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The accelerated urbanization process has caused problems such as habitat loss,
isolation, and habitat quality decline, resulting in a sharp reduction in the richness
and abundance of urban species. Constructing suitable habitat environmental
conditions is the most direct and effective way to protect animals. In urban
environment, habitat construction can be achieved by integrating species
protection and landscape planning, which is also an important manifestation
of biodiversity conservation at the ecosystem level. Understanding how to
incorporate animal habitats into city plan and design is critical and urban
planners would benefit from a review that holistically describes the steps and
methods of animal habitat constructions. We conducted a review to highlight the
animal habitats space resources and network structures. We synthesized the
findings of research studies in the last 20 years to illuminate the investigation,
assessment, planning andmanagement of animal habitats. As habitat degradation
and fragmentation in anthropogenic environments, our findings suggest city
planners should consider ecological background investigation, habitat suitability
assessment, habitat planning strategies and animal habitat management as four
key steps of mitigation to alleviate these impacts. This study will provide a useful
reference to improve animal survival quality and communication. Through this
study, the consolidated research can aid in sustainable development and
innovation to promote the ecological function of urban green space and the
harmonious coexistence of humans and animals.
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1 Introduction

With the acceleration of urbanization, a large amount of land is used for development
and construction (Fahrig, 2019). As a result, various ecological and environmental problems
have emerged, such as biodiversity loss, landscape fragmentation, ecosystem services
decline, and even regional or global environmental changes (Wu, 2010; Liang et al.,
2019). The biodiversity crisis in modern cities is mainly due to the greater degree of
habitat degradation and fragmentation (Haddad et al., 2015; Driscoll et al., 2013; Fahrig,
2003; Fischer and Lindenmayer, 2007; Laurance, 2018; Hilty et al., 2020). Habitat
degradation means that animals do not have sufficient and high-quality habitat space
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(Thomas and Blakemore, 2007; Conrad et al., 2012). Habitat
fragmentation means that the exchange of genes and individuals
can be hindered by barriers created by fragmentation (Cheptou
et al., 2017; Wang et al., 2020; Yang et al., 2021). Animal habitats
constructions in urban areas are an effective approach because they
can ensure the sufficient animal habitats, improve the quality of
animal habitats and eliminate obstacles formed between habitat
fragments (Pascual-Hortal and Saura, 2007; Albert et al., 2017;
Schwarz et al., 2017; Russo and Holzer, 2021). The construction
of animal habitats is not simply to increase the green area or improve
the connectivity of patches, but to optimize the spatial layout
through identifying suitable habitat sources and building a
reasonable connectivity network based on understanding the
habitat preferences of key species (Northrup et al., 2022), which
will give full play to the ecological service function of urban green
space as animal habitats.

At present, many scholars have conducted research on urban
biodiversity and animal habitats, including key influencing factors
(Soga and Koike, 2013; Gan, 2018) and distribution patterns
(Farinha-Marques et al., 2017), scientific assessment methods (Wang
et al., 2019), planning strategies (Xu and Shen, 2009; Ma et al., 2021; Su
and Dai, 2021), design methods and management measures (Deng
et al., 2015) and so on. Generally speaking, they focused on different
scientific questions and how to integrate all the studies above is critical.
The literature reviews on animal habitats constructions tend to be
discipline-based and urban planners would benefit from a review that
holistically describes the steps and methods of animal habitat
constructions. We conducted this review of research to highlight the

animal habitats space resources and network structures.We synthesized
the findings of research studies in the last 20 years to illuminate the
investigation, assessment, planning and management of animal
habitats. Our study will provide a useful reference for urban
planners and land managers so they can better carry out the
ecological practices to strengthen the ecosystem services function of
habitat in a metropolitan environment.

2 Methods

We reviewed papers published in international peer-reviewed
journals of the Web of Science by using the topic “animal habitat
construction” and consulting to the group composed of professionals
working in Beijing Forestry University that have diverse ecological
resource and zoological science backgrounds to summarize the content
involved in the animal habitat constructions. These ideas were then
consolidated into a scheme consisting of 4 key steps to restore and
enhance the habitat functions in cities (Table 1). We broadly categorize
these key steps as ecological background investigation, habitat suitability
assessment, habitat planning strategies, and habitat management
(Figure 1). The ecological background investigation includes animal
resources survey and environmental resources survey. Habitat
suitability assessment is based on the selection characteristics of
species on environmental factors, comprehensively evaluates
environmental factors, and finally obtains habitat suitability
classification and spatial layout, including habitat patches assessment
and connection evaluation. Habitat planning strategies can provide

TABLE 1 Literature search keywords, 2000–2023. Each topic broadly categorized under ecological background investigation, habitat suitability
assessment, habitat planning strategies, and animal habitat management and the keywords used for each topic to identify appropriate literature for the
review.

Ecological background
investigation

Habitat suitability
assessment

Habitat planning
strategies

Animal habitat
management

Bird habitat use conservation animal refuge

Mammal species priority attraction monitoring

Amphibian selection ratio planting recreation

Aquatic animals habitat potential networks disturbance

Distribution range connectivity interference

Diversity model restore manipulation

Richness suitability index natural recovery restoration

Environmental factors grade ecological corridors ecological zonation

Variables classification landscape structure adaptive management

Investigate indicators landscape composition balance

Survey habitat quality landscape configuration effect

Key species simulation habitat quality vigilance

Selection resistance surface vegetation recovery public participation

Preference dispersal movement man-made facility

Urban wildlife habitat source nest cavity

Urban animals habitat patches vest boxes

Species occurrence shape index
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animals with effective living space and communication space according
to the spatial pattern of habitat suitability assessment results, including
the habitat patches quality improvement and the ecological corridor
construction. Habitat patches should cover the main suitable habitat
patches, and the area should be able tomaintain the space requirements
of a certain number of species. At the same time, patches should be
integrated and connected to reduce fragmentation at the landscape level
and enhance connectivity to facilitate regional population exchanges.
Finally, habitat interference management and citizen science
management should be carried out to ensure that habitats are
rational and functional.

