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Abstract

People have unique sets of direct sensory interactions with wild species, which
change through their days, weeks, seasons, and lifetimes. Despite having important
influences on their health and well-being and their attitudes towards nature, these
personalized ecologies remain surprisingly little studied and are poorly understood.
However, much can be inferred about personalized ecologies by considering them
from first principles (largely macroecological), alongside insights from research into
the design and effectiveness of biodiversity monitoring programmes, knowledge of
how animals respond to people, and studies of human biology and demography.
Here I first review how three major sets of drivers, opportunity, capability and
motivation, shape people’s personalized ecologies. Second, I then explore the impli-
cations of these mechanisms for how more passively and more actively practical
improvements can be made in people’s personalized ecologies. Particularly in light
of the declines in the richness of these ecologies that are being experienced in
much of the world (the so-called ‘extinction of experience’), and the significant
consequences, marked improvement in many people’s interactions and experiences
with nature may be key to the future of biodiversity.

Introduction

Each of us has a personalized ecology, a set of direct interactions
with individuals of other species (Gaston et al., 2018). This can be
defined in a broad or a narrow sense (Gaston et al., 2023). In the
broad sense, it includes interactions with both micro and macroor-
ganisms, with recent research attention having particularly
focussed on the composition of the microbiome (Ursell
et al., 2012). In the narrow sense, a personalized ecology is
focussed on direct sensory interactions with other species, and
particularly wild ones (rather than those that are domesticated,
cultivated or in captivity; Gaston et al., 2018, 2023). Here macro-
organisms, and often the larger ones, are of primary concern. In
both senses, a personalized ecology is just that being unique to the
individual person (changing through their days, seasons and life-
time), being significantly shaped by the choices and decisions that
they make, and often being regarded by them in a very personal
way (e.g., having personal affinity for or antipathy to particular
species; regarding and valuing particular nature interactions in a
very individualistic manner; considering some individual animals
[particularly larger ones] encountered in their garden, nearby park
or other favoured location as in some sense ‘theirs’).
Personalized ecology is related to, but distinct from, a num-

ber of other concepts. It is a component of what has been
termed a person’s envirome, which includes all of the environ-
mental conditions, abiotic and biotic, that shape their life
(Riggs et al., 2018). It also intersects with the concept of the

human niche (Fuentes, 2017; Xu et al., 2020), albeit niche the-
ory tends more generally to focus at the whole species level
rather than that of individuals, and on the biotic component of
those interactions with other species that determines where a
particular species occurs rather than the broader set of interac-
tions of which these are a subset.
Understanding personalized ecologies is important for a num-

ber of reasons. First, from a pure science perspective, it seems
something quite fundamentally human about which we really
should know a great deal. Second, from an applied perspective,
and more pressingly, positive human–nature interactions have
significant benefits for human health and well-being (including
physical, psychological, and social dimensions; e.g., Barragan-
Jason et al., 2023; Bratman et al., 2019; Hartig et al., 2014; Keni-
ger et al., 2013; Lee et al., 2023; Luck et al., 2011; Marselle
et al., 2021; McMahan & Estes, 2015; Oh et al., 2022; Passmore
& Krause, 2023). Third, and also with significant practical impli-
cations, personalized ecologies are associated with human atti-
tudes and behaviour towards nature (e.g., Alcock et al., 2020;
Gaston et al., 2023; Pr�evot et al., 2018; Richardson et al., 2020;
Soga & Gaston, 2023a, 2024); personalized ecologies, because
they are personal, may help thwart the ‘compassion fade’ that can
hamper responses to large scale crises (Markowitz et al., 2013).
The precise role that biodiversity per se (rather than nature more
generally) plays in any of these impacts is not well understood,
although there is growing evidence that it can be important (Aerts
et al., 2018; Buxton et al., 2023; Cox et al., 2017; Dallimer
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et al., 2012; Fuller et al., 2007; Methorst et al., 2021; Randler
et al., 2023; Shwartz et al., 2023; Wood et al., 2018). Regardless,
it might be argued that in directly or indirectly capturing much
about people’s relations with the natural world, personalized ecol-
ogies are critical to the future of nature and biodiversity (Gaston
et al., 2023). Only by knowing much more about personalized
ecologies can we determine which components of those ecologies
are most important in terms of these consequences.
Despite this significance, personalized ecologies are arguably

more poorly understood than are the species interactions of many
other organisms (far more is known about, say, people’s con-
sumer habits). This is because, by and large, approaches and
techniques from the study of ecology have not been brought
directly to bear on humans, who have in the main been regarded
as beyond the purview of direct ecological study (although
applied ecology has extensively addressed the impacts, and some
of the dependencies, of humans on other organisms); whilst the
field of human ecology studies the relationship between humans
and their environment, it has focussed heavily on the anthropo-
logical, social or political dimensions (Knapp, 2007). However,
in what might be a significant weakness, even then ecological
studies of the interactions between other kinds of organisms have
focussed principally on the consumptive relations between them
(e.g., herbivory, predation, parasitism) or particular functional
relationships (e.g., pollination, seed dispersal), rather than on
their wider sensory interactions. Tools are increasingly available
to help characterize people’s personalized ecologies – including
GPS trackers, mobile phones, video recorders, acoustic monitors,
eye-tracking glasses and social media – but studies essentially
remain in their infancy (e.g., Amati et al., 2018; Gholami
et al., 2021; Hong et al., 2019; Mancini et al., 2018; Mears
et al., 2021; Norton et al., 2023). Indeed, two big challenges in
characterizing personalized ecologies remain largely unresolved:
(1) doing so without changing how people actually interact with
individuals of other species, which will almost invariably occur
(consciously or subconsciously) if they are aware that these ecol-
ogies are being studied (e.g., by questioning them about this,
observing their behaviour, or fitting them with devices to detect
and quantify their interactions with other species); and (2) deter-
mining which individuals of other species people actually interact
with (passively or actively), not just which ones are present
potentially to be sensed (i.e., which ones actually create a physi-
cal or psychological response in people).
Some of the most direct understanding of personalized ecol-

