depending on the context. If the extinction context (blue noise)
is present, the corresponding memory (unconditioned stimulus not
predicted)is activated, and the ratisrelaxed. If this extinction context
isremoved, the originally learned acquisition memory (unconditioned
stimulus predicted) is usually reactivated, and the rat expects a pain-
ful shock. Thus, the original memory is largely context-independent,
whereas the extinction memory is not. Because renewal has also been
observed in ABC designs, it is highly likely that it is the absence of the
extinction context that reactivates the conditioned response’. Indeed,
ABA relapses (in an operant design) depend on the expectation of a
reward uponrelease from the extinction context, regardless of whether
the extinction memory underwent cellular consolidation or not***.

Evidence for ABA renewal in nature is not so clear, because the
context elements that cause extinction are biologically significant
rather than initially neutral. For instance, for a diurnal animal, night
acts as an extinction context for the foraging activity performed the
day before, which is renewed the next day. But the decrease in light
intensity at dusk physiologically prepares the animal to reduce foraging

and other behaviours. In other situations, ABA renewal-like behaviour
involves the recognition that a place is safe or unsafe again, due to the
identification of biologically meaningful components such as preda-
tors (Fig.1b). For example, Trinidad guppies often swim near the water
surface to feed on mosquito larvae. When an artificial bird of prey flew
over the water, the guppies immediately retreated to deeper areas
and remained there until the predator had disappeared and then they
returned to the surface*. This ABA renewal-like behaviour also applies
to predators looking for prey. Once they catch prey in a certain area,
that area can remain profitable and the predator should stay there.
However, prey responds to the predator’s presence by fleeing or hid-
ing, which makes the arealess profitable®®, and alert prey is difficult to
catch. Thus, predators should leave an area and only return when the
prey’salertness has sufficiently decreased". For example, little egrets
dynamically adjust their return to different fish ponds based on previ-
ous reward probability and fish behaviour*®, Prey therefore resembles
arenewableresource thatrequires astrategic delayin visiting the same
area’*?s. If a predator returns too quickly, the prey is still hidden, but
if they return too late they miss the opportunity to catch it. As a con-
sequence, predator and prey play a complex and interactive waiting
game®. Optimal foraging theory captures this dynamic by assuming
that animals dynamically adjust their behaviour to these interactions
while distinguishing between high-quality and low-quality areas™.
Inconclusion, the biological significance of context makes ABA renewal
approximativein the wild, althoughit could represent the evolutionary
foundation that enables animals to learn that any specific context can
be associated with non-reward and cause extinction.

AAB renewal occurs whenacquisition and extinction take placein
the same context A and the acquired response reappearsin context B.
Forexample,in one study rats were conditioned in Context A to freeze,
using an auditory cue to then extinguish this behaviour in the same
environment (Context A)*'. The conditioned freezing to the extin-
guished cue was renewed in a novel context (Context B). This AAB
renewal is sometimes also referred to as ‘disinhibition of extinction”.
Thus, the violation of expectations about the nature, location or timing
ofastimulus can make animals vigilant again — in case the unexpected
eventissignificant. Inthe wild, anovel stimulus prepares anindividual
to encounter an opportunity for rewards or a risk of harmful events,
evenifthestimulusitselfis neutral. Correspondences to AAB renewal
innatureare oftenrelated to switching between different food sources.
The marginal value theorem is a mathematical model used to predict
the optimal time for a forager to leave an exhausted food source in
favour of another®*, The theorem’s rationale is that it is more profit-
abletoleave spot Aand move to spot Bwhen the marginal returnin spot
A falls below the average return that could be achieved by moving to
spot B>*~°, At this point, food is still availableinarea A, but the decision
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to leave it is made when the search time per item collected exceeds a
certain threshold.

The renewal-like behaviour in foraging largely corresponds
to the laboratory findings but also has two differences. First, the
context changein the laboratory is controlled by the experimenter,
whereas in the wild it is controlled by the animal itself. Second, the
extinction contextinthelaboratory offers no reinforcement, whereas
innatureitis characterized by adecline in reward below the thresh-
old predicted by the marginal value theorem. However, ecological
studies clearly show that non-human animals not only remember the
contingencies of the previous context but also actively and strategi-
cally compare the promise of different locations and make decisions
accordingly.

