YRGB FOWE 1S

VA LS 1A SRR s Ta Ik o il
Urban Wilderness Construction:
An Example of Shanghai Urban Biodiversity Education Base

SRR
R TFEAAA

Lk
HHPERRPORRR, REEHFEREBRTSZNEIRE
TR

GUO Taoran
Founder of Forest City Studio

SHAN Bingqgin

Research Assistant at Urban China Research Center; Local
Pathways Fellow at the United Nations Sustainable Development
Solutions Network

* 38 A

ik B W RAT R L AL A #5919F 165
# 4. 201112

i 45 taoranguo@163.com

Wi | EfS=. T

BiE | Wkl ZE5 - 18ERB. £Bx

EDITED BY | CUI Jingyun, WANG Ying

TRANSLATED BY | SHAN Bingqin, Robert GRAHAM, CUI Jingyun

mE
WEZ R THESRRR WD RESMAT OME
Z—. BEEHHRESVWAEIE, AIERHRECERT
WE iz KRB EMESERNEMEINEE, FERAITM
BBRT, 2 TEMRFERENTFESEE . FXNE
TULEMSHERIRERNEEENN ‘LB T ESHER
SBEM” A, IﬁETﬁﬁﬁ*ﬂﬁﬂﬁ?fﬂ*”iﬁkl"ﬁﬁiﬂ{‘? £
HhRSREVADRIT RN SHAEE, FERX—BHRETT
EIRRAR S SEEYSIF. 9£¢%E$5§$’@§§ EE=
THES—RITE, LUEIFEHHRESWNEEREHIR
BETETEANBRS ZRARESEILEHR . EIRE
SCERY—EFFATEIA, MBMHICR S TEYW260M. B
255, WG 7. BEE71F N BILI6H
HAEYZHEMEIRMErE E9in s TRIARSENA
THite, FEEMESESHRHTERNIERERE, IS
TERAEEAIZR . ﬁlﬁﬁﬁ’ﬂﬁzﬂtﬁﬁfiﬁi?—ﬁyﬁﬁﬁﬁ\
FEMMHES ., ESBE. NEHEEMEMETEE
TR RS .

Xigia
HHREFSRW; 21, BEREE; Wittt
TIEE,;, ETEANMRISR

ABSTRACT

One of the core values of urban wilderness construction

is to restore the structures and functions of biological
communities in fragmented urban habitats, and enable the
stability and ecological succession of native communities
with low human intervention. The paper discusses

the design principles and technical methodologies

in active urban rewilding by the example of Shanghai
Urban Biodiversity Education Base project. Aiming to
restore urban biodiversity and enrich the technical and
theoretical research of urban wilderness construction and
Nature-based Solutions, this project conducted habitat
division, native species introduction, natural community
construction, ecological benefit assessment, etc. In a year
and a half, 260 native plant species, 255 insect species,

7 amphibian and reptile species, 71 bird species, and

6 mammal species were recorded within the 1.7 hm?
project site, showing higher biodiversity and density of
animal populations than unrestored consructed forests
surrounding. Along with the spontaneous progressive
succession of the plant communities, the project has
achieved good results. The technical approaches proposed
in the project can be broadly applied in design and
construction of country parks, wildlife habitats, ecological
corridors / networks, and environmental education bases.

KEYWORDS

Urban Wilderness; Native Species; Community Succession;
Urban Biodiversity; Ecosystem Restoration; Nature-based
Solutions

https://doi.org/10.15302/J-LAF-1-040022
I H&Ad1a) RECEIVED DATE | 2020-12-10

120

fhESZES | TU986.2, TU986.5+2, X176, Q145+.2, Q16
HfTRES | B

VOLUME 9/ISSUE 1/ FEBRUARY 2021



1 515

WRIEa E CEMZHEAZ) |, BRI
BBk BB RGP BA A i A YR 24
P, BIRESRGELAENE . YR Z RS AE 2
=ANZEWN. BT TR R TR S W
REEPEARRY L, X THE ARG (JUHZ
WX ) B RGUER SR AR R M A
2, BT RS RGET HATUIR R 2 e
SRR B BRI, WA 2R
PERATEEAEN], I AR S RG] SRR A=)
ZREdE, Hoh s B Z a2 iy A
R, A Z R E S IR A A B
AR o T XORER T AR —2R L) R A A,
TVF 2 AR e A A A ) R I P X,
XA RV A T IR Z AN AT 30 1 B TR B s
FIA T M 2 2 1 AU B A AR ARSI | R
SRl RIS R TR, X s
T SR A A R R R R