In total, we used 63 keywords in the Web of Science to identify
pertinent literature for each step (Table 1). We limited our initial
search to peer-reviewed articles, research studies, and other
publications published after the year 2000. Earlier publications
with significant findings that contributed to the review were later
included. We also include a handful of recently published articles
that were suggested by our peer reviewers. In an effort to address the
literature review topic succinctly, we narrowed the pertinent papers
down to a total of 240 papers across all 4 topics. Through this
procedure, we were able to provide a reference for future land
management decisions and highlight gaps in the literature.

3 Results

3.1 Ecological background investigation

3.1.1 Animal resources survey
3.1.1.1 Animal groups selection

Urban green spaces (Wolch et al., 2014; Li et al., 2017) is vital in
providing suitable animal habitats. There are many types of urban

animals, and their habitat requirements are also heterogeneous,
leading to the assembly of different communities in different urban
settings (Aronson et al., 2016).

First, birds, as one of the critical components of biodiversity, are
an important element of the food chains (Hedblom and Murgui,
2017). Urban birds have been widely used as environmental
bioindicators to assess habitat quality and environmental change
(Herrera-Dueñas et al., 2014; Pollack et al., 2017; Bernat-Ponce et al.,
2021). Second, small mammals, mainly as primary and secondary
consumers in food chains, also play an important role in ecosystem
cycles. They are sensitive to environmental changes, because their
habitats in cities are often fragmented or replaced by human
activities (Fernández and Simonetti, 2013; Łopucki and Kitowski,
2017). Their group size can reflect the quality of habitat and the
degree of human disturbance, and they can also be selected as
indicator groups of urban biodiversity. Third, amphibians are
animals with both aquatic and terrestrial life forms (Cayuela
et al., 2020). With a diversity of habitat requirements, they are
highly susceptible to negative impacts from habitat conditions
changes. In addition, amphibians have strong skin permeability,
so they are extremely sensitive to ultraviolet rays, chemical
fertilizers, pesticides, herbicides, etc. They can also be used as
indicator groups for urban biodiversity. Fourth, mainly as upper
organisms of the aquatic food chain, fishes have a significant impact
on the existence and abundance of other populations (Hong et al.,
2023). They are also sensitive to changes in the water environment
and can be used as indicator groups for urban biodiversity (Tonkin
et al., 2017; Lyon et al., 2019).

Therefore, this paper selects birds, small mammals, amphibians
and fishes as representatives of animal groups. Their habitats and
activity spaces cover forests, shrubs, grasslands and waters, which
can represent urban habitat types more comprehensively.

FIGURE 1
The four key steps of animal habitat constructions.
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3.1.1.2 Focus species selection
In terms of habitat construction, it is not practical to monitor or

survey every species. One or more species should be selected as
typical indicators for habitat assessment and construction
(Simberloff, 1998). Therefore, this paper adheres to the principle
of focal species selection (Lambeck, 1997; Hess and King, 2002;
Nicholson et al., 2013; Dondina et al., 2020). The selection differs
from conservation biology, which is specific to endangered or
protected species. While it is out of biological diversity
enhancement, the focus species are selected based on their
habitat type representation, conservation status, and role in
ecological balance. By protecting the habitat required by the focal
species, it extends to the most species protection in this group
(Lindenmayer et al., 2014).

3.1.1.3 Species occurrence data
Through website or literature data collation, interviews, field

surveys and other methods, we can obtain data on the types,
quantities, distribution and activity patterns of existing animal
species to understand the animal resources in the study area. The
survey methods are shown in Table 2.

3.1.2 Environmental resources survey
An environmental resources survey obtains environmental data

and clarifies habitat characteristics based on on-site investigation,
map surveying, mapping, etc. Through literature reference (Arques
et al., 2014; Bradfield et al., 2022; Callaghan et al., 2018; Cayuela
et al., 2020; Churko et al., 2020; Curzel et al., 2021; Fahrig, 2003;
Fidino et al., 2020; Fleury and Galetti, 2006; Gallo et al., 2017; Huang
et al., 2021; Lerman et al., 2021; Matthies et al., 2017; Miller et al.,
2022; Narango et al., 2017; Nielsen et al., 2014; Rico-Silva et al., 2021;
Taylor et al., 2016; Yates et al., 1997), we determined the commonly
used ecological variables around the species occurrence points, as
shown in Table 3. In addition, we can calculate variance inflation

factors for environmental variables (VIF, Quinn, and Keough, 2002)
to avoid high multicollinearity affecting analysis results (Guisan and
Zimmermann, 2000).

3.2 Habitat suitability assessment

3.2.1 Habitat patches assessment
3.2.1.1 Habitat preference analysis

Establishing animal habitats requires information about where
animals are, why they are there, and when they might be (Aarts
et al., 2008). Habitat selection studies provide insights into resource
selection at landscape scales and improve our understanding of
potential drivers of animal distributions (McIntyre, 1997; Razgour
et al., 2011). So habitat preferences analysis is critical to enhancing
the biodiversity of urban fringes’ green spaces. We can use SPSS for
statistical analysis. For example, Pearson’s chi-square test
(independence test) is used to compare the relationship between the
specific location and the land category. Multiple correlations or
regression analyses based on the generalized linear model (GLM)
are used to compare the relationship between the environmental
variables (such as green patch size and side length) and species richness.

According to IUCN Habitats Classification Scheme and land
cover map (Lumbierres et al., 2022; IUCN, 2023), from the
perspective of landscape planning and design in urban areas, we
can divide the habitats of urban animals into three types:

(1) Green space habitat: it has a certain canopy coverage, mainly
covered by trees, shrubs and grassland;

(2) Water and wetland habitat: it mainly includes lakes, ponds,
streams, ditches, etc., and the vegetation is mostly aquatic
plants such as reeds and irises;

(3) Artificial facility habitat: it is artificially placed some animal
auxiliary facilities to help animals rebuild their habitat.

TABLE 2 Animal species survey methods.

Method Object Description

Data collection The name, population, distribution area and history of the species The collection and organization of existing relevant materials. Normative
reference documents and authoritative books, such as “The Fauna of China,”
and official website such as “https://www.animalfactsencyclopedia.com/”
related to the species composition or special research aspects of the
investigation area can be consulted

Interview The name, distribution, quantity, use, and local utilization and protection
of some species

Through interviews with local residents and objects identification, the
effective information that is not disclosed to the outside can be obtained

Expert
consultation

The name, distribution, quantity, use, and local utilization and protection
of some species

The obtaining of information and advice on wildlife habitats by consulting
experts with relevant knowledge and experience, with the aim of helping to
protect habitats and wildlife

Field survey The more accurate information on species distribution and movement Based on the ground, focusing on species and environmental levels Duro
et al. (2007), Zhu et al. (2015). And it is still the mainstream survey method of
habitat resources, including transect method, sampling method, mark-
recapture, trace counting, fence traps, artificial covering, and artificial
shelters, etc.