Reinstatement

The re-exposure to an unconditioned stimulus ‘reinstates’ the pre-
viously extinguished conditioned response® (Fig. 1c). Thus, rein-
statement defines the return of a conditioned response when the
unconditioned stimulus is presented once again after successful
extinction. Asis possibly true for all relapse phenomena of extinction
learning, reinstatement is context-dependent and therefore strong-
est in the context in which acquisition took place and mostly absent
outside this context™. For instance, rats that had acquired an operant
response for an intravenous injection of cocaine and subsequently
underwent extinction restarted their operant response after having
received one injection of cocaine®,

Reinstatement-like conditions are abundantin the wild. Unlike in
the laboratory, food resources in the wild are rare but not randomly
distributed; forinstance, vegetation produces an abundance of seeds,
fruits and nuts that can be found in irregularly distributed patches®.
Thus, even when an animal has given up looking for food at one loca-
tion, finding asingle edibleitem somewhere else reinvigorates search
behaviour for further food because thisitem could signal the presence
of another patch®. The resulting movement pattern of searching for
heterogeneously located food patches can sometimes resemble aLévy
walk, a scale-free movement pattern used by many animals, including
humans®.,

Reinstatement-like behaviour also occurs in social contexts.
For example, a brood of mallard ducks reared without a hen showed
reduced alarm call responsivity (such as freezing) compared with
isolated rearing conditions®’. However, stimulating these ducklings
with distress calls immediately reinstated high levels of freezing. In
the ecology of modern human life, a classic example for reinstate-
ment is the observation that smoking a single cigarette after having
successfully quit smoking® can reinstate chain smoking (Fig. 1c).
Thus, reinstatement is a key problem for psychotherapy because
the object of fear or desire can appear unexpectedly in a similar con-
text after successful therapy®*. Taken together, ecological studies
show that animals that had given up on adepleted food resource and
left the area instantly started searching again when finding a food
item. This phenomenon is possibly the evolutionary background of
laboratory-based reinstatement studies in which the animal restarts to
show its extinguished conditioned response once the unconditioned
stimulusis delivered again.

Context as the driving force of relapse

Spontaneous recovery®, renewal® and reinstatement®® are sensitive
to contextual changes or even dependent on them. Neurobiological
studies suggest that the hippocampus has a key role in contextual

integration during extinction learning®. A deep neural network with
hippocampus-like experience replay was used to attempt to under-
stand the mechanistic contribution of the hippocampus’. This neural
network simulated ananimal roaming a platformin an ABA extinction
learning study and exhibited typical ABA renewal behaviour without
being programmed to do so and without explicitinformation that some
aspects of the context had changed. Without experience replay, the
context-dependent renewal did not occur. In a subsequent study, the
same neural network spontaneously exhibited spatial representations
typical of the hippocampal regions CAland CA3 (such as place cells)
after having learned the ABA renewal task”. This spatial representation
was globally reassigned during the change from context Ato context B
and reversed when the agent returned to context A. This reversal was
accompanied by a renewal of the conditioned behaviour.

Animal studies have shown similar evidence for hippocampal
mechanisms. For instance, electrophysiological recordings in the
hippocampus of rats in asimilar ABA renewal paradigm revealed that
spatial and task-relevant contextual variables were jointly represented
as the neural mechanism underlying renewal’”. Based on these find-
ings, extinction learning in pigeons was tested using a paradigm with
multiple stimuli; stimuli that showed the highest contiguity between
context change and extinction onset led to the strongest renewal, and
no renewal occurred when there was low contiguity*. Thus, it is likely
that context can be understood mechanistically as a property that fol-
lows the dynamics of reinforcing learning and combines experience
replay in the hippocampus along with the learned spatiotemporal
coding properties. These findings provide a partial answer to how
relapse occursin extinction.

Neurobiologically, the concept of reward prediction error is
important to understand how animals manage the transition to
extinction. Dopamine neurons encode the difference (the ‘error’)
between a predicted reward and the received reward”. If the reward
isunpredicted, dopamine neurons transiently increase their activity
(apositive reward prediction error signal). By contrast, if the reward
ispredicted but does not occur oris lower than predicted, dopamine
neuronstransiently decrease their activity (a negative reward predic-
tion error signal). Finally, if the received reward fits the prediction,
no noticeable change in dopamine release is observed compared
with baseline activity. A prediction error signal seems necessary to
adjust future expectations and guide associative learning, such as
shown in Pavlovian conditioning and instrumental conditioning.
Thus, phasic dopamine release could be a signal that the learning of
atask is incomplete. This description aligns closely with reinforce-
ment models derived from machine learning, notably the tempo-
ral difference learning algorithm used to update value estimates
from successive predictions (notjust final outcomes) via the reward
prediction error signal™ ™,

