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ABSTRACT

The historical fisheries and the speedy urban
development have dramatically threatened the ecological
resources of Jianyang Lake in Zhejiang Province—the
original texture of the site was largely damaged, the lake
was severely polluted, and the Ardeidae habitats were
badly degraded. To improve the water quality and restore
the habitats of Jianyang Lake, as well as represent the
scenery of groups of Ardeidae inhabiting there, the design
team restored existing polder wetlands through Nature-
Based Solutions and set up a 16 hm?” Start-up Area of
the Jianyang Lake Wetland Park. Applying the proposed
design concept of “Retaining-Breaking-Integrating,” an
integrated ecosystem composed of forest, pond, farmland,
lake, and island was formed. The design team also
introduced a high-efficiency wetland purification system
which is harmoniously embedded with the local image
and resilient to climate changes with low maintenance,
facilitating the optimization of the Ardeidae habitats. The
long-term monitoring and maintenance would ensure
the efficiency of the wetland purification system and
spontaneous succession of the plant communities. The
design concept, construction process, and performance
of the Start-up Area can further offer references to
restoration of the other parts of the park.
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1. The location of the Start-up Area

2. Existing polders in the Start-up Area with low-dissolved
oxygen and overloaded ammonia nitrogen and total
phosphorus

3. Existing vertical ridges
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MAEEREM Ardeidae shallow landmark
BEEMEX Lotus ponds

ESMEE Overlook tower

JLEM Sedimentation pond

4753 Ecological pond

High efficiency nitrogen and phosphorus removal vertical
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submerged wetland
9 FAEH Surface flow wetland
10 JKEE7REH Horizontal subsurface flow wetland
11 BSF A Ardeidae foraging pond
12 Auls# (K TFF#)  Central lake (underwater forest)
13 B Central island
14 SEI/KINTH Waterfront square
15 FRA%# Gravel shallows
16 4£Z5Z% Ecological stream
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19 Y#HEE Viewing platform
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7. Water treatment circulation. The
water of Jianyang Lake flows into
the Start-up Area from the west
inlet, enters the central lake after
purifying treatment, and then
returns to Jianyang Lake from the
east outlet.
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1 Background

Jianyang Lake, located in Huangyan District,
Taizhou City, Zhejiang Province, China, is

a core node on one of the city’s main green
corridors. As a part of the Wenling-Huangyan
Plain with reticular river network, the lake is
surrounded by wetlands and farmlands. The
Huangyan County Annals has recorded the
picturesque scenery of Jianyang Lake in the
Qing Dynasty (1636-1912): “Enjoying an
total area of 1.32 km?, 2.5 km in length and
0.5 km in width, Jianyang Lake under the Jilong
Mountain is known as one of the biggest lakes
in southeast China of Guangxu Reign; The

sandbank there covered by reeds is a paradise

3%
T

Overflow

_ 3k Plug
28m

JKAL Water level
> %4m

- JKAL Water level
26m

098

for waterbirds.”!" Since 1905, part of the lake
has been reclaimed to mulberry-fish ponds;
After 1949, the site was further transformed
into labor farms and fish nurseries. These
histories shaped the fishing and agricultural
landscape formed by a series of productive
wetlands. Nowadays, Jianyang Lake and the
surrounding woodlands and farmlands provid
habitats and sufficient food for Ardeidae and
other species. However, the lake is facing with
challenges from the reduced water surface,
habitat degradation and water pollution caused
by years of siltation and urban sprawl. In 2009,
the local government issued the Master Plan of

Jianyang Lake Urban Wetland Park in Taizhou,

Huangyan and strictly developed the site

according to the Plan to enhance the ecological
resources and environment, facilitating the
park’s approval as a National Urban Wetland
Park. To promote supporting service facilities of
the wetland park and set an examplar for the
long-term development, a 16 hm® Start-up Area
was launched in 2018, supported by Taizhou

Municipal Government and Ningbo Kaitou

9. XMEKGCBEMESSRNEERRIT N KPE” A9
L, REMEMSESIEE.

10. RFLBHAMBEMTZ

1. BEEIIKEERIZI

9. The ecological art installations “flower in water” have both
ecological function of adsorbing suspended solids and the
aesthetic performance.