ogies has arisen from studies seeking to determine how the
characteristics of human observers influence the quality of the
records they contribute to biodiversity (predominantly bird)
monitoring schemes (Gaston, 2020). Which individuals and
higher taxa or species those observers detect, how quickly they
do so and at what distances, and which they fail to detect, crit-
ically shape estimations of assemblage composition and species
dynamics (including trends), but can also reveal a great deal
more generally about the ways in which people interact with
nature (Gaston, 2020). There is also information to be gained
about personalized ecologies from studies of how individuals
of other species respond to the presence and approach of peo-
ple, particularly in terms of the distances at which they flee
(e.g., flight initiation distances; Weston et al., 2012).

In this paper, I review current understanding of the structure and
variation in people’s personalized ecologies, in their narrow (rather
than broad) sense. Rather than depending solely on those studies
that have explicitly been conducted, I build particularly from basic
ecological principles (especially from macroecology; Gaston &
Blackburn, 2000). As a Thomas Henry Huxley review, I will focus
predominantly on direct interactions between people and other ani-
mals. The full personalized ecology of an individual person is
obviously much broader, although many people tend actually to be
more aware of animals than plants, and indeed may pay very little
heed to plants, giving rise to the phenomenon of ‘plant-blindness’
in many urban and higher income societies (Balding & Wil-
liams, 2016; Le et al., 2018; Stagg & Dillon, 2022); such ‘blind-
ness’ doubtless applies also to many other non-animal and animal
groups. Amongst animals, people seem particularly to be aware of
birds, arguably because these are virtually ubiquitous (occurring in
most environments), predominantly day active and reliant on
vision, large bodied (by animal standards) and often mobile,
appear diverse in colour and form to human vision, are vocal and
typically at frequencies to which human hearing is sensitive,
exhibit an array of observable behaviours, often only flee at rela-
tively short distances from potential threats (including people),
and are relatively very well known (Gaston, 2022). Many of the
examples given will thus be from birds. Throughout, I will also
mostly focus on positive (i.e., beneficial to people) or neutral
human–nature interactions, although much of what is said applies
equally to negative ones (i.e., harmful to people); interactions that
are positive, neutral or negative with regard to people may all have
negative impacts on nature (Soga & Gaston, 2020). Negative
human–nature interactions are diverse and can be important in
shaping people’s personalized ecologies more broadly (Soga
et al., 2023; Soga & Gaston, 2022a).

External factors

Three broad sets of factors shape personalized ecologies, capabil-
ity, opportunity, and motivation (Fig. 1; adapting the general
behaviour model, COM-B, of Michie et al., 2011; see Soga, Evans,
et al., 2021; Soga & Gaston, 2022b; Gaston et al., 2023). In eco-
logical terms, we can regard capability and motivation as largely
being concerned with factors that are ‘internal’ to the individual
person, and I will return to these later. Opportunity is all of the fac-
tors in a person’s environment that make interactions with nature
possible, and thus concerns ‘external’ factors (recognizing that
there is a complex interplay between ‘internal’ and ‘external’ fac-
tors, and the distinction between the two can become blurred).
Opportunity has two components: physical opportunity and social
opportunity. Physical opportunity includes the availability of
nature in a person’s environment with which they can interact.
Social opportunity includes such things as family values, social
norms, and public safety.

Regional pools

The animal assemblage in the region in which a person is pre-
sent, the regional pool, sets the upper limit on the direct inter-
actions with other species that they might have. In ecology, a
regional pool is the set of species available to colonize a focal
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site (Cornell & Harrison, 2014), and by analogy, in the context
of personalized ecology, it is the set of species available for a
person to interact with (Fig. 1). The size and composition of
this pool varies with latitude and altitude, and with prevailing
habitat type, driven by differences in abiotic and biotic condi-
tions and their histories (Gaston, 2000; Ricklefs & Schlu-
ter, 1993; Rosenzweig, 1995).
With more than a half of the global human population now

living in urban areas (United Nations Department of Economic
and Social Affairs & Division, 2019), these will be where for
the majority of people a high proportion, and in many cases
all, of their nature interactions take place. Even when people
are not confined to urban environments, their nature interac-
tions will tend to occur foremost in the vicinity of human set-
tlements and transport routes (road, rail, footpaths, etc.); nature
views during road and railway journeys between urban centres
may be particularly important. Indeed, the places where most
human–nature interactions occur are a highly biased subset of
the geographic distributions of most animal species (Gaston
et al., 2018). This is true even in more natural settings, as evi-
denced for example by the fact that the re-sightings of marked
individuals of animal species tend often to be highly skewed,
such that some are seen repeatedly (in the places that people
more regularly visit) and others very seldom (in the places
more rarely visited). The same issue is manifest in the places
where citizen scientists record species occurrences, and correct-
ing effectively for these marked biases when modelling the
actual distributions of species remains a major challenge
(Baker et al., 2024; Geldmann et al., 2016; Meyer et al., 2016;
Sousa-Baena et al., 2014).
In most instances, the individual animal and species interac-

tions that a person has will be a small subset of the regional
pool. An interesting question is whether the numbers of spe-
cies with which a person directly interacts is a positive func-
tion of the size of the regional pool. This would be the
equivalent of the local-regional richness relationship, that
between the numbers of species in a locality and the number
in the regional pool, that has attracted much attention from

