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4.2.2 | URBANIZATION 
Around the world, urbanized environments – those dominated by residential, commercial 
and industrial land uses, including cities, towns, villages and suburban and exurban 
landscapes – continue to expand in conjunction with growing urban human populations 
(UN, 2019). The initial process of urbanization significantly alters soils and their 
biodiversity in many ways, especially through removal and replacement of topsoil, 
compaction, sealing (paving) and addition of anthropogenic materials (Marcotullio et 
al., 2008; Pickett and Cadenasso, 2009). Within urbanized environments, pollution, 
landscape management, invasive species and the urban heat island effect, among other 
variables, further directly and indirectly affect soil properties, including those in remnant 
native habitat patches that have become surrounded by urban land uses. The multiple 
interacting and long-term outcomes of urbanization can be perceived as threats to soil 
biodiversity because urban environmental conditions may degrade soil communities 
through reduction and loss of populations and shifting communities in ways that affect 
food web dynamics and ecosystem processes. In turn, soil-derived urban ecosystem 
services are often negatively affected (Pavao-Zuckerman and Pouyat, 2017). Because 
such services are critical to supporting the well-being of urban residents, a focus on 
urban soil biodiversity must become an integral part of global and local efforts to support 
Sustainable Development Goal (SDG) 11: creating a more sustainable future for cities 
and other urban communities. 

Unfortunately, knowledge about urban soil biodiversity needed to guide sustainable 
planning and management of urbanized environments is woefully underdeveloped. In 
a recent review, Guilland et al. (2018) identified approximately 100 scientific articles 
(since 1990) that focused on urban soil organisms and their functional aspects, about 
half of which focused on arthropods. Even if this review underestimates the amount of 
relevant research, it does suggest an overall scarcity of basic research about urban soil 
biodiversity. In particular, there are few, if any, studies that have examined patterns in one 
place before and after urbanization or how diverse urban variables interact to shape soil 
communities. Many studies about urban soils examine physicochemical conditions and 
biogeochemical processes without also investigating the biota. In this context, it is not 
currently possible to provide robust, generalized conclusions and predictions about how 
urbanization impacts soil biodiversity patterns, especially at a global scale because of the 
geographical imbalance of research: 88 percent of studies have been in Europe and North 
America, with 7 percent, 4 percent, 1 percent and 0 percent from Asia, Australia, South 
America and Africa, respectively (Guilland et al., 2018). Thus, in addition to increasing 
the total amount of research about urban soil biodiversity, a major challenge is to increase 
the breadth of examined biomes and regions. This is a critical need given that many of 
the fastest growing urban areas and human populations, and thus most pressing concerns 
about urban sustainable development, are in regions for which nearly nothing is known 
about urban soil biodiversity (UN, 2019).

This section authored by Loren Byrne, Roger 
Williams University, Bristol, RI USA
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Though it remains limited, research advances about urban soil biodiversity over the 
past three decades have led to a few emerging foundational principles. A key insight 
is that many urban soils, despite their potentially degraded quality, are inhabited by 
abundant and diverse organisms from across all taxonomic and functional groups (see 
Chapter 2), sometimes at levels similar to or greater than other land uses including 
agriculture (Ramirez et al., 2014; Joimel et al., 2017) (Figure 4.2.2.1). Important 
drivers of population and community patterns are the environmental conditions 
created by human management of above-ground habitat structure (for example, plants, 
detritus layers, impervious surfaces), which influences organic matter inputs and 
physicochemical conditions such as soil temperature, moisture and pH (Byrne, 2007). 
Diverse combinations of management goals and activities by many managers across 
urbanized environments help generate high levels of spatial habitat heterogeneity 
(alongside background environmental conditions including the underlying native soil 
template) which likely influences biodiversity patterns (Ossola and Livesley, 2016). This 
heterogeneity is associated with high habitat fragmentation due to many small, isolated 
soil patches created by impervious surfaces (roads, buildings); such landscape structural 
patterns interact with other factors (including pollutants) to create unique conditions 
that determine which organism can colonize and persist in which patches (Reese et al., 
2015). The overall nature and strength of this “urban filtering process” (sensu Aronson 
et al., 2016) for determining the structure and dynamics of soil communities across 
diverse urban land covers is not well characterized which prevents robust assessment of 
the degree to which urbanization threatens soil biodiversity from local through global 
scales. This is also hindered by the lack of studies examining community structure with 
lower levels of taxonomic resolution (genera, species), especially for protozoans and 
animals. It is, however, safe to assume that not all soil species are able to pass through 
the filter such that urban soil biodiversity is degraded to some degree as compared to 
native communities. Regarding this, which specific soil organisms may need targeted 
conservation attention is unknown for many places around the world. Future research 
should aim to investigate how ecological filtering of key functional groups (for example, 
soil structure formers or population regulators) in different urban conditions affects food 
web dynamics, ecosystem processes and the associated ecosystem services desired for a 
specific location.

Given the already large percentage of people that live in urbanized environments 
and predicted continuation of growth in urban human populations worldwide (UN, 
2019), our overall ignorance about urban soil biodiversity may be a bigger threat than 
urbanization itself. Without more knowledge about how soil organisms are “filtered” 
by diverse urban variables, we cannot know how to more sustainably plan and manage 
current or future urbanized environments in ways that conserve and restore crucial soil-
based ecosystem services. Indeed, urban soil restoration represents a major opportunity 
for providing solutions to help urbanized communities reach SDG 11 (Byrne, 2020). 
To support this, major investments in basic urban soil biodiversity research, including 
how urban biota contribute to ecosystem services and human health (Li et al., 2018), are 
urgently needed, especially in tropical biomes and developing countries. Policies and 
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urban planning that integrate the sustainable management and restoration of soils are 
rare but also needed for reducing urban threats to soil biodiversity (da Silva et al., 2018). 
On a rapidly urbanizing planet, the well-being of humanity depends in large part on how 
well we can quickly improve our knowledge, appreciation and management of urban soil 
biodiversity.

0,0

0,5

1,0

1,5

2,0

2,5

Collembolan ecomorphological index (CEI)

Co
lle

m
bo

la
n 

ec
om

or
ph

ol
og

ic
al

 in
de

x 
(C

EI
)

VineyardArable land

Urban
vegetable

gardenGrassland SUITMAForest

Figure 4.2.2.1 | Collembolan Ecomorphological Index

Soil invertebrates such as microarthropods, including Collembola and Acari, are not just considered as biological 
indicators of soil quality but also as bioindicators of anthropisation including urbanization and contamination. 
Indices are useful tools to compare soil biological quality. The higher the Collembolan Ecomorphological Index 
(CEI), the greater is the abundance of microarthropods adapted to their habitat in the soil. The CEI shows that 
microarthropod communities are more constrained in agricultural ecosystems compared to urban and forest 
ecosystems. SUITMA: soils of urban, industrial, traffic, mining and military areas. Adapted from Joimel et al. 2017.
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