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Reconstruction of Urban Wilderness Habitats Based on Vegetation Rewilding:
Taking Wildflower Meadows as an Example
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ABSTRACT

Fragments of wilderness dominated by natural succession
exist in urban environments, and play a critical role in
protecting biodiversity, supporting urban ecological
processes, and connecting human beings with nature.
Urban vegetation rewilding is a key approach to restricting
urban wilderness by restoring the species composition,
community structure and functions, eventually towards a
self-maintained vegetation community. This paper, taking
wildflower meadows as a reference, establishes a technical
framework of urban vegetation rewilding by leveraging
ecological flows and adopting quasi-nature design with
minimum interventions. The framework covers 5 aspects,
namely self-design, micro-topographic design, quasi-
nature design, collaborative symbiosis design between
plant community and keystone animal species, and design
with natural materials. Studying the green space along the
northwest lakeside of the Shuangguihu National Wetland
Park in Liangping District, Chonggqing, this paper provides
a scientific guidance and technical paradigm for vegetation
rewilding and urban wilderness restoration in the complex
context of natural-artificial urban landscapes.

KEYWORDS
Urban Wilderness; Urban Plant Landscape; Rewilding;
Habitat; Herbaceous Communities; Wildflower Meadow
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1 Urban Wilderness and Rewilding

Wilderness refers to a large area of unmodified or slightly modified earth
surface retaining its natural character and ecological processes. Wilderness
plays a critical role in the conservation of biodiversity and natural heritages"!*,
and no additional or minimum human-made investment is needed to sustain
its ecosystem and ecosystem services'”. Wilderness connects human beings
with wildness, and is a significant element in culture, morality, and religion

W51 VWilderness brings considerable ecological,

for its spontaneity and vitality
economic, and social benefits, but is undergoing rapid degradation or even
disappears due to intensive human activities like farming, logging, mining, and
urbanization'*'"”’,

Fragments of wilderness exist in highly artificialized urban environment as
well. Urban wilderness, manifesting the nature scattering among constructed
systems, includes the highlands or valleys in the cities or suburbs with poor
accessibility, or the idle or abandoned water bodies, forestlands, farmlands,
and industrial lands (including wasted mining pits). The composition and
natural succession of the biotic communities in the wilderness are free
from human intervention for a certain length of time"®. Compared to well-
maintained landscapes, urban wilderness landscape provides better ecosystem
services such as purifying air, water, and soil, and delivering more benefits
for human health”. The scattering pattern of urban wilderness enhances the
continuity and efficacy of urban ecological infrastructure. However, as the
land is growingly developed during the urbanization, policies and measures
on wilderness protection, regulation, and compensation are inadequate, and
the public’s aesthetics that admire cleanness and order remains negative
about wilderness'"”. As a result, urban wilderness increasingly degrades and
disappears.

Under long-term intensive management and maintenance, urban green
spaces often appear homogenous, with low biodiversity, poor structures
and ecological services, as well as high resource consumption. In such a
context, the concept “rewilding” was proposed which advocates replacing
human intervention with natural restoration on degraded communities so as
to reconstruct the species composition, structure, and functions of them!"",
Urban vegetation rewilding is a key approach to restoring urban wilderness,
improving urban ecological networks of wilderness—artificial green spaces,
and building sustainable landscape systems that require little maintenance and
perform stronger sustainability and resilience.

Since the 1990s, scholars from West Europe and North America started
the studies on urban vegetation rewilding, which have shifted its focus to the
management and application of spontaneous vegetation. In 19935, Joan Iverson
Nassauer published the paper “Messy Ecosystems, Orderly Frames,” which
recognizes the ecological functions and aesthetic values of urban spontaneous

plant communities'"”’. Norbert Kithn came up with the design strategy that
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optimizes urban landscapes with spontaneous vegetation'"’. This strategy has
been applied in worldwide projects like Landscape Park Duisburg-Nord and
Carl-Alexander Park in Germany, High Line Park in the United States, and
Jiangyangfan Eco-Park, China.