BABEFEIAGN T Z2 Py A= 4 2 R DR 1 7 ik
LR, I T A b A B oA AR X B
IR L5 A P SRR, A 2R Rl
AR, LB AR R T ST i o JR g L
B, IRTTEEF (urban wilderness ) 38 # F5 301 H 5k B
RO B RS RS KSR,
AR N T8RS B ool ™2 B 58t (i R AE 72
T, BT AL S EmE X, MAZRE %
BN T, R A RIES IR R A [ AR,
WA DTN NTERTIENE T, s
wildscape ) X —ARIETEIE G R AT P IERAT B AR
WO HAE S AR 5 B R0se B S0, sy i
B A SRR . AR T BRI 7R S | R RRIE
RN & YN[ e a it DR B g
PRI 5 E R AR AR, ENORE (FES T (it
ORI AR ) B (RO IX )
Bt (AT A R W) | RE ek
s ) T R GEVERE AT PE FAR ) ™ BR TRl
FICDZHAT 1 A SR AL, Sl A W) AR £
PEIRE BB TR . — ISR AR AR
SHRUCTT R AL, BISRTT S 22 ad AR E I
S Sh e S 75— R A BN AT SR T3
BT REERAL RN AR 25080 B U S e 7
ROt RBE,

S R 27 E A R R S ST N B 7 A L S S

(urban

SRS [ ERISER

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

HEBPEEORE, AR ESMT N ER D], BRI
Sl P S B . e P ST A A X TR A R
RFRZEIESNE, NETIEONIIE, HARZH
Il 4 el PRk AL I B A T AR 8 R AR 261 & 4
Yo, S ECEOGEE PR AR YT RO T UK R AR RS
RGLHIMIRE . TERXFAAET, RIBOCH IR A5
T E SR A R B . HAT,
Bl R PR AL B R R Bl AN UL, ATI AR T
FERRG B AU SRS TAE=M “ Lig S £
SRR R TE N, gt T DI A
AR S OR3P B B 35 3l R P AR R
ARG S B g, LAY R R T I B S
LSRRGS 2T [ AR D T S B AT 5T 5 4
AR,

2 s st E B

2.1 st

2T E VA S S5 A W 1 /A T 7 I S T 2}
L7hm®, R EAG MM SHE R TH, TCH 0 3
ARk S =R K, NEIOK R . fE20194E7 A it
HBOEAT, TARSXF BT T L S I AR B A
SRR, N TIEEOREE, AP E AR, DR
P (pH=7.8) ; FfGF#E ( Cinnamomum camphora )
/il (Ligustrum lucidum ) B4 (LT RIFR
‘1-214° ) . K5
(Firmiana simplex ) S5FF AR 47l 2 S ) gl i
Yy, WWIFPRECN R, Z LB SHIEE W, HKA
W%, Y AERORBUATRA, Lot R AR TR AR E R
ZE LTI . SRR AR OL™H, TERERT
Z . URE6H , HRZ160% ) T FLEE 5 1 5
(Alternanthera philoxeroides ) 5 HZRI%E ( Trifolium
repens ) 35, 5% E KZE (Erigeron
philadelphicus ) . %M %% (Symphyotrichum
subulatum ) . N R—KLH AL (Solidago canadensis )
SRR S (K1), 2 ERAMYNER
23 A

= .
“BH” , Populus x canadensis

2.2 BEitsn

Tt H BTERRITT AR I EOR A,
(RIS DR 77 DI A SR RS & A=) [HI%
EMZAEEIRE I B AR, TARSEHIE T it
JEO]

1) R =MAIIX S SRR, EgHA

2R . PSR S TC s R AR ST BRI IE LT, 1T
B R BAT A RUAE S TR AR & LR T
e, B LLHIAE Y SR 5%

2) LIEIR HARTHE S5 - AT B, HESh
FI SRR ;

