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Abstract

This rapid review explores the published scientific literature of the last 22 years in search of recommendations and consensus
applicable to the management, conservation and promotion of urban biodiversity. Our search allowed us to compile 517
publications, 134 were considered for this study, from which 78 recommendations were extracted (Table 1) located in 27 of
these publications. The size of green spaces is one of the most mentioned aspects, as well as the connectivity and heterogeneity
of spaces in the city. In addition, the use of native plants or facilitating resources such as the installation of nest boxes or insect
hotels is recommended to support biodiversity conservation in cities. However, important gaps were identified, such as the
low representation of taxonomic groups on which the authors base their recommendations or the need for future research to

provide concrete recommendations and how they are to be implemented.
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Introduction

Over the next three decades, large cities are expected
to support rising populations, in addition to absorbing the
existing rural exodus. City dwellers could come to represent
86% ofthe population in developed countries and 64% in less
developed countries in this period [1]. This leads to a rapid
expansion of the surface area of cities [2,3]. Urbanization is
considered one of the human actions with the greatestimpact
on natural systems, causing the modification of habitats in a
drastic and prolonged manner [4]. The original ecosystem is
replaced by an artificial one created and strongly influenced
by humans [5]. It causes, among other consequences, habitat
destruction, degradation and fragmentation [6] or alteration
of natural regimes and processes, such as nutrient and water
cycles [7]. This also implies local extinctions and loss of
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biodiversity, one of the main environmental problems at the
planetary level [8].

Traditionally, cities have been treated as “biological
deserts” [9]. However, different studies show that species
richness in urban environments sometimes rivals or exceeds
peripheral natural environments [10]. Even at times, cities
are home to endangered species and can be key places
to ensure their survival [11]. Urbanization, in a first step,
reduces species diversity and abundance [4]. A process of
biotic homogenization occurs, in which generalist species
become more dominant, as they have a better capacity to
adapt to the transformations produced [12], and the number
of alien species, some of them considered invasive, increases
[13]. This occurs in general terms, but species responses to
urbanization are greatly variable. Most species disappear
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during the urbanization process and are unable to colonize
new habitats [4]. Some species, despite being sensitive to
urbanization processes, are able to persist within cities when
there are remnant habitats or little disturbed green spaces
[4]. Others disappear during the urbanization process, but
are able to colonize later, benefiting from the decrease in
natural predators, the abundance of resources or the thermal
benefits of heat islands offered by cities [14]. Much of the
urbanization process takes place in areas of high biodiversity,
often referred to as “biodiversity hotspots”, where available
resources (water, fertile soils, etc.) are abundant and easily
accessible [15]. Urbanization and biodiversity loss are two
interrelated problems that will need to be addressed in the
coming years [16]. High biodiversity in cities is important for
its intrinsic value (e.g., when it hosts threatened or endemic
species), for the multiple benefits it brings to citizens (e.g.,
carbon sequestration, air purification and shade provided
by trees) [17] and for contributing to maintaining resilience
to disturbances [18]. Therefore, there is an urgent need to
conserve and enhance urban biodiversity and its associated
ecosystem services at all scales [19]. However, urban
biodiversity can have disadvantages, some of which can be
the presence of invasive species [20], the deterioration of
pavements, buildings or infrastructures due to the action
of roots or branches [21], or the accumulation of bird
excrement [22]. It is essential that landscape planners and
designers take biodiversity and its ecological processes into
account to make better decisions about land use and land
cover changes, thus minimizing their loss [16]. In addition
to their own role, managers and conservationists have the
possibility of involving citizens, who tend to imitate in their
private gardens the practices carried out in local green
spaces, which can be of great interest to achieve more
biodiverse cities [23,24]. In conclusion, to meet the challenge
of designing more biodiverse cities, efforts from the
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scientific-ecological sphere are not enough; the collaboration
of politicians, landscape designers, planners, architects,
managers and conservationists is required [25,26]. All this
will not be possible without adequate practical guidelines
based on scientific knowledge of urban ecology [27], to
support the conservation, management and reduction of
urban biodiversity loss, one of the main problems to be
addressed in the 21st century [28]. This review explores the
scientific publications of the last 22 years to locate useful
recommendations for the management, conservation and
promotion of urban biodiversity. This has not been done
to date and may be important for achieving more diverse
and sustainable cities. The main objective of this paper is
to answer the following questions: (1) are there sufficient
and applicable recommendations for the management,
conservation and promotion of urban biodiversity? (2) What
are they? (3) What are their characteristics?

