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Ecological infrastructure
of urban regions

What is the role of urban ecosystems and what do we need to know about it?
Urban ecosystems jointly woven together into a green infrastructure are central
to quality of life of urban residents and for mitigating the environmental impact
of the increasingly global plurality known as ‘cities’. Cities appropriate more
and more of Earth’s land surface, either for the built cities themselves (Seto et
al. 2011) or for the production systems they need for their survival (e.g. Mor-
gan & Sonnino 2010; Nystrom et al. 2019). However, ‘cities” and ‘urban” are
somewhat deceptive terms as they may give the impression of homogeneous
units with clear boundaries, which is very far from what they are — cities are
characterised by small scale mixes of various land uses — from remnant nature
and parks to transportation infrastructure, commercial areas and housing areas
(from luxury homes to skyscrapers, and including informal settlements). Further
blurring definitions, rural areas are in many ways becoming increasingly urban
— people are moving back and forth between cities and the countryside and
lifestyles are becoming increasingly similar through increasingly extensive and
diffuse peri-urbanisation (e.g. Ravetz et al. 2013). For the most part, the urban-
isation in Africa is following similar patterns as elsewhere in the world, but it
becomes more distinct due to its extent and its rapid development (Anderson
et al. 2013). One significant pattern is the anticipated rapid growth in smaller
towns and the generally weak state control, the preponderance of feeble for-
mal economic sectors, strong linkages between cities and rural areas through
circular migration, urban remittances that contribute to rural economies, and
rural districts where smaller towns expand and form connected ‘urban’ ag-
glomerations (McHale et al. 2013).

Understanding the urbanisation context and positioning urban biodiversity
work (research, restoration, conservation or design) as nested within a larger
landscape will thus always be critically important. Quite often cities are located
in biodiversity-rich areas (Seto et al. 2012) and promoting regionally embed-
ded and connected urban ecosystems offers ways for — at least to some extent
— mitigating habitat and biodiversity loss from urban expansion. It may also
help to reduce the indirect impacts cities may have on the environmental qual-
ity of the surrounding landscape (e.g. Siebert et al. 2021). When located in-
stead adjacent to homogeneous, intensively used production landscapes, cities
and urban ecosystems may offer refugia for organisms that no longer are able
to find sufficient habitat qualities in the urban hinterlands. Either way, larger
scale connections between the city and its hinterlands are an essential aspect
of urban ecology (as captured by urban gradient studies, see e.g. Du Toit et al.
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2020). They allow for more exchange and a more dy-
namic interplay that is important for the long-term de-
velopment of the ecology of urban regions. Refugia and
biodiversity-rich source areas within and outside the
city support recolonisation and overall landscape func-
tionality (Lundberg & Moberg 2003). Cities with their
global trade connections are also melting pots for novel
combinations of biodiversity and may thus be sourc-
es of invasive species, which could potentially spread
following the same routes (e.g. Hulme 2009). Flows
are not limited to human mobility or the movement of
other organisms, other geophysical processes reinforce
the urban-rural linkages, as perhaps most evident in
the flow of water and the many upstream—downstream
issues that come with mixes of different land uses (e.g.
Barnard et al. 2021).

Not only do cities grow outwards and interact with
their surroundings, the urban environment itself is in
constant change. Species meet and interact in new
ways, forming novel and changeable urban assemblag-
es (Hobbs et al. 2006; Kowarik 2011), climate change
is exacerbated by the urban heat island effect, soils are
constantly disturbed (Muller et al. 2021), green infra-
structure is meshed with buildings and transportation
infrastructure and water is rerouted and quite often
polluted (Koekemoer et al. 2021). Land conversion
and construction of transportation infrastructure or
housing may be the most obvious land-use change,
but people’s actual use and stewardship of land (man-
agement practices, recreational uses, preferences for
plants or other organisms etc.) will have additional,
more subtle but still profound implications (Andersson
et al. 2007). South Africa has a relatively long history of
studying and documenting aspects of biodiversity and
ecosystems through systematic biodiversity assessment
(Cilliers et al. 2021). This has resulted in a knowledge
base on biodiversity that continues to grow, the iden-
tification of linkages between land uses, priority areas
and recommendations for biodiversity management
and conservation (e.g. Kellner et al. 2021), and assess-
ments of the status and trends of biodiversity as well as
environmental quality (e.g. Berner et al. 2021; Muller
et al. 2021, Shikwambaba et al. 2021, Siebert et al.
2021). Knowing the causes and likely consequences
of change will become increasingly vital as we move
into a future characterised by uncertainty and change.
This knowledge is also a first step towards building re-
silience around liveable cities — for people as well as
other species. The next step is to understand what it is
that makes or could make (since we are not exactly in
an ideal situation) them liveable.

Vegetation is the backbone of all urban ecosystems
and an interface through which multiple different pro-
cesses and actors connect. In addition to providing
potential habitat for animals (humans included), plants
are critically important for the quality and functional
character of urban ecosystems. Photosynthesis and
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evapotranspiration generate biomass and various con-
sumable resources, plants are actively involved in water
and nutrient cycling, soil formation and water treat-
ment. Vegetation plays a role in regulating local climate
and in stabilising the system during extreme events (e.g.
by reducing soil erosion) (e.g. El Kateb et al. 2013).
These functions are also directly and indirectly import-
ant for our own wellbeing. Humanity is now primarily
an urban species, but we are still dependent on the
biosphere to provide us with multiple contributions to
healthy, meaningful and fulfilling lives. An increasingly
rich field describes the links between people and the
biophysical world around us, exploring different ways
of framing ecosystem services or nature’s contributions
to people, and thus better articulating and highlight-
ing their role for our wellbeing. Beyond the baseline of
our material needs and preferences, nature also con-
tributes to spiritual wellbeing, creativity, sense making,
place making and social and cultural life (e.g. Mergon
et al. 2019), and exposure to urban ecosystems is for
many the most frequent opportunity for realising these
benefits. For example, gardens and gardening offer op-
portunities to, for example, project and reinforce iden-
tities, produce medicinal and nutritional products, and
enhance aesthetic qualities (e.g. Cilliers et al. 2018).
Remnants of less intensively or intentionally managed
ecosystems offer opportunities to experience silence, a
sense of non-human ‘agency’, wonder and real-world
uncontrollability (e.g. Dixon 2002). These wellbeing
outcomes are all grounded in functioning ecosystems,
which in turn require healthy, diverse and resilient
vegetation.