Technical survey The more accurate information, location and movement data of species With the help of modern advanced technology, technical surveys have
broken through the limitations of time and space, and reducing the impact
on animals and their habitats Pimm et al. (2015). It can better serve wildlife
monitoring and ecosystem research, including camera-trapping technology,
voiceprint automatic recording, Global Positioning System (GPS) tracking
technology, and DNA-barcode technology, etc., Xiao et al. (2020)
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3.2.1.2 Habitat patches quality assessment
According to the results of species habitat preference analysis,

the most important factors were selected as dominant habitat
selection factors. ArcGIS can be used to preprocess data and
build related spatial layers. Then weights are assigned to each
factor, and in the current studies, analytic hierarchy, expert
consultation and CRITIC are practical methods (Dong et al.,
2013; Maleki et al., 2016; Yang et al., 2022). Finally, by
overlaying factor layers using ArcGIS software, we can evaluate
the animal habitats’ suitability. If the habitat suitability index is high,
the regional biodiversity is equally high.

In addition, we can also choose simulation model to evaluate the
quality of habitat patches. The Maximum Entropy Model (MaxEnt),
based on the maximum entropy principle and niche theory, is a
modeling method that uses mathematical models to induce or
simulate the ecological niche requirements of species based on their
specific living environment (Phillips et al., 2006). It is currently an
effective tool for predicting and evaluating the spatial distribution
pattern of suitable habitats for species. This model has a low
requirement for the independence of data and can achieve high
prediction accuracy even with a small number of distribution points
(Pearson et al., 2007; Chen et al., 2012). Researches have shown that the
MaxEnt model has significant advantages in terms of accuracy and

convenience compared to many niche models (Elith et al., 2006; Gogol-
Prokurat, 2011; Xu et al., 2015).

3.2.2 Habitat connection evaluation
Landscape connectivity refers to the degree to which landscape

influences the movement of species between habitat patches,
including structural connectivity and functional connectivity.

3.2.2.1 Structural connectivity evaluation
In terms of structural connectivity evaluation, MSPA is used to

identify regions with significant connectivity from the pixel level
(Wang and Pei, 2020; Rincón et al., 2021). Because habitats are
landscape entities with considerable range and landscape
characteristics, some quantitative information can be provided
based on landscape indicators, such as fragmentation and
proximity on the landscape spatial patterns (Zhang and Wang,
2006; Cui et al., 2020; Huang et al., 2022), which could be an
important basis for connectivity assessment. Therefore, we can use
Fragstats software and select the metrics including LSI (landscape
shape index), PD (patch density), ENN_MN (mean euclidean
nearest-neighbor distance), PROX_MN (mean proximity index),
AI (aggregation index) (Zhang and Wang, 2006; Zhao et al., 2019;
Cui et al., 2020; Huang et al., 2021).

TABLE 3 Common environment variables to investigate.

Variable type Variable name Description

Plant Coverage of tree layer Primary habitats, breeding, feeding, resting, hibernation

Coverage of shrub layer Primary habitats, breeding, feeding, resting, hibernation

Coverage of herb layer Secondary habitats, permeability for amphibians

Fallen leaf mulch Good shelter and heat storage

Diversity of tree layer Availability of space and resources

Diversity of shrub layer Food source (flower, fruit, seeds) and good shelter

Richness of tree layer Availability of space and resources

Richness of shrub layer Food source (flower, fruit, seeds) and good shelter

Richness of ground cover Food source (flower, seeds)

Average tree diameter at breast height Nesting site

Vegetation Height Influences the diversity of niches but also the availability of light

NDVI Primary productivity

Nearest distance to forest Access to terrestrial habitats

Water Soil moisture variability Physiological importance for amphibians

Nearest distance to water Access to Breeding, feeding, aquatic habitats

Nearest distance to rock-rubble-sandy ground Habitats of importance for amphibians

water body area Aquatic habitats for waterfowl, warder birds and amphibians

Terrain Slope Steeper slopes can obstruct movement for certain species

Aspect Sunny or shady slopes will affect the growth and development of species

Others Traffic volume Increased mortality

Urbanization proxy (density of buildings) Loss, degradation and fragmentation of habitats

Nearest distance to road Multiple negative effects (mortality, noise)
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3.2.2.2 Functional connectivity evaluation
However, the focus of recent studies has shifted from structural

connectivity, and not only the spatial habitats arrangement, but also
the functional connection of real biological movements and
processes (Albert et al., 2017; Matos et al., 2019; Laliberté and St-
Laurent, 2020). Graph theory is a technical approach for analyzing
the functional connectivity and ecological conservation (Urban
et al., 2009; Zetterberg et al., 2010; Clauzel et al., 2018). It
presents habitat patches in the form of nodes (Urban et al., 2009;
Galpern et al., 2011), and it is the most common and straightforward
used method for measuring and assessing various aspects of habitat
connectivity (Minor and Urban, 2008; Zhang, 2017). In graph
theory, topological metrics introduced by network analysis
methods are often used to evaluate functional connectivity
(Huang et al., 2021b), simulating the relationships between
network nodes (Nogués and Cabarga-Varona, 2014). Network
analysis metrics include network ring Path α, the mean number
of connections β, the ratio of the number of possible connections γ,
and the network density φ (Cook, 2002; Zhao et al., 2019; Huang
et al., 2021b). In the application, we can use the Conefor software
(http://www.conefor.org/) (Saura and Torné, 2009), and the
following metrics are commonly selected, including the area-
weighted flux (AWF), the overall connectivity index (IIC) and
the possible connectivity index (PC), etc. (Matos et al., 2019; Cui
et al., 2020; Guo et al., 2020; Huang et al., 2021b). Among all kinds of
connectivity indices, the Integral Index of Connectivity (IIC) and
COHESION are the most popular and suitable indices for evaluating
landscape connectivity (Saura and Pascual-Hortal, 2007; Zhang et al.,
2019). The cohesion index measures the structural connectivity of a
landscape (Zhang, 2017), and the IIC index is one of the best binary
indices for functional connectivity analysis (Saura Santiago and
lucía, 2008; Mahmoudzadeh et al., 2022).