ecologists (e.g., Cornell, 1985; Cornell & Harrison, 2014; Cor-
nell & Lawton, 1992; Gering & Crist, 2002; He et al., 2005;
Ricklefs, 1987). Two broad forms of local-regional richness
relationships are recognized, Type I in which local richness
increases linearly with increases in regional richness, and Type
II in which local richness saturates (becomes asymptotic) with
increases in regional richness (Cornell & Lawton, 1992). It
seems inevitable that (even if subconsciously) people will tend
on average to interact with more species in regions which are
more species rich. However, particularly given people’s often
quite limited physical activity, this is probably in the main not
a Type I relationship.
Local-regional richness relationships can be thought of as

partial expressions of (in that case, nested) species-area rela-
tionships, which capture how species richness increases with
increasing area. As has long been recognized, within a cohe-
sive region, the species richness of an area tends initially to
increase rapidly with increasing area and then more slowly
(Arrhenius, 1921; Gleason, 1922; Lomolino, 2000; Rosenz-
weig, 1995; Williams, 1964). This means that even relatively
limited movements by someone around an area will rapidly
increase their number of potential species interactions. This
will, obviously, be hastened if those movements cross habitat
boundaries and environmental gradients. The number of poten-
tial interactions will continue to increase as the area covered
by a person continues to grow; in 2022, the average person in
England walked 221 miles or 356 km (Department for Trans-
port, 2023). It will, however, tend also to jump dramatically
when major biogeographic boundaries are crossed (expanded
to very large scales, the species-area relationship is tri-phasic),
which is what happens when people engage in intercontinental
travel, and particularly ecotourism.
The potential personalized ecologies of many people may be

enhanced because the overall abundance and species richness
of wild organisms have been found commonly to covary posi-
tively with human density, except at the highest levels of the
latter (e.g., Chown et al., 2003; Evans et al., 2007; Gas-
ton, 2005; Gaston & Evans, 2004; Pautasso, 2007; Silva

Figure 1 Schematic of determinants and consequences of personalized ecology and feedback loops. (i) regional pools of individuals of other

species are filtered by a person’s capability, opportunity and motivation; (ii) there are feedback loops amongst capability, opportunity and

motivation; (iii) capability, opportunity and motivation shape a person’s personalized ecology; (iv) a person’s personalized ecology influences their

attitudes and behaviour towards nature, their health and well-being and their potential contribution to citizen science; (v) attitudes and behaviour

towards nature influence its future; (vi) changes in attitudes and behaviour shift policy and practice, changing regional pools; and (vii) improved

data improves conservation action, changing regional pools.
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et al., 2015; Tratalos et al., 2007). This is despite the fact that,
obviously, many habitat specialists and species sensitive to dis-
turbance cannot coexist in close proximity with people, even
when people are at low density. The broad positive relation-
ships have been argued to result from human populations hav-
ing often been established and subsequently grown in regions
with higher natural biological productivity that were also con-
ducive to maintaining higher levels of other animal life (Evans
et al., 2005), although habitat diversity and human-mediated
resource provision (coincidental or intentional), and intensifica-
tion of agriculture (reducing animal life in rural environments)
may also be important. There are key nuances, with, for exam-
ple, people’s use of greenspace in cities varying with urban
form (the relative coverage and spatial patterning of built and
green space; Soga et al., 2015), and levels of species richness
tending to be higher in areas inhabited by wealthier socioeco-
nomic groups (known as the ‘luxury effect’; Hope et al., 2003;
Leong et al., 2018; Magle et al., 2021). Indeed, socioeco-
nomics, and social opportunity more generally, shape personal-
ized ecologies profoundly, in terms of potential levels of
access to nature and a shaping of the norms around the uptake
of that access (e.g., Baka & Mabon, 2022).
One reason why a person’s personalized ecology involves a

much smaller set of species than those that are present in an
area over a particular period is that the majority of species are
rare, and thus unlikely to be encountered (Gaston, 1994). Con-
versely, the majority of individual organisms of a given higher
taxon belong to the common species – a rough rule of thumb
would be that ~80% of individuals belong to ~25% of the spe-
cies – and thus these provide the bulk of a person’s nature
interactions (Gaston, 2010, 2023; Gaston & Fuller, 2008); in a
similar vein, although to a lesser degree, the majority of the
biomass in an area is contributed by the most common species
and the majority of spatial occurrences by the most widespread
species (Gaston, 2010, 2023). This will mean that the composi-
tion of different people’s nature interactions in an area will
tend to be more similar than the overall number of species
might imply (the beta diversity, the spatial turnover, in the
composition of personalized ecologies is predicted to be lower
than that in the composition of the associated species
communities).
Within a taxonomic group (e.g., butterflies, birds), locally

abundant species tend to be more widely distributed across a
region than are locally rare species, the interspecific
occupancy–abundance relationship (Blackburn et al., 2006;
Brown, 1984; Gaston et al., 1997, 2000). This means that, all
else being equal, people are locally more likely to encounter
those species that they will also encounter elsewhere (at least
without crossing major habitat or biogeographic boundaries).
This is one reason that the personalized ecologies of those
people who actively seek out nature interactions are often very
much greater than are those of people who do not. Not only
do the former seek out and are more aware of interactions with
rarer species, they also more actively seek out ecological com-
munities in which the composition even of the abundant and
widespread species is more different.
The importance of common species to personalized ecology

is likely even further enhanced by the fact that these may often

have characteristics that provide opportunities for multiple
interactions with an observer. These include the greater likeli-
hood of being seen in numbers, and thus attracting an
observer’s attention, but also individuals of many common spe-
cies, particularly in urban areas, are quite habituated to the
presence of people and provide closer and often repeated
opportunities for interactions (Møller, 2008, 2009). The com-
mon species need not necessarily be generally more tolerant of
disturbance for this to occur, although some undoubtedly are,
they need only to show variance in this tolerance, such that
their large numbers mean that tolerant individuals are likely
regularly to be encountered.
The influence of the actual abundance and distribution of

