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1  | INTRODUC TION

The coronavirus (COVID-19) pandemic (hereafter pandemic) and the 
resultant global response have dramatically altered people's daily 
lives. To curb the transmission of the virus, governments in many 
countries, regions and localities have implemented strict policies 
of social distancing and shelter-in-place (i.e. working from home or 
just staying home). These policies, together with more voluntary 

behavioural changes, have resulted in unprecedented shifts in 
human activity in a very short period, such as reduced travel, the 
closing down of much business activity and an increased time spent 
at home. At least in many developed countries, these rapid and wide-
spread changes in human lives, along with the associated changes 
in anthropogenic pressures on the environment, have altered the 
dynamics of direct interactions between humans and nature (here-
after human–nature interactions). These changes have manifested in 
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Abstract
1.	 The coronavirus (COVID-19) pandemic and the global response have dramatically 

changed people's lifestyles in much of the world. These major changes, as well as 
the associated changes in impacts on the environment, can alter the dynamics 
of the direct interactions between humans and nature (hereafter human–nature 
interactions) far beyond those concerned with animals as sources of novel human 
coronavirus infections. There may be a variety of consequences for both people 
and nature.

2.	 Here, we suggest a conceptual framework for understanding how the COVID-19 
pandemic might affect the dynamics of human–nature interactions. This highlights 
three different, but not mutually exclusive, pathways: changes in (a) opportunity, 
(b) capability and (c) motivation.

3.	 Through this framework, we also suggest that there are several feedback loops by 
which changes in human–nature interactions induced by the COVID-19 pandemic 
can lead to further changes in these interactions such that the impacts of the pan-
demic could persist over the long term, including after it has ended.

4.	 The COVID-19 pandemic, which has had the most tragic consequences, can also 
be viewed as a ‘global natural experiment’ in human–nature interactions that can 
provide unprecedented mechanistic insights into the complex processes and dy-
namics of these interactions and into possible strategies to manage them to best 
effect.
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a variety of ways (Figure 1; e.g. Derks et al., 2020; Grima et al., 2020; 
Randler et al., 2020; Rose et al., 2020; Ugolini et al., 2020; Venter, 
Aunan, et al., 2020; Venter, Barton, et al., 2020; Shilling et al., 2021), 
and inevitably there has been a multitude of positive and negative 
consequences for both humans and nature. The pandemic is a new 
and sudden phenomenon, and as a result there has as of yet been 
limited scientific consideration of these effects. This article aims to 
stimulate such attention.

In this perspective, we examine the potential impacts of the 
pandemic on direct human–nature interactions. We consider a wide 
diversity of human–nature interactions, such as visiting a protected 

area or urban greenspace, viewing trees through a window, listen-
ing to bird song or being attacked by a bear. Following previous 
studies (Gaston et al., 2018; Soga & Gaston, 2020), however, we ex-
clude ‘interactions’ with organisms that are not self-sustaining (e.g. 
seeing potted houseplants, playing with domestic pets) and those 
through the media (e.g. viewing nature documentaries), although 
we acknowledge that, during this extraordinary period, such activ-
ities have been of importance to many people (Pérez-Urrestarazu 
et al., 2020; Young-Mason, 2020). In this piece, we also focus mainly 
on developed countries, albeit with reference to the global context. 
We describe a conceptual framework for understanding how the 

F I G U R E  1   Empirical evidence suggesting changes in human-nature interactions due to the pandemic. (a–b) Number of activity counts 
of people (measured by mobile tracking data) recorded in forests and urban greenspace before and during the COVID-19 lockdown in Oslo, 
Norway (a: forests, b: urban greenspace; Venter, Aunan, et al., 2020; Venter, Barton, et al., 2020); (c) Number of visitors to the local forest 
before and during COVID-19 lockdown in Bonn, Germany (note: we used data at 1 pm on Sunday; Derks et al., 2020); (d) Perceived changes 
in frequency of visits to natural environments during the pandemic compared to prior to it in Burlington, Vermont, US (Grima et al., 2020); 
(e) Proportion of respondents who reported an increase (grey) or decrease (black) in time spent in greenspace during lockdown compared 
to same period last year in the UK (Olsen & Mitchell, 2020); (f) Percentage of people (birders) reporting that the pandemic has shifted their 
birding behaviour to being more local (i.e. they have focused on their nearer environments and birding hotspots closer to their home) in four 
countries (Randler et al., 2020); (g) Number of sightings data submitted by citizen scientists (Southern African Bird Atlas Project) in April 
before (2019) and during the COVID-19 lockdown in South Africa (Rose et al., 2020); and (h) Number of large bodied wild animals killed per 
day on California state highways before and after implementation of stay-at-home orders (Shilling et al., 2021)
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pandemic could affect the dynamics of human–nature interactions, 
discuss the potential consequences of the changes in these inter-
actions and suggest key knowledge gaps and recommendations for 
further research (see Box 1). Finally, we go on to highlight that the 
pandemic constitutes an unintended (and undesirable) ‘global natu-
ral experiment’ (Thomson, 2020) in human–nature interactions that, 
without seeking to downplay or ignore its tragic consequences, pro-
vides a rare opportunity to produce in-depth knowledge about these 
interactions and help establish novel actions and strategies that can 
have positive outcomes for both humans and nature.

2  | CONCEPTUAL FR AME WORK

Adopting the COM-B model of behaviour developed by Michie 
et al.  (2011), we consider that the pandemic could influence the 
dynamics of direct human–nature interactions through three dif-
ferent, but not mutually exclusive, pathways: changes in opportu-
nity (Pathway 1); changes in capability (Pathway 2) and changes 
in motivation (Pathway 3; Figure 2). The strength and direction of 
these three pathways likely vary substantially across populations, 
regions and countries due to socioeconomic, political, cultural and 

BOX 1 Examples of priority research questions regarding the impacts of the pandemic on human–nature 
interactions.

Q1. How has the pandemic changed people's opportunity, motivation and capability to interact with nature?
Q2. What is the relative importance of opportunity, motivation and capability in changing people's levels of interactions with nature?
Q3. How are people's opportunity, motivation and capability to interact with nature related to each other?
Q4. How are different types of human–nature interactions affected by the pandemic?
Q5. How has the pandemic altered the composition of human–nature interactions?
Q6. How do the strength and directions of the impacts of the pandemic on human–nature interactions differ across populations, 
regions, countries and cultures?
Q7. Has the pandemic changed the importance of human–nature interactions for human health and well-being?
Q8. How has the increased use of some natural environments (e.g. urban greenspace) during the pandemic influenced the ecological 
conditions of these environments?
Q9. How have the changes in the ecology of wildlife during the pandemic influenced human–wildlife interactions?
Q10. How has the prevalence of common mental disorders (e.g. depression) due to the pandemic influenced people's use of nature?
Q11. How has the increased fear and dislike towards bats influenced people's motivation to interact with nature?
Q12. What role can the pandemic play in limiting the extinction of experience?
Q13. How long will the impacts of the pandemic on human–nature interactions last?