Finally, the scientific combination of the two methods can
effectively evaluate the structural and functional connectivity
of habitats.

3.3 Habitat planning strategies

3.3.1 Habitat patches quality improvement
The existence of a habitat patch by itself does not fully guarantee

higher species richness and abundance (Watling and Donnelly,
2006; Lee and Rhim, 2017). The environment within a habitat
patch is critical to improving the habitat quality (Laidlaw, 2000;
Prevedello and Vieira, 2010). Habitat quality indicates the capacity
of an ecosystem to deliver the resources and conditions needed for
wildlife and is a crucial determinant of biodiversity (Hall et al., 1997;
Terrado et al., 2016; Aznarez et al., 2022). According to the
physiological characteristics and habitat preferences of species,
more favorable conditions should be created, and the stability of
ecological habitat structure should be enhanced, mainly including
the improvement of the quality of green space habitat, water and
wetland habitat, and artificial facility habitat.

3.3.1.1 Green space habitat
Mixed woodland with trees, shrubs and grass has a complex

plant community structure, which can provide a variety of habitats
for animals. Plant flowers, fruits, and seeds of plants are also

important food sources for animals. For example, birds like to
jump between trees to find food, hedgehogs tend to move in
bushes, and frogs need the abundant grass to shade. Therefore,
green space habitat should avoid increasing the density of single
plant species and planting structure, which would result in biotic
homogenization. Such habitat cannot support the needs of various
animals (McKinney, 2002; McKinney, 2006; Choudaj and
Wankhade, 2022).

① Native plants selection

The current studies (Potgieter et al., 2017; Potgieter et al., 2019;
Langmaier and Lapin, 2020; Choudaj and Wankhade, 2022) find
that increase in the richness and diversity of native species increased
the richness and diversity of animals. In the same case, a decline in
the richness of animals as an increase in the density of exotic plants.
Exotic species can replace native species and lead to loss of local
biodiversity (Florianová and Münzbergová, 2017). In particular,
they can destroy native habitats, limit biodiversity by reducing
breeding, nesting and foraging space, and alter prey-predator
relationships. This is because exotic plants do not satisfy the local
habitat selection mechanism and do not have the structure
adaptation. While native plants require little maintenance so that
they can save money and water. They are less sensitive to local
weather and rarely invasive so that they are a better food source for
native animals (Mohammad et al., 2013). At the same time, tall
native plants with thick trunks and dense foliage, are also good
places for animals to hide from natural enemies and build nests.
Therefore, native plants are the preferred plant types for restoring
natural habitats.

② Multi-layer planting

Vegetation composition is a major factor in animal habitat
selection in urban environments. Building a multi-layer plant
community structure with an “arbor-shrub-herb” transition can
provide animals with various ecological niches and positively impact
animal habitats.

(1) Arbor forest layer

Maintain the forest core area. A large area of forest core area is
important. Many previous studies have shown that populations
persist longer in larger patches of suitable habitats than in
smaller patches (Stacey and Taper, 1992; Capizzi et al., 2003;
Jorge, 2008). Because these species require large areas of
woodland to establish breeding grounds, build nests and raise
young. In urban environments with high human influence, the
minimum size of a circular forest is 3.1 ha and that of a square
forest is 4.5 ha. The forest cores are not only essential for protecting
habitat, but also play a vital role in dispersing seeds, maintaining
populations and gene pools, and sustaining life cycles (Cho
et al., 2021).

Keep the fallen and dead leaves. The rich vegetation cover of
woodlands will shed a large amount of litter in autumn and winter,
and a particular area of fallen and dead leaves should be reserved,
with some small stones used to form caves or gaps. It can provide
refuge for frogs, and the soil layer under the fallen leaves is relatively
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cool and humid, which is beneficial for frogs to dig and live and keep
their bodies moist. The fallen and dead leaves is also an excellent
habitat choice for arthropods andmolluscs, and can be food of birds,
small mammals and amphibians.

Preserve the dead and fallen trees. People often like to remove
old trees, including dead branches. Because their poor health affects
the aesthetics of the landscape, but these trees are important for
nature conservation because the removal of old dead trees will
exacerbate forest degradation and cause ecological imbalance, and
they are also suitable habitats and shelters for animals (Oleksa and
Gawronski, 2006; Oleksa et al., 2013; Horák, 2017). For example, the
larvae of termites and certain beetles feed on broken branches and
low tree branches, and they can become food for animals such as
birds, hedgehogs, and squirrels (Fergus, 2019). Hollows of various
sizes may form in dead or aged tree trunks and branches, which are
valuable homes for wildlife. Many birds and mammals use burrows
for nesting, rearing young, resting in cold or stormy weather to store
food, hiding from predators, or hibernating.

For over-dense woodlands, the gaps are equally important.
Because the gaps between the woodlands can not only provide a
resting place for flying birds, but also allow sunlight shine directly on
the ground, promoting the growth of low-level shrubs and grasses
(Niu et al., 2021). The plant community has sufficient growth and
natural succession space. Their wide leaves and dense branches can
protect young animals from predation, as well as, flower buds and
berries and attracted insects are also a good source of food for them.

(2) Shrub layer

The shrubs and grasslands mainly distribute on the edge of
woodlands and open spaces, steep slopes of mountains, and
demolished plots with poor soil (Niu et al., 2022), it is necessary
to reduce intervention and create a natural community of multi-
layered shrubs with different densities and heights.

Appropriately increasing the number of fruit-bearing tree
species in early spring and winter (Zhou et al., 2018; Niu et al.,
2022), and more functional plants such as jujube (Ziziphus jujuba),
hairy cherry (Prunus tomentosa), Vitex (Vitex negundo), large
flowered vetch (Vicia bungei), etc. are supposed to be planted.
Their nuts, berries, and insects that spread pollen and nectar in
the forest are important food sources for birds, small mammals and
amphibians (Sulaiman et al., 2013; Bergner et al., 2015).

