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Abstract: Recent research has highlighted the significance of cities for biodiversity, making them
important places for conservation in their own right. Current conservation approaches in cities are
mostly defensive. Thus, they focus on remnant pockets of natural areas or try to protect particular
species that occur in the built environment. These approaches are vulnerable to further urban
development and do not create habitats. An alternative strategy is to make wildlife an integral part
of urban development and thereby create a new habitat in the built-up area. Here we address the
challenge of choosing target species for such wildlife-inclusive urban design. The starting point of our
conceptual framework is the regional species pool, which can be obtained from geo-referenced species
data. The existing habitat types on and around the development site and dispersal barriers limit the
species numbers to the local species potential. In the next step, the site’s potential for each species is
analyzed—how can it be upgraded to host species given the planned development and the life-cycle
of the species? For the final choice of target species, traits related to the human-animal interaction are
considered. We suggest that stakeholders will be involved in the final species selection. Our approach
differs from existing practice, such as expert choice of priority species, by (1) representing an open
process where many species are potential targets of conservation, (2) the involvement of stakeholders
in a participatory way. Our approach can also be used at larger spatial scales such as quarters or
entire cities.

Keywords: urban planning; wildlife-inclusive urban design; human-wildlife interactions; biodiversity;
urban design; stakeholder participation; geo-referenced species data; GIS

1. Introduction

Today, urbanization is one of the major threats to biodiversity [1]. Thus, it may be surprising
that biodiversity is often quite high in urban areas, especially in comparison to intensively managed
agricultural areas [2]. Indeed, many species frequently occur in cities and some species may even thrive
in urban areas (e.g., peregrine falcons (Falco peregrinus) [3]). In addition, cities have often been built in
naturally biodiverse areas [4,5]. As humans and animals share common spaces, cities have an important
role in the nature experience of city dwellers, including decision-makers [6]. Therefore, cities are
important for the conservation of biodiversity per se and as a cradle for future conservationists.

Nevertheless, cities do not offer space for all species [7]. Although species recruit from the regional
species pool, species traits and human decisions determine which species eventually live in cities [8,9].
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City structure has a huge impact on biodiversity in cities [10] and often species are lost when cities
densify. Urban densification results in the reduction of green space in many cities and even endangers
species that are closely associated with people and urban areas. An example is the house sparrow
(Passer domesticus), which is in a rapid decline in cities all around the world [11,12].

Consequently, if we want to retain biodiversity within cities and benefit from its positive effects
on conservation, human wellbeing and other ecosystem services [13], biodiversity has to be directly
considered in urban development. For example, green areas such as parks could be developed to be
better suited to wildlife and corridors could be kept to connect, e.g., forest fragments. So far, however,
biodiversity often has a low priority in city planning and, in particular, animals play a minor role [14].
As a result, current green infrastructure may often have limited value for animals [15]. Recently,
several approaches have been put forward to include biodiversity into urban planning and design,
such as ‘biodiversity-sensitive urban design’ [16] and ‘animal-aided design’ [17], also see [18]. While all
of these approaches acknowledge the importance of land sparing strategies, i.e., zoning of important
wildlife habitat, they also consider the entire city as a potential habitat for species, including the
built-up area. Especially in cities where little natural area is left, such land-sharing approaches are
necessary to retain biodiversity within cities.

However, it is often not obvious which species should be considered in urban development
projects. In conservation, there is a longstanding and ongoing debate about the primary objective
of conservation [19]. Since avoiding the extinction of species is the prime concern of conservation,
the development of strategies for particular target species is one of the oldest and most successful
approaches in conservation biology [20]. An alternative approach is to conserve entire habitats,
with the rationale that a functioning ecosystem may provide the highest benefits in terms of both
biodiversity and ecosystem services [20]. Inbetween these two alternatives are approaches where
particular species are representative of other species or particular ecosystems (umbrella or indicator
species). Thus theoretically, a targeted approach of species conservation can be combined with the
preservation of many species at the same time. However, in practice, this approach often does not
produce the expected results, e.g., [21,22].

Within cities, a habitat approach is only possible where there are remnants of original habitats
that are still intact or can be restored. Built-up areas are considered as novel urban ecosystems that are
not equivalent to any existing natural habitat [23]. Thus, habitat approaches cannot be implemented
in built-up areas. Instead, integrative approaches are required that allow cohabitation of humans
and animals on the same site. Wildlife-inclusive urban design therefore mostly focuses on individual
species. The aim is to create a habitat for these species in the built environment by analyzing their
life-cycle and providing all the resources the species needs [17]. Importantly, these habitats are hybrid
habitats where the resources are a mixture of natural and man-made. For example, birds may breed in
natural cavities in old trees or in the facade of a building. The seeds they eat may come from plant
species planted by humans. The water and sand bath they use can have a dual function and also serve
human needs, e.g., as a fountain and a path. These habitats, albeit often small, may then serve as
patches for a network in the urban matrix, and become important for nature experience [24].