animals on personalized ecologies will be refined by their
apparency (e.g., size, colour, behaviour), as well as people’s
preferences for particular kinds of animals. Differences in
apparency give rise to marked variation in detection rates
amongst species by people. These are usually studied in the
context of surveys of particular taxa (e.g., Denis et al., 2017;
Johnston et al., 2014; Newson et al., 2008), but differences
between major taxonomic groups shape personalized ecologies
profoundly – for example, interactions with butterflies tend to
occur at much closer distances than do those with birds. In
turn, the natural apparency of species may be reshaped by the
presence of potential human observers. This can happen in the
short-term, with diel activity patterns and the composition of
species assemblages being altered through differential distur-
bance of some species and potential attraction of others, some-
times even when numbers of people are very low (Don�azar
et al., 2023; Gallo et al., 2022; Gaynor et al., 2018; Sytsma
et al., 2022). This was demonstrated, for example, by changes
to bird and mammal behaviour during the COVID-19 lock-
downs when people’s patterns of outdoor activity changed
markedly (Tucker et al., 2023; Warrington et al., 2022). In the
longer term, the composition of species assemblages can be
more fundamentally altered through human impacts on local
extinction and colonization (Gaston, 2005).

Temporal pools

The pool of animals with which a person can interact will change
substantially with the duration over which this is measured. The
smallest set is that which is instantaneously present in the per-
son’s immediate environs, and is of course in practice almost
impossible to measure (given that available methods require time
to locate individuals of multiple species). This set will often tend
to be quite limited, given the small area over which most nature
interactions occur, especially in urban areas (longer distance
views are also clearly important but tend to be quite generic rather
than focussed on individual organisms), the influence on the size
of the pool of the movements of individual animals with respect
to the person, and also potentially the movements of the person
themselves. Indeed, the number of individual organisms that an
observer will record in a particular place through time tends ini-
tially to rise steeply, albeit this is primarily a matter of observer
detection abilities (enhanced by ‘search’ time and the physical
activity of individual organisms) rather than the immediate spe-
cies pool actually changing.
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Within any one region, the direct interactions that a person
might have with individuals of other species will also change
through the day. Potential interactions will largely be limited
to the daytime, when people are active outdoors, although lots
of animals are active at night (Gaston, 2019); one consequence
is that observational evidence has accrued more quickly of the
daytime activity of night-active species than of the nighttime
activity of day-active species (Cox & Gaston, 2024). In much
of the world, for groups like birds and mammals, potential
interactions will tend also to be greater early in the daytime
(and possibly in the evening; Bart & Herrick, 1984; Blake
et al., 1991; Rutt et al., 2023). For other groups, such as but-
terflies and reptiles, they will tend often to be greater later in
the daytime (when temperatures have increased). In practice, of
course, actual interactions will often have a somewhat different
dynamic, reflecting when people themselves are most active
(early and late in the day in many hot countries, at less
extreme times in more temperate countries). Presumably, a
major contributor to having a richer personalized ecology is
being prepared/able to be physically active at times of day that
are likely to lead to more nature interactions.
Although there is no innate weekly cycle to nature, for

many people in western societies opportunities for direct spe-
cies interactions will tend to vary between weekdays and
weekends, depending on what kinds of activities they under-
take when (e.g., Di Cecco et al., 2021; Elliott et al., 2018;
Veitch et al., 2015). Indeed, there is evidence for such an
effect in studies that have explored how the numbers of spe-
cies observation records received by citizen science schemes
change across days of the week (e.g., Di Cecco et al., 2021).
It is also readily apparent from the daily observation records
of local birding and other nature-focussed groups, which are
increasingly available online.
Personalized ecologies will also tend to change seasonally in

composition, and often in species richness. This will be driven
foremost by seasonal variation in the animals that are available
to be observed, as a consequence of their cycles of activity
and movements (e.g., breeding, dispersal, migration, hiberna-
tion). There will also be an influence of climate and weather
on whether and how people are active outdoors, which may
alter both whether interactions could occur and also their likeli-
hood of doing so. Species detections are often a function of
season and weather conditions (e.g., Bas et al., 2008; Harms
& Dinsmore, 2014; Morelli et al., 2022).
On longer time scales, personalized ecologies will alter as

people change the places in which they live and work, and to
which they travel. Beyond anecdote, little is known about this
variation and how it is influenced by societal shifts in where
people move, for example in response to job opportunities,
and housing availability and prices. On the scale of people’s
lifetimes their personalized ecologies will also be changed by
long-term trends in the natural environment, and particularly
those associated with anthropogenic pressures, including land
use change, climate change, pollution, invasive species, and
overexploitation. These have often greatly reduced the individ-
ual and summed abundances of wild species, including previ-
ously common ones, and have thus reduced the potential for
personalized ecologies (e.g., Gaston, 2023; Inger et al., 2015;

Ogutu et al., 2011; Rosenberg et al., 2019; Rovito et al., 2009;
S�ekercio�glu et al., 2019; Van Dyck et al., 2009). Although this
has included the widespread reduction or removal of species
with negative direct interactions with people (many landscapes
that may historically have carried significant risk to people,
from for example large predators, no longer do so), it has also
led to the reduction or loss of many more with which such
interactions are positive or neutral. There is also evidence that
anthropogenic pressures have homogenized species assem-
blages, through further increasing the distributions of some
previously more widespread species (often through their intro-
duction by human activities), and removing many of those that
were more narrowly distributed (Daru et al., 2021; Newbold
et al., 2018). This will mean that increases in the numbers of
species with which people can interact accrue more slowly as
people move spatially.
Such changes seem likely commonly to lead to impoverish-