10. Prototype of the root-hole wetland treatment system

11. Updated horizontal subsurface flow wetlands
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area. Although the aquiculture industry there
has been called off, most of the ponds were
remained, creating a typical polder landscape
together with the surrounding woodlands, lakes,
wetlands, and farmlands (Fig. 2, 3).

The previous fisheries left some historical
problems: 1) Fuzzy site texture, formed by
artificial pond network dotted with disorganized
buildings, trails, and other service facilities; 2)
Severe water pollution and aquatic habitats
destruction, caused by the eutrophic pond
with overloaded organic matter, nitrogen and
phosphorus nutrients in the bottom mud, as
well as deficient dissolved oxygen in the water,
resulting the water in serious pollution as
the surface water Class V or inferior Class V
according to the China Environmental Quality
Standard for Surface Water; 3) Non-interacting
landscapes, composed of the prefabricated-
concrete-slabs-covered riverbank which were
difficult for plants to grow and animals to stay.

Nevertheless, there were still apparent
advantages, including lush vegetation on the
north and south mountains, high-yield lotus
ponds and productive wetlands with rice
planting area on the west, and well-grown trees

surrounding the polders.

2.2 Biodiversity of Ardeidae

The Investigation Report on the Biodiversity
of Jianyang Lake Wetland in Taizhou and the
additional on-site study revealed that there
were 114 species of animals in the lake area,
including 42 species of birds (account for

10.12% of the total bird species in southeastern
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Gallinula chloropus Tachybaptus ruficollis
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12. The site was composed of five restoration zones and a purification wetland buffer zone

Zhejiang), and many mammals, amphibians
and reptiles, and insects'”. The biodiversity of
Ardeidae is one of the characteristics of the
site—there were 18 species of Ardeidae e.g.
Ardea and Gorsachius in the Central China
of the Oriental Realm where Jianyang Lake
located, nearly reaching the total number of
20 across China®.

In the Start-up Area, the existing ridge
woodlands, bamboo forests, and wetland
habitats were well conserved, with a variety
of water birds and forest birds inhabiting
in. Trees (e.g. Celtis sinensis, Cinnamomum
camphora, Broussonetia papyrifera, and
Mallotus japonicus) on the polder ridges,

as well as the lush emergent vegetation

e.g. Phragmites australis and Typha orientalis
in the riparian area and the wetlands, were
all high-quality ecological resources to be
conserved, which provided Ardeidae with
habitats to forage, nest, breed, and shelter'!
(Fig. 4).

However, the steep harderned bank
and the lack of shallow water limited the
Ardeidae’s resting and foraging activity. Only
a few water birds e.g. Gallinula chloropus
and Tachybaptus ruficollis were found in
the deep water area. Meanwhile, noise from
the construction of main roads and supporting
service buildings also undermined the habitat
conservation, especially during the Ardeidae’s

breeding period from April to July'.
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3 Design Proposal

3.1 Design Concept

Based on the site analysis, designers
proposed the concept of “Retaining—Breaking—
Integrating” to maximize the ecological
benefits through minimal interventions (Fig. 5),
following the principles of wetland construction
raised by the responsible national ministries of
China: “giving priority to conservation while
highlighting scientific restoration, moderate
development, and rational utilization.”"”' The
concept also introduced the initiative of Nature-
Based Solutions (NBS) which “rely on the
ability of the ecosystem to self-regulate and
self-organize, to evolve in an orderly direction;
or employ the self-repairing ability of the

ecosystem, supplemented by artificial measures,

100

7B % #60%~80%
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FEGHEIE Activity trajectory

K TR s B Ardeidae
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BKIE. INERR

Gallinula chloropus and Tachybaptus ruficollis

to gradually restore the damaged ecosystem or
sustainably develop the ecological system.”* To
be specific, retain the lush peripheral banks of
the whole polder area which prevented the site
from storm and some internal pond ridges; then,
break other ridges to lengthen the flowing route
through the wetlands and promote the water
fluidity; at last, integrate the interconnected
ponds into a vast central lake. In this project,
rather than reshaping the historical productive
wetland into a new “natural texture” through
artificial high-fill embankment, the design team
took advantages of the ecological foundation
and wisdom of the polder wetland, and embed
the wetland purification system into the existing
texture, to restore the shallow habitat by the
establishment of the root-hole wetland system.