Planting low shrubs with clump-like plants and dense branches
and leaves is an excellent place for animals to build nests and avoid
natural enemies (Rhim et al., 2015). Scattered stones are piled up
around the shrubs, and the surrounding soil environment is
loosened, which can create the shaded and moist terrestrial
environment for amphibians to hide and overwinter.

(3) grassland layer

The grassland is a significant habitat for insects. Thus it is also an
important predation area for insectivorous birds, herbivorous seed
birds, small mammals and amphibians (Murgui, 2009; Pithon et al.,
2021). A variety of grass species should be selected. The common
types are cool-season grasses and warm-season grasses. Warm-
season grasses have stiffer stalks that are less likely to be
overwhelmed by snow, providing shelter in winter and nesting

space in spring. However, the warm-season grasses germinate late
in early spring, but the cool-season grasses can be planted as food
supplements and temporary shelters for small mammals and
amphibians before the warm-season grasses starting to grow or
after the dormancy period (Wang, 2021). In addition, wild flower
seeds can also be sown to increase the richness of the
grassland further.

The grassland habitat with variable micro-topography can
produce different light, water and soil conditions locally, and
promote the generation of differences in plant communities,
which is conducive to enhancing the richness of animals. The
large flat lawns should be avoided. On the contrary, micro-
terrain design can be used to create belt-shaped valley spaces and
shallow pits on the ground, where rainwater can gather to form
various seasonal water bodies such as puddles and streams. Studies
have shown that frogs and toads such as philodendron have a high
hatching rate in seasonal water bodies at a depth of 3–4 cm (Lin
et al., 2018).

(4) Aquatic and wet plants layer

For wet plants in the water, from the shore to the water, it is
advisable to follow the plant mix of “terrestrial trees, shrubs and
grasses - wet plants - emergent plants - floating plants - submerged
plants.”Water-resistant reeds or multi-branched shrubs are planted
in nearshore mud pools to provide breeding places for birds. The
growth of emergent plants provides hiding space for amphibians
and small mammals to breed and feed. The floating and submerged
plants can become food for plankton and aquatic insects, eventually
food sources for amphibians. The overall water area should maintain
a relatively large aquatic vegetation coverage, providing a large
hiding space and a sufficient area of resting spots for birds and
amphibians, as well as (Babbitt and Tarr, 2002; Hartel et al., 2007)
preventing amphibians from being exposed to excessive ultraviolet
rays after landing (Wu et al., 2011). However, the vegetation cannot
completely cover the surface of the pond, because the complete
coverage of vegetation reduces the water temperature and dissolved
oxygen concentration, leading to a reduction in the number of algae
and epiphytes in the water, thereby reducing the food source and
foraging success rate of amphibian larvae (Skelly et al., 2002; Maerz
et al., 2005; Thurgate and Pechmann, 2007).

③ Plant protection

The plant protection for habitats can determine whether habitat
patches quality has achieved the target, and intervene or modify the
strategies based on long-term monitoring results to maintain the
interests of the site. First, from the perspective of protecting animal
food sources, nest sites, shelters and large-scale non-directional
insect removal operations should be avoided in near-naturalized
habitats, and tree holes should not be blocked. Excessive pruning
should only be done on necessary roads (Yang et al., 2023). A low-
disturbance method should be adopted to protect the self-growing
ground cover plants, simulating the form and community structure
of natural secondary forests, shrubs and grasslands (Xian et al., 2020;
Zhou et al., 2018). Second, the healthy growth of plants is an
important basis for ensuring the stability of animal habitats. The
monitoring content of vegetation growth includes whether the
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branches are strong, whether the leaves are whole in color, whether
there are dead and diseased leaves, etc (Yin et al., 2017). The plants
with weak growth should be updated and replaced in time.

3.3.1.2 Water and wetland habitat
Water is the most important habitat type for animals to survive,

as well as humans. All animals require the consumption of water to
survive and reproduce. And they prefer to choose the area close to
the water source as their habitat (Zhang et al., 2017). Therefore, the
design of water bodies and their surrounding environment is
particularly important.

① Shaping diverse water forms

Firstly, water bodies with irregular shorelines attract more wildlife.
Creating diverse water forms such as rivers, lakes, islands, beaches, pits,
and ponds, as well as different slopes and water depths of river banks,
can create rich water environments andwater landscapes to increase the
diversity of water habitats (Lin et al., 2016). Secondly, the larger the
water body area is, the more likely it is to support more plants and
wildlife. However, when the water area exceeds a certain level, it is
advisable to build islands, which are essential habitats and stops for
wetland birds (Li et al., 2014; Yuan et al., 2021). Thirdly, the water body
slope is also a significant habitat space. During the low water level
period, a larger area of land will be exposed above the water surface,
showing a mud-like shape and providing a substrate for the
germination and growth of wetland plants. For most wetlands, a
slope of 1:10 is suitable (Fergus, 2019; Wang, 2021). A gentle slope
can make it easier for amphibians to enter and exit the wetland and
make it easier formammals to drinkwater (Huang et al., 2018). In order
to increase diversity, different slopes can be designed in other wetland
areas, but most slopes should be natural and gentle (Fergus, 2019).

② Creating a water buffer zone

The hard river banks should be naturalized, and the near-water
area should be transformed into the grass and scrub habitats to
restore the aquatic ecosystem by reducing erosion and stabilizing the
revetment. First of all, grass, wildflowers, shrubs and trees are
planted on both sides of the water body as a buffer zone. The
width of the buffer zone can be set between 7 and 15 m or even
wider, which can intercept runoff, control soil particles, chemicals,
pollutants, etc. from entering the wetland, and protect the wetland
from the sediment or pollutants of surface runoff (Fergus, 2019).
Secondly, the buffer zone can also be used as a moving corridor and
breeding area for wild animals, especially to create extremely
favorable habitat conditions for wild waterfowl animals, and
some mammals also like to move in the riparian zone (Fergus,
2019). Thirdly, a certain buffer area of exposed mudflats is needed.
Because this type of shoreline can effectively meet the avoidance
needs of small and medium-sized frogs during the day (Li, 2018; Lin
et al., 2018). In winter, amphibians can also dig holes in the mud
pool sediments for hibernation.