F I G U R E  2   A conceptual framework for understanding how the pandemic could affect the dynamics of human–nature interactions. The 
pandemic could influence human–nature interactions through three major pathways: changes in opportunity (Pathway 1; orange arrows); 
changes in capability (Pathway 2; blue arrows) and changes in motivation (Pathway 3; green arrows). These three pathways are likely to be 
interrelated in various ways. There are likely also several feedback loops in which changes in human–nature interactions induced by the 
pandemic can lead to further changes in their dynamics (black arrows). Note that this schematic diagram does not necessarily represent all 
potential factors and processes
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environmental factors as well as, potentially linked, variation in 
the severity and response to the pandemic (Box 1). In the follow-
ing sections, we explain and justify this conceptual framework, 
and use it to explore how each of the three pathways contrib-
ute to changes in human–nature interactions as a result of the 
pandemic.

2.1 | Pathway 1: Changes in opportunity

Opportunity concerns the factors that facilitate or make an interac-
tion with nature possible. These include, for example, the amount of 
wildlife and natural environments that a person can interact with, 
the amount of time available for a person to spend engaging with 
nature, and social and cultural norms that affect a person's behav-
iour. The pandemic is likely to affect people's opportunity to interact 
with nature both positively and negatively (Table 1; Figure 2). On the 
positive side, for example, the adoption of remote working policies 
during the pandemic has increased some people's available time for 
other activities, which may promote their positive interactions with 
nature, such as visiting natural environments in their neighbour-
hood (Figure 1a–d; this increase in nature experiences maybe less 
relevant for those who are not able to engage in home working or 
remote working). Likewise, at least in developed regions and coun-
tries, during the pandemic many indoor amusement facilities, such as 
movie theatres, museums, bars and restaurants have been closed as 

a measure to reduce infection rates. This might be one of the major 
drivers of the increase in people's use of natural environments (e.g. 
urban parks) during the pandemic (Day,  2020; Derks et  al.,  2020; 
Grima et  al.,  2020; Kleinschroth & Kowarik,  2020; Venter, Aunan, 
et al., 2020; Venter, Barton, et al., 2020) because they often offer 
one of the only available alternatives for recreation or socialising. 
Increased use of neighbourhood natural environments is likely 
to contribute to improved human health and well-being (Pouso 
et al., 2020; Soga et al., 2021), albeit it can, in some cases, have ad-
verse ecological impacts on these environments (e.g. increased pres-
sure on understorey vegetation; Box 1).

On the negative side, the spreading of social norms that 
prevent people from spending time outside (e.g. people should 
follow governmental stay-at-home orders) as well as increased 
fear of the virus during the pandemic are likely to discourage 
many from participating in outdoor activities, which would de-
crease their interactions with nature (Figure  1d). Loss of any 
interactions that would have occurred while travelling to work, 
and loss of free time because of additional responsibilities (e.g. 
home schooling, child and elderly care) can have similar effects. 
Likewise, the pandemic has made for an enormously busy period 
for some groups of people such as healthcare workers and deliv-
ery drivers, which will have reduced their available time for other 
activities including nature experiences. Furthermore, in some re-
gions, urban parks, beaches and other recreational areas have, 
at least partly, been closed during the pandemic (Armstrong & 

TA B L E  1   Examples of possible changes in human–nature interactions due to the pandemic and their potential drivers and consequences. 
The three types of pathways (Pathways 1, 2 and 3) presented in the Drivers column correspond to those presented in Figure 2. Note that we 
just provide representative elementary examples, and the pandemic is likely to alter human–nature interactions in various ways

Possible changes Drivers (Pathways) Consequences

Increase in recreational use of natural 
environments

Increased interest in outdoor physical activity 
(Pathway 3); increased positive attitudes towards 
nature (Pathway 3) and increased availability of 
discretionary time (Pathway 1)

•	 Improved health and well-being in local 
human populations (e.g. decreased risk of 
lifestyle diseases)

•	 Increased pressures on wildlife species/
decrease in wildlife abundance

Increase in frequency of bird feeding in 
domestic gardens

Increased positive attitudes towards nature 
(Pathway 3) and increased availability of 
discretionary time (Pathway 1)

•	 Improved health and well-being in local 
human populations (e.g. decreased risk of 
lifestyle diseases)

•	 Increased species richness and abundance 
of birds in urban and suburban areas

Increase in frequency of hearing bird 
song in urban areas

Increase in duration of singing in urban birds, 
and increased detectability of bird song due to 
decreased levels of background noise (Pathway 1)

•	 Improved health and well-being of human 
urban residents (e.g. decreased symptoms 
of depression)

Increase in number of human attacks by 
wildlife in suburban and rural areas

Increased abundance of problematic wildlife (e.g. 
bears) due to reduced human activity (Pathway 1)

•	 Increased injury and death risks for people 
living in suburban and rural areas

Decrease in number of visitors to remote 
natural environments and ecotourism 
sites (e.g. national parks)

Reduced ability to travel due to travel restriction 
policies (Pathway 1) and poor physical and 
psychological health (Pathway 2); closure of 
national parks (Pathway 1)

•	 Decrease in anthropogenic impacts on 
wildlife inhabiting national parks

•	 Reduced amount of citizen science data for 
threatened species

•	 Reduced number of wildlife attacks on 
humans

Decrease in number of wildlife–vehicle 
collisions

Reduced number of cars on highways due to 
reduced economic activity and human mobility 
(Pathway 1)

•	 Reduced mortality in wildlife populations
•	 Reduced economic and social costs 

associated with collisions (e.g. car crash)
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Lucas, 2020), which has reduced people's opportunities directly 
to interact with nature.

The pandemic has likely changed not only the number of oppor-
tunities a person has to engage with nature, but also how they might 
interact with nature. For example, at least in urbanised regions, stay-
at-home orders have made many people spend most of their time 
indoors (Greenwood-Hickman et al., 2020; Moore et al., 2020). This 
shifts their opportunities towards ‘less immediate’ interactions with 
nature (sensu Soga & Gaston, 2020), such as viewing garden trees 
from a window or listening to outdoor bird song from inside a room. 
Likewise, the implementation of mobility restriction policies during 
the pandemic will have reduced people's opportunities to visit natural 
environments far from home (e.g. national parks; Randler et al., 2020; 
Rose et al., 2020; Figure 1f,g), although this might have instead in-
creased their use of natural environments nearby (e.g. urban parks; 
Derks et al., 2020; Geng et al., 2021; Kleinschroth & Kowarik, 2020; 
Venter, Aunan, et al., 2020; Venter, Barton, et al., 2020). This change 
suggests that people's opportunities to have ‘less human-mediated’ 
interactions with nature (i.e. those that can occur in places where it 
is little disturbed by humans) have been replaced with ‘more human-
mediated’ ones (i.e. those that can occur where anthropogenic influ-
ences are marked; Soga & Gaston, 2020). This, of course, depends on 
where people live. Those who reside in urban centres, for example, 
will have fewer opportunities for ‘less human-mediated’ interactions 
than those who live in rural areas who might, on the other hand, 

have more opportunities to interact with nature while confined to 
the surrounds of their homes. Understanding the consequences of 
the changes in the composition of human–nature interactions is a 
key challenge that has received relatively little attention (Box 1).