Inthe first trials of an extinction study, areward prediction erroris
crucial because the conditioned cue suddenly ceases to predict reward
delivery, which creates a strong difference between what is expected
and what occurs. Thus, the reliability of the conditioned stimulus
becomes ambiguous. According to one evolutionary and functional
view, organisms might start to shift their attention from the condi-
tioned stimulus to the context as they search for a reason why their
prediction failed**””. This mechanistic theory assumes that the onset
of extinction creates a prediction error that results in an attentional
switch to the context, which results in context-specific learning>’>”".
Inthe wild, using context cues to decide whether (and where) torepeat
a behaviour is an optimal way to explore and exploit the resources
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availablein an unpredictable environment — trying again does not cost
much but might turn out to be highly profitable.

In summary, relapses of behaviour occur after a time (sponta-
neous recovery), when the post-extinction context differs from the
extinction context (renewal) or when the unconditioned stimulus
is given again after extinction (reinstatement). Although relapses
might not seem functionally adaptive in the limited environment of
a Skinner box, their significance becomes obvious when transfer-
ring these specific situations into the wild. When food resources are
unavailable here and now, the appropriate behaviouris notinhibition
and rest but, rather, the exploration of other places and/or revisiting
the same place later.

Behavioural amplifications

Three idiosyncratic behavioural amplifications can accompany the
onset of extinction: extinction burst, increased behavioural variability
and the partial reinforcement extinction effect (Table 1). These invig-
orating (extinction burst), lengthening (resistance to extinction) and
randomization of responses (behavioural variability) ariseinboth labo-
ratory and naturalistic settings. Here, we characterize these phenomena
and their assumed evolutionary conditions.

Extinction burst

When extinction begins, many things change abruptly. Thereis asud-
denincrease in the intensity, frequency or duration of the operant
response — a behaviour known as an extinction burst (Fig. 2a). This
burst most often occurs after continuous reinforcement (when each
responseis rewarded) and a high reinforcement rate (for instance, six
food pellets versus one food pellet per trial). The burst stops after trying
repeatedly for aperiod of time and gives way to agradual reductionin
responses and a shift to alternative behaviours’®.

Explaining this behaviour through learning theory is not
simple’®. A classic interpretation is that negative emotion results
from the sudden interruption of an expected reward and invigorates
the animal’s responses®’. Whatever the exact causal explanation, the
extinction burst seems to depend on the animal’s ability to predict the
near future. Animals that experience partial reinforcement (frequent
non-rewarded trials) do not show extinction bursts®2. Also, children
at high risk for autism spectrum disorders do not show extinction
bursts, compared with age-matched healthy peers®. Neurobiologi-
cal findings in mice suggest that the reward-associated firing pat-
terns of ventral tegmental dopaminergic neurons have a key role in
extinction bursts®*. In mice in which these dopaminergic neurons
were genetically modified and highly sensitive to the rewarding
outcomes of the organism’s own actions, these cells showed high
activity during initial acquisition and low activity during the onset
of extinction. These mice learned the operant task very quickly and
showed a high extinction burst. In mice in which the dopaminergic
neurons were less sensitive to response-related rewards, the cellular
activity patterns between initial learning and extinction were simi-
lar, and an extinction burst was almost completely absent. Thus, the
extent of the extinction burstis likely related to the perceived value of
the action®.

Extinction burst-like behaviour iscommonin the wild. For exam-
ple, the European badger digs at different locations for various food
sources, possibly attracted by olfactory or visual cues. When food is
notrapidly found, badgers switch fromusing only one foreleg atalow
rate to digging with both forelegs atahigher rate® (Fig. 2a). This pattern
resembles psychological findings that a stronger reward expectation

leads to a stronger extinction burst, whereas a lower reward reduces
or suppresses this effect®*,

As another example, Australian foxes prey on endangered pygmy
bluetonguelizards by identifying their locations and digginginto their
burrows. The foxes try increasingly hard to find the lizards, but are not
always successful and have to give up at some point®®. Similarly, operant
responses cease after an extinction burst’®, Overall, these examples
demonstrate an essential foraging strategy of ‘try harder’ after failure®.
After continuous failures, animals usually switch to behavioural alter-
natives. Inthe laboratory, asimilar patternis observed when the avail-
ability of alternative reward sources abolishes the extinction burst,
causing a more rapid suppression of ongoing behaviour®®,

Increase of post-extinction behavioural variability

Extinction learning often drives the emergence of novel, previously
non-reinforced behaviours®. Because extinction research has focused
mostly on the cessation of responses, the onset of behavioural vari-
ability was often neglected in research. However, behavioural vari-
ability can be exploited to shape novel behaviour. For example, when
problematic actions (hitting behaviour) during social encounters are
extinguished in youngboys, novel socially acceptable behaviour, such
as toy play, can emerge that can be reinforced to replace the unde-
sired ones®. In pigeons, behavioural variability after ABA renewal
(Fig. 2b) can be simply accounted for by a computational associative
network that uses the principles of associative learning, applied to the
trial-by-trial dynamics of the animal’s behaviour®.