③ Retaining small water bodies

Small water bodies, such as ponds, make up a large proportion of
the global freshwater surface (Downing et al., 2006). Given their

ubiquity and variability in habitat types, ponds are considered “key
systems for biodiversity conservation” (Oertli, 2018) and support
greater diversity than similarly sized rivers and lakes. Because they
can serve as shelters and corridor/stepping stone connectors (Le Viol
et al., 2012; Maynou et al., 2017; Davies et al., 2008). Evidence from
urban small water ponds suggests that they support a remarkable
diversity as a miniature life network (Bishop et al., 2000; Le Viol
et al., 2009; Hammer et al., 2012; Hassall and Anderson, 2015; Hill
et al., 2017; Meland et al., 2020). Thus, retaining small water ponds
can maintain or promote regional biodiversity by providing
additional habitat. At the same time, you can put stones and
sunken wood in the pond to attract amphibians to breed, and to
attract birds to stop and rest.

④ Water protection

Animals usually use water bodies as the main space for feeding and
drinking, and some birds and amphibians use aquatic plants and other
materials for nesting on the water’s surface. Therefore, conservation
methods such as salvaging aquatic plants and spraying pesticides in the
park to keep the water clean should not be completely applied. Instead,
pollution discharge should be controlled from the source, and the
degree of manual management should be reduced. The self-purification
ability of the water body should be restored to maintain the integrity of
the aquatic ecosystem.

In addition, numerous studies indicate that regular management
of ponds is critical to maintaining their biodiversity conservation
function (Briers, 2014; Hassall and Anderson, 2015; Holtmann et al.,
2018). Fish stocking, eutrophication, and woody overgrowth should
be avoided in these ponds. The connectivity of the existing
stormwater network can be improved by creating new ponds,
which can be built from water bodies that can serve as stepping
stones. General stormwater pond management strategies include
maintaining ponds during early successional stages to facilitate the
emergence of pioneer habitat specialists (Holtmann et al., 2018)
through sludge prevention of terrestrialization and logging of woody
plants along shorelines to provide sunny microhabitats. These
practices also increase the macrophyte diversity and enhance the
aerobic decomposition processes to counteract eutrophication
(Sayer et al., 2012; Deacon and Samways, 2021). In addition, they
conform to a reconciliation ecology since they help maintain the
ponds’ technical function (Šigutová et al., 2022).

3.3.1.3 Artificial facility habitat
Another method to help mitigate habitat loss from urbanization

is to use artificial structures to create new refuges and attraction
facilities for animals. Humans can temporarily provide a range of
different types of facilities, such as nest boxes, bat boxes, insect
hotels, toad houses, etc. (Gaston et al., 2005; Davies et al., 2009), to
introduce or translocate species, andmonitor species abundance and
distribution (Beyer and Goldingay, 2006; Williams et al., 2013;
Goldingay et al., 2020). Obviously, any facility’s physical
structure should meet the focal species’ requirements.

① Artificial nest boxes

Artificial nest boxes are built for animals, allowing animals to
rest, reproduce or avoid natural enemies. For small mammals such
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as hedgehogs, they prefer to build nests in hedgerows and woodlands
(Haigh et al., 2012; Bearman-Brown et al., 2020), because the nests
built under the shelter of the ground can reduce the risk of detection
by predators (Evans et al., 2002), and also protect them from adverse
weather conditions, such as reducing rain, wind and direct sunlight
(Jackson and Green, 2000). At the same time, hedgehogs are
sensitive to changes in the microclimate inside the nest: high
levels of humidity can cause the decay of nesting materials
(Morris, 1973), the presence of parasites (Heeb et al., 2000) and
impaired evaporative heat mechanisms in animals (McComb et al.,
2022). During their hibernation, low temperatures in the nest would
accelerate individual heat loss and lead to rapid depletion of fat
stores (Soivio et al., 1968; Jansen, 2004; Gazzard and Baker, 2022).
Therefore, when setting up artificial nest boxes, the leaves of broad-
leaved trees are preferred because they can be “woven” to form a
layered structure, which is believed to maintain the temperature
inside the nest and gas transfer (Gazzard and Baker, 2022). Second,
nests are placed in sheltered places, such as under shrub cover. The
distance between nests varies between 2–323 m (Jensen, 2004;
Yarnell et al., 2019). Third, bedding materials such as leaves, hay,
or shredded newspaper inside the nest box had a significant positive
effect on resting but a (non-significant) negative effect on
reproduction. This is because females with dependent young are
susceptible during breeding. Pregnant females may interpret the
presence of bedding if their nest is disturbed as an indication of other
hedgehogs, and the mother may abandon the breeding nest or kill
the young (Gazzard and Baker, 2022).

For the design of artificial nest boxes for birds, the shape and size
need to be determined in conjunction with the size of the target bird.
The materials generally use wood, clay, etc., which are functional
and durable. The served birds are secondary-cavity nester birds that
use existing caves as nest sites. The nest box style and layout area
should be determined according to the ecological habits of the
species. For example, the nest boxes of Beijing swifts and barn
swallows are arranged on building facades, and the nest boxes of
mandarin ducks and woodpeckers are hung on tall trees.

② Dead hedges

Dead hedges are piled up with stones, branches, etc. to form a small
porous ecological environment. The interior isfilledwith soil with seeds,
and thorny vines are planted to protect the plants in the pile from
herbivores. Dead hedges are equivalent to a kind of “artificial bushes,”
which can be set up in open areas lacking hidden spots and understory
spaces lacking bushes, providing shelter for birds and small animals.
The common size is 6 m*6 m wide and 1.2–2.4 m high. It consists of a
three-layer structure: the substrate layer, the middle layer and the top
layer. The substrate layer is made of wood, wood stones and plants
arranged in a grid, or the stones are arranged in a triangular shape. The
middle layer is made of small pieces of branches and sticks stacked
repeatedly, and the top layer is covered with thorny vines or branches.
Dead hedges should be arranged at a distance of 10–45 m so that nearby
animals can quickly reach and use them (Wang, 2021).

③ Rock piles

Rocks add important cracks, cavities, and other structures to
habitats that provide cover for animals. Rock squirrels are

especially fond of rock structures. They are good at climbing
and jumping on undulating rocks. In natural environments, rock
squirrels also eat, rest or groom on rocks. Weasels and hedgehogs
also roost and breed in caves or rock piles. Placing rock mounds
in scrubland, fences, or wetland revetments can create a very
important structural element for habitats, which can also be
supplemented by planting some food-producing vines or
shrubs between the rocks (Fergus, 2019). Some amphibians
like to hide in aquatic cave environments. Stone slabs can be
built in places with sufficient water sources to create dark and
hidden spaces, such as caves and rock crevices, which are
convenient for amphibians to survive and reproduce.