Choosing target species for conservation is traditionally left to expert professionals such as
biologists working for the government or conservation non-government organizations (NGOs).
Species selection is, therefore, based largely, if not exclusively, on conservation needs. Thus, target species
are often either strongly threatened or protected by law [25]. In such an experts’ choice, there is
little involvement of other stakeholders, such as the people living on or near the property where the
conservation action takes place. ‘Community-based conservation” has been introduced and extensively
discussed in the 1990s in the context of indigenous communities in natural environments [26,27].
Nevertheless, most conservation efforts, including those in cities, still rely on experts. However,
urban areas are socio-ecological systems, and therefore ‘conservation and management of urban
biodiversity is about people’ [28]. Thus, stakeholder involvement for target species selection is an
important tool to increase the chances of positive human-wildlife interactions later.
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Stakeholder involvement implies that conservation targets (target species) have to be chosen
together with built environment professionals, but also other stakeholders. Built environment
professionals, such as engineers or architects, are important to make sure that target species requirements
do not conflict with design. Stakeholder involvement may also include residents of a housing estate.
For new developments, the involvement of residents during target species selection is not possible,
however, later involvement is crucial, e.g., through environmental education programs and stewardship.
For redevelopment projects, residents can be already involved during target species selection to promote
understanding and stewardship early on [29].

Accordingly, species selection for urban development needs to be ecologically sensible,
locally possible and agreed upon by stakeholders. Here, we develop a framework for selecting
target species for wildlife-inclusive urban design. It considers both ecological and socio—cultural
criteria for development projects in the built environment. Our conceptual framework involves the
use of big data, structured decision-making, expert opinion, and participative approaches. We believe
that this framework can broaden the scope of conservation projects in the urban environment and
make them more acceptable to city dwellers. The use of big data on species occurrences will increase
the range of species that can be targeted including more common species that are declining in the
urban environment, as well as rare species that would normally not be targeted. When a participatory
approach is used, conservation projects are likely to meet with more support by city dwellers. This is
different from most current conservation processes where only conservation experts decide on what
species need to be prioritized. In our proposed approach, conservation experts can make suggestions,
but the stakeholders ultimately decide on target species.

In the following, we will describe our species selection framework step by step, starting from the
regional species pool that allows identification of candidate species up to the final selection of target species.

2. The Species Selection Framework

The starting point of our conceptual framework is the observation that many more species could
live at a particular place in the city, not just those that already live there. This is because current species
occurrences are often constrained by a lack of habitat features that could be added during development.
Thus, it is the regional species pool, which can be obtained from geo-referenced species data, that needs
to be searched when target species for a particular urban development project are sought. The available
habitat types on and around the development site, the dispersal potential of species, barriers in the
environment, and the living requirements of the species all limit the species number to the local
species potential. For the final choice of target species, traits related to the human-animal interaction
are considered. We suggest that experts, e.g., ecologists or environmental consultants, make some
recommendations, but that there is a participatory process so that stakeholders will be involved in
species selection (Figure 1).
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Figure 1. Schematic representation of our proposed framework for target species selection for urban
development projects. The process of selection can be divided into a selection process based on
ecological criteria (a), which precedes socio—cultural considerations (b).

2.1. From the Regional Species Pool to the Local Species Potential

2.1.1. Regional Species Pool: Use of Geo-Referenced Species Occurrence Data

The regional species pool determines which species may occur at a project site. Publicly available
species monitoring data can be analyzed to create a list of species that have been recorded in the city of
interest. Such data are available in most countries, even though the way such data are available differs
from country to country and between regions within countries. Differences may occur with respect
to which taxa are contained in the database, data sources and the information stored in each record.
In Germany for example, the 16 German states (Bundesldnder) each have their own database (or none),
and differ widely in how and which species data are available, ranging from having no public database
yet (state of Berlin), recording only certain vertebrate taxa (state Baden-Wiirttemberg) to data on all
taxa (e.g., Bavaria, Hamburg). In addition, there are global databases such as the Global Information
Facility (GBIF) [30], which offers a huge database of global species monitoring data. Other potential
resources are data from authorities from a variety of sources, such as environmental impact assessments
(EIAs), publicly funded monitoring schemes or volunteers, such as birders. With the rise in global,
national and regional databases, such species occurrence data are becoming more and more available.
While such data are routinely used in research projects, e.g., to calculate species distribution maps for
research on the effects of climate change, they are not frequently used for local conservation projects.

