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Urbanization is predicted to continue, resulting in
ongoing and profound physical and biological

changes (Pejchar et al. 2015). Biota within urban ecosys-
tems is under pressure from a range of stressors, such as
fragmentation, pollutants, and changes in nutrient and
water cycles. The mitigation of existing and emerging
threats is critical for protecting urban biota and maintain-
ing urban ecosystems (Gaston 2010; Wyse et al. 2015).
Urban biota provides ecosystem services – including bene-
fits to human physical and mental health – in addition to

intrinsic value (Shanahan et al. 2015a, b). However, due
to the longevity of hard infrastructure and the multitude
of individuals and agencies involved in policy develop-
ment and decision making, implementing new manage-
ment strategies to reduce or remove threats to urban
ecosystems can be subject to delays that are usually absent
from rural or natural areas.

Horizon scanning – the systematic search for potentially
important medium- to long-term threats and opportunities
within a given discipline (Sutherland and Woodroof 2009;
Amanatidou et al. 2012) – can be used to identify potential
emerging threats, initiate proactive discussion and decision
making, and stimulate threat mitigation efforts. While
horizon scanning has been widely implemented in conser-
vation (Sutherland et al. 2011, 2015), it has to date not
been applied specifically to urban ecosystems.

Here we performed a horizon scanning exercise, in
which workshop participants focused specifically on iden-
tifying so-called “emerging” threats – as opposed to exac-
erbations of current threats – to urban ecosystems.
Threats were considered to be emerging if they were not
commonly discussed in the scientific literature published
in the past 5 to 10 years and/or if they were not proac-
tively dealt with by policy makers or resource managers.
Although we limited this horizon scan to target only
emerging threats, the technique could be applied more
broadly, to include identification of emerging opportuni-
ties for enhancing biota and ecosystems in urban centers.

n Identification of the threats

We adopted horizon scanning methods used by
Sutherland et al. (2015). This iterative selection process
is a modification of the Delphi technique (Figure 1). The
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12 core participants (the authors of this paper) included
experts from a range of disciplines relevant to urban
ecosystems (ecophysiology, hydrology, ecology, urban
design, environmental physics, population health, pol-
icy) and were affiliated with science organizations, envi-
ronmental consultancies, and local government agencies.
Each participant consulted other experts and stakehold-
ers from their own professional networks (resulting in n =
124 contributed potential threats from 67 people); we
also posed the question “what are the emerging issues and
threats in urban environments?” on Twitter (n = 5 addi-
tional contributed potential threats) and ResearchGate
(n = 8 additional contributed potential threats) and mon-
itored feedback. This consultation resulted in a “long list”
of 137 potential threats (Figure 1).

During a 3-day workshop (Figure 1), the core partici-
pants individually and anonymously scored each of the 137
potential emerging threats from 1 to 10 (with 10 represent-
ing the highest importance). Several of the identified
threats were global in scale (eg globalization, climate
change) but did not qualify as emerging according to our
definition; these existing, well-known threats were likely
to worsen or to be exacerbated by other threats (eg fire,
drought). Likewise, current human demographic changes
(eg aging population, population growth) are likely to
exacerbate current threats such as urban intensification.

The scores for the remaining threats were averaged across
all participants, and threats with scores below five were
removed from the list, leaving 36 threats. Participants
identified three potential threats below the score threshold
that required further investigation and identified some
threats that could be merged, resulting in a final “short list”
of 33 threats. Each participant was then allocated 2–3
potential threats to investigate; each threat was assigned to
only one participant, who researched its technical details,
determined the likelihood of its environmental impact,
and assessed how widely the threat was recognized. After
reporting their findings to the group for further discussion,
participants then anonymously re-scored, averaged, and re-
ranked the 33 threats (on the 1–10 scale as described
above). The threats included in this article were the top 10
ranked threats. Their order of presentation, however,
reflects the relatedness of the threats, not their ranking.