Stewardship

We need to recognise that people are fundamentally
part of urban ecosystems and their resilience, in tan-
gible as well as more abstract ways. Human activities
exert pressure on ecosystems and biodiversity, but they
are also an integral part of a co-evolutionary process
that can be beneficial to urban ecosystems as well as
people. Over the last 15 years, stewardship has gained
attention as a way of analysing and describing local
management, engagement and volunteerism for the
sake of the larger environment as well as personal well-
being, and general attitude and commitment towards
the environment (Pecanha Enqvist et al. 2018; Chapin
Il 2020). Stewardship engagement may come from a
need to act out or express care for the environment
(e.g. Chawla 1998; Tidball & Stedman 2013). Engaging
with and for the urban environment can be a way to re-
claim a bond that has been lost. Urbanisation has been
highlighted as one of the drivers behind an increasing
disconnect between people and the larger environment
that we depend on (e.g. Miller 2005). An opportunity
to participate and take on responsibility for something
larger than yourself and your self-interest can also be
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empowering; it has been shown that people mobilise
to increase their control over the local environment in
a context where space is scarce and often contested
(Ernstson et al. 2008). The South African Biodiversi-
ty Stewardship Programme is a formalised version of
stewardship (led by conservation authorities entering
into legal agreements with private and communal land-
owners) (Wright et al. 2018). Management is based on
voluntary commitments from landowners, including
those in and around urban areas (Holmes et al. 2012),
with a range of different types of biodiversity steward-
ship agreements. However, as studies from around the
world show, there are more ways people can be in-
volved in management, decision making and learning
about their daily environment (e.g. Wilson 2020). Not
least, cities typically have a wide range of actors who in-
fluence the landscape in different ways. User interests,
access to land and property rights are shared unequally
among different groups, which influences their motiva-
tion, capacities and stewardship strategies (Colding &
Barthel 2013). For example, a comparison of people
managing parks, cemeteries and allotment gardens in
Stockholm showed that both ecological knowledge and
commitment to management varied (Andersson et al.
2007). Urban residents can express a strong sense of
care through their engagement in very localised stew-
ardship activities such as gardening (Cilliers et al. 2018),
urban foraging (Shackleton et al. 2017) and co-man-
agement initiatives (Graham & Ernstson 2012; Colding
& Barthel 2013). Different interests are often associated
with different capacities to influence governance pro-
cesses (Baviskar 2003; Swyngedouw 2009). This raises
concerns about the terms of participation, equal access
and social justice, especially for cities.

A language for learning

One of the prerequisites for successful management —
and involvement in management — is knowledge. Ur-
ban ecological infrastructure can be an active space for
learning. For example, gardens — community gardens,
health clinic gardens, botanical gardens, home gar-
dens — can be knowledge hubs and active interfaces
for exchange and learning (Cilliers et al. 2018, 2021).
They offer opportunities for peer-to-peer learning and
transfer of skills as well as higher education. However,
knowledge is often compartmentalised, and to com-
bine knowledge from different sources can help make
more systemic sense of different specific knowledge.
One such bridge could be a different way of describ-
ing and discussing biodiversity. In times of change,
and to connect ecology with human perceptions and
needs, we need an expanded framework for investi-
gating, communicating and sustainably making use of
ecological properties. We need to know not only what
species are and where they can be found, but what
they do and how people perceive them and attribute
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meaning to them. There is a growing interest in func-
tional traits as a bridge between ecophysiology, ecology
and geosciences, and other disciplines more interest-
ed in human wellbeing, behaviour and sense making
(Andersson et al. 2021). Traits which determine how
organisms respond to change are a powerful tool for
understanding some of the dimensions of ecological
resilience (see e.g. Muller et al. 2021; Van Coller et
al. 2021). When combined with traits describing the
influence the organisms have on their environment, this
approach can provide a baseline for starting to think
about the resilience of the functions that in turn support
ecosystem services.

Roots of resilience
for urban futures

Human wellbeing will benefit from greener cities and
urban areas that are designed with a careful eye to
ecology. Not all direct contacts between people and a
rich biodiversity are positive, not for people and cer-
tainly not for other organisms. However, this doesn’t
mean that we don’t need, or cannot accommodate,
organisms that we should not interact too closely with.
Ecology has its own logic, and many of the process-
es we are dependent on are complex and will require
more biodiversity than we may think, especially if they
are to continue to work across different circumstanc-
es. Finding a balance in urban designs that supports
both desired and necessary biodiversity requires deep
knowledge, especially as some elements of a functional
ecosystem may be dangerous to people. Universities
and research institutes are not the only providers of
such knowledge, but they are very important. As the ar-
ticles in this special feature show, there is knowledge to
build on, and knowledge that needs to be made avail-
able and actively translated into management action.
To end with an alliteration: Knowledge, not least botan-
ical knowledge, can and needs to inform restoration,
reconciliation, reclamation, resilience, reconnection
and risk reduction.
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