The unprecedented reduction in global economic and transport 
activity due to the pandemic has dramatically reduced the impacts of 
anthropogenic disturbances on ecosystems worldwide (Diffenbaugh 
et al., 2020), the so-called 'anthropause' (Rutz et al., 2020). Indeed, 
in many regions (especially in more developed societies), there have 
been noticeable decreases in anthropogenic pollution (e.g. air and 
water pollutants, noise, artificial light) due to reduced economic activ-
ity and human mobility (e.g. Bustamante-Calabria et al., 2021; Chen 
et  al.,  2020; Derryberry et  al.,  2020; Mandal & Pal,  2020; Venter, 
Aunan, et al., 2020; Venter, Barton, et al., 2020), and in some there has 
been a reduction in management (e.g. cutting vegetation) associated 
with greenspaces (e.g. road verges, urban greenspaces; K.J.G., pers. 
obs.). Furthermore, shelter-in-place and stay-at-home orders and re-
lated actions (e.g. closure of non-essential businesses) implemented 
during the pandemic have reduced the number of passenger cars on 
major roadways (Hudda et al., 2020; Figure 3b), which is likely to result 
in the reduction of collisions between vehicles and wildlife (Shilling 
et al., 2021; Figure 1h). These reduced anthropogenic impacts on eco-
systems can modify the behaviour and distribution of some wildlife 
species relatively quickly (Rutz et  al.,  2020), which, in turn, affects 
the dynamics of human–nature interactions (Figure 2). For example, 

F I G U R E  3   Empirical evidence suggesting the presence of the three pathways (a, b: changes in opportunity, c: changes in capability, d, e: 
changes in motivation) through which the pandemic affects human-nature interactions (see also Figure 2). (a) Probability of occupancy of 
Rock pigeon Columba livia in urban areas before and during COVID-19 lockdown in Catalonia, Spain (Derks et al. 2020); (b) Diurnal traffic 
volume (vehicles/h) on weekdays on urban roadways between March and May before (in 2018) and during the pandemic in Somerville, 
the U.S. (we used data at 1 pm; Hudda et al., 2020); (c) Prevalence of depression symptoms in US adults before and during the pandemic 
(depression symptoms were assessed using the Patient Health Questionnaire; Ettman et al., 2020); (d) Perceived changes in personal 
importance of being able to access natural environments during the pandemic compared to prior to it in Burlington, Vermont, US (Grima 
et al., 2020); and (e) Relative search volume for nature-related topics (e.g. forest, bird, nature, biodiversity) on Google before and during the 
pandemic in 20 European countries (Rousseau & Deschacht, 2020)
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it is known that urban birds have altered their behavioural patterns 
(e.g. acoustic signalling, timing of singing) in response to reduced 
noise pollution during the pandemic (Derryberry et al., 2020; Gordo 
et al., 2020), which has changed (in many cased increased) people's 
frequency of hearing bird song (Gordo et  al.,  2020; Figure  3a). An 
increase in the frequency of hearing bird song in urban areas might 
have had favourable outcomes upon human health and well-being; 
this type of nature interaction is known to be associated with im-
proved psychological health (Ratcliffe et al., 2013; Table 1). Likewise, 
in developed regions and countries, there have been many anecdotal 
observations of wild animals venturing into urban and suburban areas 
where they have not been seen regularly or for many years, as a con-
sequence of traffic and other human activity declining during the 
pandemic (c.f. Zellmer et al., 2020). The expansion of the distribution 
and abundance of problematic wildlife species (e.g. bears), as well as 
their behavioural changes (e.g. increased aggressive behaviours), can 
increase the frequency of negative human–nature interactions, such 
as being attacked by wildlife or disturbed by its activities (Table 1). 
Quantifying how behavioural and distributional changes in wildlife 
alter human–wildlife interactions will help determine appropriate ac-
tions and strategies for the management of these interactions (Box 1).

2.2 | Pathway 2: Changes in capability

Capability is an individual's psychological and physical capacity to 
engage in interactions with nature. The pandemic is likely to change 
a person's capability to interact with nature (Table 1; Figure 2). For 
example, should a person become infected with COVID-19, their 
mental and physical functioning might be impacted directly, which 
would reduce their use of nature. Of course, the infection with 
COVID-19 is also likely to decrease people's opportunity to interact 
with nature because individuals who are diagnosed with the disease 
are admitted to hospital or remain home in isolation. More impor-
tantly, even if people are not infected with COVID-19, the uncertain-
ties and fears associated with the virus outbreak, along with mass 
lockdowns and economic recession, are likely to lead to increased 
prevalence of symptoms of anxiety, depression, PTSD and other 
forms of psychological illness in the general population. Indeed, it 
has been reported that the pandemic is associated with highly sig-
nificant levels of psychological distress that meet the thresholds 
for clinical relevance (Ettman et  al.,  2020; Rajkumar,  2020; Salari 
et al., 2020; Xiong et al., 2020; Figure 3c). McIntyre and Lee (2020) 
have reported a projected fivefold increase in the number of suicides 
associated with joblessness in Canada. These facts suggest that the 
impact of changes in capability on the dynamics of human–nature 
interactions could be much greater than generally assumed (Box 1).

This said, the deterioration of mental health conditions due to 
the pandemic might, in some cases, enhance people's interactions 
with nature. For example, a recent study conducted in 18 coun-
tries has shown that people with common mental health disor-
ders are more likely to visit natural environments than those with 
no such condition, possibly due to an increased motivation to use 

these environments for symptom self-management (Tester-Jones 
et  al.,  2020); there is evidence that people with mild-to-moderate 
mental health disorders may gain the greatest benefits from experi-
encing nature (Cox et al., 2017). This outcome indicates that changes 
in capability can sometimes lead to changes in motivation, highlight-
ing the existence of complex interrelations between the three driv-
ers of human–nature interactions (Box 1).

2.3 | Pathway 3: Changes in motivation

Motivation is a person's brain processes that energise and direct 
behaviour. It is possible that the spread of COVID-19 disease has 
altered people's motivation to interact with nature substantially 
(Table 1; Figure 2). For example, at least in more developed coun-
tries, the pandemic has raised many people's motivation to take part 
in physical exercise, possibly to compensate for reduced everyday 
physical activity (e.g. travelling to work, physical exertion at work) 
due to stay-at-home orders, a raised awareness of the importance 
of strengthening immune systems, and ubiquitous messages recom-
mending exercise from media, governments and health authorities 
(e.g. WHO; Ding et al., 2020). Such increased motivation for physical 
activity may be a key driver of the widespread significant increase 
in the use of greenspace (i.e. green exercise; e.g. Derks et al., 2020; 
Geng et al., 2021; Grima et al., 2020; Kleinschroth & Kowarik, 2020; 
Venter, Aunan, et al., 2020; Venter, Barton, et al., 2020).