However, vegetation rewilding approaches that minimize human interventions
and use spontaneous plants see limitations such like uncertain and long-time
succession of communities, poor stability of vegetation structure and functions,
and low landscape attractiveness'"’’. New approaches to urban vegetation
rewilding are required to build appealing wild plant communities with a directed
succession and in an efficient way. In recent years, more and more restoration
design practices of urban rewilded landscapes stimulate natural wildflower

14 which have stable community structures, visual attractiveness,

meadows
and diverse ecosystem services'"'. On this basis, this paper, taking wildflower
meadows as a reference, proposes the methods to rebuild urban wilderness

with minimum interventions, and establishes a technical framework of urban
vegetation rewilding by leveraging ecological flows and adopting quasi-nature
design. Studying the green space along the northwest lakeside of the Shuangguihu
National Wetland Park in Liangping District, Chongqing, this paper provides

a scientific guidance and technical paradigm for vegetation rewilding and

urban wilderness restoration in the complex context of natural-artificial urban

landscapes.

2 A Technical Framework of Urban Vegetation Rewilding: Wildflower
Meadow Restoration

Based on the landscape and ecological mechanism of the wilderness, the
primary technical objective of urban vegetation rewilding is to analyze the species
composition, structure, and ecological functions of wild plant communities,
imitating their structures and functions to achieve a self-maintained urban
vegetation community along natural succession and ecological flows. Illustrating
with a case of wildflower meadow restoration, this paper comes up with the key
procedures of urban vegetation rewilding (Fig. 1): 1) regulating ecological flows
to drive the self-design of plant communities; 2) using micro-topographic design to
improve habitat heterogeneity, as well as the wind and hydrological seed dispersal;
3) mimicking the community structure of wildflower meadows; 4) establishing the
collaborative symbiosis between plant community and keystone animal species; and 5)

combining the design with natural soft materials, e.g., woody debris and rocks.

2.1 Self-design

One of the best management practices of the wilderness is to identify the
protection boundary and develop benign neglect strategies so as to reduce human
management and promote natural succession'' """, Rewilded plant community
can be designed to improve its self-design capacity for self-maintenance in the

following ways:
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1. The technical framework of urban vegetation rewilding
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Mosaic complex of rewilded plant community

1) Selecting self-sown species: Species that can hardly plant or establish
itself would be eliminated soon in urban wilderness when human intervention
is minimized. Self-sown herbaceous species can be dominant in space and
resources, maintaining the stability of community composition and structure
against invasive species. Self-sown species can provide important germplasm for
urban vegetation rewilding. Their seeds survive as parts of soil seed bank that
restructures the ground vegetation after natural disasters or secondary disasters.
Via wind, water or animals, these seeds can disperse to other urban habitats
such as forests, wetlands, terraces or rooftops, sidewalks, and cracks of stone

walls, resulting in the migration and colonies of rewilded meadows.
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2) Reserving room for spontaneous plants: Spontaneous plants are robust
in urban environments, and play an important role in urban biodiversity and
urban rewilding. Establishing a mosaic pattern of rewilded meadow, which
both considers planting space and reverses blank space for the growth of
spontaneous species in the soil seed bank and for the colony of seeds dispersed
by wind, water, and animals. In this way, a diverse community of spontaneous
plants can be established.

3) Enhancing habitat patch continuity: Enhancing the continuity among

81 ensuring the genetic

habitat patches facilitates species spread and gene flows
diversity of rewilded meadows. The physical boundaries between the habitat
patches shall be removed. Connecting the restoration site with other habitat
patches with ecological corridors for natural dispersal. Besides, adopting a
mosaic distribution of plant communities at different succession stages is also

encouraged.