As time goes on, the newly-planted
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aquatic plants will grow along the wetland
texture, inspiriting the polder wetland with
new vitality and achieving the sustainable

development (Fig. 6).

3.2 Design Strategies
3.2.1 Wetlands and Lake Water Purification

In order to improve the water quality and
landscapes in the Start-up Area, the design
team introduced a purification system based
on existing ponds. The lake water flow into the
site from the west inlet, and then was purified
by sedimentation pond, integrated air flotation
equipment, ecological pond, high efficiency
nitrogen and phosphorus removal vertical
submerged wetland, surface flow wetland, and
horizontal subsurface flow wetland successively,
and subsequertly supplied water for the
landscape lake, ecological stream, and purified
water pool”™”!, The water quality at the outlet
of the subsurface flow wetland was expected
to be surface water Class III ~ IV and the
water transparency of the landscape lake to
be more than 1 m. Besides, by laying culvert
pipes and breaking certain ridges, three branch
lines for water exchange were constructed
to ensure water quality and the stability of
water level. The waterlogging was avoided by
the pumping station of internal circulation
and waterlogging drainage equipped in the
purified water pool (Fig. 7).

The specific steps are explained as follow.
First, suspended solids were deposited in
the sedimentation pond while the colloidal
suspended was adsorbed by the flocculant

put in the integrated air flotation equipment.

13. SIIRICIFREE XL ERFELEIE . KT RAERX
FIERETENART .

13. Inthe northern polder pond restoration zone, strategies
of sloping the shoreline, reshaping the underwater
topography, and optimizing the aquatic vegetation
communities were proposed.



Then, most of COD and NH;-N can be
removed by microorganisms, high-efficiency
denitrification media, and a small amount of
PAM coagulant (for phosphorus removal) in
the ecological pond and the high-efficiency
nitrogen and phosphorus removal vertical
submerged wetland (Fig. 8). Considering the
high concentration of the total phosphorus
and colloidal substance in Jianyang Lake,
PAM coagulant should be added moderately,
to relieve the load of following wetland
treatment processes and keep the high water
quality of the central lake.

Most of the water pollutants could be
removed through above treatment processes.
After a further ecological treatment and
purification in the surface flow wetland and

horizontal subsurface flow wetland, the water

T4, WIEEBEORITRESEXAHE

14. Section of the northern polder restoration zone after ridge break
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entered the central lake with a surface water
standard of Class III ~ IV, and then formed a
ribbon stream discharging into the Jianyang
Lake through the outlet. The circulating pumps
installed in the outlet enabled the water to flow
back to a certain treatment unit through the
corresponding circulating pipeline and engage to
a retreatment. The simplified purification steps
could save the running cost.

Furthermore, the team introduced a series of
experimental installations with both ecological
function of adsorbing suspended solids and
aesthetic performance in the ecological pond.
The installation was formed by layers of
adsorption pans in different sizes made of
carbonaceous, biomass, and natural mineral
materials (e.g. graphene oxide, activated

carbon, and pelelith), and other local natural

A “
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stones and adsorption materials"”. The vertical
distribution of each pan on the axial pillar
could be dynamically adjusted according

to the location and sizes of the suspended
solids. The name “flower in water” was raised
from its appearance as blooming lotus with
stretching leaves (Fig. 9). With the continuous
improvement of the lake water quality and

the introduction of the “flower in water”
installations, less chemical agents such as PAM
coagulant are going to be used at the later stage,
gradually optimizing the wetland treatment
processes.

Initially, the design team expected to
establish the root-hole wetlands which have
been widely applied for water purification in
Jiangsu and Zhejiang regions by using renewable

materials found on the site e.g. rice straws as
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the bottom filler/media (Fig. 10). The rice straws
could bury in the subsurface soil of the wetlands
would leave artificial root holes after decay,
optimizing the habitats of microorganisms and
formation of biofilms, and further promoting
plant absorption, microbial degradation,
physical adsorption, chemical decomposition,
and biological inhibition of nutrients, organic
pollutants, and heavy metals. Due to a lack of
materials during the construction period, the
wetland adjusted into the horizontal subsurface
flow wetland, a mature technology, copied the
space form of root-hole wetland. Such wetland
consists of wetland vegetation planting bed
(selected the on-site plants such as Phragmites
australis and Typha orientalis) and filter
substrate layer (sourced locally) with water
flow underneath—which horizontally passes

the vegetation into the central lake. As the

102
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carriers of microorganisms in the wetland, the
plant roots and the filter substrate could absorb
and filter the pollutants, as well as produce the
biochemistry reaction of the microbe, to ensure
the improvement and stability of the overall

purification process (Fig. 11).