Psychologists rarely give animals a chance to show suchbehaviour
in the laboratory — most studies involve only very limited response
options. One exception is resurgence, another relapse phenomenon.
Resurgenceis the reappearance of an extinguished response to afirst
reward-predictive stimulus during the extinction of another response
toasecond stimulus®. Resurgence is usually shown by first condition-
ingatarget response thatis then extinguished. Next, anew responseis
reinforced and acquired. If this second response is then extinguished,
the animal starts responding to the first target again — it resurges.
Resurgence resembles an ABC extinction procedure in which the
operantresponse comes back when the extinction context vanishes’.

In the wild, animals have plenty of response alternatives, such as
food options to pursue. According to optimal foraging theory, ani-
mals should switch between food types to maximize intake based on
atrade-off between benefits and costs’. For instance, honey badgers
quickly switched to other food resources whensearch patternsyielded
no returns. By continuous food switching, the animals were able to
maintain their intake level despite seasonal changes and important
differences in prey availability® (Fig. 2b).

Inthe wild, behavioural post-extinction variability is also seenin
transitions to other food patches, as food distribution in the environ-
mentis not homogeneous. These transitions can be described as relo-
cations in the environment through long steps in arandom direction
(Lévywalks) that relocate foragers away froma placeinwhich they were
seeking food invain. Following relocation, organismsstart a different
movement pattern: smaller randomsteps withinasmall area (Brownian
walks). Whereas Brownian walks enable foragers to maximally exploit
apatch, Lévy walks relocate the forager far from the patch. Brownian
walks within a patch will eventually be extinguished again after atime
duetofood rarefication, giving rise to distancing through Lévy walks®®.
Thus, Lévy walks canbeinterpreted as aform of exploratory behaviour
that preventsimmediate revisitation of the inspected area”. Their alter-
nation with Brownian walks, as well as the variability in their orientation
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Fig. 2| Behavioural amplificationsin the
laboratory and similar behaviours in the wild.

a, Extinction burstsin a conditioning task can be
observed at the onset of extinction as a strong
increase in the frequency and force of operant
behaviour ina pigeon (upper panels). Similar
observations are commonin the wild. For example,
Europeanbadgers increase their digging speed and
type when looking for food resources that do not
immediately materialize (lower panels). b, Extinction
learning also increases the variability of responses.
During extinction a pigeon switches to pecking a key
that was never rewarded or had been extinguished
before (upper panels). Similarly, honey badgers
swiftly look out for other patches and resources
when foodis depleted in one location (lower panels).
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Digs for food Reward Digs fast No reward Digs faster Reward? ¢, The partial reinforcement extinction effect
describes the observation that rats which work for
random reward (upper left and centre panels) take

b Behavioural variability along time to stop showing the operant response
during extinction (upper right panel). Similarly,
chickens that search along time for small pieces of

( [ ( [ ( food, and thus are used to not giving up, continue to
—_— — search even when food is not available for along time
- § = § <§ (lower panels).
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and length, maximizes exploration of a large foraging area. The alter-
nation of Lévy and Brownian walks was observed in animals as diverse
as bacteria, mussels, honeybees, albatrosses, sharks, monkeys and
human hunter-gatherers’?’, Because Lévy patterns extend the search
area, foragers that show those patterns in unpredictable environments

outperform foragers that use Brownian movement patterns only'*°. In
computer simulations, a lower density of randomly distributed food
items was associated with a significantly higher probability that the
agents exhibit Lévy walks, as well as a higher chance of ‘survival’ within
the fixed number of steps of the simulation'®"1%2,
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Partial reinforcement extinction effect