The increased use of natural environments during the pandemic 
(e.g. Derks et al., 2020; Kleinschroth & Kowarik, 2020; Venter, Aunan, 
et al., 2020; Venter, Barton, et al., 2020) could be attributed, at least 
partly, to increases in people's motivation to spend time in nature itself 
(Grima et al., 2020; Kleinschroth & Kowarik, 2020). This notion stems 
from the assumption that the pandemic has caused the majority of peo-
ple to experience higher levels of stress, uncertainty and fear, and, as a 
result, natural environments might act as a ‘refuge’ in which they can fos-
ter psychological stability. In other words, nature can serve as a buffer 
in decreasing the adverse impacts of major stressful events on human 
health and well-being (Corley et al., 2021; Dzhambov et al., 2020; Grima 
et al., 2020; Pouso et al., 2020; Soga et al., 2021; Theodorou et al., in 
press). Indeed, especially in more developed countries, during the pan-
demic, there have been many positive messages in the media about the 
role of nature experiences in maintaining people's psychological well-
being (e.g. ‘spending time in nature relieves COVID-stress’, ‘gardening 
will keep you well during the pandemic’; e.g. BBC News 3/5/2020, 
Guardian 20/5/2020). Also, there is some evidence that with more peo-
ple working from home, and therefore theoretically free to work from 
anywhere with internet access, there has been increased interest in 
moving from large cities to live in more rural locations with larger gar-
dens and better access to nature (e.g. BBC News 18/11/2020, Japan 
Times 4/11/2020). These facts raise the possibility that the extent of the 
health and well-being benefits derived from nature interactions, as well 
as societal awareness of these benefits, might have increased during the 
pandemic (Grima et al., 2020; Figure 3d), although further studies are 
needed to confirm this idea (Box 1).
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There is a growing body of scientific and anecdotal evidence 
showing that, at least in more developed societies, people's positive 
attitudes towards nature (especially local wildlife and natural envi-
ronments) have increased during the pandemic. For example, a large 
questionnaire survey showed that 74% of adults in England agreed 
that they had noticed more nature in their neighbourhoods since the 
onset of the pandemic than they would normally at that time of year 
(RSPB,  2020). Likewise, Rousseau and Deschacht (2020) found that 
public interest in nature (measured by people's internet search be-
haviour) increased substantially in 20 European countries during the 
pandemic (Figure 3e). We suspect, however, that the increased positive 
attitudes towards nature observed at this time have not directly been 
caused by the pandemic itself. Rather, we consider that the increased 
positive attitudes were secondarily induced by increased frequencies 
of nature interactions that have been caused by other factors (e.g. in-
creased availability of discretionary time, raised awareness of health; 
see Section 2.4). Nevertheless, this can be seen as a positive because 
increased interest in, and emotional affinity towards, nature is likely to 
promote people's engagement with it, as this is found to be a key driver 
of human–nature interactions (e.g. Lin et al., 2014; Soga et al., 2018; 
Soga & Akasaka, 2019).

The pandemic could also decrease some people's motivation to 
interact with nature. For example, it is increasingly apparent that it 
has led to substantial growth in negative public attitudes towards bats 
(known to be vectors or reservoirs for many strains of coronavirus; 
Cerri et al., 2020). Increased negative feelings and attitudes towards 
wildlife, often called ‘biophobia’ (Soga et al., 2020; Zhang et al., 2014), 
may reduce people's willingness to engage with ‘wild’ nature (Box 1). 
This situation would be somewhat similar to the period of dengue ep-
idemics in Tokyo in 2014, when increased negative attitudes towards 
mosquitoes (vectors of dengue virus) caused people to temporary 
avoid using local greenspaces (M.S., pers. obs.).

Motivation is often associated with opportunity, as the former 
can drive the latter (Figure 2). For example, increased interest in 
nature during the pandemic (i.e. changes in motivation) might en-
hance people's motivation for participating in wildlife gardening 
in their domestic gardens, which is likely to boost the abundance 
and species richness of wildlife around their home (i.e. changes 
in opportunity; Cox & Gaston,  2018). On the other hand, an in-
crease in people's negative attitudes towards bats (e.g. concerns 
over the risk of exposure to the virus) has the potential to de-
crease the abundance and distribution of these organisms (Cerri 
et al., 2020; MacFarlane & Rocha, 2020; Sasse & Gramza, 2021). 
Understanding the relationships among the three drivers of 
changes in human–nature interactions due to the pandemic is a 
key challenge (Box 1).

2.4 | Feedback loops

The changes in human–nature interactions that have been induced 
by the pandemic could result in further alteration of the dynamics 
of these interactions (Figure  2). For example, in an urban context, 

increased visits to greenspace caused by the pandemic could promote 
people's physical and mental health (e.g. Pouso et  al.,  2020; Soga 
et al., 2021; Table 1), as well as their emotional affinity towards nature 
(Grima et al., 2020), which may, in turn, increase their capability and 
motivation to interact with nature (Figure 2). Likewise, an increase in 
people's use of nearby (e.g. protected areas) and neighbourhood (e.g. 
urban greenspace) natural environments can result in increased habit-
uation of wildlife to humans (e.g. decreased escape responses; Uchida 
et  al.,  2019), which may increase their opportunity to interact with 
wildlife more directly (Figure 2). These three types of pathways imply 
that there exists a ‘positive’ feedback process by which increases in 
human–nature interactions can result in further increases in these 
interactions. This raises a possibility that the pandemic may have 
an important influence on the ongoing, widespread loss of human–
nature interactions (the ‘extinction of experience’, Miller, 2005; Soga 
& Gaston, 2016), although more empirical research, particularly from 
long-term studies, is required to test this idea (Box 1).

Of course, there may also be negative feedback loops where 
increases (or decreases) in human–nature interactions lead to de-
creases (or increases) in these interactions. In the case of greenspace 
and protected area use, for example, there have been many anec-
dotal observations of erosion and loss of understorey vegetation due 
to increased use of those environments by local people (e.g. jogging, 
walking, hiking, dog walking) during the pandemic, which is likely to 
decrease the species richness and abundance of wildlife species (e.g. 
birds, butterflies) people can interact with (i.e. loss of opportunity). 
Also, some human-sensitive species (e.g. ground-dwelling birds) will 
become less abundant in response to the presence of a large number 
of greenspace or protected area visitors (Bötsch et al., 2018; Lethlean 
et  al.,  2017; Thompson,  2015). More importantly, the overuse of 
greenspaces and protected areas during the pandemic might reduce 
the environmental quality of these environments (e.g. increased lit-
ter, increased noise levels, more frequent fires), which is also likely to 
decrease people's willingness to use these environments (i.e. loss of 
motivation; of course, the presence of large numbers of other people 
itself can also decrease the motivation of some individuals to use 
these environments). Understanding how the increased visitations 
to natural environments during the pandemic can affect people's 
opportunity and motivation to use these environments can provide 
fundamental insights into how sustainably to manage natural envi-
ronments at times of societal stress.