Materials and Methods

We followed the PRISMA guidelines for our search
(Appendix A). The search engine selected for this rapid
review was Web of Science (WoS), including the WoS core
collection, Science Citation Index Expanded, Social Sciences
Citation Index, and Book Citation Index-Science. The range
of years was set at the last twenty-two years (2000-2022).
The term “urban biodiversity” was used in conjunction with
the search string “adaptive management OR conservation OR
adaptation OR urban ecosystem”. Only articles, reviews and
book chapters were considered.

After reading the title and abstract of the articles
resulting from the search, those that could contain explicit
and applicable recommendations were selected. Table 1
shows a summary of the inclusion and exclusion criteria.

Inclusionary

Exclusionary

Articles, reviews and book chapters

Conference and

other academic papers

Published in English

Articles on biodiversity and ecosystem services

Articles on biodiversity

Technical or methodological articles

Table 1: Criteria of selection.

A database was created with the localized
recommendations and their characteristics to better
understanding them. The characteristics of each
recommendation were obtained following the methodology
used by Heller NE [29], in which a series of questions with
predefined answers are posed. The questions and the
answers to each one of them are as follows:

» Who is the addressee of the recommendations? (1)

Political changes (P), (2) technological/scientific

research (T/C), (3) society (referring to the population)
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(S) and (4) management/planning/conservation
(MPC). Policy recommendations were selected based
on policy changes aimed at urban sustainability,
environmental education, or environmental legislation.
The technological/scientific research category includes
recommendations that require a major research effort
on a specific topic. Recommendations directed at the
practices and actions of the population are included in the
category called society. Finally, planning, management
and conservation is an extensive category that includes
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a wide range of recommendations intended to guide the
groups involved in making decisions or implementing
their practices.

On what basis do the authors make recommendations?
(1) Case studies (CS), (2) survey of experts or citizens
(Sur), (3) ecological deduction (ED), the latter category
includes publications based on essays or opinions based
on established knowledge.

Type of recommendation? We differentiate between
two types, (1) general (Gen) and (2) specific (Spe). A
general recommendation is a generic recommendation
that does not indicate how it should be carried out, while
a specific recommendation is one that exemplifies how
the recommendation is to be implemented.

Is the recommendation geographically limited? The
response options are (1) no geographic limit (G) or (2)
local (L).

Where is the recommendation applicable? The possible
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answers are (1) matrix (peripheral areas and the city as
a whole) (M), (2) green areas (public parks and public
or private gardens) (GA), (3) green infrastructure (tree-
lined streets, green walls, green roofs or other elements
that may constitute green infrastructure in the city) (GI),
(4) non-specific (recommendations applicable to more
than one of the above options) (NE) or (5) undetermined,
(recommendations that are not applicable to the
proposed responses) (U).

Results

Our initial search located 517 publications. After reading
the title and abstract and applying the inclusion and exclusion
criteria (Table 1), the number of publications becomes 134.
Finally, after a full reading 78 recommendations (Appendix
B) were found in 27 articles (Listing S1). Table 2 shows the
topics addressed by the recommendations.

Focus of the recommendations Ne, articles Topics Recommendation num_b er
(Supplementarymaterial)
Consider patch size 5 Heterogeneity 7,9 61,66,71
Landscape vision 4 Heterogeneity 25,28,36,64
Water bodies 2 Heterogeneity 4,78
Spatial heterogeneity 2 Heterogeneity 7,70
Connectivity 6 Connectivity 7,10,14,34,56,64
Conserve and restore habitat 6 Connectivity 12,13,25,41 42,43
. . . 5,6,15,17,23,24,29,35,39,45,46,47,
Increase vegetation cover 15 Increase in vegetation cover
51,60,65
Species selection 12 Increase in vegetation cover | 8,27,39,49,54,55,57,58,59,67,73,74
Tree maintenance 3 Increase in vegetation cover 3,48,62
Biodiversity support actions 6 Architectural, spatial design 1,2,20,21,22,37
andsupport measure
Areas of human-nature conflict 2 Architectural, spatial design 11,63
andsupport measure
Architectural measures 2 Architectural, spatial design 19,31
andsupport measure
Stakeholders 5 Outreach andintegration 33,38,44,69,75
Outreach 2 Outreach andintegration 69,77
Increase awareness 3 Research 8,63,76
Pollution and disturbance 8 Pollution anddisturbance 18,21,25,30,50,53,68,72
Urban sprawl 1 City design 40

Table 2: Number of explicit recommendations identified in each of the articles of the scientific literature reviewed, description

and characteristics.

Studies focus mainly on species diversity in urban areas
and on the effects of urbanization on specific taxonomic
groups, such as vegetation [13-34,37,40,41], invertebrates

[35,36-51], reptiles [32,47], birds [23,30,31,39] or mammals
[34,42]. Studies that explicitly provide recommendations are
few (n=27) and aimed at the mentioned taxonomic groups.