ment of personalized ecologies. Indeed, the notion is well-
established that there is a widespread ‘extinction of experience’
of nature, with individuals seeing such experience decline dur-
ing their lifetimes and successive generations likewise
(Miller, 2005; Pyle, 1993; Soga & Gaston, 2016). Recent
reviews have emphasized that while there is good evidence for
such a phenomenon, particularly in more westernized regions,
its generality remains unclear, and there are examples where it
does not appear to be occurring (Cazalis et al., 2022; Soga &
Gaston, 2023b). In places where nature is not declining (per-
haps because it has already fallen to low levels or is well pro-
tected) or is being recovered, personalized ecologies may, at
least in the shorter term, be quite stable or improving.
In addition to physical opportunity, temporal changes in per-

sonalized ecologies over people’s lifetimes are likely to be
shaped by social opportunity. Family values (and personalized
ecologies), social norms, and concerns around public safety
have particularly had influences on children’s personalized
ecologies (e.g., Rosa et al., 2018; Soga et al., 2018; Van
Truong et al., 2022, 2023). In many societies, the time that
children spend outside, and the distances over which they
range, have been severely curtailed, are now often quite lim-
ited and exclude natural spaces (Hand et al., 2018, 2016;
Woolley & Griffin, 2015); children’s outdoor activities are also
often more facilitated/controlled and more risk averse than in
the past. This can have implications not only for the more
immediate benefits to people of positive interactions with
nature but also for their longer term sensory development,
well-being, and engagement and attitudes towards nature in
later life (Cleary et al., 2018; Dadvand et al., 2015; Li
et al., 2022; Ward Thompson et al., 2008). A major issue here
is the challenge of altering such values, norms and concerns,
particularly when these are rooted in perceptions of risks rather
than their reality.

Internal factors

As well as opportunities, personalized ecologies are shaped by
people’s capabilities and motivations (Fig. 1). These particularly
influence to what extent their opportunities for nature interactions
are realized.
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Capability

Capability is an individual person’s capacity to engage in inter-
actions with nature. This has two components, physical capa-
bility and psychological capability. The former places a
profound limitation on the interactions that any of us can
potentially have with nature, constraining how far and how fast
we can move, the places we can reach, and our abilities to
detect species in those places. Psychological capability places
major constraints on awareness of nature interactions and of
the composition of those interactions.
People’s general level of mobility will have a major influ-

ence on their personalized ecologies. At one extreme, various
studies have estimated that approximately 2–5% of the general
population are housebound (Negr�on-Blanco et al., 2016), and
will thus largely be reliant on interactions with wildlife in their
immediate vicinity (e.g., viewed from windows, making noises
nearby); presumably the percentage of the population that is
housebound is increasing in those societies in which average
age is increasing (globally, persons aged 65 years or over out-
numbered children under the age of five for the first time in
2018, and are projected to increase from 10% of the popula-
tion in 2022 to 16% in 2050; United Nations Department of
Economic and Social Affairs, Population Division, 2022).
More broadly, personal levels of mobility vary greatly with
age and socioeconomic circumstances, both in terms of physi-
cal capability and the use of transport systems. To what extent
these limitations actually cause variation in personalized ecolo-
gies remains, however, something of an open question. Clearly,
general issues of mobility place significant constraints particu-
larly on the elderly. But opportunity and motivation can for
many reduce these markedly.
Alongside mobility, a key component of capability shaping

people’s personalized ecologies is their ability to detect other
organisms. When considering the general population, what is
probably of foremost importance here is the extent to which
people are aware of the presence of individuals of other spe-
cies when physically their sensory systems are capable of, and
are actually, detecting them. Two people in the same place at
the same time, and with similar physical sensory capabilities,
can have very different awareness of the nature that is present
(e.g., with one being conscious of the sight and sounds of spe-
cies to which the other is oblivious). The profound role that
this places on shaping personalized ecologies is clearly evi-
denced by the ease with which although previously unaware,
many people can detect individuals of other species if or when
attention is drawn to their presence, and frequent anecdotes to
the effect that people had been unaware of the wildlife around
them until they actively began to pay attention to this. In some
individuals this awareness is extremely well developed (e.g.,
experienced naturalists), seemingly with a fine-tuned sense of
the conditions (e.g., habitat, weather, time of day, and season)
when particular interactions might occur and when they are
unlikely to do so. The role of nature awareness, and relative
contributions to this of psychological capability and motiva-
tion, is probably the largest gap in understanding of personal-
ized ecologies, and the one which the ecological research
community is least well equipped to address, although it begs

the question of the extent to which this is a uniquely human
issue or true also of other organisms, where it might determine
their likelihood of survival, and should equally be a focus of
ecological investigation.
Studies of the effects of capability on people’s abilities to

detect other organisms have not, in the main, addressed wide
variation in such capability. Rather, they have tended to focus
on differences amongst those people participating in formal
structured biodiversity (and particularly avian) monitoring
schemes or who regard themselves as naturalists (e.g., All-
dredge et al., 2007; Cunningham et al., 1999; Diefenbach
et al., 2003; Farmer et al., 2012; Lindenmayer et al., 2009; but
see Miller et al., 2012), who tend therefore to be much more
expert than is the general population. In such studies, the dis-
tinction between physical and psychological capabilities is not
usually made, and their relative contribution is largely
unknown. Detection rates amongst experts are almost invari-
ably substantially less than 1.0 for individuals of most other
species at even quite close proximity, and usually sufficiently
variable that observer identity has a measurable influence on
these rates (e.g., Alldredge et al., 2007; Cunningham
et al., 1999; Diefenbach et al., 2003; Earnst & Heltzel, 2005;
Farmer et al., 2012; Lindenmayer et al., 2009).
Probably, the dominant differences in people’s physical capa-