Publicly available data on species occurrences have some limitations [31,32]. Species occurrence
data represent presence data and stem from different sources with varying monitoring efforts. Therefore,
they are associated with two types of errors, false absence data, and false presence data. These errors
are common in citizen science data and remediation approaches have been developed. Going into
these goes beyond the purpose of the present paper. It is likely, however, that easy-to-use methods to
deal with the most common data problems will be soon available. In addition, with the increased use
of public databases, data quality is likely to increase as more and more quality control measures will
be implemented.
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To overcome some of the problems associated with data quality we suggest using a large-scale
analysis, to avoid relevant species being overlooked because of false absence data due to low monitoring
effort. For the analysis shown below, we selected a 50 km radius around the project site. Using such a
large scale will also address the problem of false presence data, provided that not all observers make
the same identification errors. The result of the analysis will be a map with all point locations where
species have been recorded in the surroundings of the project site. Some of the species will have been
recorded close to the project site, while others will have only been recorded further away.

We tested the availability of data in six major German cities and their surroundings (Hamburg,
Hannover, Ingolstadt, Kaiserslautern, Magdeburg, Frankfurt) affecting eleven German federal states.
In total 3,621,709 occurrence records of animal species could be obtained from local authorities,
the Arachnologische Gesellschaft (AraGes) and GBIFE. After clean-up and processing (see Appendix A
for a description of methods), 3,344,213 occurrences recorded between 1980 to 2019 were analyzed.
Based on these records we estimated regional species pools at different distances around the project sites.

The availability of species occurrence data differed between cities with an average of
557,368 + 375,581 occurrence records within the 50 km radius. Sampling density was at least
16.4 species records per km? (Magdeburg) with a maximum of 140 species records per km? (Frankfurt).
On average 4860 + 1623 different taxa were recorded for each city belonging to 34 taxonomical classes.
These numbers show that publicly available occurrence data includes many sightings of a plethora of
taxonomic groups rather than numerous sightings of only a few attractive and, therefore, easy-to-spot
species (also see Figure A1l in Appendix A for an overview of the diversity of species records at each
project site). We then tested how large the radius around a project site has to be in order to obtain
a certain percentage of the total species richness of the 50 km circle. Increasing the distance from
the project sites increases the area of the circle within which species can be encountered. Within an
average range of 7 + 1.5 km around the project site already 50 percent of total species diversity could
be found (Figure 2). Increasing this range to 36.25 km + 4.17 km led to the inclusion of 90% of total
species diversity.
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Figure 2. Using publicly available data to obtain a regional species pool. Case study of six project
sites within six different German cities. (a) Map of the six project sites and their respective circular
50 km buffers. (b) Schematic overview of regional species pools around a project site for the example
Frankfurt am Main. Multiple buffers were analyzed at increasing distances from the project site (black
circles). These buffers were intersected with geo-referenced species occurrence records (red dots) to
estimate regional species pools. Blue polygons indicate urban areas. (c¢) Dependence of species counts
of four taxonomic groups on the distance to the project site (radius of buffer) for the six German cities.
Blue lines indicate regressions and 95% confidence intervals. Dotted lines show average values and
standard deviations for distances in which 50% (turquoise) and 90% (magenta) of total taxonomic
diversity can be found.

For wildlife-inclusive urban design, only a few selected species will be proposed to stakeholders
as potential target species. Our analysis shows that even in a comparably small area of only a few
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square kilometers regional species pools can be estimated that comprise a multitude of potential target
species. We, therefore, see the use of publicly available species records as a valid tool that allows the
estimation of regional species pools and helps to identify target species.

2.1.2. Spatially Explicit Species Occurrences: Locating Species according to Habitat Type

After the regional species pool and a corresponding map have been established, there are two
types of species. First, there are those species that have been recorded close to the project site so that it
appears likely for them to reach the site by their own means, assuming there are no dispersal barriers
(species of the focal area). Second, there are species that have been recorded only further away from
the project site, at a distance too far to reach it (species outside the focal area, Figure 3). To which of
these categories a particular species belongs does not only depend on the location where it has been
located, but also on its dispersal power. The distance a species can move varies between species and,
in particular, between modes of dispersal. A species that can fly will be able to travel further than
species that need to walk or to crawl. For migrating birds, for example, a distance of 50 km does not
represent a challenge, except for migration barriers, while for a toad a distance of 1500 m may be the
maximum it can disperse (e.g., [33]). Thus, the focal area will be species-specific. To facilitate the
analysis, we suggest to pool species of the same taxon and dispersal mode when deciding on the focal
area. For example, a single circular focal area for all songbirds with a radius of 50 km around the
project site, as well as a (separate) focal area for all amphibians with a radius of 2 km around the project
site [34].