3) MBS E S R AR, KB
FRZ [ AR RS AR A A SR, A4 T
PG E e, DRIEE A S i iE s AN 32 BR A

4) WEE B RRE AR, JERRE
S S R S A A . B AR

5) JEB . PR RO E R AR LUK
o, Gy FE, g i TEHNEE, Dk
T B4 52

HAE DL F i, AR X AT T 0%
i, MRS T R i g A b S bR A, E—
AL T HIE | K R FER 5T

2.3 BeRim
HRIE BRI F FAR, TARZR S SR
MUEHE THARRE (E2) o

2.4 Yraesr Xkl

PIH g L W) 2R PR S R B F T R 7 2k
Mo, DR B A FRAY =S 18] N T R T RE 2 RE Y A
B, SORBRBESR S AT AN A LR, Jr R K B

1. NEREREFESAFHMERENEN, FHRKTH
LR,

1. Before restoration, Alternanthera philoxeroides and
Trifolium repens covered the site with dead Ligustrum
lucidum behind.
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2. Diagram of the technical roadmap

3-1. Ecological zoning based on community differences
3-2. Aerial photography of the optimized site (June, 2020)
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1 Introduction

According to the United Nations Convention on
Biological Diversity, “biological diversity” means
the “variability among living organisms from all
sources including, inter alia, terrestrial, marine,
and other aquatic ecosystems and the ecological
complexes of which they are part; this includes
diversity within species, between species, and of
ecosystems™!"). Currently, most of the measures
for biodiversity conservation and restoration
are implemented in protected areas, while those
outside of protected areas, especially in urban
areas, are still insufficient, indicating that studying
urban areas as an “ecosystem” needs more
theoretical and practical support”™®, Previous
studies show that urban ecosystems are able to
harbor relatively high urban biodiversity, including
many endangered and threatened species*!"!*),
More critically, the conservation and restoration
of urban biodiversity are urgent at present,
since over half of the global human population
lives in urban areas"”’. However, urbanization
sometimes occurs in biodiversity hotspots!"”,
causing profound and irreversible negative effects
on biodiversity: destruction, degradation, and
fragmentation of natural habitats directly led by
urban surface change, and indirect exacerbation
of climate change, all of which have resulted in
urban biodiversity loss!" """,

Previous studies conclude several
approaches and strategies for urban biodiversity
conservation'®, including the designation
of protected areas that are increasingly
complemented by integrative approaches arguing
for a biodiversity-friendly management of green

[14][15]

spaces , a reconciliation of urban land use

and biodiversity conservation''’), the integration

U7 and / or the

of biodiversity in urban design
promotion of urban wilderness"*""”., Here, urban
wilderness refers to remaining natural protected
areas, restored natural ecosystems, abandoned
wilderness areas, and wilderness landscape

91~21]

designed by humans'"”"*" with its feature of

126

being intact in ecological succession and free
from human interventions though located in
human settlements'*"**, Other studies suggest
that in the context of “urban areas,” the term
“urban wilderness” suits better to describe
urban wildscapes where succession occurs and
ecological processes dominate in cities, such as
natural forests, unused land, river corridors,
abandoned sites, or brownfields inside or around

A4 Tn such context, Cao Yue et al.

the city”
categorized the protection and construction
of “urban wilderness” into 4 approaches:
protection (of wild nature in urban protected
areas), restoration (by rewilding specific urban
areas), design (of wildscapes in urban parks),
and integration (of wild nature into urban areas
systematically)*". Besides identifying natural
protected areas within cities and suburbs,
conservation and restoration of urban biodiversity
depend mainly on ecosystem restoration for
certain sites through two paths: one is the natural
succession from urban wastelands to wildlife
habitats, i.e. the passive urban rewilding; and
the other is the active urban rewilding guided
by human intervention, meaning that humans
conduct systematic ecosystem restoration based
on the natural laws of ecological succession.
Although with successful cases abroad, passive
urban rewilding is difficult to achieve in large
Chinese cities as it takes a long time and requires
high connectivity to nature around the sites. Due
to the large built area and population size, human
interference is more frequent in most Chinese
cities. In addition, there are insufficient native
species used in landscape architecture practices,
resulting in obstacles in restoring the ecosystem
structures and functions through the natural
spread of native species. Thus, it is more practical
to take an active urban rewilding approach with
proper planning and guidance. Currently, with
rare successful cases, active urban rewilding in
China still needs more research and practices.
This paper, taking Shanghai Urban Biodiversity
Education Base project started in 2019 by Forest
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City Studio as an example, introduces the
field practices and technical methodologies in
active urban rewilding to enrich the technical
and theoretical research on urban wilderness
construction and Nature-based Solutions in

urban environments.