3.2.2 Diverse Adaptive Habitats Construction
The Start-up Area was mainly composed
of purification wetland buffer zone and five
restoration zones (northern polder pond
restoration zone, southern shallow restoration
zone, bank forest belt conservation zone,
farmland restoration zone, and a lotus pond
restoration zone) echoing the proposed
ecological protection strategies of giving priority
to conservation while supporting by restoration.

[11][12]

Based on the literature study and on-site

testing on flight initiation distance of Ardeidae,
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the core Ardeidae habitats in the shallow area of
the south bank was kept 50 m away in average
from the main activity spaces and roads. The
lake water surrounding the site served as a
natural buffer to mitigate the intervention of
traffic noise human access and construction
works from the urban build-up area (Fig. 12).

Strategies with varied restoration intensities
were adopted to the habitats of the northern
polder pond restoration zone and the southern
shallow restoration zone.

The northern polder pond restoration
zone fully implemented various strategies,
e.g., constructing gently sloping shorelines,
reshaping the underwater topography, and
optimizing the aquatic vegetation communities.
Meanwhile, by breaking the ridges between
the ponds and balancing the earthwork, the
design team integrated those once independent
ponds, 1.50 m deep, into a whole water body
with varied water depths from 0.10 m to 2.00 m.
Furthermore, gravels were used to pile up a large
area of shallows with a water depth of less than
0.30 m. No more than 25% of the shallows
was covered by herbaceous hygrophytes, to
balance the natural landscapes of the wetland
and habitats for Ardeidae in the shallows to
rest and forage. Considering the behaviors of
Gorsachius spp. that hide from their natural
enemies in the reeds and nest on arbor trees, the
design team constructed reed marshes in two
selected ponds and created an arbor tree island
inside (Fig. 13, 14).

In the southern shallow restoration zone
with rich natural resource such as broad-

leaved forests, bamboo forests, and emergent

15, IREMIEEXUETSRENE, FITEITBMARIEK T
FEET AHNSS,

15. In the southern shallow restoration zone, the priority of
conservation was highlighted through limitedly reshaping
of the underwater topography and creating of the shallows
and bird islands.



plant communities, the priority of conservation Daucus carota, and Elaeagnus pungens), and of 3.70 m and 3.86 m respectively and create

was highlighted. The design team limited the ornithophilous plants (e.g. Ligustrum lucidum, a relatively independent stormwater regulation
reshaping of the underwater topography to the Broussonetia papyrifera, and lex cornuta) were and storage system”. Hydrological calculations
western bare lands, creating a series of shallows introduced into the farmland and the lotus and hydrologic analysis on ArcGIS revealed that
and bird islands (Fig. 15, 16). Considering the pond restoration zones. Additional ecological without drainage facilities, the storm water levels
water level fluctuation of the Jianyang Lake, strategies like constructing gently sloping can rise to 3.05 m, 3.23 m, and 3.37 m, when the
three types of islands, the gravel shallow island, shorelines and laying large slabs along the site suffers from a 20-year, 50-year, and 100-year
the herbaceous vegetation island, and the arbor shore were applied to the lotus pond zone, storm respectively. That is to say, almost all of
tree island, were proposed, with elevations which serve a variety of animals e.g. birds, the Start-up Area would be inundated by then
of 1.80 m, 2.00 m, and 2.50 m respectively, butterflies, and amphibians to represent the as most elevations on the site were below 3 m.
higher than the normal water level of Jianyang scenario described in the Huangyan County To relieve the waterlogging, the design team
Lake (1.70 m). Deep trenches connecting each Annals over a century ago. introduced drainage pumps into the wetlands.
two islands could serve as the escape passages When raising over the design water level of 2.20
for fish during the low water level periods in 3.2.3 Adaptive to Climate Change m (the additional 0.50 m over the normal water
winters. On average, Taizhou is affected by two level is offered by existing stormwater regulation
Existing forest in the bank forest belt to three typhoons every year which, together
conservation zone was conserved, while host with the subsequent heavy rainfall, increases
plants for butterfly larvae (e.g. Cinnamomum the risk of waterlogging. The peripheral banks @ LZZ:j:jezr;uprr:a"LdEd by Huangyan District Water
camphora, Citrus reticulata, and Koelreuteria of the site with an elevation of 4.10 m can
paniculata), nectariferous plants (e.g. prevent the Start-up Area from the 20-year S —
Pittosporum tobira, Deutzia grandiflora, storm and the 50-year storm with a water level 16. The sectional view of the southern shallow restoration zone
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and storage system), the pumps start working
to lower the water level to 2.73 m (a 20-year
storm), 2.89 m (a 50-year storm), and 3.02 m
(a 100-year storm). The waterlogging resistance
was highlighted in the waterfront vegetation.
The elevations of the buildings, serrice facilities,
and main roads are all above 3.90 m, much
higher than the water level of a 50-year storm.
Based on the ArcGIS analysis of inundated