Animals that were trained under partial reinforcement and then sub-
jected to extinction show greater resistance to extinction compared
with animals that received continuous reinforcement'® (Fig. 2c). This
robust effect occurs even when there are no differences in response
rates before the start of extinction'®*'%, From an emotional perspective,
itis often assumed that resistance to extinction is a consequence of
learning to tolerate unrewarded trialsin the training phase'®’. However,
resistance to extinction mightalso result from reduced attention paid
to context: the conditioned stimulus becomes less ambiguous during
extinction for animals that were partially reinforced compared with
those that were continuously reinforced. Thus, although partial rein-
forcementincreases attention to the context compared with continu-
ous reinforcement'*®'”, in extinction the animals partially reinforced at
training should pay less attention to contextual cues than the animals
continuously reinforced. With asmoother transition to extinction due
to pre-exposure tonon-reinforced trialsin partially reinforced animals,
they should maintain their responses to the conditioned stimulus for
longer and remain more focused on the task.

In the wild, ‘non-rewarded trials’ are frequent. For example, the
peregrine falcon has a successful hunting rate of 47%'%, the spotted
hyena of 30%'°° and the leopard of 14-38%"° (Fig. 2c). Response per-
sistence despite these failures is therefore crucial to collect enough
food tosurvive. Persistent pheasant chicks are more effective in solving
problems', and, overall, animals allocate more time to food searching
whenthe food density islower thanwhenitis higher (such asinwinter
versus summer)"> ™, When rewarded and unrewarded trials are ran-
domly distributed (reward uncertainty), foragers overharvest food
patches that have initially low resource yields, compared with food
patches with high resource yields™"¢. Thus, from a naturalistic per-
spective, resistance to extinction is not mysterious but an adaptation
to harsh environmental conditions.

In summary, reward omission can cause perseverance instead of
context-dependent relapses of extinguished behaviour. Invigorating,
lengthening or randomizing a response during extinction is useless
in a controlled laboratory setting because no more rewards can be
obtained. But these effects are highly adaptive behaviours when the
animalis challenged by unpredictable environments, inwhich working
harder is often necessary to survival.

An evolutionary perspective on extinction learning
Overall, extinction phenomena studied by psychologists and ecolo-
gists overlap in many details, which suggests that they are governed
by similar mechanisms. We have developed the extinction learning
in the wild framework to integrate mechanistic and functional per-
spectivesinto extinction research. According to this framework, the
so-called paradoxes observed in experimental extinction conditions
areevolutionarily determined attempts at resumption or persistence
withinthe — typically restricted — laboratory context (Fig. 3a). When
animals are restricted to a single response option in a Skinner box,
relapses and behavioural amplifications seem maladaptive because
they cannotlead torenewed access to rewards. However, these same
behaviourslose their paradoxical character when viewed from a func-
tional perspective (Fig.3b). Reward loss is not the end of learning but
the starting point of exploration: it motivates organismsto try harder,
return later or switch strategies to exploit resources in a changing
environment. In ecological terms, ‘failure of extinction’ in the labo-
ratory is a conserved survival strategy that promotes flexibility and
persistence.

Our framework redefines extinction as an adaptive search process
shaped by natural selection. Humans and other animals behave as
they do because their evolutionary history has forced them to adapt
tochangesinresource availability in similar ways. Forgetting old asso-
ciations would have been the wrong approach, as the extinguished
behaviour oravariant of it could be successful again after some time or
inanewlocation. Four conclusions canbe drawn from this framework.

Firstly, extinction activates an evolutionarily conserved set of neu-
ral and behavioural mechanisms that lead to a strategy of ‘try harder,
trylater again, try differently’. Extinction is not only about associative
learning but also about motivation and exploration. Behaviour reap-
pears or changes after extinction and therefore persists during extinc-
tionbecause the loss of reward motivates exploratory activities related
tothe extinguished action. Motivationrefersto the fact thatbehaviour
becomes incentivized by other reward cues to be approached when
available™, or by signals of adversity (uncertainty) that lead animals to
seek reward orinformationin other areas or with greater investment'*%,
Incentive motivation might not be part of the extinction process butis
assumed to strongly interact withiit.

a
Extinction Extinction
onset onset
L[]
| Extinction |
! burst !
i Post-extinction |
i behavioural |
h variability |
| |
I I
8l | Renewal
2|l Resistance
3| to extinction ! )
@ | I Reinstatement
x || !
I
! Extinction !
! ! Spon‘taneous recovery
I I
I I
| |
| |
¥ 2 .
Time (days)
b h Reward loss ﬁ
Extinction Motivation Exploration
‘Paradoxes’ Try harder Try differently
Try again later
Relapses Behavioural