2 Site Background and Design

2.1 Site Conditions

The project site is located in Shanghai
Pujiang Country Park, occupying a state-owned
forest of 1.7 hm’, where there was a flat terrain
without obvious topographical shifts. The site
was surrounded by water on three sides, with
no internal water system. Before the restoration
by the project in July 2019, the project team
conducted soil analyses and vegetation surveys.
The results show that soils on the site were
sticky and alkaline (pH > 7.8) with low organic
content, and plant species were limited, including
merely Cinnamomum camphora, Ligustrum
lucidum, Populus x canadensis ‘1-214°, and
Firmiana simplex trees, and some horticultural
ground covers. Trees such as Ligustrum [ucidum
and Firmiana simplex suffered mortality due to
the poor drainage under certain soil texture and
terrain conditions, while native herbaceous plant
species were suppressed by invasive species—
in humid and hot June, 60% of the site surface
was covered by Alternanthera philoxeroides
and Trifolium repens, and 5% by Asteraceae
species such as Erigeron philadelphicus,
Symphyotrichum subulatum, and Solidago

canadensis (Fig. 1).

2.2 Principles of Design

Aiming to explore the technical
methodologies of urban biodiversity restoration
and conserve native species losing habitats due to
urban development, the project team established
following 5 principles:

1) Use native nursery stocks of the Yangtze

River Delta. In case that site conditions are



limited or stocks are insufficient that cannot
satisfy the ecological functions, no more than 5%
of the total plant species could be replaced with
non-native species that have similar ecological
functions;

2) Design quasi-natural plant communities to
foster ecological succession;

3) Based on site conditions, create a variety
of habitats where they transit naturally to others
via the change of plant species composition, and
eliminate any artificial structures or hedges to
guarantee wildlife activities;

4) Identify significant species for research
and conservation, and select plant species and /
or create habitats based on the foraging and / or
perching features of certain wild animals;

5) Set facilities of roads, guardrails,
commentary signs, and warning signs mainly in
gray, brown, or green tones, and eliminate the
use of particularly bright colors that may frighten
wild animals.

Based on the design principles above, the team
made a preliminary design plan for the site, and
further optimized the terrain, water system, and

plant design considering the actual site conditions.

2.3 Technical Roadmap

In accordance with the site conditions and
project goals, the team formulated the technical
roadmap, shown in Figure 2, based on the law of

community succession.
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2.4 Function Zoning

As to providing a base for biodiversity
restoration technology research and exhibition,
it is necessary to create habitats as diverse as
possible within the limited space, harboring
maximal species to facilitate future research
and public education. According to existing
conditions, the site was divided into 7 ecological
function zones, including Native Butterfly
Attracting Zone, Native Shrub Zone, Native
Aquatic Species Conservation Zone, Native
Evergreen Tree Zone, Environmental Education
Activity Zone, Mixed Native Evergreen /
Deciduous Tree Zone, as well as Native
Deciduous Tree Zone (Fig. 3-1).

3 Project Implementation

3.1 Basic Environmental Optimization

During the construction process, the project
team confronted the following difficulties: 1)
The site lacked an internal water system, failing
to provide habitats for aquatic and amphibian
species; 2) Increasing number of trees died due
to the poor soil quality and drainage; 3) Too
many invasive species to effectively control by
manual pulling; 4) The state-owned forests were
not allowed to move or cut, which restricted the
terrain modification.

To address the above issues, the project team

first carried out topographic modification and

water system construction. Small ponds were dug
in open space in the center of the site, filled with
water pumped from the outside river on the north
side of the site, forming an internal water system
that flows along the constructed creek into the
outside river on the south. In addition, ditches
were connected with the outside rivers to enhance
drainage during the rainy season. All excavated
soils formed a pile with gentle slopes in the
eastern forests, where wet-intolerant native trees
were planted (Fig. 3-2).

After modifying the terrain, the project team
adopted a combination of manual and mechanical
methods to conduct an overall plowing for the
site and fertilized it with decomposed garden
wastes to increase soil organic matter. The team’s
previous experiences have proved that plowing
helps break the dominance of invasive species so
that the native plants in the soil seed bank can
germinate. In this manner, the pioneer species
of Poaceae could gradually outcompete invasive
species with proper human intervention and then
dominate. This approach will significantly reduce
the coverage and germination rates of invasive
species, providing vantage for native plant
community construction. Additionally, electric
circuits, Wi-Fi, irrigation systems, and monitoring

systems were set to support future research.