2.2 Micro-topographic Design
Topographic change is the main causality to spatial heterogeneity. The
macro-scale terrain design would help regulate the evolution and distribution

| while the micro-topography defines the plant species

of biodiversity'"’
habitats. The humidity-thermal condition resulting from micro-topographic
variation within natural meadows (Fig. 2) would impact the micro-climate
and differentiate niche, which will then profoundly impact the pattern and
ecological processes of plant communities”?,

Micro-topographic factors (including the grade, aspect, and length of slope;
and the topography) define the preservation capacity of soil and water, and
the solar and thermal distribution, which will then determine the composition,
quantity, distribution, and growth of the plant communities"**, For example,
a steep slope of over 30° is often covered by thin soil layer, and has relatively
good drainage condition that is suitable for drought-tolerant plant species'™”.
Since gentle slopes would have a mesic moisture with a richer moisture
gradient, the increase of the length of slope will enrich the plant species that
grow in different moisture regimes>”. South-faced slopes have better light
and thermal conditions, which is conducive to enhancing the species diversity
and facilitating plant growth'*. Through the design of topographic relief,
buffers can be created to gather the plant propagules via water dispersal, then
establishing spontaneous plant communities. Shallow depressions and swales
can keep soil moisture, while deep concave terrain such as ponds and canals can
retain runoffs. These landform design measures are often used in constructing
micro and seasonal wetlands, to provide water source for nearby habitats
and adjust microclimate. Small hills can provide shade and suitable growth
conditions for shade-requiring species, and form shelters against cold wind or
guide the wind to form micro-wind-corridors. Enriching the topographic relief
helps create diverse niches, providing suitable growth conditions for various

plant communities””’,
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2. Wildflower meadows on the Mount
Siguniang in China and the micro-
topographical changes

3. Diagrams of the horizontal
distribution of the wildflower
meadow community (Adaptation
source: Ref. [29])

N

%

‘0,

=

NS

NN

NN

W

%%”W”%?%W"'
’//2///,,// z / /

7

4

S\

&

/////

A N

N

/e

7

ANA A
AV AA%
A
AN AN
o L

WD BHES

Random distribution

2.3 MHEKREI

Fic 7 Y 46w A E K B S UK A, AU SR AR S A A R
(KE3)

1) BERLII G, $EAEYIMRTEACE 23 R P AR AR I BE, ATl i
AR 5

2) ERESM, ARREY AR SR U b 2 3T

3) BEo A, SR AR, YRR AR A
B IVE 2 BT H AR (R) S LI A A, SUPRETE 1 — R ik 1 S O A T
Ao,

BT BRI T OPL R A T4 F AR BT A SR T A B AR
f S AR . T AR B BV SR I G . M T | AR e, A
WFPF B MTBEAL A i o BT RIS, B E—FE” SR E G iE
IR, AMUAF TR ARRBT, WA REEE AR Rz m, (i
HAERE YL RS Jm o B PREE IS N BE ) R AT RE SR (L E B/ R W) 2 A
TRE SR DIRERIAEY) (AR IRAEY) . 7 AR FGOK ALY ) i
TTEEREAAE, TERURHFRE, AR TSR T AR . AR BFD
T KA BERRT B &, RERS R MR FF RN () SR T A A Ry, JFRE

SR /18X LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

KENHIRE

Clustering distribution

2.3 Quasi-Nature Design
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Mosaic distribution

Natural meadows can be horizontally structured as in three patterns (Fig. 3):

1) Random distribution: plants haphazardly distribute horizontally, and each

individual plant has no spatial relation with others;

2) Clustering distribution: plants densely distribute in clusters;

And 3) even distribution: plants distribute by certain distances

8 and when

a number of individual clusters form a particular pattern, a mosaic distribution

comes into being™”'.