n Emerging threats

Health-associated demands on green space

There is a growing body of evidence that connections with
nature benefit human health and well-being (Shanahan et
al. 2015a, b). At the same time, lifestyle changes have
reduced the potential for contact between people and
nature (Hartig et al. 2014). Recent innovative health
interventions such as “green prescriptions” (written advice
and support services given to a patient by a health profes-
sional to increase physical activity and/or relieve stress)
link nature with health outcomes and encourage greater
use of private gardens and public green space (Shanahan et
al. 2015a, b). Nevertheless, we argue that a rise in the num-
ber of people accessing green space specifically for health
benefits, and the promotion of health-related (including
exercise) requirements within green space design (Souter-
Brown 2014), threaten urban ecosystems. Urban green
spaces are not sufficient in number or suitably designed for
the ever-increasing numbers of users and their associated
biota may be imperiled by green space overuse or by
redesigns intended to maximize health outcomes.

Localized pressures are likely to negatively affect biota in
urban ecosystems. Demands on green space specifically
associated with green prescriptions appear to result in
extended and formalized navigational routes, enhanced
artificial lighting, and flat, highly maintained open spaces
for large exercise groups. Alleviation of real and perceived
social fears (eg crime) requires the redesign of green space to
be more “people friendly” (Figure 2a). This includes sub-
jecting trees to crown lifting or clear stemming, laying arti-
ficial turf, and removing understory vegetation to reduce
perceived threats to personal safety (Sreetheran and van
den Bosch 2014). Similar actions have also been taken in
urban residential gardens. Urban biodiversity could deterio-
rate as more intensive management of vegetation fragments
and homogenizes habitat (Ballantyne et al. 2014). Research
is required into how to protect the ecology of green space,

Figure 1. Schematic diagram summarizing the process used to

identify and prioritize emerging issues. Broad scoping occurred

before the workshop (small yellow boxes). The remainder of the

process took place during the 3-day workshop (enclosed in the

large blue-shaded box) – small blue boxes indicate author

activities whereas small green boxes indicate lists compiled in an

iterative process to produce the final 10 emerging threats reported

here. See text for further details on the methodological approach.
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while ensuring it continues to provide the ecosystem ser-
vices that underpin human health and well-being.

Digital mimicry

Over the past several decades, the amount of time that city
dwellers spend outdoors in close proximity to green space
has rapidly declined; simultaneously, there has also been an
increase in the prevalence of “Nature Deficit Disorder”
(NDD), a range of adverse physical and mental conditions
observed in children deprived of interactions with nature
(Louv 2005). Although green spaces in urban areas pro-
vide opportunities to improve physical and mental health
and well-being (Shanahan et al. 2015a), simply having a
“green view” has been shown to enhance recuperation and
restoration, albeit to a more modest level than engaging
directly with green space (Ulrich et al. 1991).

The high quality, low cost, and wide availability of
digital mimicry of nature appears to be an attractive
alternative remedy for NDD (Figure 2b), given increas-
ing pressure on urban green spaces and the cost of its
provision (see previous section). The benefits of expo-
sure to nature appear to be transferrable to a “digital
experience”, particularly one that includes visual images
of and sound recordings from nature (Valtchanov et al.
2010), that can be conveyed cost-effectively in con-
trolled, indoor environments. The digital experience,
therefore, avoids less desirable aspects of real-world
nature experiences, including possible exposure not
only to stinging and biting insects but also to unpleasant
or unwanted odors, noise, and sights (including witness-
ing death and decay). Therefore, we argue that there is a
risk of a loss in engaging with and appreciating the value
of authentic nature, which could be passed on to subse-
quent generations as a form of heritable reduction. Such
an outcome may prompt a change, whether motivated
by politics or economics, whereby preserving and
enhancing authentic nature in urban areas (including
interior space within buildings) is not prioritized
because its benefits can be largely provided digitally.
Maintaining a balance between facilitating connections
with authentic nature while minimizing any negative

consequences of the health-associated demands on
green space will be challenging.