3.3.2 Ecological corridor construction
3.3.2.1 Ecological corridor location

Ecological corridors (ECs) have been identified as one
conservation tool to provide linkages or restore connections
between isolated ecological spaces in human-modified
landscapes (Matthews, 2008) to solve ecological fragmentation
problems and maintain biodiversity. Methods for constructing
ecological corridors include minimum cumulative resistance
(MCR) models (Pirnat, 2000; Dong et al., 2020; Xiao et al.,
2020), least cost paths (LCP) (Adriansen et al., 2003; Zhang
et al., 2019; Morandi et al., 2020), circuit theory (McRae et al.,
2008; Song and Qin, 2016) or landscape indexes (Xiao et al., 2020).
A small number of studies have developed new tools, such as
Moreno et al. (2020), by applying GIS, GPS and the Normalized
Difference Vegetation Index (NDVI) derived from Santinel-2 to
determine vegetation cover, chlorophyll activity and plant vigor to
identify the potential of green corridor. Many studies (Rudd et al.,
2002; Kong et al., 2010; Yang et al., 2017; Zhang et al., 2019; Zhao
et al., 2019) applied the Gravity Models to simulate the interactions
between nodes connected by corridors, whereby the priority of
these corridors could be determined.

3.3.2.2 Ecological corridor width
The ecological corridor is not a line but a strip space containing

the ecological land along the central line. Although there are several
methods to determine the location of ecological corridors, in
practice, the width of ecological corridors still needs to be
improved. Their boundaries are often subjectively identified or
estimated (Avon and Bergès, 2016; Liang et al., 2018; Dong et al.,
2020). According to the research of Shen and Wang (2022), five
indicators are selected from the following three dimensions as the
key factors that significantly affect the width of ecological corridor
construction (Table 4). 1) The inherent characteristics of ecological
corridors, including path length and the capacity of connecting
important ecological spaces; 2) The internal conditions of the
ecological corridor, including the number of ecological spaces
and the ecological functions on the path; 3) The external
environmental factors of the ecological corridor, including the
land use types along the path.

In addition to being affected by the above indicators, the
appropriate width of the ecological corridor should be limited to
a certain range. According to the landscape ecology, ecological
corridors with widths>12 m and with tree, shrub, and grass
structures are considered to have ecological significance.
These qualities are also necessary for species living within
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them (Shen and Wang, 2022). Therefore, 12 m is the minimum
effective width of the ecological corridor. Generally speaking, the
wider the ecological corridor is, the better the internal habitat
quality is, and the greater the overall ecological benefits. However,
the corridor cannot be as wide as possible, due to the consideration
of land use, cost economy, and species spanning range. According
to the studies on ecological corridor planning and design (Zhu
et al., 2005; Teng et al., 2010; Zhang et al., 2017; Xiao et al., 2020),
we found that 1,000 m is an appropriate width for ecological
corridor planning within the urban-rural gradient in China.
Therefore, in this paper, the width of the ecological corridor
can be between 12 m and 1,000 m.

3.3.2.3 Stepping stone network
Stepping stones are small habitat patches that have crucial

ecological linkage functions. Although these landscape patches
are small and have weak ecological functions, they can serve as
transfer stations for biological migration and become an important
part of the ecological corridor network (Baum et al., 2004).
According to the range of potential ecological corridors, we can
use ArcGIS’s “overlap” tool to screen the stepping stones in buffer
zones of habitat sources and potential corridors. Then, the stepping-
stone network can be built with the Build Network and Map
Linkages tools in Linkage Mapper (Zhang and Song, 2020). The
network simulates biological communication between important
habitats and stepping stones. Finally, the stepping stone network is
embedded in the ecological corridor network to form a multi-level
network structure. This network structure delineates the
connections between landscape patches in the area (Wang
et al., 2022).

3.4 Animal habitat management

Nowadays, most habitat designs are difficult to play a
substantive role or exert ecological benefits in the long run. An
important reason is the lack of habitat management, which requires
the joint efforts of the whole society. Habitat management can
monitor and give feedback on the rationality of habitat construction,
help designers or managers improve the habitat environment, and

provide more experience for future biological protection work. In
the study, it is divided into two parts.

3.4.1 Interference management
The urban environment is the home where humans and animals

live together. But human activities may cause disturbances in many
species’ predation, foraging, and mating activities (Bateman and
Fleming, 2014; Mikula et al., 2018; Gallo et al., 2019). Previous
studies have found that many animals tend to avoid human
interaction and prefer habitats with lower human population
densities (George and Crooks, 2006; Gehrt et al., 2009).
Therefore, we need to control the type and intensity of people’s
activities.

3.4.1.1 Zoning of source protection
In general, the “one-size-fits-all” approach of the functional

positioning leads to little practical significance. Depending on the
species and environmental factors in the area, the functional
orientation of the habitat should also vary. The precedence
principle (Minor and Urban, 2008; Liang et al., 2018) is used to
identify priority areas for animal habitat conservation, as described
below. With large amounts of human infiltration into natural green
areas, protection in the form of protected areas alone cannot be fully
effective (Nori et al., 2015). The presence of sufficiently wide buffer
zones and the concentration of pedestrian traffic is proven to be
more effective in protecting urban biodiversity.

In order to balance the needs of animal habitats and human
activities, it is necessary to delineate areas with different
development intensities. According to the evaluation results of
habitat suitability, 1) Set the area with concentrated distribution
of animals and high suitability in the habitat network as the core
habitat areas. The core habitat areas provide suitable habitat
conditions for the survival and reproduction of animals. At the
same time, it is also the core area of animal protection and strictly
restricts construction and interference from human activities; 2) Set
up areas with low animal distribution density, low habitat suitability
and non-moving paths as ecological recreation areas. Based on the
low intensity of recreational activities and damage to the ecological
background, various recreational services should be created as much
as possible to balance ecological habitat protection and recreational

TABLE 4 Impact index system of the width of urban ecological corridors (Shen and Wang, 2022).