I Project locality: Saarlandstrale 6
[ 1Hamburg border
[JFocal area 5km
1 Regional pool 35 km

Bittern (Botaurus stellaris)

Occurrence
Silver-washed fritillary (Argynnis paphia)
7771 Occurrence
[] Potential occurrence (forest)
Common darter (Sympetrum striolatum)
Bl Occurrence
[ Potential occurrence (standing water)

0 5 10 20 30 40

™ | Kilometers

Figure 3. Using habitat maps to infer the potential occurrence of species when the species occurrence
data are not complete. The illustration shows the city borders of Hamburg (black line) and the
occurrence of three species (bittern, silver-washed fritillary, common darter) within a 35 km area
around the project site (violet outer line). We assume that all three species can colonize the project
site when they occur at a distance of 5 km or less to the project site (focal area, red line). A habitat
map (not shown) was used to find sites of potential occurrences of the three species. For two of the
species, suitable habitats were found within the focal area (indicated as potential occurrences) while
for one species (bittern) no suitable habitat was found within the focal area. In this example, both the
silver-washed fritillary and the common darter would be added to the list of potential target species.
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Importantly, species of the regional species pool should not be discarded at this stage, even when
they occur only outside their respective focal area. Indeed, these species may occur within the focal
area but have not been recorded there (false absence data). We suggest to check whether the typical
habitat of these species exists within the focal area. If so, there is the possibility that the species does,
in fact, occur in the focal area and the species should be kept as a potential target species. For example,
a species that has been recorded in remnants of small forest outside the focal area, but not in similar
remnants within the focal area, should be kept as a potential target species, as it is possible that it
was not recorded in these remnants due to lack of monitoring. Thus, in addition to point locations of
species, it is necessary to use the information on the distribution of habitats in the area surrounding a
project site. Again, such information is generally available but differs in quality and detail (see Figure 3
for an example). Whether or not such an approach is appropriate for a particular species will depend
on how closely the species is associated with a particular habitat.

2.1.3. Local Species Potential: Site Limitations and Dispersal Barriers

At this stage, there is a list of species that at least theoretically can reach the project site by their
own means. However, not all of the species of this reduced regional species pool will be able to
reach and successfully colonize the project site. Limitations are set by the ability (and willingness) of
the developer to realize necessary habitat structures at the project site, the habitat structures in the
surroundings of the project site, and the likelihood of a species to reach the project site given existing
dispersal barriers. In the next step, these limitations need to be analyzed.

First, the site’s potential for each species needs to be considered-which habitat features exist and
how can they be upgraded for a target species, given the details of the development and the life-cycle
of the species? Here, we need to distinguish between habitat requirements that cannot be achieved
unless they are already present and conserved and those that could be implemented by the developer
through landscaping. For example, old mature trees with cavities provide important habitat for birds,
bats, and other mammals and arthropods in urban areas [35-41], but cannot be provided if not already
present. On the other hand, vegetation cover and structure, which are also important determinants
of species richness and abundance of birds and arthropods in urban landscapes [10,42,43], can be
included in landscape plans. Which habitat structures are required depends on the life-cycle of the
target species. For example, diet [44-50], foraging mode and strata [51-53], and the location of breeding
and resting places [44-46,48,54] influence whether a species is able to live in a particular urban area.
Another important factor to consider is pollution, including noise and light [55-61]. Thus, even if a
developer is willing to create conditions suitable for a species, the species may be too sensitive against
disturbances to survive in the urban area.

Second, the survival of the species at the project site will not only depend on what exists and what
the developer plans, but also on the available habitat features in the immediate surroundings. This is,
in particular, true for those species whose home range is larger than the project site, or those for which
only one individual or a pair can live at the project site [62].

Third, a species may occur in the focal area but dispersal barriers may prevent it to reach the
project site. Studies in urban areas have shown that colonization of patches depends on barriers
that limit dispersal (e.g., roads [63]), and on corridors that facilitate movement between patches
and connectivity with neighboring areas [64,65]. In addition to these limitations imposed by the
urban structure, species-specific traits also determine the ability of species to reach suitable habitat in
urban areas. These include home range [47,66], dispersal ability [47,66-70] and sensitivity towards
barriers [47,54,71-73].

Thus, it is necessary to compare the ecological traits and requirements of the species with the
limitations of the project site, including patch area and connectivity, corridors and barriers, and available
habitat types and structures (Table 1, Figure 4). To this end, the project site and its surroundings need
to be assessed in detail by analyzing available digital maps, such as land use maps, biotope maps,
treemaps and aerial imagery. This assessment is complemented through a visit to the project site
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during which species and habitats are directly recorded. In addition, it may be necessary to consult
with landowners of the neighboring areas in order to ensure that landscape connectivity and corridors
will persist in the future. The local species potential will thus only retain species from the regional
species pool that is likely to (a) colonize the project site, and (b) survive at the project site, based on the
habitat structures available around the project site and provided that the developer will upgrade the

site for the requirements of the species.

Table 1. Summary of factors limiting the suitability of a project site for particular species, thus reducing

the regional species pool to those species that can reasonably be considered a potential target species,

i.e., the local species potential.