Scattered cremains

Disposal of the solid material resulting from cremation
(cremains) is an emerging issue in many urban areas world-
wide. In China, where burial has been illegal since 1997
(Figure 3a), physical space for interring cremains is at a
premium; in Beijing it can cost up to US$70 000 per plot
(Jiang 2014). As a result, the practice of scattering cre-
mains is becoming more common and is actively promoted
in some cities (Figure 3b). For example, the municipal gov-
ernments in Beijing and Shanghai offer financial incen-
tives for scattering cremains at sea.

The quantity of cremains is prodigious. China alone gener-
ates an estimated 12.6 million kilograms of cremains per year,
based on a mean of 2.7 kg per person (Van Deest et al. 2011),
a death rate of about 7.11 per 1000 people, and a population
of 1.34 billion. In some Asian cities, including Shanghai and
Tokyo, almost 100% of bodies are cremated. Because they are
high in phosphate (47%) and calcium (25%) (O’Neill nd),
cremains – if scattered in sufficient quantities – could exacer-
bate phosphate enrichment in coastal areas. Global-level
thresholds for phosphorus, based on avoiding or minimizing
the potential for large-scale ocean anoxic events and
eutrophication of freshwater systems, have already been
exceeded (Steffen et al. 2015). We suggest that intensive,
localized, ongoing input of cremains to both water and land
could breach the limits of urban systems. Scattering cremains
also puts additional demands on urban green spaces and has
already led to conflict in some cities (Vidal 2009; Thompson
2014). We predict that the trend in scattering cremains
along with its associated environmental consequences will
quickly rise in many cities as an expanding, aging population
coincides with reduced space for interment and with growing
cultural acceptance of cremation.

Toxoplasma: pet cats as a reservoir for wildlife disease

Popular companion animals such as domestic cats and
dogs, as well as non-traditional pet taxa including turtles,

Figure 2. (a) Green spaces used by people for exercise and other health benefits are often fragmented, are highly maintained, and

include homogenized habitat with low biodiversity values. (b) Digital mimicry replaces nature inside a train station.

(a) (b)
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can act as reservoirs for diseases and parasites that can
affect sympatric wildlife (eg Riley et al. 2004; Verneau et
al. 2011). However, new research highlights the complex
and poorly understood ramifications of pet-to-wildlife dis-
ease transmission, as illustrated by the growing body of
work surrounding toxoplasma. Cats are the definitive host
for the protozoan parasite Toxoplasma gondii, but its sec-
ondary hosts include a diversity of terrestrial and marine
wildlife (eg Dubey et al. 2014). Many Western cities have
historically high rates of cat ownership (Figure 3c); pet
ownership rates are now also rapidly increasing in the
developing world, arguably as a response to increased
NDD prevalence, concomitant with urbanization. The
global domestic cat population now exceeds 600 million
(Peterson et al. 2012). High urban densities facilitate
increased disease transmission among cats, and from cats
to secondary hosts (Hollings et al. 2013), while popula-
tion-level impacts of toxoplasma on wildlife remain
largely unknown (Figure 3d). Potential mechanisms for
such impacts include direct mortality (Roe et al. 2013) as
well as reduced reaction times and risk perception, leading
to increased predation or roadkill (eg Hollings et al. 2013).
Toxoplasma may trophically bioaccumulate, with as yet
unknown food-web effects (Hollings et al. 2013). Disease
dynamics between domestic cats and wildlife species also

require further exploration, given the evidence for multi-
ple pathways of pathogen spillover not only to urban
wildlife but also to remote ecosystems such as the Arctic
and the marine environment (Roe et al. 2013; Sandström
et al. 2013). Responses of naïve hosts in these novel envi-
ronments should be prioritized for future research.