bility are those associated with age. These include declines in
sensory capabilities, such as vision and hearing (Bainbridge &
Wallhagen, 2014; Klein et al., 1996; Stevens et al., 2013);
other senses, such as smell, taste and touch, may also be
important to personalized ecologies but have received little
attention (Bentley et al., 2023), although they also experience
the effects of ageing (Boyce & Shone, 2006; McIntyre
et al., 2021). This doubtless has a profound effect on people’s
personalized ecologies, potentially constraining them substan-
tially particularly in old age. The consequences of loss of hear-
ing (particularly at high frequencies) on detecting and
identifying bird song has received some attention (Emlen &
DeJong, 1981, 1992; Farmer et al., 2014); detection typically
declines with distance (Fig. 2), but changes in different ways
for different senses, tending for hearing initially to be quite
consistent with distance before undergoing a steep decline
(e.g., DeJong & Emlen, 1985; Emlen & DeJong, 1981). There
are some concerns that the average age of participants in some
biodiversity monitoring schemes is increasing, and that this
could impact on the likelihood of recording and thus documen-
ted trends in some species (e.g., those singing/calling at higher
frequencies; Tucker et al., 2014). This begs a question of the
need, where possible, to correct for age-related variation in
sensory abilities when analysing monitoring scheme data (and
particularly ad hoc occurrence data), or even whether there
should be age constraints on some forms of structured biologi-
cal recording.
Another component of capability that has attracted research

attention is the ability of people to identify different kinds of
animals (and plants). In general, people’s identification abilities
have been found to be highly variable but on average quite
poor, especially in wealthier countries (e.g., Austen
et al., 2016; Bashan et al., 2021; Dallimer et al., 2012; H€artel
et al., 2023; Pilgrim et al., 2008; Prokop & Rodak, 2009;
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Robinson et al., 2016; Shwartz et al., 2023; Vaughn
et al., 2022), although very much better for those for whom
such skills are more important (e.g., Gorleri et al., 2023; Scott
& Hallam, 2002). There are some significant qualifiers. First,
such assessments tend to be rather removed from the process
of identifying living organisms under field conditions, often for
example using static images or drawings. Second, they have
tended to be at the species level, rather than higher taxonomic
or other groupings, although people’s knowledge is often
poorer at the species level (Gosler & Tilling, 2022; Le
et al., 2018). Third, and making them more relevant to person-
alized ecologies, they have tended to focus on species that are
native to the broad area or country in which the people being
assessed reside (rather than concerning species drawn from a
global pool).
The ability correctly to identify animals that are encountered

(including detecting rare species, or those that are hard to
detect, amongst other individuals) is obviously key to using
these human–nature interactions to understand the abundances
and distributions of the former, particularly with the heavy reli-
ance of many monitoring schemes on citizen scientists (previ-
ously widely known as amateur naturalists), and for using
these data to make management decisions. Studies have shown
that training and experience can markedly improve identifica-
tion skills (McLaren & Cadman, 1999). However, more
broadly, the occurrence of a human–nature interaction is not
dependent on correct identification. Although typically viewed
as essential by the professional biologist and the citizen scien-
tist, the extent to which correct identification shapes the value
placed on a human–nature interaction and how much it is
sought or avoided requires deeper investigation. One can, for
example, argue that under some circumstances, a mistaken
identification may bring greater pleasure than a correct one, if
the misidentification leads to belief that the species is one that
the person particularly values (in extremis, even experts can

persuade themselves of mistaken identities of species they are
particularly desirous of seeing, particularly in the face of previ-
ous misidentifications by associated expert communities). One
possible consequence of misidentifications, particularly of indi-
viduals of common species being identified as rare ones, is that
people may believe that they have richer personalized ecolo-
gies than is actually the case.

Motivation

Motivation is the set of brain processes that energize and direct
behaviour, and can be strongly shaped by capability and
opportunity. It has two components, automatic motivation and
reflective motivation. Automatic motivations are unconscious
responses, such as desires, impulses, and inhibitions, whilst
reflective motivations are more cognitive and purposeful, such
as intentions.
Probably most people’s personalized ecologies are very

much poorer than they could be because of issues of motiva-
tion. Improving their personalized ecologies is neither a suffi-
ciently strong automatic or reflective motivation. Indeed,
alongside trends in biodiversity (and thus reductions in poten-
tial human–nature interactions), increased sedentary lifestyles,
including frequently high proportions of time spent in screen-
based activities (Hofferth, 2009; Pergams & Zaradic, 2006,
2008), have contributed to the ‘extinction of experience’
(Miller, 2005; Pyle, 1993; Soga & Gaston, 2016, 2023b).
Key concepts with regard to motivation are biophilia and

nature connection, biophobia, eco-anxiety, and shifting baselines.
Biophilia and nature connection – Biophilia describes a

human psychological orientation or connection to nature (for a
history of this idea see Barbiero & Berto, 2021); a psychologi-
cal connection is only one of multiple possible forms of nature
connection (Ives et al., 2018). As developed by Wilson (1984),
emphasis was placed on this having an evolutionary adaptive

Figure 2 Distances over which the author observed and/or heard individual European robins Erithacus rubecula over a period of 19 consecutive

days of usual home and work life. Distances were measured with range-finding binoculars, and are absolute distances from the observer

(including vertical dimension). Some individual birds will appear multiple times.
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(innate) component, but it is widely regarded in a much less
restrictive sense (but see Gunnarsson & Hedblom, 2023). The
centrality of a psychological connection to nature for the future
of nature has, however, continued to be reinforced (Gaston
et al., 2023), and a genetic component to nature orientation
has been demonstrated (Chang et al., 2022).
Connection to nature has been found to be linked to many

things, including socioeconomics (Kleespies & Dierkes, 2023;
Mikusi�nski et al., 2023), components of health and well-being
(Capaldi et al., 2014; Nisbet et al., 2020), interest in, knowl-
edge of, and positive conservation attitudes towards, nature
(Lim et al., 2022; Mikołajczak et al., 2023; Neurohr
et al., 2023), and participation in nature-based activities
(Pocock et al., 2023). Their connection to nature can influence
the benefit that people experience from interactions with
nature, with these benefits being more pronounced when the
connection is stronger (Chang et al., 2020; Iwi�nska
et al., 2023; Oh et al., 2021; Rosa et al., 2018; Shwartz
et al., 2023). It has also been shown that stronger connection
to nature has a positive impact on pro-environment, and more
specifically, pro-biodiversity behaviours, and hence may lead to
increased protection and restoration of nature (Barragan-Jason
et al., 2023, 2022; Whitburn et al., 2020).
Most discussion of biophilia and connection to nature