(contextually
bound)

amplifications

Fig.3|Extinction learning in the laboratory and the wild. a, Typical
extinction-related phenomenashownin laboratory conditions during and after
extinction of aresponse. These phenomena are often observed across several
extinction sessions (days). b, The extinction learning in the wild framework
posits that behaviour in the wild can reappear again or differently after extinction
or persist during extinction because reward loss motivates exploratory activities
related to the action being extinguished. Thus, ‘paradoxes’ shown ina Skinner
box areinterpreted as attempts to re-engage in reward seeking when the previous
behaviour failed.
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This view is supported by neurobiological data. For example,
it might seem counterintuitive that dopamine, a neurotransmitter
associated withreward seeking'”, is necessary for aversive extinction™®,
Similarly, norepinephrineis relevant to appetitive extinction, although
itismore associated with the mobilization of effort than with the aban-
donment of tasks"*"*°, We assume that the involvement of these neuro-
transmitters in the extinction processis necessary because extinction
primarily prepares the organism to resume new activities. Thus,
extinction makes new opportunities possible rather than disengag-
ing motivation and behaviour. If extinction simply ended behaviour —
as happens in a Skinner box — animals would be forced to passively
wait for a new opportunity to act. But even if animals are waiting for
reward inthe wild, they do not remain passive. For example, the black
phoebe adopts a sit-and-wait foraging strategy, but uses active head
movements toimprove depth perception, motion detection and prey
tracking'. Neurotransmitters and hormonesinvolved in cue attraction
(dopamine) and energy expenditure (norepinephrine and/or gluco-
corticoids) are therefore expected to play a role during extinction,
as they contribute to the preparation of effortful and more variable
responses to reward uncertainty in general' In this view, dopamine
is released during aversive extinction because the suppression of a
negative event might create an expectation that prepares animals
to behave under better conditions. By contrast, norepinephrine is
released during appetitive extinction because the suppression of a
positive event might induce an expectation that prepares animals
to compensate behaviourally for difficult times. This opportunity to
explorealternatives could actively direct attention to contextual cues
and therefore be involved in context-sensitive inhibitory learning.
In parallel, this focus on alternatives favours the search for new loca-
tions and the expression of new behaviours by preventing an imme-
diate resumption in the extinction context. Functionally, extinction
learning could therefore be seen as a form of inhibition of return, in
whichtheloss of arewardinonelocation facilitates the processing of
other stimuli in the vicinity of that location — a phenomenon related
tovisual search and exploration'?,

Secondly, extinction is in keeping with dynamic adjustments of
animalstotheirlocalenvironment. For example, studies on behavioural
ecology show thatwhenapreyisleavingaplace withintense predation,
this behaviour is often accompanied by behavioural adaptations in
which the prey engages in strategic prey-predator interactions*'%,
Similarly, leaving an unprofitable areais often followed by awell-timed
returntoreplenished resources® *. These behaviours involve complex
cognitive properties that might go beyond the classical assumptions
of associative learning. Neurobiological findings provide amechanism
for this cognitive shift. The occurrence of areward prediction erroris
associated with achangeinthefiring rate of dopaminergic neuronsin
the midbrain'®. As learning progresses, this error term shifts back to
the time of the conditioned stimulus presentation''°, A later inter-
pretation of this effect assumes that areward predictionerror triggers
acausality-seeking mechanism based on the premise that causes must
precede outcomes and that organisms learn associations simply by
looking back in their memory to identify what caused the reward'”".
Aseries of experiments showed that this explanation of the dopamin-
ergic effect provides better predictions than the temporal difference
learning model'”. Mostimportantly, changes in dopamine release not
only establish associations between stimuli but also enable a cogni-
tive understanding of the reasons for the perceived consequences.
Although this study has been criticized?*'*’, it has been confirmed in
further experiments that show that rats learn reciprocal associations

between causes and effects’. Further studies suggest that rats, birds
and humans draw causal conclusions during associative learning™ %,
Astudy also showed that pigeons in an extinction learning study might
draw conclusions about the causes of the unexpected absence of
food™*. Thus, an integrated perspective of associative learning and
behavioural ecology could pave the way for a cognitive understanding
of extinction learning.