The aim of quasi-nature design is to regulate the succession of rewilded

meadows and maintain their community structures by learning from sustainable

communities in wilderness. For a randomized species assemblage of naturally

colonized plants, the “blank—planting” mosaic complex not only facilitates self-

design of the spontaneous communities, but also limits the growth of introduced

plant species, fostering the establishment of the clusters of spontaneous plants

which can have a better environmental adaptability, provide ecological benefits

(e.g., nectar and pollen source, hosting, and water purification), grow into the

dominant populations, and resist the invasion of exotic species. The seeds of self-

sown plants often sprout near the maternal plants, which maintain the clustering

pattern of mixed species and generally result in an even distribution over time

[29]

A mixed-species meadow in an evenly distributing pattern often has a richer color

combination and a higher attractiveness to wildlife and human beings
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Mixture sowing can help establish an even distribution and reduce the cost and
environmental impact significantly”?; however, the use of species with rhizomes, a

greater plant size or seed quantity should be avoided.

2.4 Collaborative Symbiosis Design Between Plant Community and Keystone Animal
Species

Pollinator insects are vital to sustaining the sexual reproduction and genetic
heredity of plant communities. Small birds and mammals that feed on and carry
plant propagules play a key role to the propagule dispersal””. These species, as
keystone animal species, regulate the plant distribution and diversity of urban
landscapes”. The survival and reproduction of these species is largely impacted by
the proportion and area of the wilderness'”. Thus, one of the primary objectives
of urban vegetation rewilding is to introduce the keystone animal species and
encourage their collaborative symbiosis with plant communities.

Creating favorable stepping-stones, food sources, and nestling conditions can
attract and conserve keystone animal species. Rewilded meadows should be located
among artificial patches to form effective stepping-stones and corridors that could

B¢l Native

guide the migration of keystone animal species and enhance gene flows
nectariferous plants provide sufficient food sources for pollinators. Increased
diversity of nectariferous plant species enhances the mosaic complexity of the
feeding—pollinating symbiosis structure, thus strengthening the stability of rewilded
meadow and increasing the population of pollinators””**. Clustering nectariferous
plants can promote pollinators’ nectar collection. Increasing the number of
aboveground and underground layers of the rewilded meadows can diversify niches

and nestling spaces for the inhabitation, completion of life history, and reproduction
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4. Wildflower meadow in western
Sichuan, and the woody debris and
natural stones within.
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5. Site location and aerial photo
before restoration
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of keystone species. Loose soils, gravels or rocks, and small-sized porous spaces

built with woody debris, bricks or PVC pipes can also provide ideal habitats for

pollinators and small wild animals"”’.

2.5 Design With Natural Materials

There are often massive natural materials within the natural meadow itself,
including rotten stumps, logs, deadwood, gravels, rubbles, and pebbles (Fig. 4).
The plant communities nearby such materials often see a richer biodiversity and
greater structure complexity, supporting the heterogeneity of ecosystem structure
and composition'*”. Woody debris would release nitrogen and phosphorus during
decomposition, increasing the nutrient level of nearby habitats. The rough surfaces
of woody debris and natural stones help with soil gathering and provide seed beds
for spontaneous plants. These materials not only provide higher growth beds for
photophilous plants, but also create micro-scale shading and moist habitats for
shade-tolerant species and mosses which help adjust the carbon balance and water
conservation of soil*'"*?, Also, woody debris and natural stones act as footholds
for birds and pollinators, and provide habitats for invertebrates that favor
shade and humid environment. Therefore, the use of natural materials shall be

emphasized in the rewilding of urban meadow and urban wilderness rehabilitation.

3 Case Study: Vegetation Rewilding in Shuangguihu National Wetland Park,
Chongqing

3.1 Study Site and Design Objectives

The paper studies the green space on the northwest lakeside of Shuangguihu
National Wetland Park, which sits in the central area of Liangping District, Chongqing
City. Covering an area of 3.72 hm’, the site is high in the north and low in the south

in elevation, and neighbors a newly developed zone in the north (Fig. 5). Before
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6. Micro-topography creation and
habitat design (taken in April 2020)
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the restoration, the study area’s terrain was flat and homed a large area of
homogeneous habitat, which resulted in a poor biodiversity and the invasion of
harmful organisms, severely impacting the site’s ecological sustainability. The site
was predominated by a few of grass species including Cynodon dactylon and
Zoysia japonica, and invasive ruderals including Bidens pilosa, Alternanthera
philoxeroides, and Erigeron Canadensis. The existing lawn was severely degraded
and deteriorated in ecosystem services.