Limiting Factors of Requirements of the ‘g Necessary Checks of
. . Necessary Checks of Existing
a Site and Its Species that May . o Development Plans
. F Habitat Conditions (Examples)
Surroundings Limit its Occurrence (Examples)
Do mature trees with cavities Which ecological

Particular feeding exist that can serve as breeding  requirements can already
preferences, need of or resting sites for woodpeckers  be fulfilled through

Habitat structures resting or hibernation ~ or bats? existing habitat

such as sites, breeding sites, structures?

old trees, and resting sites Are there large water bodies that

large water bodies
(e.g., lakes, rivers),
soil composition,
tree density

Note that habitat
requirements may
differ between life
cycle stages of the
same species.

fulfill the habitat requirements
of target amphibians?

Is the tree density at the project
site high enough to fulfill the
habitat requirements of

forest species?

Which requirements can
be fulfilled during the
development?

Which habitat
requirements of a species
are not realizable?

Potential and limitations of the site

Transport
infrastructure, traffic,

Shelter from

Are disturbances likely to
interfere with the life-cycle of

. o disturb .

pollution, noise, light isturbances a species?
0
&0
=
1
2 Size of project site, Are home range requirements of
g . Home range . 5
2 landscape connectivity a species met?
-
5
N

Corridors to and
" . .

connectivity with . . .
3 Y . . Can species reach the project site
=) relevant areas, such as  Dispersal ability - ;
5 through existing corridors?
3 gardens, backyards,
‘T{g parks, forests
-
g Do barriers need to be removed
é Barriers Sensitivity to barriers in order to allow the

immigration of the species?

Do land-use plans
ensure that landscape
connectivity, corridors
will be maintained?

Is joint management
of connected
areas possible?

Will barriers be removed
in the future?
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Figure 4. Site limitations derived from the urban structure at the project site for a potential target
species that live in forest and park habitat: Forest, i.e., suitable habitat, street as a barrier to project site,
the corridor from park to project site. Black blocks denote existing developments. In this example,
the species can only reach the project site from the East, through the corridor.

2.2. From the Local Species Potential to Target Species Selection

The local species potential only retains species for which all ecological requirements can
theoretically be fulfilled. Still, not all of these species may be suitable target species as we have not
yet considered the human factor, which is important in urban environments. To this end, the attitude
of humans towards the species needs to be assessed. We suggest analyzing those species traits that
determine the attitude of humans towards them. These include their observability, potential benefits
that humans may derive from a species, and potential conflicts between a species and humans (Table 2).
Consideration of these traits will further limit the number of species that can be chosen as target species.
The final step is the participative selection of target species for the development, where stakeholder
demands play an important role.
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Table 2. Socio-cultural aspects to evaluate the relationship between animals and humans. Examples are

given that may influence how well a species can be observed, of benefits that urban citizens may

experience when interacting with animals, and of potential conflicts.

Category of

. Examples Species Traits Examples of Species
Interaction P P P P
observability without technical color, size, activity pe.rlod song of songbirds eye .
. . (day/night), single or in patterns on butterfly wings
-, equipment recognisability change L9 . .
Observability . o . groups, vocalizations migratory behavior of
in observability with season - . L
. . . . distinct patterns or features ~ songbirds mating ritual
(e.g., hibernation, breeding period) L . .
migration, hibernation of hedgehogs
Regulatmg Servmes. pollination pollination by bees
decomposition pest control seed . . . .
. . diet foraging mode and site  earthworm activity
X dispersal Cultural Services: L . .
Benefits . . depiction on flags, emblems, consumption of mosquitoes
aesthetic value health and wellbeing . :
. logos in the region by bats seed storage by
educational value cultural value . Lo,
. squirrels heraldic animals
symbolic value sense of place
disease vectors dangerous lice, tick, mosquito wolf,
negative impacts on human health ~ predators storage pests bear, wild boar, rice weevil,
Conflicts economic damage negative damage to infrastructure clothes moth, rat,

psychological effects negative
impact on other species

traits related to inflicting
fear, phobia (in spiders)
invasive species

woodpecker holes
in facades snakes,
spiders raccoon, nutria

2.2.1. Evaluating the Human—-Animal Relationship: Species’ Socio-Cultural Traits

Human perception of animals is complex and may elicit positive or negative feelings, like joy,
but also fear and disgust [74]. In addition, some species are rated highly, because they provide
important ecosystem services. For example, biodiversity may provide regulating ecosystem services,
may contribute to the wellbeing of city dwellers [75], or may have high cultural or symbolic value [76,77].
On the other hand, disservices may also exist as some species, e.g., parasites or large carnivores,
may impair human health or lead to dangerous encounters for humans [78,79]. Some species may
also be considered a nuisance because they are perceived as noisy or dirty [80]. Thus, human values
limit the acceptance of urban nature. Not all animals that could live in the city for biological reasons
are approved or tolerated by urban inhabitants. Rats or pigeons are generally undesired even though
they can cope very well with the conditions in the city, while squirrels or small songbirds, for example,
have a positive record [81]. Perception of species and the ability to identify them depend on the
taxonomic group and on how evenly species are distributed, i.e., rare species and species hard to detect
may not be perceived by most people [74,82]. Species that are easy to perceive and observe, for example
with colorful patterns, have a high recognition value and contribute to nature experience by urban
citizens [83]. These considerations need to be taken into account when choosing target species for urban
development projects, in order to maximize positive human-wildlife interactions and to minimize
human-wildlife conflict. Three major aspects that influence human-wildlife interactions in urban areas
emerge. These are (a) the observability of a species or taxonomic group, (b) potential benefits to human
health and other ecosystem services and (c) potential conflicts or disservices (Table 2).