addresses this in very general terms. However, it is clear that
the popularity, appeal, and knowledge differ greatly both in
terms of broad taxonomic groups and amongst species within
particular groups (e.g., Batt, 2009; Cox & Gaston, 2015;
Stokes, 2007; Yli-Panula & Matikainen, 2014). With groups
such as birds these differences can often be explained in terms
of traits, such as morphology, colour, song, and behaviour
(e.g., Andrade et al., 2022). Preferences can also be exhibited
for combinations of the abundance and richness of species
assemblages (e.g., Cox & Gaston, 2015; Lindemann-Matthies
et al., 2010; Soga, Evans, et al., 2021; Soga, Fukano,
et al., 2021; Tribot et al., 2019). In turn, these taxonomic and
community differences can influence the places that people
choose to visit (e.g., Eyster et al., 2023).

Biophobia

Personalized ecologies can be strongly shaped by nervousness,
fear and disgust of components of nature, also known as bio-
phobia, which may be established at an early age (Olivos-Jara
et al., 2020; Soga et al., 2023). Some of this is undoubtedly
reflective of automatic motivations, which have long been held
to be linked to evolutionary responses to the potential for life-
threatening or life-changing interactions with wildlife (e.g.,
venomous snakes, large carnivores), although other causal
models seem often to be more appropriate (Norberg
et al., 2024). Snake bites in particular remain a significant
human health issue in some regions (Guti�errez et al., 2017;
Kasturiratne et al., 2008), and some species may become more
problematic with climate change (Martinez et al., 2022). By
contrast, whilst historically more common (Quammen, 2012),
large predator attacks on people are globally currently quite
infrequent, although when these do occur they can be subject
to graphic media reports (Bombieri et al., 2018). Indeed, for

increasingly large proportions of people biophobic responses to
many groups or species (e.g., snakes, sharks, wolves) are
largely irrelevant to their daily lives (with no likelihood that
they will encounter the organisms concerned), but may shape
general attitudes and behaviour towards wild animals and
nature more broadly (Soga & Gaston, 2023a). Other negative
responses to organisms that they may encounter may be exag-
gerated relative to the risk that these typically pose in many
societies (e.g., spiders, bees, wasps, moths, birds, small mam-
mals). It has been argued that there may be a ‘vicious cycle of
biophobia’, whereby reductions in nature experiences lead pro-
gressively to increases in biophobia, resulting in increasing fear
of nature and further reductions in nature experiences (Soga
et al., 2023). This is epitomized by recent concerns being
expressed about the risks to children posed by some common
plant species (usually through ingestion) which people have
lived safely alongside for most of their history and have in the
main in recent centuries simply ignored (e.g., BBC, 2023).

Eco-anxiety (ecological grief)

Personalized ecologies can also be linked with eco-anxiety
(ecological anxiety), the apprehension, distress and grief caused
to people by negative environmental change (although this
anxiety is often framed more narrowly in terms of climate
change), which may be widespread, complex and have multiple
components (Clayton & Karazsia, 2020; Coffey et al., 2021;
Cunsolo et al., 2020; Cunsolo & Ellis, 2018; Kurth & Pih-
kala, 2022; L�eger-Goodes et al., 2022; Verplanken
et al., 2020). There is evidence of a link between eco-anxiety
and experience of, connection to and behavioural responses to
nature (e.g., �Agoston et al., 2022; Benham & Hoerst, 2024).

Shifting baselines

Another potentially important concept in the context of motiva-
tion is that of shifting baselines. This is the notion that, in the
face of its degradation, accepted norms for the condition of the
natural environment progressively shift, such that there is
greater acceptance of a worsened state and a recognition of
lower baselines for nature conservation, restoration and man-
agement (Pauly, 1995; Soga & Gaston, 2018). A recent sys-
tematic review found negative shifting baselines to be
widespread, and that these often take place rapidly (on a scale
of decades; Soga & Gaston, ms). These shifts may have a
powerful influence on people’s motivation to seek out richer
personalized ecologies, particularly if they have a limited
expectation as to what these might be. One wonders also to
what extent a limited personalized ecology, and a limited
expectation around nature experiences, has consequences for
automatic motivation for those experiences.

Improving personalized ecologies

Given that personalized ecologies can have multiple direct and
indirect benefits for people and for the state of the natural envi-
ronment, and that these ecologies are poor for many people, how
might they be improved? To date, most attention to such
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improvement has been focussed on nature-based interventions for
improving health and well-being, which can take various forms
(Shanahan et al., 2019). The full range of approaches to improv-
ing personalized ecologies is however much broader. This can be
achieved more passively or more actively.

Passive approaches

Passive approaches are those that are essentially impersonal, tar-
geting human communities and populations rather than being
more individual-based, although inevitably one can debate quite
where more passive approaches end and more active ones begin.
Opportunity can be improved in multiple ways, including by:

(1) Architectural and infrastructure design that better connects
people with existing nature, at home, in workplaces and else-
where (e.g., through views, access to greenspaces). Key here may
be policy and regulation that ensure such issues are consider-
ations in planning and development; (2) Ensuring that the status
and design of natural and semi-natural spaces encourage and
enable people to visit them and gain nature experiences, ideally
without undue negative impacts on that nature; (3) Improving the
quantity and quality of natural and semi-natural spaces. Regula-
tions around required levels of provision (e.g., within a specified
walking distance of people’s homes) can be particularly effective
if enforced; (4) Providing novel opportunities for people easily to
have ‘close encounters’ with nature (the work of the Jerusalem
Bird Observatory is a nice example; BirdLife Israel, 2023); (5)
Bringing nature closer to people. In some places, this is done
through the provision of food (and other resources), which can
create tensions between the benefits for personalized ecology and
potential negative impacts on the animals concerned (e.g., disease
transmission, interspecific competition, vulnerability to predation;
Galbraith et al., 2015; Jones, 2018; Shutt & Lees, 2021;
Toms, 2019); and (6) Supporting minority groups that challenge
social norms that pose constraints on the use of greenspaces, with
a view to attaining tipping points in those norms (Centola
et al., 2018).
Means of improving capability include: (1) Improving means

by which people can more readily detect and identify individuals
of other species. There continue to be developments in such
things as optics, acoustic devices (e.g., bat detectors), camera
traps, and field guides. However, growth in the usability, accuracy
and availability of mobile phone apps providing forms of
automated/semi-automated identification may prove to be a key
step-change in this regard (particularly where these provide learn-
ing feedback; van der Wal et al., 2016); (2) Improving access to
these devices, especially through reducing costs, may be particu-
larly important (e.g., schemes whereby older people can pass
their older/unused equipment to younger people; e.g.,
BTO, 2023); and (3) Improving provision of natural history edu-
cation programmes, particularly in mainstream school education
(e.g., forest schools, development of secondary school curricula;
e.g., Harris, 2017; Pyle, 2003), and in wealthier communities and
countries where natural history knowledge has disproportionately
been lost (Pilgrim et al., 2008).
Motivation can be improved by approaches that include:

Improving the desirability of engaging in visits to natural and/
or semi-natural spaces, and the accessible and trustworthy

messaging around the benefits of nature interactions. The for-
mer may involve greater engagement with understanding of the
features of landscapes that provide aesthetic and recreational
values (van Zanten et al., 2016) and that stimulate innate bio-
philia (Barbiero & Berto, 2021). Messaging that is accessible
and trustworthy, and perhaps also inspirational, may be particu-
larly valuable for socioeconomic groups that are unlikely to
encounter channels of communication that are essentially tar-
geted at those groups which already commonly engage in
nature interactions; children’s literature may be particularly
important in conveying the right messages (and in countering
biophobia and distrust of the countryside). There is now evi-
dence suggesting that if achieved, nature exposure may support
digital impulse inhibition in young adults (Minor et al., 2023).

Active approaches

Personalized ecologies can also often be improved through
greater direct or active engagement with the particular individuals
concerned by others who can provide improved opportunities to
access nature, help improve capabilities and provide motivation.
Here there is an important role for those with richer personalized
ecologies to introduce others to these. In the face of widespread
extinction of experience, this implies an ongoing role for parents
(parental connections and orientation to nature and nature experi-
ences have a major influence on those of children; Evans
et al., 2018; Rosa et al., 2018; Van Truong et al., 2023; Wu
et al., 2023), and a much greater active (rather than their histori-
cally often passive) role for local natural history experts and natu-
ral history and conservation groups.
The importance of active approaches to improving personal-

ized ecologies seems likely to increase as people’s personalized
ecologies become more impoverished, because richer nature
experiences become more alien, biophobic responses are more
likely to need to be overcome, and people may lack under-
standing of how to behave in natural spaces and in the pres-
ence of wild organisms.
Discussion of how to improve people’s personalized ecolo-

gies (usually couched in terms of improving their nature expe-
riences) tends to be quite general, seldom considering what
components of those ecologies should be the focus of atten-
tion. This does, however, undoubtedly matter a lot. Improving
the availability of people’s access to low-quality natural habitat
(e.g., species-poor utility grassland) is unlikely to bring the
same benefits as would high-quality habitat. Exposure to char-
ismatic or highly regarded species, and natural spectacles (e.g.,
large aggregations or movements of animals) may be especially
valuable.

Outcomes

It seems probable that there is a strongly non-linear relation-
ship between the effort that must be exerted and the resultant
richness of people’s personalized ecologies, with improvements
readily achievable when these ecologies are quite poor and
progressively harder to achieve as they become richer. Given
the low baseline of many people’s personalized ecologies, this
means that improvements can often quite easily be made. This
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is particularly significant because the benefits to individual’s
health and well-being, and the degree to which they have posi-
tive attitudes and behaviours towards nature, seem also to have
similarly non-linear relationships with the richness of their per-
sonalized ecologies (often referred to in the context of health
and well-being as the ‘dose of nature’). These benefits, atti-
tudes and behaviours can improve rapidly initially, but be sub-
ject to diminishing, although not necessarily unimportant,
returns (e.g., Shanahan et al., 2016, 2015; White et al., 2019).
In extremis, under some circumstances, benefits, attitudes and
behaviours may become worse when personalized ecologies
are particularly rich, if this means, for example, that concerns
for, or pressures on, health become acute (Shanahan
et al., 2015). However, most people’s personalized ecologies
could be enhanced enormously before such issues are likely to
arise.

Conclusions

People’s personalized ecologies should be much better under-
stood than is presently the case. In part this is a consequence
of neglect, with this topic not having been regarded as core to
any one discipline, although the growth of interdisciplinary
research may help in addressing this. In part, it is also a conse-
quence of the practical challenges of studying personalized
ecologies, although increased attention and technological
advances are likely to help a good deal. This said, it is already
clear that people’s personalized ecologies are at any given time
highly localized and thus heavily dependent on levels of
mobility, and are highly variable between people. This varia-
tion is driven by opportunity, capability and motivation. Of
these, opportunity is by far the best understood, both from first
principles and more explicitly. Capability, particularly as it
concerns people’s psychological recognition and engagement
with nature experiences is, however, probably more important
in setting the likelihood that nature experiences are recognized
as such when they are occurring. This means that personalized
ecologies can almost certainly be relatively readily improved
for many people.
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