3.2 Native Community Construction

Different from intensively managed

CMEBRASETENRR, WEYSHENEZEEEERE
X, MAEHSUEENERE (Apis spp.) 7E, HEEE
WEEE, REEEYSZE. WiE. AZREE ., AXIREHF
R EENREEBNENBYNRLET, E7FERERSE
Bg—EATERE (E10-1, APHEREERFNERNSS
), BIHR3IZIMEE ( Megachilidae spp., E10-29t0Z|
FRONt ) TERE (E10-3, 10-4) o

. Most solitary bees, vital pollinators to maintain plant
diversity, prefer nesting in hollow stems, tree holes, or gaps
between rocks, rather than living socially in colonies as
honeybees (Apis spp.) do. To investigate the preference of
solitary bees regarding nesting habitat and plants, 7 bee hotels
are set one per habitat (Fig. 10-1, the reed stalks for solitary
bees to nest), successfully attracting Megachilidae spp. (Fig.
10-2 showing leaves that are cut] to nest (Fig. 10-3, 10-4).
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11. Bombycilla japonica (December, 2019)
12. Mustela sibirica recorded by camera trap
13. Lepus sinensis recorded by camera trap

landscapes, urban wilderness is constructed
with reasonable community structures by
utilizing native species to guarantee spontaneous
succession. After plowing, all plants except trees
are cleared manually, creating a “secondary bare
area” in an ecological context, and an endless
secondary succession takes place when new
plants grow. At the beginning stage, most areas
of the site will be covered by sun-loving, robust,
highly-germinated, and fast-growing pioneer

plant species such as some Poaceae plants and
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woody plants spread by birds, who will bring
expanding shade and increasing humidity
under the canopy. Then the sun-loving grasses
will be replaced by shade-tolerant plants while
the climax species are germinating, gradually
replacing the pioneer species and dominating
the forests. If the soil seed bank is sufficiently
abundant, a large number of mid-successional
plants will appear in this process, but finally,
they will reach similar climax communities.

Each function zone in this project is
essentially a native community, following
the above succession processes. Species will
be introduced constantly during 3 to § years
according to the changes in the environment
and natural laws of succession to increase
biodiversity. Animals with important ecological
functions who cannot migrate to the site (e.g.
fish, amphibians, and insects with poor dispersal
ability) will also be introduced to the site after
creating habitats that meet their survival needs.
The following examples of the Native Aquatic
Species Conservation Zone, Environmental
Education Activity Zone, Native Evergreen
Tree Zone, and Native Deciduous Tree Zone
demonstrate the processes of community
construction.

The Native Aquatic Species Conservation
Zone is located at the central axis of the site
with a 100-square-meter man-made pond in the
middle (Fig. 4), whose deepest depth is about
1.5 meters without anti-seepage treatment.
Submerged plants such as Vallisneria spinulosa
and Potamogeton distinctus (Fig. 5), and benthos
such as Bellamya quadrata and Unio douglasiae
were introduced into the pond. A month after
introduction when they began to help purify the
water, a dozen of fish species such as Rhodeus
ocellatus and Oryzias latipes were introduced
gradually. Considering the limited pond size,
the introduction of predators such as Channa
argus will be restricted to maintain ecological
equilibrium and ecosystem stability. From
September 2019 to August 2020, 30 native
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aquatic plant species were introduced to the
site and further increased the biodiversity there:
Ceratopteris pteridoides, a second-class protected
plant species in China, has established a stable
population on the northwest shoal of the pond.

The grassland west to the pond, i.e. the
Environmental Education Activity Zone, is
the place for native herbs such as Panicum
bisulcatum, Arthraxon hispidus, Cynodon
dactylon, and Microstegium nudum to grow
(Fig. 6). Feeding on plentiful Poaceae plants,
Orthoptera insect species , e.g. Atractomorpha
sinensis, Oxya chinensis, and Velarifictorus
micado, became abundant, thus attracting
frogs including Pelophylax plancyi, Fejervarya
multistriata, Pelophylax nigromaculatus,
Microhyla ornata, and Bufo gargarizans to the
grassland (Fig. 7).