Uptake of LED nighttime lighting

Artificial nighttime lighting – including illumination for
streets, buildings, advertising, recreational spaces, and
vehicles – has long been associated with urbanization.
Globally and in most major metropolitan regions, such
lighting is dramatically increasing in extent (Hölker et al.
2010; Bennie et al. 2014). The upward emission or reflec-
tion of this light can be scattered by the atmosphere, giv-
ing rise to skyglow, which markedly extends the area that
is lit above ambient levels (commonly over tens to hun-
dreds of kilometers). In almost all its forms, artificial
nighttime lighting is poised to undergo a major revolu-
tion toward “whiter” spectra, associated with the wide-
spread uptake of light-emitting diodes (LEDs) and emerg-
ing light technologies (Figure 4a). This trend is being
driven particularly by economic benefits – as compared
with traditional lighting technology, LEDs are more

(a)

Figure 3. Cultural changes in cities resulting in new potential threats: space limitations in cities resulting in a shift from (a) burial to

(b) cremation. Growing urban domestic cat ownership (c) is resulting in the disease toxoplasma spilling over into wildlife populations

such as those of the endangered Hector’s dolphin Cephalorhynchus hectori (d).

(b)

(c) (d)
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energy efficient, provide high light output with low radi-
ant heat, can distribute light more uniformly (allowing
lower levels of lighting), and are dimmable and long lived
– but also by the widespread perception that people prefer
whiter lighting. This transition will introduce light emis-
sions across a broader range of wavelengths, particularly
in the blue parts of the spectrum, and will likely have
major ecological impacts. The broadening of the lighting
spectrum inevitably means it will overlap with the spec-
tral sensitivities of a wide range of visual and other bio-
logical processes (Davies et al. 2013). Moreover, the
increase in the emissions in the blue part of the spectrum
will exacerbate the skyglow that is detectable by many
organisms, will penetrate the water column to a greater
extent, will have greater influence on melatonin levels in
and circadian rhythms of animal species, and will act as a
greater attractor for some organisms (Gaston et al. 2014).
Indeed, the transition to whiter lighting could arguably
represent the ecologically least favorable change in the
spectrum that is possible to conceive.

Solar cities as ecological traps

The attractiveness of installing photovoltaic cells for
solar power has increased in recent years, with falling
costs, improved efficiency, and very low emissions and
waste streams as compared with other energy technolo-
gies (Rogers and Wisland 2014). This is leading to a
proliferation in solar panel deployment, with some
cities investigating massive installations of photo-
voltaic cells on city roofscapes and other surfaces
(Figure 4b; Beatley 2007). For instance, Seoul, South
Korea, is considering the establishment of photovoltaic
cells covering 89.5 million square meters of its roofs, to
generate 30% of the city’s annual electricity production
(Byrne et al. 2015).

Because they polarize light, solar panels – if deployed
extensively – could create a massive source of polarized
light that might disrupt the behavioral ecology of many
species. Many animals rely on polarized light to find suit-
able habitats, and for orientation and navigation (Horváth
et al. 2009). Aquatic insects, in particular, associate polar-

ized light with water bodies and are attracted to polarized
surfaces that provide opportunities for activities such as
oviposition (Horváth et al. 2010). Solar panels can there-
fore not only act as ecological traps, by attracting animals
to sites that are unsuitable for successful reproduction, but
also increase predation risk. The cumulative effect of solar
panels could substantially reduce the abundance of specific
animal populations in cities, with unknown implications
for food webs and ecosystems.

Nanotechnology

Nanotechnology involves the manipulation of matter at
a scale of less than 100 nanometers (Bour et al. 2015).
Applications are developing rapidly and are highly
diverse, including medicine delivery, food packaging,
electronics, solar panels, batteries, water filtration, chem-
ical sensors, and the enhancement of fabrics. As such,
nanoparticles are becoming ubiquitous and are now an
unavoidable but invisible part of urban environments.
Because nanoparticles are potentially more toxic than
their macro equivalents (due to their large surface area
available for ion release), the ecotoxicity of nanoparticles
(Navarro et al. 2008) and their harmful effects on humans
have become issues of international concern.