Therefore in this step, species or entire taxonomic groups—depending on the available
literature—need to be evaluated according to traits that determine their observability and potential
benefits or conflicts in general (Table 2). Observability mainly includes outward species traits, such as
size, color, patterns or song. Potential benefits of species or taxonomic groups consider positive effects
on humans or open spaces and are classified into regulating and cultural benefits according to their
function as ecosystem services. Conflicts explore potential negative effects of species or taxonomic
groups on humans or open spaces. This also considers the potential of a species to elicit negative
feelings in humans and attitudes towards different species [81]. At the end of this step, it should be clear
which species may be generally better or less well-suited as target species for a project from a human
point of view. Because this evaluation will depend on the cultural context in which the evaluation takes
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place, e.g., in Western Europe [84,85], but not necessarily on the specific urban development, this step
needs to be done only once for each species and the results can be assembled in a database that can be
used in further projects. Exceptions may be situations where the development concerns an area with a
different or mixed cultural context, e.g., the building of an apartment block where tenants may also
come from outside Europe, or the business site of a foreign, e.g., Asian company. Here, the attributes
of the species may be different or more diverse.

2.2.2. Evaluating the Human-Animal Relationship: Stakeholder Analysis and Stakeholder Demands

How humans perceive animals and benefits from biodiversity may to some extent not only
depend on the cultural, but also socio-demographic background of an individual [86] and the context
in which they interact with animals [74]. Furthermore, depending on their background, humans
differ in how well they can assess the diversity of animals or plants in their environment and this,
in turn, may have effects on self-reported well-being and interaction with wildlife [74]. To facilitate the
final discussion and participatory selection of target species, stakeholders and their demands need to
be analyzed. Developers, architects and landscape architects will be the main stakeholders in most
urban development projects. However, depending on the project type, further stakeholders may be
considered, such as residents, citizens, NGOs, and local authorities. Tools for evaluation of stakeholder
attitudes and demands depend on the stakeholders involved and may range from direct dialogue to
surveys, to considering data on socio-demographic structure, economic wealth, ecological knowledge
and education (for a review of further factors that influence human-wildlife interactions see [74]).
In this step, the project budget and organizational details should also be assessed (Table 3).

Table 3. Examples for location and project specific stakeholder demands.

Attitudes Towards Wildlife Occurrence at the Project Site, e.g., in Residential Areas

Attitude towards ecological topics and natural design and landscaping
Desired use of space (e.g., play space concept)
Aesthetic demands (e.g., design concept)
Requirements for maintenance of buildings and open space
Budget for implementation of measures and maintenance thereof
Administrative requirements, e.g., compensatory measures, species protection legislation
Local peculiarities or characteristics of the city or region with respect to certain species or taxonomic
groups (e.g., cultural and historical aspects)

2.2.3. Prioritization of Species: Balancing Feasibility and Stakeholder Demands

Structured decision making offers a useful tool to balance different needs and prioritize species
and is increasingly used in solution finding for complex problems at the interface between ecology
and society [87]. In a consequence table, the identified ecological, socio—cultural and project-specific
requirements are unified to facilitate participatory target species selection (Table 4). Specifically,
the objectives of the project with respect to wildlife inclusion are listed and each species is evaluated
according to predefined criteria. For example, economic feasibility is evaluated, e.g., what are the costs
to implement and maintain specific habitat structures? In the context of wildlife-inclusive design, it is
also important to consider potential conflicts between habitat structures required by certain species and
humans using the open space, i.e., not only the species has to be desirable, but also its required habitat
structures. At the same time, potential solutions for these conflicts should be offered, e.g., pollution
of facades by birds may be avoided through the application of excrement boards. Color-coding can
then be used to identify species that have been positively evaluated with respect to most objectives.
These are the most promising target species. The final selection of target species is based on the
consequence table and the involvement of all project stakeholders.
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Table 4. Consequence table that unifies the identified ecological, socio—cultural and project-specific
requirements to facilitate participatory target species selection.