areas under different rain conditions, it was

104
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verified that even facing with a 100-year storm,
the proposed elevation of the infrastructures
could ensure the safety of human life and
property (Fig. 17).

When suffering from an extreme drought,
water could be supplied from Jianyang Lake
to the site through pipe culverts, to ensure
the survival of the wetland plants, especially
submerged plants, and the well-function of the

ecological wetland system.
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17. Inundation range before and after design

18. The Start-up Area with reserved lotus ponds, woodlands,
constructed wetlands with Ardeidae habitats, and service
facilities, was in harmony with the surroundings.

4 Summary and Performance

The polder wetlands recording the industry
history of the site and human wisdom provided
a semi-natural habitat for birds. The concept
of largely retaining existing condition, partly
breaking the ridges, and integrating the ponds
from multi-levels, adopted in the Start-up Area,
was to maintain the banks, vegetation, and lotus
ponds with both local and cultural features.
Some of the ridges were broken to interconnect
the wetlands, leaving enough earthwork to
construct vegetated islands in the central lake;
the remaining unbroken ridges could be used
as pedestrian pathways. Based on the design
concept of “Retaining-Breaking—Integrating,”

a wetland purification system was established.
Taking advantages of the height difference
between the polders and the banks, habitats for
Ardeidae which successfully blend into existing
texture were further created. When the project
was completed in May 2021, a new texture of
the wetland landscape composed of forest, pond,
farmland, lake, and island was formed, which
echoes each other and attracts visitors (Fig. 18).
With the construction of the Start-up Area, multi-
functional wetland park gradually develops into
a recreation and scientific education center for
local residents to travel.

The concept of NBS was highlighted in the

low-impact restoration project. At the initial



stage, the design team set up a constructed
wetland purification system, established the
root-hole wetlands, and introduced the “flower
in water” adsorption installation, to create the
wetland self-purification mechanisms. As time
goes on, there would be less and less human
intervention (like delivering PAM) to the site,
leaving the animals and plantings in the habitats
to evolve spontaneously, cover the reserved no-
design areas, and represent its original natural
state.

Unfortunately, the root-hole wetlands have
not been constructed and were substituted by
the horizontal sub-surface flow wetlands, due
to the shortage of the raw materials in a wrong
season. But the performance of the wetland
purification system has been demonstrated
by on-site monitoring and observation. For
example, the effluent water quality of the
Start-up Area was found achieved surface
water Class III standard according to the
average data monitoring from May to July, 2021
(Fig. 19 ~ 21). Specifically, COD in the influent
water Start-up Area decreased to 20 mg/L from
40 mg/L, and NH;-H in the subsurface flow
wetland is 0.05 mg/L, perfectly meeting the Class
III standard. Furthermore, an on-site observation
at the end of July has found Egretta garzetta,
Egretta alba, Ardeola bacchus, Gallinula
chloropus on the bank forest belt conservation
zone, northern polder pond restoration zone

and southern shallow restoration zone—they
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have returned to the site soon after the project’s
completion. In the future, the layout of bird
habitats will be adjusted to adapt to the seasonal
habits of birds and uncertain climate changes
through continuous monitoring. Current

studies have indicated that the newly-developed
concept and strategies of NBS, can effectively
respond to the challenges of global environment
and climate change, protect biodiversity in
ecological practice, and achieve the low-carbon

development visions. LAF
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