Thereward prediction error signal supports motivation for explo-
ration through the ambiguity-induced attentional shift. According
to our functional perspective, a reward prediction error is not only a
teachingsignal (‘learnthat’) but also ageneral message saying ‘explore
that!InaSkinner box, various options for behavioural alternatives are
usually not available. As a consequence, psychologists observe that
animals disengage gradually from the task over the course of extinc-
tion. Disengagement without re-engagementis therefore a laboratory
artefact. In the wild, attentional shift is therefore likely to shorten
extinctioninonelocation, which enables theindividual to repeat (again
or differently) the extinguished behaviour elsewhere many times aday.
The frequent opportunities to re-express extinguished behaviour when
time passes or conditions change in the wild suggest that there are no
selective pressures for definitive behavioural suppression. Animals do
not encounter such conditionsin a natural setting, so total extinction
isacounter-adaptive situation thatis hard tolearn: hundreds of extinc-
tion trials are necessary in laboratory conditions to fully extinguish a
behaviour'”. By contrast, what is called an ‘extinction deficit’ (that s,
failure to diminish a conditioned response during extinction) likely
reflects the necessity to remain vigilant and exhibit perseverance in
harsh or threatening environments™®. For example, ants learn quickly
and show strong resistance to the extinction of learned associations
because worker ants operate in highly stochastic environments and
must often switch from one task to a previously learned one'”. These
and similar findings might indicate that the reward prediction error
signal can easily bereactivated, which enables animals tojump onany
opportunity to re-engage behaviour: disengagement makes room for
re-engagement.

Thirdly, we conclude that relapses and other seemingly para-
doxical behaviours have been positively selected by evolution. We
therefore predict that species with different ecological backgrounds
would exhibit systematic and predictable differences in extinction.
Animals such as bees or hummingbirds, which feed on renewable
resources, might have developed the ability to predict the speed and
timing of replenishment?. By contrast, animals that feed on unpre-
dictableresources, suchas desert rodents that search for wind-borne
seeds™®, should be less inclined to engage in recursive movement
behaviour. Of course, controlled laboratory conditions are neces-
sary to isolate specific processes that otherwise would occur in the
noisy background of other phenomena. But providing more degrees
of freedom to behaviour is also necessary to establish connections
between behavioural aspects that may seem unrelated in the first
place.Forexample, allowing animals in extinction to choose between
theacquired response and aresponse toanovel schedule, orbetween
the depleted food and another food type or anon-food reward, would
tell us about the animal’s motivation to explore alternative options. We
predictthat re-engagementin an alternative activity during extinction
ismore closely related to an animal’s propensity to seek new sources of
stimulationthantointolerance of non-rewarded delays, asidentified by
steeper extinction curves or faster temporal discounting'. Also, extin-
guishing afood-related behaviour should facilitate seeking behaviour
for other hiddenfood resources or even non-food resources, signalled
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by acuethat they might be available elsewhere. If extinction depends
on basic motivational (incentive) processes, these predictions should
be confirmed inmammals and birds but also in phylogenetically more
distant species such as insects. Thus, the wealth of species-specific
behaviours studied by behavioural ecologists could provide research-
ers who study extinction with new animal models in which some text-
book aspects of extinction learning might differ. Opening the Skinner
box could offer opportunities to investigate both the learning-related
and neural mechanisms of extinction learningin these animal models.
However, this exchange of insights also works in reverse. Learning
theory and neuroscience offer awealth of knowledge for overlapping
scientific questions in behavioural ecology.

Last, our framework sheds new light on the translational chal-
lenges of extinction-based therapies for anxiety and addiction in
humans. A critical factor that promotes a post-therapeutic return
of fear is the repeated avoidance of feared objects'*°. From an evolu-
tionary perspective, avoidanceis a natural form of self-protection by
which prey animals circumvent feared areas that have an abundance
of predators™; in these ‘landscapes of fear’”, prey animals often sac-
rifice foraging options for safety'*?and only briefly visit risky areas to
harvest urgently needed food resources'*. Unfortunately, this avoid-
ancetendency in humans maintains fear by precluding the possibility
to learn fear extinction'*. Indeed, adults whose fear is reduced after
consistently choosing to avoid an aversive object experience astrong
return of fear when the option to avoid is taken away'*. Although
conducting exposure therapy without options for avoidance certainly
promotes fear extinction, ithardly resembles the reality of the patient’s
life, which usually provides plenty of opportunities for avoidance.
Forinstance, a child whois afraid to go down to the basement to look
for a game might decide to do something else, such as drawing in
the living room or playing in the garden. Thus, we agree with other
scholars'*'*¢ that avoiding aversive situations as an integral part of
exposure therapies could enhance the external validity and increase
therapeutic success.