Objective Measure Species A Species B
Provide all necessary habitat Costs of different habitat structures
structures for target species (implementation and maintenance)

Conflicts between animal habitat
requirements and human open space
requirements (yes, no)

Fulfill functions of the open space
required by humans

Are there solutions available or can be
Find solutions to avoid conflicts. designed to avoid the negative effects
of a species?

Enable positive human-wildlife Observability of different species
interactions (low, medium, high)

Generate benefits for the local Regulating or cultural services
community at the project site delivered by species

Avoid conflicts between target Probability of conflict

species and humans (low, medium, high)

Protect threatened species that are Protection status (e.g., IUCN and
present at the project site country-specific species lists)
Strengthen cultural identity Local cultural/symbolic value

2.2.4. Participative Selection of Target Species

In a final step the expert professionals that are in charge of the selection process, e.g., planning
offices or nature conservation authorities, will select target species together with the developer and
the project-specific stakeholders, such as residents, architects, maintenance companies or housing
associations. The extent of participation will depend on the specific project. The main goal of
participation within wildlife-inclusive design is to increase the acceptance of wildlife and necessary
measures to support wildlife within urban areas. Whether participation will be successful in increasing
the acceptance of wildlife-inclusive design will mainly depend on the degree of empowerment
of stakeholders.

Different levels of participation can be differentiated that vary in their degree of empowerment of
stakeholders (‘the ladder of participation’, [88,89]). The foundation for any kind of participation in the
sharing of information. When participation remains at this level, it is also referred to as ‘tokenism’ as
those affected are not able to contribute to the decision making itself. In the context of wildlife-inclusive
urban design, this may include access to information about the functions of different habitat structures
for target species. A further stage of participation is consultation, where stakeholders have the
possibility to comment on plans. In the context of wildlife-inclusive urban design, the consequence
table developed in the previous step may be discussed with the stakeholders, but the final selection of
species would lie with the experts and the developer. The highest level of participation is reached
when stakeholders can use the shared information to actively engage in decision-making or in joint
development of ideas. For wildlife-inclusive urban design, this would mean the pros and cons of
different species are not only discussed with stakeholders, but the final choice would be made jointly.
As the scale and context of wildlife-inclusive urban design projects will vary, the realizable degree of
participation may vary too. The degree of participation that can be realized in a specific project may also
depend on the time scale of the project and its available budget. The participation of stakeholders goes
beyond the overall coordination of the selection process with the developer, which is not considered
participation in this context. Distinct expectations are often responsible for the failure of participation.
While stakeholders often expect joint decision-making, those in power often equate participation with
information sharing [90]. Therefore, to avoid conflicts and misunderstandings, it is necessary to be
clear about the degree of participation early on.
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3. Conclusions and Open Questions

Here we propose a conceptual framework for the selection of target species for urban development
projects that considers the socio-ecological nature of urban environments. We ensure that target species
for urban development are ecologically sensible, realizable with respect to design, feasible within the
organizational framework of the project, e.g., budget, and socially accepted.

The selection process relies on close cooperation of developers, architects, landscape architects,
and ecologists, who should form part of the design team. Some of the necessary selection steps are
already part of the normal workflows of urban development projects. For example, architects and
landscape architects commonly assess maps of the project site and its vicinity in detail during project
development. So far, however, open space was only analyzed with respect to human needs, while now
animal needs should also be considered, which requires the experience of ecologists.

We also suggest actively involving all project-relevant stakeholders in the final selection of target
species. Many of them, e.g., in particular later tenants, will be crucial for stewardship and maintenance
and thus, the long-term success of the wildlife-inclusive design. Communication with and involvement
of stakeholders has been suggested to be key for successful wildlife management in urban areas [91].
In the selection procedure proposed here, participation is based on a well-prepared pre-selection of
species that ensures that potential target species are ecologically and socially sensible and feasible.
In addition, through structured decision making the pros and cons of different potential target species
are transparently presented and based on objective and clear criteria. Thereby, stakeholders are given
a true choice between different potential species and the best possible conditions for a successful
agreement on a set of target species are given. However, in certain developments, some stakeholders
may only appear post-construction, e.g., future residents of new builds. In these cases, post-construction
information for example through educational programs may be applied [92].

More difficult may be the initial spatial localization of species through habitat types. In many
countries, land use maps and terrestrial habitat maps exist [93]. However, caution has to be taken
as land use maps represent their use for humans and may only have limited power for predicting
animal occurrences [94]. Most habitat maps are based on vegetation types and do not necessarily
reflect all habitat types that are relevant for animals. In addition, they often do not cover the whole
city area, but only selected biotopes and traditional classifications may be inappropriate in urban
environments [95]. New promising ways of capturing spatial heterogeneity of urban areas through
remote sensing approaches have been proposed [96]. Whether they can predict the distribution of
animals across urban landscapes still needs to be tested. Nevertheless, associations between land cover,
block-scale vegetation, and bird communities have been found [28]. While GIS and remote-sensing based
approaches are frequently used in conservations science to predict habitat suitability, we demonstrate
that these approaches may also be valuable tools for wildlife-inclusive urban design in the built-up
area of cities.