The site is one of the important ecological buffers between the built environment
and water bodies in the city. It is required to provide ecosystem services such
as ecological buffer and biodiversity conservation, and to ensure the landscape
sustainability while minimizing construction and maintenance cost. Since 2018,
the research team (the authors) have worked on habitat restoration via vegetation
rewilding, facilitating the return of the wilderness in image and function, and

rebuilding the eco-balance of artificial ecosystems with nature.

3.2 Micro-topography Creation and Habitat Design

In line with the habitat gradient and continuity from shallow water, lakefront,
buffer slope to upland, the design created micro-topography such as swales,
grooves, mounds, small ridges with dynamic changes in width, height, and slope.
The combination of concave and convex microstructures can enrich the site’s
contour and diversify humidity-thermal conditions, resulting in an increase of
habitat heterogeneity. The design increased the amount and length of south-
facing slope in swales and ridges to facilitate thermal accumulation and dynamic
moisture content, and guarantee the continuity of natural runoffs and vertical
ecological exchanges between the slopes and the lake. The design created clusters
of small and micro wetland groups formed by mosaic complex of “pond-pit—
swale-ditch-lake” (Fig. 6), thereby established the urban wilderness with multiple
functional layers and multiple ecological sequences. With emphasis on the

complexity and continuity of micro-topography creation, the design promotes the
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Table 1: The newly introduced plant species to the study site
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natural dispersal in and out of the site via flows and animals, ensuring the self-

design and self-maintenance of rewilded vegetation.

3.3 Plant Species Selection and Planting Design

Over 30 perennial species with excellent self-sown capacity were introduced
to the site (Table 1), and the blank—planting mosaic complex was used
horizontally (Fig. 7). For considerations on project cost, the planting space only
covers 40% of the site area. The site gently sloped from north to south, coupled
with the prevailing north winds in Chongqing in autumn and winter, resulting
in a same basic direction of seed dispersal by natural runoffs and wind, which
is also the same as the direction that birds and small mammals enter the site to
collect water. Therefore, the design regulates the distribution of planting space,
so that the number and area of planting space gradually decrease from north to
south along the slope. In this way, ecological flows (e.g., water, wind, and animal)
leverages plant spread, ensuring the low-intervention vegetation rewilding. In
addition, to environmental protection reasons, no chemical herbicide was used
during the entire rewilding process. Weeds (e.g. Bidens pilosa and Alternanthera

philoxeroides) were suppressed manually.
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In nature, the mosaic pattern of plant communities is complicated. In
the Shuangguihu case, the design horizontally adopted a combination of
the mosaic complex and even distribution, which can be easily built and
managed (Fig. 8). Plant species with important ecological functions (e.g.,
nectariferous plants and host plants) were densely mixed to form small clusters.
The combination of small clusters can form a regular mosaic layout that
allows for convenient fixed-point transplanting; and the cluster planting would
separate competing species, helping maintain a diversified plant community.
Mixed seeding was adopted by selecting the species with excellent germination
capacity and different flowering seasons. Seed mixtures were evenly spread
to form an even distribution pattern as much as possible; in the mixture, the
proportion of each species was decided by seed TKW (thousand kernel weight)

and germination rate, with the seeding rate being 5 g/m”.

3.4 Conservation Design for Keystone Animal Species

Three small-clusters planting modes were employed respectively for three
functional groups of plant-animal mutualism:

1) Broad-leaf herbs and pollinators, dominated by broad-leaf nectariferous
herbs with large racemes and bright flowers which attract and facilitate the
conservation of pollinators;

2) Tall grass and small birds, dominated by tall ornamental grass, providing
shelters for small birds;

And 3) spontaneous plants and soil animals, native spontaneous plants
survive and grow in the blank space, creating living conditions for soil animals
(e.g., nematodes, earthworms, beetles, and spiders) and then improving the soil
structure and quality.