3  | CONCLUSION

The dramatic changes in people's lifestyles and social systems asso-
ciated with the pandemic have led to an unprecedented alteration of 
the dynamics of human–nature interactions worldwide. Although it 
is uncertain how long this situation will continue, the impacts of the 
pandemic on human–nature interactions seem to be likely to last for 
years, including after it has ended (as a legacy effect; Box 1). Indeed, 
the pandemic has brought about changes in the lifestyle, norms and 
attitudes of people in many ways, some of which will remain over 
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the longer term (e.g. the adoption of remote working practices, the 
establishment of regular exercise habits in urban parks, increased 
awareness of the importance of nature experiences). Likewise, the 
feedback loops within our framework suggest that the pandemic 
could have time-lagged or cumulative effects on human–nature in-
teractions (Box 1). Given these potentially long-term and widespread 
consequences of the pandemic, researchers can use this extraordi-
nary period as a ‘global natural experiment’ (Thomson, 2020) to gain 
novel insights into the complex processes and dynamics of these 
interactions and into possible strategies to manage them to best ef-
fect (see Box 1 for a list of priority research questions). Indeed, as 
discussed throughout this paper, the knowledge gained from such an 
approach could have the potential to inform the development of poli-
cies and strategies to address some of the most significant challenges 
related to human–nature interactions, such as minimising negative 
consequences of the health-associated demands on greenspace 
(Stanley et  al.,  2015), preventing the ongoing, widespread loss of 
positive human–nature interactions (Soga & Gaston, 2016), and miti-
gating human–wildlife conflicts in rural and suburban areas (Tsunoda 
& Enari, 2020). To take maximum advantage of this window of op-
portunity, therefore, we recommend that researchers, alongside 
policy-makers and practitioners (e.g., city planners, protected area 
managers and health professionals) establish testable hypotheses 
and, where possible, collect data sooner rather than later. Although 
undeniably tragic, the pandemic may offer an invaluable opportunity 
to explore an appropriate future relationship between people and 
nature far beyond that concerned with animals as sources of novel 
human coronavirus infections.

ACKNOWLEDG EMENTS
M.S. was funded by the Japan Society for the Promotion of Science 
(grant no. 20H04375) and the Toyota Foundation (D19-R-0102), 
and M.J.E. by the Japan Society for the Promotion of Science as a 
Postdoctoral Research Fellow (P19084). We are grateful to S. Gaston 
and R. Shaw for discussion and comments.

CONFLIC T OF INTERE S T
K.J.G. is an Editor-in-Chief of People and Nature, but took no part in 
the peer review and decision-making processes for this paper.

AUTHORS'  CONTRIBUTIONS
M.S. and K.J.G. conceived the ideas and designed the conceptual 
framework; M.S. led the writing of the manuscript. All authors con-
tributed critically to the drafts and gave final approval for publication.

DATA AVAIL ABILIT Y S TATEMENT
No data were collected for this paper.

ORCID
Masashi Soga   https://orcid.org/0000-0003-1758-4199 
Maldwyn J. Evans   https://orcid.org/0000-0001-7025-2287 
Daniel T. C. Cox   https://orcid.org/0000-0002-3856-3998 
Kevin J. Gaston   https://orcid.org/0000-0002-7235-7928 

R E FE R E N C E S
Armstrong, D. A., & Lucas, J. (2020). Measuring and comparing municipal 

policy responses to COVID-19. Canadian Journal of Political Science/
Revue Canadienne de Science Politique, 53, 227–238. https://doi.
org/10.1017/S0008​42392​000044X

Bötsch, Y., Tablado, Z., Scherl, D., Kéry, M., Graf, R. F., & Jenni, L. (2018). 
Effect of recreational trails on forest birds: Human presence matters. 
Frontiers in Ecology and Evolution, 6, 175., https://doi.org/10.3389/
fevo.2018.00175

Bustamante-Calabria, M., Sánchez de Miguel, A., Martín-Ruiz, S., Ortiz, 
J.-L., Vílchez, J. M., Pelegrina, A., García, A., Zamorano, J., Bennie, J., 
& Gaston, K. J. (2021). Effects of the COVID-19 lockdown on urban 
light emissions: Ground and satellite comparison. Remote Sensing, 13, 
258. https://doi.org/10.3390/rs130​20258

Cerri, J., Mori, E., Ancillotto, L., Russo, D., & Bertolino, S. (2020). 
COVID-19 has led to a global increase in web searches for bats: A 
risk for conservation? EcoEvoRxiv. https://doi.org/10.32942/​osf.
io/4pa2q

Chen, K., Wang, M., Huang, C., Kinney, P. L., & Anastas, P. T. (2020). Air 
pollution reduction and mortality benefit during the COVID-19 out-
break in China. The Lancet Planetary Health, 4, e210–e212. https://
doi.org/10.1016/S2542​-5196(20)30107​-8

Corley, J., Okely, J. A., Taylor, A. M., Page, D., Welstead, M., Skarabela, B., 
Redmond, P., Cox, S. R., & Russ, T. C. (2021). Home garden use during 
COVID-19: Associations with physical and mental wellbeing in older 
adults. Journal of Environmental Psychology, 73, 101545.

Cox, D. T. C., & Gaston, K. J. (2018). Human-nature interactions and 
the consequences and drivers of provisioning wildlife. Philosophical 
Transactions of the Royal Society B: Biological Sciences, 373, 2017​
0092.

Cox, D. T. C., Shanahan, D. F., Hudson, H. L., Plummer, K. E., Siriwardena, 
G. M., Fuller, R. A., Anderson, K., Hancock, S. & Gaston, K. J. (2017). 
Doses of neighbourhood nature: The benefits for mental health of 
living with nature. BioScience, 67, 147–155.

Day, B. H. (2020). The value of greenspace under pandemic lockdown. 
Environmental and Resource Economics, 76, 1161–1185.