Built-up areas are novel urban ecosystems with no natural habitat equivalent [23]. Therefore,
we think that a target species approach is most appropriate in urban environments. Nevertheless,
as species are part of food webs, habitat for species that serve as food resources for the target species
also need to be planned for. For example, to successfully establish songbirds at a project site, habitat for
insects has to be created as well.
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Appendix A

Appendix A.1. Design and Data Acquisition

We tested the availability of data in six major German cities and their surroundings (Hamburg,
Hannover, Ingolstadt, Kaiserslautern, Magdeburg, Frankfurt) affecting eleven German federal states.
The selection of the surveyed cities was based on the availability of monitoring data from local authorities
and adjusted to represent a cross-section of different federal states. All records of animal occurrences in
a circular buffer of 50 km around the project-sites were requested from federal authorities. If the area of
investigation stretched across more than one federal state, data for these parts was requested from the
local authorities respectively. Additionally, we downloaded publicly available animal records from the
Global Biodiversity Information Facility (GBIF, https://doi.org/10.15468/d]l.dyw3ux) and requested data
from the Arachnologische Gesellschaft e.V. (AraGes). Data from federal authorities and the AraGes
cannot be published because of restriction set within the user agreement.

Appendix A.2. Data Preparation

To be able to compare and merge the data obtained from different sources, it was necessary
to standardize the records. We chose the GBIF Backbone-Taxonomy as a classification system for
taxonomic nomenclature as it is widely used, provides means to crosswalk names from one source to
another, and allows taxonomic search, as well as reporting operations in a consistent way.

In a first step, negative and false records were excluded from the data sets obtained from
governmental authorities, GBIF and AraGes. Negative records are entries in which the absence of a
species was recorded. We treated records as false records if no clear taxonomic assignment was given
or if the recorded species was not identified to at least the genus level. False records were, for example,
empty entries or species records that only specified larger taxonomic groups above the genus level.
After removing wrong and negative entries from the dataset all records were checked for misspellings
of species names with the Global Names Resolver [97] and corrected if needed.

To avoid multiple counting of a species due to species-rank synonymes, all records were checked
for nomenclatural relevance. Old names and synonyms were updated according to the GBIF-Backbone
Taxonomy using the R-Package “taxize v0.95” [98]. In the next step, the attribute tables of the
single datasets were adjusted to allow a merge of datasets from different authorities. This included
deletion of not required columns, an implementation of additional taxonomic information, as well as
a standardization of the record date. After this step, every record was attributed with the following
information: “Species”, “Genus”, “Family”, “Order”, “Class”, “Kingdom”, “Date of record”.

The preparation of the GBIF-dataset included the following steps. First, only records that lay inside
the area of investigation were kept in the dataset. Second, only records with one of the following values
as the basis of record were accepted: “Human observation”, “Observation”, “Machine observation”,
“Living specimen”. This step was necessary to clear the dataset from fossil specimens or specimens
held by collections and museums. After standardization records from local authorities, AraGes and
GBIF were merged to one dataset on which the following analysis was performed.

Some records of the federal authorities were stored in other geometry types than point format.
This was the case if for instance only coarse geographic locations (raster) or a stretch of water (line and
polygon type geometry) were given as the location of the record without a geo-referenced point locality.
For the spatial analysis, it was necessary that all records were available in point format. Following a
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recommendation of the federal authorities (pers. comm., NLKWN, Niedersachsen, 2018) all raster and
line type records were transformed into point geometries by calculating the centroids of the geometries
in Q-GIS v3.6.1 (QGIS Development Team 2019).

Appendix A.3. Spatial Analysis

Spatial analysis was carried out using the R-package “st” [99]. Regional species pools were
estimated in regular distances from the survey sites. For this, we buffered one hundred concentric
circles with growing diameters around the sites. The smallest radius was 5 km and the largest one
50 km, the remaining radii of the intervening circles were chosen to provide a constant increase in the
survey area. In total, the area ranged from 78.53 km? at 5 km radius to 7853 km? at 50 km. The species
counts within radii were calculated by intersecting buffers with the prepared species occurrence data.
In order to exclude outdated and potentially extinct populations from the analysis, this step was carried
out with a reduced data set that consisted of entries only recorded after the year 1980. The analysis
was run separately for every project site and for all taxonomic classes.

100
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=4 Arachnida
"s' [ Aves
o || Bivalvia
250 Gastropoda
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Mammalia
Reptilia
[ Other
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Figure Al. Species diversity at each project site presented as the percentage of different taxonomic
groups of the total number of species records (n). Publicly available occurrence data includes many
sightings of a plethora of taxonomic groups rather than numerous sightings of only a few attractive
and therefore easy-to-spot species.
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