Gallegos Villegas FJ, et al. Recommendations for the Management, Conservation, and Promotion of
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The number of publications with recommendations has
increased in the last decade and the temporal distribution is
more significant in the last 5 years. The spatial distribution
of the publications considered indicates that the studies
have been carried out in a total of 12 countries and 88 cities,
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China being the most relevant country with 5 publications
(Figure 1). The population size of the cities shows that 68
cities have more than one million residents, 20 have less than
one million and 9 have less one hundred thousand residents.

Figure 1: Studies with recommendations by country of origin of the research and cities.

Who is the
recommendations?

addressee of the

A greater number of recommendations were identified
(n=56) (Figure 2) related to “management, planning and
conservation” (hereafter referred to as MPC), including
recommendations referring to the promotion of biodiversity
through actions prior to the growth or modification of

cities or any of their components or actions linked to city
maintenance practices from a holistic perspective [13,47].
Recommendations directed at policies applied in cities are
the second most frequently found (n=14). Those directed to
“technological/scientific research” and “society” are the least
localized (n=12). Theorem-type environments (including
propositions, lemmas, corollaries etc.) can be formatted as
follows:

Figure 2: Addressee and place of implementation of the recommendations.

On what basis do the
recommendations?

authors make

Case study articles are widely represented (85%), 3
articles result from ecological deduction (essay and opinion)
and, finally, only one article based on a survey of experts.

Gallegos Villegas FJ, et al. Recommendations for the Management, Conservation, and Promotion of
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Type of recommendation?

Fifty-three percent of the recommendations are of a
general nature. Recommendations of a specific type are
varied and concern the management of spontaneous plants
[13,43], avoiding rapid turnover in building construction
[33,39] or the maintenance of water troughs or other
supporting structures for biodiversity [31], among others.
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Is the recommendation geographically limited?

The geographical limitation of the recommendations
is reduced, only 3 of the recommendations are limited to
the local level while the rest do not describe any limitation.
Where is the recommendation applicable?

The “Matrix” class has the highest number of
recommendations (Figure 2), followed by the “Green areas”
class. A total of 8 recommendations are not referenced in
any of the proposed classes. The “Non-specific” class is less
frequently found and, lastly, the “green infrastructure” class
receives the least attention.

Discussion

Are there sufficient and applicable recommendations
for the management, conservation, and promotion of urban
biodiversity? According to the articles reviewed in this paper,
there has been an increase in recommendations showing a
growing interest in the scientific literature for the knowledge
and protection of urban biodiversity [52]. However, there
are not enough explicit recommendations, as only 20%
of the publications reviewed contained them. There are
studies from which recommendations could be drawn, but
they do not appear concretely in the text (see, for example,
[53]). In contrast, the inclusion of explicit recommendations
seems to be more frequent in other areas, such as the
improvement of urban mobility (e.g., [54,55]). Even so, the
detailed recommendations identified can be extrapolated
into technical manuals (e.g,[56]) and management plans
(e.g., [57]), accessible to politicians and managers, capable of
bringing about real changes in cities.

What are the recommendations?

The recommendations identified are mainly related
to the size and connectivity of urban green spaces, major
components of the urban landscape that affect its biodiversity
[16]. A larger size of the green area allows for greater species
diversity [58]. Despite this, the importance of smaller spaces
should not be underestimated, as they can contribute
considerably to increasing the overall biodiversity of the city
[48].