Derks, J., Giessen, L., & Winkel, G. (2020). COVID-19-induced visitor 
boom reveals the importance of forests as critical infrastructure. 
Forest Policy and Economics, 118, 102253. https://doi.org/10.1016/j.
forpol.2020.102253

Derryberry, E. P., Phillips, J. N., Derryberry, G. E., Blum, M. J., & Luther, 
D. (2020). Singing in a silent spring: Birds respond to a half-century 
soundscape reversion during the COVID-19 shutdown. Science, 
eabd5777. https://doi.org/10.1126/scien​ce.abd5777

Diffenbaugh, N. S., Field, C. B., Appel, E. A., Azevedo, I. L., Baldocchi, D. 
D., Burke, M., Burney, J. A., Ciais, P., Davis, S. J., Fiore, A. M., Fletcher, 
S. M., Hertel, T. W., Horton, D. E., Hsiang, S. M., Jackson, R. B., Jin, 
X., Levi, M., Lobell, D. B., McKinley, G. A., … Wong-Parodi, G. (2020). 
The COVID-19 lockdowns: A window into the Earth System. Nature 
Reviews Earth & Environment, 1, 470–481. https://doi.org/10.1038/
s4301​7-020-0079-1

Ding, D., del Pozo Cruz, B., Green, M. A., & Bauman, A. E. (2020). Is the 
COVID-19 lockdown nudging people to be more active: A big data 
analysis. British Journal of Sports Medicine, 54, 1183–1184. https://
doi.org/10.1136/bjspo​rts-2020-102575

Dzhambov, A. M., Lercher, P., Browning, M. H., Stoyanov, D., Petrova, N., 
Novakov, S., & Dimitrova, D. D. (2020). Does greenery experienced 
indoors and outdoors provide an escape and support mental health 
during the COVID-19 quarantine? Environmental Research, 4, 110420. 
https://doi.org/10.1016/j.envres.2020.110420

Ettman, C. K., Abdalla, S. M., Cohen, G. H., Sampson, L., Vivier, P. M., & 
Galea, S. (2020). Prevalence of depression symptoms in US adults 
before and during the COVID-19 pandemic. JAMA Network Open, 
3, e2019686. https://doi.org/10.1001/jaman​etwor​kopen.2020.​
19686

https://orcid.org/0000-0003-1758-4199
https://orcid.org/0000-0003-1758-4199
https://orcid.org/0000-0001-7025-2287
https://orcid.org/0000-0001-7025-2287
https://orcid.org/0000-0002-3856-3998
https://orcid.org/0000-0002-3856-3998
https://orcid.org/0000-0002-7235-7928
https://orcid.org/0000-0002-7235-7928
https://doi.org/10.1017/S000842392000044X
https://doi.org/10.1017/S000842392000044X
https://doi.org/10.3389/fevo.2018.00175
https://doi.org/10.3389/fevo.2018.00175
https://doi.org/10.3390/rs13020258
https://doi.org/10.32942/osf.io/4pa2q
https://doi.org/10.32942/osf.io/4pa2q
https://doi.org/10.1016/S2542-5196(20)30107-8
https://doi.org/10.1016/S2542-5196(20)30107-8
https://doi.org/10.1016/j.forpol.2020.102253
https://doi.org/10.1016/j.forpol.2020.102253
https://doi.org/10.1126/science.abd5777
https://doi.org/10.1038/s43017-020-0079-1
https://doi.org/10.1038/s43017-020-0079-1
https://doi.org/10.1136/bjsports-2020-102575
https://doi.org/10.1136/bjsports-2020-102575
https://doi.org/10.1016/j.envres.2020.110420
https://doi.org/10.1001/jamanetworkopen.2020.19686
https://doi.org/10.1001/jamanetworkopen.2020.19686


526  |    People and Nature SOGA et al.

Gaston, K. J., Soga, M., Duffy, J. P., Garrett, J. K., Gaston, S., & Cox, D. 
T. C. (2018). Personalised ecology. Trends in Ecology & Evolution, 33, 
916–925. https://doi.org/10.1016/j.tree.2018.09.012

Geng, D. C., Innes, J., Wu, W., & Wang, G. (2021). Impacts of COVID-19 
pandemic on urban park visitation: A global analysis. Journal of 
Forestry Research, 32, 553–567. https://doi.org/10.1007/s1167​6-
020-01249​-w

Gordo, O., Brotons, L., Herrando, S., & Gargallo, G. (2020). Rapid behav-
ioral response of urban birds to covid-19 lockdown. bioRxiv. https://
doi.org/10.1101/2020.09.25.313148

Greenwood-Hickman, M. A., Dahlquist, J., Cooper, J., & Rosenberg, D. 
(2020). Impact of the 2020 COVID-19 pandemic on older adults’ per-
ceived sedentary behavior and physical activity. Innovation in Aging, 
4, 949. https://doi.org/10.1093/geron​i/igaa0​57.3474

Grima, N., Corcoran, W., Hill-James, C., Langton, B., Sommer, H., & 
Fisher, B. (2020). The importance of urban natural areas and urban 
ecosystem services during the COVID-19 pandemic. PLoS ONE, 15, 
e0243344. https://doi.org/10.1371/journ​al.pone.0243344

Hudda, N., Simon, M. C., Patton, A. P., & Durant, J. L. (2020). Reductions 
in traffic-related black carbon and ultrafine particle number con-
centrations in an urban neighborhood during the COVID-19 pan-
demic. Science of the Total Environment, 742, 140931. https://doi.
org/10.1016/j.scito​tenv.2020.140931

Kleinschroth, F., & Kowarik, I. (2020). COVID-19 crisis demonstrates 
the urgent need for urban greenspaces. Frontiers in Ecology and the 
Environment, 18, 318.

Lethlean, H., Van Dongen, W. F., Kostoglou, K., Guay, P. J., & Weston, 
M. A. (2017). Joggers cause greater avian disturbance than walkers. 
Landscape and Urban Planning, 159, 42–47. https://doi.org/10.1016/j.
landu​rbplan.2016.08.020

Lin, B. B., Fuller, R. A., Bush, R., Gaston, K. J., & Shanahan, D. F. 
(2014). Opportunity or orientation? Who uses urban parks and 
why. PLoS ONE, 9, e87422. https://doi.org/10.1371/journ​al.pone.​
0087422

MacFarlane, D., & Rocha, R. (2020). Guidelines for communicating about 
bats to prevent persecution in the time of COVID-19. Biological 
Conservation, 248, 108650.

Mandal, I., & Pal, S. (2020). COVID-19 pandemic persuaded lock-
down effects on environment over stone quarrying and crushing 
areas. Science of the Total Environment, 732, 139281. https://doi.
org/10.1016/j.scito​tenv.2020.139281

McIntyre, R. S., & Lee, Y. (2020). Projected increases in suicide in Canada 
as a consequence of COVID-19. Psychiatry Research, 290, 113104. 
https://doi.org/10.1016/j.psych​res.2020.113104

Michie, S., Van Stralen, M. M., & West, R. (2011). The behaviour change 
wheel: A new method for characterising and designing behaviour 
change interventions. Implementation Science, 6, 42. https://doi.
org/10.1186/1748-5908-6-42

Miller, J. R. (2005). Biodiversity conservation and the extinction of ex-
perience. Trends in Ecology & Evolution, 20, 430–434. https://doi.
org/10.1016/j.tree.2005.05.013

Moore, S. A., Faulkner, G., Rhodes, R. E., Brussoni, M., Chulak-Bozzer, 
T., Ferguson, L. J., Mitra, R., O’Reilly, N., Spence, J. C., Vanderloo, L. 
M., & Tremblay, M. S. (2020). Impact of the COVID-19 virus outbreak 
on movement and play behaviours of Canadian children and youth: 
A national survey. International Journal of Behavioral Nutrition and 
Physical Activity, 17, 1–11.