These functional groups ensure the conservation of keystone animal species.

In terms of habitat creation, porous structures were introduced within the
wildflower meadows, providing shelters for pollinators and small mammals that

cannot build nests by themselves. Gentle slopes in small and micro wetlands

BETEE
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8. Mosaic planting and evenly
distributing planting

integrating small porous elements
with wildflower meadows, small and
micro wetlands, and downed logs.
10. Continuous micro-terrain design
of different sizes and water depths

logs and stones
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(e.g. swales, pits, and ponds) were combined with the blank spaces, so that

insects can safely sip water from damp patches for hydration. Logs and stones
were placed in small and micro wetlands to provide footholds for birds and
insects. The highly continuous micro-terrains provide shelters for amphibians
(e.g. frogs) without impeding their free movement. Deep ponds and aquatic
vegetation provide underwater habitats for frogs and nymphs; emergent plants
(e.g. Juncus effuses and Lythrum salicaria) and woody debris provide halting

and oviposition spaces for insects (Fig. 9, 10).

3.5 Performance Evaluation

A high habitat continuity ensures the spread of the planted and spontaneous
species on the site in forms of corridors and networks. The vegetation coverage,
species richness, and structure diversity increase over time, demonstrating the
self-design and -maintenance capacity as expected. The research team carried
out field investigation in October 2020 and found 116 herbaceous species, 83
of which are spontaneous. Compared to the survey results in 2018 before the
rewilding, the number of herbaceous species increased by 84.1%; spontaneous
plants accounted for 43.4% of all the newly increased species and well co-
existed with the dominant plants. The rewilded meadow shows a vegetation
with rich layers and distinctive seasonal changes (Fig. 11). The improvement
of habitat continuity, community diversity, and mosaic pattern of functional
groups guarantees gene flows and diversity of keystone species, and forms
a stable wildflower meadow ecosystem. After the rewilding, the amount of
keystone animal species, particularly butterflies and grassland birds, on the site

increases remarkably.
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12. Public education programs in the rewilded wildflower meadow
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In addition to functioning as samples for the research on environmental science
and life science, the site also provides opportunities for place-based ecological
educational programs, which promotes the public’s knowledge about ecological
civilization construction and biodiversity conservation. The rewilded meadow
allows visitors to carry out walks and explorations, as well as the identification and
observation of animals and plants (Fig. 12), promoting public awareness of urban

wilderness and fostering the ideas that respects, adapts to, and return to nature.

4 Conclusion

With wildflower meadow as the restoration target for urban vegetation
rewilding and wilderness reconstruction, this paper comes up with a technical
framework and design paradigm that leverages ecological flows, quasi-nature
design, and minimal intervention in urban rewilding. It offers a solution to
the degradation of animal and plant habitats and urban ecosystems, which is
of reference value to the rewilding of urban public green spaces, non-forest
countryside areas, and forest edges. Challenged by urban development and public
aesthetics, vegetation rewilding has not been widely applied in practices of urban
wilderness protection and management. In future, scholars and professionals are
expected to explore the mechanism of the formation and maintenance of natural
and urban wilderness, improve public awareness of urban wilderness. Quantitative
studies on rewilding design are needed to fully understand the appropriate-ranked
proportion of the blank versus planting area, the control of invasive plants and
structure of ecological buffer zone, as well as the solutions to optimizing the mosaic
complex of multiple-purpose wilderness habitats on varied scales. The ecological
wisdom represented by natural wilderness can also be applied in responding to the
degradation of green spaces, idle lands, isolated islands or woods, so as to enhance
scientific studies on the principles and technical methods associated with urban
vegetation rewilding and wilderness restoration, and inform the formulation of top-

down policies and bottom-up approaches to urban rewilding. LAF
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