The implementation of a functional network of green
infrastructures in cities, connecting the different green
spaces, regardless of their size, and their peripheral
environment, is one of the main measures that contribute to
maintaining their biodiversity and the provision of ecosystem
services [12,37]. Ecological corridors such as natural urban
waterways can be important elements to improve this
connectivity [31]. Furthermore, in order to achieve effective
connectivity between green spaces, some authors point out
the importance of improving the structure and diversity
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of vegetation in these corridors [34,44]. For example, the
presence of large trees in the streets supports a multitude
of species (food, shelter, etc.) facilitates their movement
between green spaces and thus contributes to their
promotion and conservation [31]. Therefore, the conserving
and enhancing of large tree stands should be a priority in
urban planning [45]. Also importantis the use of native plants
[16,39,41,42] adapted to the environmental conditions
where the cities are located and that provide further support
to the conservation of remaining native biodiversity [34].
Other authors point out the capacity of exotic species to
colonize cities and use urban corridors for their dispersal
in natural or semi- natural bordering areas [59]. Therefore,
it is necessary to exclude those exotic species with invasive
behavior [43]. Another component that affects biodiversity
is the heterogeneity of habitats in the urban landscape [16].
Habitat heterogeneity is also related to the size of green
spaces; larger size often hosts more diverse habitats that are
heterogeneous to each other [60]. There are elements such
as water bodies that provide heterogeneity [49]. Therefore,
the construction of naturalized ponds should be taken into
accountin the planning of new green areas [30]. Another way
to bring heterogeneity to the urban landscape is through the
implementation of architectural solutions that can contribute
to promote biodiversity in cities [16]. Green roofs or walls
contribute significantly to the colonization of some organisms
[36]. Habitat heterogeneity can also be improved outside
public green spaces, for example, by enhancing biodiversity
in private gardens [30,51]. There are also recommendations
for the conservation of specific faunal groups in cities. In this
sense, the authors highlight recommendations such as the
installation of nest boxes [31], bat roosts or insect hotels,
and another author states the application of measures to
avoid deaths due to unnatural causes such as, for example,
the collision of birds in the windows of buildings. However,
sometimes these measures may not be sufficiently detailed
in scientific literature, which makes their correct application
and effectiveness difficult. It is particularly relevant to solve
this problem, there are currently national and supranational
strategies to conserve urban biodiversity and prevent the
deterioration of ecosystem service provision in cities. One
such initiative is “Vision 2050”, a program launched by the
European Union (https://biodiversity.europa.eu/policy)
in 2011, which consists of six objectives, including the full
implementation in urban environments of the Birds and
Habitats, Agriculture and Forestry Directives, increased
efforts to combat invasive species and the prevention of
global biodiversity loss. However, although it is necessary
to continue conserving and promoting biodiversity in cities,
we should not ignore that in order to effectively conserve a
species and its ecological functions; we must also do so in
its natural habitats [11]. The management practices used
in urban green areas conditions the biodiversity present in
them regardless of their size, connectivity or heterogeneity
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of habitats. Several pieces of research reviewed in this
paper provide recommendations on lawn management
in cities, highlighting that mowing lawns less frequent
improves biodiversity [35,48]. Other research indicates the
importance of reducing the use of pesticides and fossil fuels
to limit negative impacts on biodiversity [31,41]. Citizens can
also contribute to promoting biodiversity in the city through
actions on private property, such as diversifying garden flora
[30,50] or installing bird feeders [31].

What are their characteristics?

The characteristics of these recommendations are
generally in line with those described by other research [29]
and are aimed at management, planning and conservation.
Articles containing these recommendations focus primarily
on understanding how management practices or planning
for new urban green spaces affect biodiversity [10,46].
Policy-based recommendations emphasize the maintenance
of remnant natural areas, the promotion of new green areas,
or the maintenance and use of native species [39,41]. The
works addressed to the social part manifest the need to
disseminate knowledge on biodiversity promotion [31,48].
Recommendations based on case studies are the most used
by the authors, and plants and birds (>50%) are the main
object of their studies. These recommendations are in line
with the main lines of research developed in this discipline
[52]. Research is mainly carried out in northern hemisphere
countries (Figure 1), something that has already been
highlighted by other authors. However, in the southern
hemisphere there are a large number of other types of
publications on urban biodiversity not indexed in global
databases [52], which are not reflected in this study. Most of
the research is carried out in cities with big population’s size.
Even though the size of cities influences numerous factors
that condition their biodiversity. Although more research
has been carried out in the northern hemisphere, most of
the proposed recommendations are applicable globally,
only some very specific ones are locally bounded (see, for
example, [50]).

Conclusion

In this rapid review, the Wos database has been used
to identify explicit recommendations in the promotion,
management and conservation of biodiversity. Most of the
recommendations are related to the size of the green areas,
their connectivity and heterogeneity. An interconnected
green infrastructure is recommended, including large
green areas and, also preserving smaller spaces that, due to
their characteristics, have the capacity to support native or
specialist species. The diversification of spaces must also go
beyond greenareas, forwhichagreater presence of vegetation
throughout the city is recommended. Architectural measures

Gallegos Villegas FJ, et al. Recommendations for the Management, Conservation, and Promotion of

Urban Biodiversity. ] Ecol & Nat Resour 2023, 7(4): 000353.

Journal of Ecology and Natural Resources

such as green roofs or green walls can help achieve this goal
in areas with higher building density. In these areas, the
use of native plants is endorsed as well as the avoidance of
invasive exotic species. Likewise, participatory governance is
advocated in which all stakeholders are involved in decision
making. Future research could focus on providing more
explicit and actionable recommendations while expanding
taxonomic groups underrepresented in the literature. In
addition, it is necessary to do it not only from a taxonomic
approach, but also from a functional one. The geographic
scope of the research should be broadened, increasing the
representation of the southern hemisphere. More research
should also be conducted in small cities or towns since
most studies focus on large cities. Finally, it is of the utmost
priority to convey the recommendations based on scientific
knowledge, to politicians, managers and curators, as they are
ultimately the main decision-makers in metropolitan areas.
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