Evaluation base
(Identified key
attributes)

First-level
index

Second-level index Description and influencing way Quantification
methods

Length Connectivity Inherit feature Structure: Path length The length of the potential path, positively correlated
with its width

MCR model

Function: Ability to connect
important ecological spaces

The functional importance/connectivity, positively
correlated with its width

Gravity model

Patch Composition Internal
condition

Structure: Number of
ecological spaces on the path

The degree of the fragmentation of ecological spaces on
the path, positively correlated with its width

MCR model

Function: Ecological function
of ecological spaces on the

path

The overall capacity of multi- ecosystem services
provided by ecological spaces on path, positively

correlated with its width

MESC index

Matrix barrier External
environment

Function and structure: Land-
use pattern along the path

The cumulative ecological resistance of surrounding
land uses, negatively correlated with its width

MCR model
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functions. 3) The ecological buffer zones between the core habitat
areas and the ecological recreation areas buffer the interference of
human activities in the core habitat area. It is the primary place for
urban residents to observe, experience nature, and carry out popular
science education.

3.4.1.2 Classification of ecological corridor
① Determine the backbone of the corridor

The corridors most frequently used by animals were calculated
using the kernel density model (Teng et al., 2011) and identified as
backbone corridors, constituting the ecological corridor network.
The kernel density distribution is a spatial analysis method. It
calculates the distribution density of event points in the adjacent
space, which can directly reflect the aggregation or discrete
distribution characteristics of point groups (Yang et al., 2022).
The kernel density analysis provides information about the
density of each corridor, with larger values indicating the most
likely path animals would have traveled, and it is used to estimate the
distribution and habitat range of animals (Worton, 1989; Feberg,
2007; Li et al., 2010; Teng et al., 2011).

② Corridors classification

Corridors are classified according to objectives of city planning
and the balance of ecological protection and economic development.
This is necessary to adapt ecological corridors to limited land and
financial resources. Referring to the definition of corridor
classification and the trend of diffusion of animals between
corridor nodes (Yang et al., 2022), corridors are divided into
three levels to correspond to three ecological security levels:
primary corridors, secondary corridors, and tertiary corridors. 1)
The primary corridor has the largest core density and the widest
width, connecting many important large-scale ecological spaces,
most of which are located in areas with fewer human activities and
disturbances. It also assumes diverse functions for ecosystem
services, such as shaping the landscape, connecting the source of
habitat and adjusting the microclimate. 2) The secondary corridor
has the second highest core density and broader width, which
connects stepping stones. 3) The tertiary corridor has the most
negligible core density and the narrowest width. It connects more
ecological spaces in the green space on the edge of the city and can be
built as traffic green belts or scenic trails. The ecological culverts,
ecological overpasses and other structures can be used to guide the
safe migration of species on both sides of the road to prevent
interruption of landscape flow and ecosystem service flow. It can
also be combined with leisure greenways or short-distance leisure
places for urban residents.

3.4.2 Citizen science management
Citizen science is led by scientists in academic, government,

nonprofit, or commercial organizations and is conducted jointly by
professional scientists and paid technicians or students (Nichols and
Williams, 2006; Sullivan et al., 2009; McCormick, 2012; Hemmi and
Graham, 2014; McKinley et al., 2017). Volunteers help to generate
scientific information for conservation scientists, natural resource and
environmental managers, and other decision-makers. Or stimulate
public input and participation in natural resource and
environmental management and policy-making. Citizen science has
emerged as a powerful tool for addressing many of the challenges
environmentalists face (McKinley et al., 2017; Table 5). For example,
citizen science is being used to understand the effectiveness of urban
wildlife habitats (Mowry et al., 2021) by collecting big data from citizen
scientists. These data can be used to implement adaptive management
in response to uncertainty caused by environmental changes, improved
samplingmethods, and species adaptation (Richardson et al., 2020).We
advocate adopting an adaptive management strategy, establishing a
long-term data network, and revising management plans annually
based on modeling results. With the latest species and
environmental information, policymakers can adjust their
management strategies, remain flexible, and respond to changes in
the urban environment and the species they monitor.

4 Conclusion

Constructing suitable habitat environmental conditions is the most
direct and effective way to protect animals. In this paper, we synthesized
research from a variety of environmental fields and consolidated the
findings to act as a reference for future planning, management, and
policymaking in city. This paper has three implications for the
construction and research of urban animal habitats. 1) In terms of
resources investigation, variousmethods are used to obtain data, such as
data collection, interview, expert consultation, field survey and technical
survey. The accuracy and richness of multi-source data can provide
reliable basic support. 2) In terms of evaluation and planning, the
hotspots of animal distribution and the suitable patches evaluated by the
model can be combined to delineate the specific spatial range of source
areas and ecological corridors. The habitat characteristics of animals’
preferences are an important basis for habitat construction. And on the
basis of satisfying the green coverage and the plants ecological function,
highlighting the dominant position of animals in green space is the
critical way to ensure the success of habitat construction. 3) Finally, in
terms of habitat management, by encouraging positive human
intervention and avoiding negative behaviors, the balance between
humans and animals can be realized to achieve the maximum
function and sustainability.

TABLE 5 Projects types and contents of citizen science management (McKinley et al., 2017).

Management type Public participation

Species management Providing information on species abundance, distribution, phenology, and behavior

Ecosystem services management Providing resource valuation; mapping ecosystem services

Invasive species control Providing real-time monitoring (an early-alert system)

Pollution detection and enforcement Providing information on water and air quality
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Overall, our review has highlighted the 4 key steps of animal
habitat constructions throughout recent literature to create a
blueprint for future development and management. However, to
incorporate these benefits into urban green space, further researches
are needed to construction methods. For example, regions can use
their own multi-source data to draw habitat maps, explore and
evaluate the suitable habitat region by combining geographic
information systems and biodiversity research, which can provide
scientific basis for biodiversity protection and urban ecological
planning. Besides the important habitat sources under centralized
protection, we also need to pay attention to small and micro green
spaces, brownfields and green roofs, etc., and actively call on
community residents to share the responsibility for daily
management and maintenance. In addition, the current literature
focuses on the scientific research of a single species or a single animal
group. And each species is part of the ecosystem and there are
fluidity and integrity in the ecological cycle. Future research studies
need to consider the ecological relationship between species and
explore the construction models and methods of urban composite
habitats from the perspective of integrating multiple species.
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