Because most nanotechnology is directly associated
with human activities, concentrations of nanoparticles
will be highest in the built environment. Substances,
such as nano-silver, are transported rapidly in aquatic sys-
tems and have major impacts on plants, earthworms, and
fish (Marambio-Jones and Hoek 2010). However, the
effects of nano-silver on other organisms and on entire
ecosystems remain unknown. The effects of newer
nanoparticles, such as graphene oxide, are also not well
understood; one of the few studies on the environmental
fate of graphene has shown that the particles are mobile
in lakes and streams and are likely to cause negative envi-
ronmental impacts if released (Lanphere et al. 2014).
Investment in graphene industries and their applications
(from improved battery life to computer screens) is enor-
mous, with the UK Government and European Union
allocating £61 million to establish a National Graphene

Figure 4. Changes in technology leading to potential impacts on biota: (a) the large-scale uptake of energy efficient LED streetlights;

(b) solar panels on roofs in cities could act as ecological traps.

(a) (b)
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Institute at the University of Manchester (Colapinto
2014; www.graphene.manchester.ac.uk).

Self-healing concrete

As the world’s most widely used building material, con-
crete is pervasive in urban environments. When concrete
is exposed to water and chemicals over time, the sub-
stance will inevitably crack, which markedly shortens the
life span of concrete structures and has led to the incor-
poration of toxic water-repellent chemicals as a counter-
measure. Self-healing concrete is a new material, on the
cusp of commercialization, and if successful may become
widespread. Infusing concrete with ureolytic bacteria
(Bacillus) spores and calcium lactate as a growth medium
allows concrete to self-heal as the bacteria grow and pre-
cipitate calcium carbonate (Wong 2015).

Cracks in concrete roadways, sidewalks, and walls form
one of the most distinctive niches in urban environ-
ments. Even in severely degraded urban areas, the micro-
habitat within these cracks can be rich in resources (such
as soil, water, salt, and petroleum products) and can sup-
port a diversity of plants (including some of conservation
interest; Kantsa et al. 2013), microorganisms, and inver-
tebrates (Figure 5a). Similarly, vegetated facades inten-
tionally installed along exterior walls of buildings support
a high diversity of spiders and beetles (Madre et al. 2015).
Loss of these vertical and horizontal colonization sites
and habitat opportunities with the introduction of self-
healing concrete will decrease urban biodiversity.

Energy-efficient homes

Although cavities, roof spaces, and walls of residential
houses provide shelter as well as breeding and feeding sites
for wildlife, particularly bats and cavity-nesting birds
(Francis 2010; Russo and Ancillotto 2015), buildings are
increasingly made, modified, and managed to achieve con-
sistency and improve sterility in ways that – by design –
exclude biodiversity (Gunnell et al. 2013). An increasing
number of countries are implementing stringent energy effi-
ciency regulations for new houses, while determining how
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they can improve the energy efficiency of their existing
housing stock (World Energy Outlook 2012; Executive
Order 13693 2015). For example, in 2006, the UK
Government reported that 6.1 million houses lacked ade-
quate loft insulation and 8.5 million houses lacked insula-
tion in cavity walls (Department for Communities and
Local Government 2006). Large-scale retrofitting of urban
dwellings to improve energy efficiency will likely lead to
biodiversity reductions. To achieve greater efficiency, build-
ings are sealed off from the outside environment, reducing
biodiversity by diminishing resource opportunities for
organisms (NESCent Working Group on the Evolutionary
Biology of the Built Environment et al. 2015).

Partial mitigation can be achieved by retrofitting biodi-
versity-friendly structures without compromising stan-
dards of energy efficiency and building protection (Waring
et al. 2012). However, this issue highlights the need for
overt solutions during the design phase of construction, so
that novel habitat structures can be incorporated into
energy efficient modern buildings from the outset.