Our approach also explains core problems of relapse in appe-
titive instrumental conditioning, such as for addiction. Even after
long periods of absence of drug use, individuals can experience a
suddenrelapse'”’. Studies onaddiction inhumans show that repeated
consumption of potentially addictive substances or behaviours can
amplify the incentive salience of these events by sensitizing the mes-
olimbic dopamine system'. Cues with such high incentive salience
arethen experienced as attractive and consequently elicit behavioural
approaches in a context-dependent manner'*’. This effect persists:
relapse can happen after years of discontinuation of drug use, driven
by unconscious bias or fleeting attention to drug-related contextual
cues”, Foranimals in the wild, such persistence makes sense, because
often once-rewarding patches might bloom again when conditions
change. Indeed, animals oftenrevisit previously abandoned areas®**
andreinvigorate search behaviour after finding a single piece of food*®.
These returns to previously rewarding areas are often elicited by spe-
cificand/or contextual cues that signal a prospective option for replen-
ished resources. Inhumans, drug-related cues and subsequent craving
for those cues reliably predict relapse™'. However, the discriminative
context in which these cues occur and addiction develops also has a
crucial role’™. Thus, these studies suggest that therapies should avoid
using drug cues as treatment targets but should focus on contextual
cues that can elicit craving™’. Taken together, by reframing extinc-
tion as exploration, researchers can better understand both relapse
occurrence and therapeutic limitations in humans.

In summary, researchers must combine the dynamics of learn-
ing theory with the complexity of ecological demands to understand
behaviour in humans and non-human animals.

Conclusions

In this Perspective, we have argued that the behavioural effects of
extinction learning —long considered paradoxical in the laboratory —
are adaptive strategies shaped by evolution to maximize survival and
reproductive success in dynamic environments. Extinction should
notbe conceptualized only as inhibition of prior associations but also
as an exploratory process that mobilizes motivation, attention and
behavioural flexibility in the face of uncertainty.

Testing our extinction learning in the wild framework requires
research that bridges ecological, psychological and neuroscientific
approaches. Several directions are particularly promising. First,
comparative studies should examine how species with different
ecological niches exhibit distinct extinction dynamics. For example,
nectar-feeding animals that rely on renewable resources might display
strong spontaneous recovery or renewal, whereas desert foragersrely-
ing on stochastic food sources might show attenuated forms of these
behaviours. These cross-species differences would provide direct
evidence that ecological demands shape extinction patterns.

Second, laboratory paradigms should be enriched to give animals
more than asingle response option. Experiments thatinclude multiple
strategies, alternative rewards or changing resource landscapes would
enable researchers to capture this adaptive dimension. Embedding
ecological features such as patch depletion and replenishment into
conditioning tasks could reveal how extinction guides foraging and risk
management in realistic contexts and provide a closer approximation
of the selective pressures under which these mechanisms evolved.

Third, neuroscientific studies should explore how brain systems
that process reward loss also energize exploration. Rats would be
an appropriate animal model, because they are known to be curious
with high activity levels. Signals from dopamine and norepinephrine,
often associated with motivation and effort, might help shift attention
towards the context and trigger new behaviours. Ifextinctionisindeed
anexploratory process, then these neuromodulatory systems should
weaken old associations by promoting variability and persistence. Mod-
ern tools — such as optogenetics, neuroimaging and computational
models — make it possible to test these predictions directly.

Fourth, our approach provides a possible answer to why mental
disorders are oftensoresilient and prone to relapse after initially suc-
cessful psychotherapeutic treatment. These insights do not necessarily
lead to novel therapies but connecting the wild and the clinic could
improve psychotherapy to readjust the focus of clinical strategies to
evolutionary mechanisms that maintain fear and addiction. Future
research shouldinsist onthe positive (therapeutic) effects of the oppor-
tunities to performalternative behavioursinstead of trying to reduce
inappropriate actions in a context-independent manner.

Inconclusion, our frameworkis supported by numerous findings
and is empirically testable. This framework would be disconfirmed if
itappeared that the ecological demands in which species evolved did
not shape the landscape of relapse and amplification effects, or that
these effects were not reduced by opportunities to produce other
behaviours. The framework would also be strongly weakened if block-
ade of dopamine and norepinephrine did not prevent re-engagement
innew activitieswhen options are available. Inlight of the behavioural,
clinicaland neurobiological evidence reviewed here, we propose that
research efforts that address both the mechanisms and the functions
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of extinction learning provide anevolutionary perspective tolearning
theory and neuroscientific explanations to behavioural ecology. Doing
so opens the Skinner box and placesitinto the wild, where it belongs.

Published online: 20 April 2026
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