The Cinnamomum camphora forest was
restored as the Native Evergreen Tree Zone
by planting native shade-tolerant plants,
such as Diplazium esculentum, Oplismenus
undulatifolius var. binatus, Ardisia japonica, and
Ardisia crenata, under the forest due to high
canopy density. In spring and summer, sunlight
passes through the tree foliage, sparkling on the
underbrush, which produces excellent landscape
effects (Fig. 8). This weak light condition in the
understory is also suitable for the terrestrial
firefly Curtos costipennis. After one year of
introduction and breeding, a small number of
fireflies have appeared in this zone (Fig. 9).

The forest of Populus x canadensis ‘1-214
in the Native Deciduous Tree Zone on the east
side of the site was planned to be replaced by
native deciduous trees due to their non-native
origin, fast-growing, pests and diseases, and poor
quality. Before restoration, pioneer trees spread
by birds such as Broussonetia papyrifera and
Morus alba have been growing spontaneously
in the zone. A dozen of native deciduous trees
including Ulmus parvifolia, Celtis sinensis, Melia
azedarach, Zanthoxylum ailanthoides, and

Hovenia acerba were planted without thinning



Populus x canadensis ‘I-214’> who will die out
due to (a)biotic factors e.g. pests or typhoons.
The zone then will gradually get restored with

native deciduous tree domination.

4 Ecological Benefit Assessment

4.1 Monitoring of Ecosystem Restoration
Process

The ecosystem services and their value
provided by urban wilderness are irreplaceable
by artificial gardens. However, effective or
reasonable assessment criteria have not been
developed yet. During the restoration of the site,
the project team and the School of Ecological
and Environmental Sciences at East China
Normal University have cooperated to conduct
continuous monitoring of plants, insects,
amphibians, birds, and mammals to assess the
ecosystem services of the project.

Plant surveys including general investigation
and relevés were adopted to inventory the flora
and (a)biotic data in various habitats. Insect
surveys utilized aerial nets, Barber pitfall traps,
light traps, sweep nets, beating sheets, and / or
observation worksheets to collect insects and
record their species and individual numbers
on the site. Both richness and abundance of

amphibians were observed and recorded via

14 HiWPEAW—TSEESE
( Chrysididae sp. )

15. IHRIREE S RIS R

16. R TF2016FHN EBEEBESRKR
BX, XBEKBZ L1EY2607,
EF e EBERE

14. A Chrysididae sp. on the site

15. Wood decayed by fungi on the site

16. Shanghai Yijiayuan Protected Area
built in 2016, where 260 native
plant species are recorded and
stable communities have been
formed.
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the line-transect method, i.e. walking along

the designed routes surrounding the water

and tussocks. Birds were surveyed by the same
method but along different routes.. Mammals
are monitored by camera traps to record data,
e.g., the time and frequency of animal activities.

Till November 2020, the project team has
recorded 260 native plant species, 255 insect
species, 7 amphibian and reptile species, 71
bird species, and 6 mammal species within the
project site since restoration, showing higher
biodiversity and animal population density
than unrestored artificial forests surrounding.
As insect diversity plays an important role
in pest and disease control, monitoring and
researching the particular linkage between
urban pollinator insects and plant species were
conducted (Fig. 10).

When plants and insects diversity are high
enough, birds will be attracted by food. A high
frequency of birds was found nesting on the site.
In the winter of 2019, some rare bird species, e.g.
Bombycilla japonica, migrated to the site for the
winter (Fig. 11). Stable populations of mammals,
such as Erinaceus amurensis, Mustela sibirica,
and Apodemus agrarius, are found on the site
after over-one-year monitoring. Meanwhile, the
team also recorded Lepus sinensis staying on the

site since September 2020 (Fig. 12, 13). However,
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the threat to Apodemus agrarius and birds

from stray cats is severe, which needs further

monitoring and management in the future.
Theoretically, biodiversity surveys should be

conducted within one year before the restoration

to better compare and evaluate the changes

of biodiversity before and after restoration.

However, limited by the short preparation

period of the project, biodiversity data before

restoration are insufficient. In the future,

a comparison between the project site and

unrestored forests surrounding may be doable to

reflect the trend of biodiversity changes on the

project site.

4.2 Ecosystem Control

Generally, urban wilderness with high
biodiversity is mainly under natural succession
and supplemented by human intervention, thus
requiring relatively lower but more technical
maintenance. No chemical pesticides on the
site are allowed so as to minimize negative
impacts on biodiversity. In fact, the abundance
of carnivorous arthropods such as mantises,
ladybugs, parasitoid wasps, and spiders can help
maintain the equilibrium of insect populations.
Therefore, the project enabled the healthy
growth of plants without any pesticide (Fig. 14).