Olsen, J., & Mitchell, R. (2020). S&SR Environments and Spaces Group: 
Change in use of green and open space following COVID-19 lockdown 
‘stay at home’ phase and initial easing of lockdown. Project report. 
University of Glasgow.

Pérez-Urrestarazu, L., Kaltsidi, M. P., Nektarios, P. A., Markakis, G., 
Loges, V., Perini, K., & Fernández-Cañero, R. (2020). Particularities of 
having plants at home during the confinement due to the COVID-19 
pandemic. Urban Forestry & Urban Greening, 24, 126919.

Pouso, S., Borja, A., Fleming, L. E., Gómez-Baggethun, E., White, M. P., 
& Uyarra, M. C. (2020). Maintaining contact with blue-green spaces 
during the COVID-19 pandemic associated with positive mental 
health. Science of the Total Environment, 20, 143984.

Rajkumar, R. P. (2020). COVID-19 and mental health: A review of the ex-
isting literature. Asian Journal of Psychiatry, 52, 102066. https://doi.
org/10.1016/j.ajp.2020.102066

Randler, C., Tryjanowski, P., Jokimäki, J., Kaisanlahti-Jokimäki, M. L., & 
Staller, N. (2020). SARS-CoV2 (COVID-19) Pandemic lockdown in-
fluences nature-based recreational activity: The case of birders. 
International Journal of Environmental Research and Public Health, 17, 
7310. https://doi.org/10.3390/ijerp​h1719​7310

Ratcliffe, E., Gatersleben, B., & Sowden, P. T. (2013). Bird sounds and 
their contributions to perceived attention restoration and stress re-
covery. Journal of Environmental Psychology, 36, 221–228. https://doi.
org/10.1016/j.jenvp.2013.08.004

Rose, S., Suri, J., Brooks, M., & Ryan, P. G. (2020). COVID-19 and citizen 
science: Lessons learned from southern Africa. Ostrich, 91, 188–191. 
https://doi.org/10.2989/00306​525.2020.1783589

Rousseau, S., & Deschacht, N. (2020). Public awareness of nature and the 
environment during the COVID-19 crisis. Environmental and Resource 
Economics, 76, 1149–1159. https://doi.org/10.1007/s1064​0-020-
00445​-w

RSPB. (2020). Recovering together: A report of public opinion on the role and 
importance of nature during and in our recovery from the Coronavirus 
crisis in England. RSPB.

Rutz, C., Loretto, M.-C., Bates, A. E., Davidson, S. C., Duarte, C. M., 
Jetz, W., Johnson, M., Kato, A., Kays, R., Mueller, T., Primack, R. B., 
Ropert-Coudert, Y., Tucker, M. A., Wikelski, M., & Cagnacci, F. (2020). 
COVID-19 lockdown allows researchers to quantify the effects of 
human activity on wildlife. Nature Ecology & Evolution, 4, 1156–1159. 
https://doi.org/10.1038/s4155​9-020-1237-z

Salari, N., Hosseinian-Far, A., Jalali, R., Vaisi-Raygani, A., Rasoulpoor, 
S., Mohammadi, M., Rasoulpoor, S., & Khaledi-Paveh, B. (2020). 
Prevalence of stress, anxiety, depression among the general popula-
tion during the COVID-19 pandemic: A systematic review and meta-
analysis. Globalization and Health, 16, 1–11.

Sasse, D. B., & Gramza, A. R. (2021). Influence of the COVID-19 pan-
demic on public attitudes toward bats in Arkansas and implications 
for bat management. Human Dimensions of Wildlife, 26(1), 90–93.

Shilling, F., Nguyen, T., Saleh, M., Kyaw, M. K., Tapia, K., Trujillo, G., 
Bejarano, M., Waetjen, D., Peterson, J., Kalisz, G., Sejour, R., Croston, 
S., & Ham, E. (2021). A reprieve from US wildlife mortality on roads 
during the COVID-19 pandemic. Biological Conservation, 256, 109013. 
https://doi.org/10.1016/j.biocon.2021.109013

Soga, M., & Akasaka, M. (2019). Multiple landscape-management and 
social-policy approaches are essential to mitigate the extinction of 
experience. Landscape and Urban Planning, 191, 103634.

Soga, M., Evans, M. J., Tsuchiya, K., & Fukano, Y. (2021). A room with 
a green view: The importance of nearby nature for mental health 
during the COVID-19 pandemic. Ecological Applications. 31(2). 
https://doi.org/10.1002/eap.2248

Soga, M., Evans, M. J., Yamanoi, T., Fukano, Y., Tsuchiya, K., Koyanagi, 
T. F., & Kanai, T. (2020). How can we mitigate against increasing 
biophobia among children during the extinction of experience? 
Biological Conservation, 242, 108420. https://doi.org/10.1016/j.
biocon.2020.108420

Soga, M., & Gaston, K. J. (2016). Extinction of experience: The loss of 
human–nature interactions. Frontiers in Ecology and the Environment, 
14, 94–101. https://doi.org/10.1002/fee.1225

Soga, M., & Gaston, K. J. (2020). The ecology of human–nature inter-
actions. Proceedings of the Royal Society B: Biological Sciences, 287, 
20191882. https://doi.org/10.1098/rspb.2019.1882

Soga, M., Yamanoi, T., Tsuchiya, K., Koyanagi, T. F., & Kanai, T. (2018). 
What are the drivers of and barriers to children’s direct experiences 

https://doi.org/10.1016/j.tree.2018.09.012
https://doi.org/10.1007/s11676-020-01249-w
https://doi.org/10.1007/s11676-020-01249-w
https://doi.org/10.1101/2020.09.25.313148
https://doi.org/10.1101/2020.09.25.313148
https://doi.org/10.1093/geroni/igaa057.3474
https://doi.org/10.1371/journal.pone.0243344
https://doi.org/10.1016/j.scitotenv.2020.140931
https://doi.org/10.1016/j.scitotenv.2020.140931
https://doi.org/10.1016/j.landurbplan.2016.08.020
https://doi.org/10.1016/j.landurbplan.2016.08.020
https://doi.org/10.1371/journal.pone.0087422
https://doi.org/10.1371/journal.pone.0087422
https://doi.org/10.1016/j.scitotenv.2020.139281
https://doi.org/10.1016/j.scitotenv.2020.139281
https://doi.org/10.1016/j.psychres.2020.113104
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1016/j.tree.2005.05.013
https://doi.org/10.1016/j.tree.2005.05.013
https://doi.org/10.1016/j.ajp.2020.102066
https://doi.org/10.1016/j.ajp.2020.102066
https://doi.org/10.3390/ijerph17197310
https://doi.org/10.1016/j.jenvp.2013.08.004
https://doi.org/10.1016/j.jenvp.2013.08.004
https://doi.org/10.2989/00306525.2020.1783589
https://doi.org/10.1007/s10640-020-00445-w
https://doi.org/10.1007/s10640-020-00445-w
https://doi.org/10.1038/s41559-020-1237-z
https://doi.org/10.1016/j.biocon.2021.109013
https://doi.org/10.1002/eap.2248
https://doi.org/10.1016/j.biocon.2020.108420
https://doi.org/10.1016/j.biocon.2020.108420
https://doi.org/10.1002/fee.1225
https://doi.org/10.1098/rspb.2019.1882


     |  527People and NatureSOGA et al.