Drones – unmanned aerial vehicles

The use of drone technology (unmanned aerial vehicles)
for a variety of applications, including emergency
responses and goods delivery (Figure 5b), has accelerated
rapidly. In the UK alone, 600 commercial companies are
registered to use drones (House of Lords 2015). The scale
of future proliferation is likely to be massive, with several
countries encouraging research and development (R&D)
into robotics and anti-collision software, to take advan-
tage of perceived job creation and increases in economic
productivity associated with drone research and use
(House of Lords 2015). Amazon.com is investing heavily
in R&D for “within the hour” delivery of 87% of its goods
to customers by drones (Hodson 2014). 

The low altitude, noise levels, and prevalence of drones are
likely to disturb wildlife, particularly nesting birds
(Lambertucci et al. 2015). Some species are especially sensi-
tive to stress, and repeated disturbance may result in inter-
rupted foraging, disrupted sleeping patterns, and nest aban-
donment or failure. Worryingly, recent research indicates

(a) (b)
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that although American black bears (Ursus americanus) do
not exhibit any obvious behavioral responses to drone flights,
they exhibit a stress response via elevated heart rates (Ditmer
et al. 2015). Disturbance impacts are likely to be exacerbated
with the widespread use of fleets of simultaneously deployed
“swarming” drones, currently being trialed for use in forest
fire surveillance (Merino et al. 2012). Moreover, examples
have already surfaced of wildlife, particularly raptors, inter-
acting with the drones themselves, primarily during the
breeding season (Vas et al. 2015). The need for wide-ranging
research evaluating the extent and severity of drone-related
disturbance on wildlife is urgent (Vas et al. 2015).

n Concluding remarks

Despite the diversity of emerging threats identified during
the horizon scan, common themes included an emphasis on
new technologies (eg nanotechnology) and societal
demands on nature (eg green prescriptions). The urban
environment is particularly vulnerable to emerging threats
associated with an accelerated rate of technological
advancement, emphasizing the necessity for regularly con-
ducted horizon scans to ensure that such threats are detected
early. For instance, changing soundscapes in cities were
identified as a potential problem, and we anticipate there
will be wider-scale fundamental changes in the acoustic
landscape as technology evolves, potentially posing further
threats to urban biota (Francis and Barber 2013).

A number of the identified threats relate to changes in
cultural practices (eg pet ownership, the disposal of human
remains) – which will persist as cities grow, as their resi-
dents consume more goods, and as globalization encour-
ages the sharing of cultural trends – and changes in the way
people use nature (eg digital mimicry, health-associated
demands on green space). Already, there is an emerging
paradox, in that city dwellers are increasingly being
encouraged to connect with nature in cities and use green
spaces, yet increased usage jeopardizes the integrity of the
biota in those same green spaces. Clever solutions will be
required to mitigate the potential threat to urban ecosys-
tems while maintaining human connections with nature.

Ecological challenges consist of both threats and oppor-
tunities. Although our horizon scan focused primarily on
threats, several exciting emerging opportunities in urban
environments were also identified. For example, the
emerging trend to manage urban grassland for biodiver-
sity, including designing grass-free lawns (Smith and
Fellowes 2014), is likely to improve ecological outcomes
in cities. Furthermore, we did not intend to suggest that
the technology associated with some of the identified
threats (eg solar panels) be restricted in urban areas, since
many of these advances have environmental benefits. We
instead concentrated on identifying emerging threats – as
opposed to opportunities – in an effort to help mitigate
adverse outcomes through research and management
before those threats become widespread.

Given the high rate of technological advancement, the

increasing demands of populations in urban areas, and the
likely cumulative effects of new stressors, horizon scan-
ning should be conducted routinely, to identify emerging
threats to urban ecosystems. Iterative horizon scans have
great potential to act as catalysts for research to determine
the likelihood and magnitude of these possible threats.
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