Additionally, all green wastes, including leaf
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litter or naturally dead trees sawn and piled in the
understory for natural decay, remain on the site
(Fig. 15). As fungi decompose the wood, darkling
beetles and stag beetles will lay eggs where
decayed and their larvae feeding on the rotten
part will accelerate the decomposition. Within
3 to 5 years, most wood will decompose into
organic matter, which can be used to improve soil
quality. Without human intervention, herbs and
leaves wither naturally, creating a layer of litter in
winter, which provides suitable habitats for soil
animals.

The heaviest maintenance workload is
invasive plant control as a large number
of invasive plants such as Alternanthera
philoxeroides, Erigeron philadelphicus, and
Solidago canadensis existed on the site before
restoration. Manual clearance is too heavy to be
feasible or efficient. Therefore, a large number
of pioneer plant species, such as Panicum
bisulcatum, Arthraxon hispidus, Cynodon
dactylon, are grown, which quickly occupied the
space, and as a result, the coverage of invasive
plants was reduced from 65% to 5% within
one year. The remaining needs to be manually
removed before they flower to prevent further
expansion. The workload at this step mainly
depends on the abundance of invasive species
that gradually decrease as the native plant
community becomes stable. Another similar
project completed by the project team started in

2016, where invasive species were no longer a

130

threat after 4 years of ecological succession and
manual control by 2020 (Fig. 16)%".

In addition to the above, other maintenance

work mainly includes road cleaning, equipment
maintenance, and management of plant breaking
or death caused by natural disasters such as
typhoons. The cost of maintenance is much lower

than that of traditional green spaces.

5 Environmental Education Function of
Urban Wilderness

Compared to traditional green spaces, the
site has more diverse habitats and a relatively
complete community structure, for which a larger
variety of environmental education activities
with better feedback can be organized. Since the
open of the site in May 2020, 18 environmental
education courses have been offered, with 4,500
participants attending, among which a parent-
child activity about nocturnal species observation
has attracted 1,500 person-times; a course about
experiencing professional ecosystem restoration,
called “Little Restoration Specialist,” was
awarded the “Outstanding Activity on National
Science Popularization Day.” The team plans to
develop a curriculum system with more local
characteristics in the future as the biodiversity
of the site is being optimized. In addition, a
set of explanatory signs based on ecological
knowledge was designed to cooperate with the

courses, which explain the relationships between
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17. Information board hidden in decayed
wood, introducing the process of
longhorn beetles feeding on tree
tissue and causing the death of a
tree.

18. Tour guide signs in the gallery of the
Native Butterfly Attracting Zone help
children identify butterflies during
educational activities.

species with easy-to-understand and interesting
words, instead of introducing plant structure or
taxonomy. All species pictures are hand-drawn to
better illustrate the most typical morphology of a
creature (Fig. 17, 18).

6 Conclusion

Previous practices of active urban rewilding
often have the following issues. First, they
simply understood “biodiversity” as “more
species,” resulting in ignorance of the community
structures and functions, and fewer concerns on
the law of ecological succession learning from
the native ecosystems in designing and managing
practices. Second, they often focused only on
“tree planting,” understanding “biodiversity” as
“plant diversity,” or deemed that animal diversity
would be optimized “naturally” as long as plant
diversity was increased, and therefore ignored
the comprehensive interaction of ecological
processes between animals and plants. As a
result, those urban wilderness practices could
not truly meet the needs of native animals. Third,
they limited “biodiversity” to “species diversity,”
ignoring genetic diversity, for which they did not
distinguish the origins and breeding methods
of the nursery stocks (plants growing from seed
usually have higher genetic diversity than those
by cuttings or tissue culture), resulting in urban
wilderness without the capacity for biodiversity

improvement. Fourth, they ambiguously defined



the urban wilderness construction as equivalent
to wildscape design, without the clarification of
urban wilderness functions, thus hardly balancing
the aesthetic and recreational functions against
biodiversity conservation (e.g., habitat creation
and ecological corridor / network construction).
Moreover, these issues further limited the future
site management and operation (e.g., related
scientific research, monitoring, and environmental
education activities).

The restoration and maintenance of
biodiversity are some of the important objectives
and functions of urban wilderness. Thus, in both
design and construction processes, the needs of
different biological groups should be the main
focus so as to create native communities with
natural succession following ecological laws. The

project explored the technical methodologies of
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