of nature? Landscape and Urban Planning, 180, 114–120. https://doi.
org/10.1016/j.landu​rbplan.2018.08.015

Stanley, M. C., Beggs, J. R., Bassett, I. E., Burns, B. R., Dirks, K. N., Jones, 
D. N., Linklater, W. L., Macinnis-Ng, C., Simcock, R., Souter-Brown, 
G., Trowsdale, S. A., & Gaston, K. J. (2015). Emerging threats in urban 
ecosystems: A horizon scanning exercise. Frontiers in Ecology and the 
Environment, 13, 553–560. https://doi.org/10.1890/150229

Tester-Jones, M., White, M. P., Elliott, L. R., Weinstein, N., Grellier, J., 
Economou, T., Bratman, G. N., Cleary, A., Gascon, M., Korpela, K. 
M., Nieuwenhuijsen, M., O’Connor, A., Ojala, A., van den Bosch, M., 
& Fleming, L. E. (2020). Results from an 18 country cross-sectional 
study examining experiences of nature for people with common 
mental health disorders. Scientific Reports, 10, 1–11. https://doi.
org/10.1038/s4159​8-020-75825​-9

Theodorou, A., Panno, A., Carrus, G., Carbone, G. A., Massullo, C., & 
Imperatori, C. (in press). Stay home, stay safe, stay green: The role of 
gardening activities on mental health during the Covid-19 home con-
finement. Urban Forestry & Urban Greening, https://doi.org/10.1016/j.
ufug.2021.127091

Thompson, B. (2015). Recreational trails reduce the density of ground-
dwelling birds in protected areas. Environmental Management, 55, 
1181–1190. https://doi.org/10.1007/s0026​7-015-0458-4

Thomson, B. (2020). The COVID-19 pandemic: A global natural experi-
ment. Circulation, 142, 14–16. https://doi.org/10.1161/CIRCU​LATIO​
NAHA.120.047538

Tsunoda, H., & Enari, H. (2020). A strategy for wildlife management in 
depopulating rural areas of Japan. Conservation Biology, 34, 819–828. 
https://doi.org/10.1111/cobi.13470

Uchida, K., Suzuki, K. K., Shimamoto, T., Yanagawa, H., & Koizumi, I. 
(2019). Decreased vigilance or habituation to humans? Mechanisms 
on increased boldness in urban animals. Behavioral Ecology, 30, 1583–
1590. https://doi.org/10.1093/behec​o/arz117

Ugolini, F., Massetti, L., Calaza-Martínez, P., Cariñanos, P., Dobbs, C., 
Ostoić, S. K., Marin, A. M., Pearlmutter, D., Saaroni, H., Šaulienė, 
I., Simoneti, M., Verlič, A., Vuletić, D., & Sanesi, G. (2020). Effects 
of the COVID-19 pandemic on the use and perceptions of urban 

green space: An international exploratory study. Urban Forestry & 
Urban Greening, 56, 126888. https://doi.org/10.1016/j.ufug.2020.​
126888

Venter, Z. S., Aunan, K., Chowdhury, S., & Lelieveld, J. (2020). COVID-19 
lockdowns cause global air pollution declines. Proceedings of the 
National Academy of Sciences of the United States of America, 117, 
18984–18990. https://doi.org/10.1073/pnas.20068​53117

Venter, Z., Barton, D., Gundersen, V., Figari, H., & Nowell, M. (2020). Urban 
nature in a time of crisis: Recreational use of green space increases 
during the COVID-19 outbreak in Oslo. Norway. Environmental Research 
Letters, 15, 104075. https://doi.org/10.1088/1748-9326/abb396

Xiong, J., Lipsitz, O., Nasri, F., Lui, L. M. W., Gill, H., Phan, L., Chen-Li, D., 
Iacobucci, M., Ho, R., Majeed, A., & McIntyre, R. S. (2020). Impact of 
COVID-19 pandemic on mental health in the general population: A 
systematic review. Journal of Affective Disorders, 277, 55–64. https://
doi.org/10.1016/j.jad.2020.08.001

Young-Mason, J. (2020). Nature documentaries: An antidote to anxiety 
and fear in the time of COVID-19 pandemic. Clinical Nurse Specialist, 
34, 182–183. https://doi.org/10.1097/NUR.00000​00000​000526

Zellmer, A. J., Wood, E. M., Surasinghe, T., Putman, B. J., Pauly, G. B., 
Magle, S. B., Lewis, J. S., Kay, C. A. M., & Fidino, M. (2020). What can 
we learn from wildlife sightings during the COVID-19 global shut-
down? Ecosphere, 11, e03215. https://doi.org/10.1002/ecs2.3215

Zhang, W., Goodale, E., & Chen, J. (2014). How contact with nature affects 
children’s biophilia, biophobia and conservation attitude in China. 
Biological Conservation, 177, 109–116. https://doi.org/10.1016/j.

biocon.2014.06.011

How to cite this article: Soga M, Evans MJ, Cox DTC, Gaston 
KJ. Impacts of the COVID-19 pandemic on human–nature 
interactions: Pathways, evidence and implications. People 
Nat. 2021;3:518–527. https://doi.org/10.1002/pan3.10201

https://doi.org/10.1016/j.landurbplan.2018.08.015
https://doi.org/10.1016/j.landurbplan.2018.08.015
https://doi.org/10.1890/150229
https://doi.org/10.1038/s41598-020-75825-9
https://doi.org/10.1038/s41598-020-75825-9
https://doi.org/10.1016/j.ufug.2021.127091
https://doi.org/10.1016/j.ufug.2021.127091
https://doi.org/10.1007/s00267-015-0458-4
https://doi.org/10.1161/CIRCULATIONAHA.120.047538
https://doi.org/10.1161/CIRCULATIONAHA.120.047538
https://doi.org/10.1111/cobi.13470
https://doi.org/10.1093/beheco/arz117
https://doi.org/10.1016/j.ufug.2020.126888
https://doi.org/10.1016/j.ufug.2020.126888
https://doi.org/10.1073/pnas.2006853117
https://doi.org/10.1088/1748-9326/abb396
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1097/NUR.0000000000000526
https://doi.org/10.1002/ecs2.3215
https://doi.org/10.1016/j.biocon.2014.06.011
https://doi.org/10.1016/j.biocon.2014.06.011
https://doi.org/10.1002/pan3.10201

