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'ﬁﬁ ,REE,ﬁH ( 2 ) ’ HETH/EEEEIB’J yy Hanfeng Lake, an inland lake formed by the seasonal water
§7_}<1ﬁ Eﬂé’lggj_%:m%zkﬁ%ﬂ({ﬁié?iﬁj fluctuations due to the water storage and sluice in the Three
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;REE/EE 7K1ﬁgE}%E /I 75m , % E% IJJ%7J(TL as water pollution, aquatic biodiversity loss, and changes in
. . S land use pattern. This article takes the wetland ecosystem
IKALBEEE145mAT, XFERKLIRIFE construction in Furongba Bay, Hanfeng Lake as an example

to explore approaches to designing multi-functional wetlands
which could adapt to hydro-fluctuation and other environmental

170.28m (E3) .
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landscape of mutualism and co-evolution.
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3. Diagram of the annual
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The exposed landscape of
Furongba wetland in July,
2015.

The submerged landscape
of Furongba wetland in
October, 2015.

The exposed landscape
of Furongba wetland
consisting of a complex
of swamp forest and dike
pond system and several
lakeside small wetlands.

. The exposed landscape of

Furongba wetland, where
plants were blossoming
in the lakeside small
wetlands and trees on the
dikes resistant to water
logging were growing.
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1 Background

After the Three Gorges Reservoir reached

its design-maximum water level of 175 m

in 2010, it continued to store clear water

and discharge muddy water, forming hydro-
fluctuation zones along the reservoir banks
of 145 ~ 175 m in elevation, which are flooded
in winter and exposed in summer. The Kaizhou
District of Chongging is located in one of these
zones, facing complicated eco-environmental
challenges. To mitigate the environmental
impacts on the urban construction of
Kaizhou New Town, a water-level regulating

dam was built 4.5 km away from the lower

SR | ERsLH

reach of the town, cutting down the
fluctuating range from 30 m to 4.72 m.
Hanfeng Lake (Fig. 2], as an inner lake of
Kaizhou District, was therefore formed with
a highest water level of 175 m in winter

and a lowest water level of 170.28 m in
summer, along with the seasonal water level
fluctuation in the Three Gorges Reservoir
(Fig. 3).

In order to respond to the resulting
environmental changes, protect the water
quality of the Three Gorges Reservoir, and
promote ecological restoration of the hydro-
fluctuation zone while improving the living

conditions for citizens in the Kaizhou District,

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES
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this project takes Furongba Bay of Hanfeng Lake
as an example to demonstrate multi-functional
wetland design and construction. It also explores
how to apply the ecological wisdom and the
integrated design approaches into the wetland
ecosystem construction with specific consideration

on seasonal water level fluctuations.

2 Site Overview and Problems

Furongba Bay, core site of the project, is
located in the south of Hanfeng Lake (Fig. 4).
Before the Three Gorges Reservoir began to fill
water, the lower part of Furongba Bay was a

typical floodplain with fine sand and gravels
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at bottom, where gravel pits and heaps were
found due to longtime quarrying. While the
higher part was a tidal upland which was often
flooded and provided land for local residents to
farm seasonally (Fig. 5). After the Three Gorges
Reservoir finished filling water in 2010, the areas
below the water level of 175 m in Furongba Bay
would be flooded from mid-October to mid-
January in the following year. While in summer, as
the water level drops, Furongba Bay would expose
and was full of naturally growing Bermuda
grass (Cynodon dactylon), an herbaceous plant
of good water resistance.

As a reservoir formed due to water
storage in the Three Gorges Reservoir,
the hydrological condition of Hanfeng
Lake was largely impacted by both the
upper reaches and the Three Gorges
Reservoir. Major threats to Hanfeng Lake
are as follows: 1) The Kaizhou District,
with a population of 350,000 and a built-
up area of about 40 km?, sits on a typical
water sensitive area near the Hanfeng Lake.
The runoff from the catchment area in the
upland carrying non-point source pollutants
flowed into Hanfeng Lake, threatening the
water environment of the hydro-fluctuation
zone. 2] Seasonal water-level fluctuations
largely threatened the biodiversity in
Hanfeng Lake — many existing riparian
species became endangered or disappeared
due to huge changes in living habitats and
ecosystems brought about by water level
fluctuation. 3) Changes in the land use
pattern made it hard to foresee and deal
with water environmental problems in the
water sensitive area. 4) The continuous
seasonal water-level changes caused harm

to the stability of the reservoir banks.

3 Design Concepts

The design of this project is inspired by the
ecological wisdom related to water regulation,
conservancy, and utilization practices in
the agrarian age of China. For instance, the

Dujiangyan Irrigation System and the Lingqu
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Aerial view of the exposed
Furongba wetland, a
multi-functional wetland
system in a multi-layered
form.

The emerging landscape
of the complex of swamp
forest and dike pond
system — on the dikes
which had not been fully
exposed, the Zhongshan
cedars were growing
well after 3 years of

water logging in winter;
the well-grown lotuses
in the dike pond had also
survived after 7 years of
water logging in winter.
The lakeside small
wetlands in construction
(photographed in May,
2015)

The completed lakeside
small wetlands
(photographed in July,
2015)
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Canal make full use of the natural resources
and services to maintain the stability of the
watercourse and the overall performance of
the river ecosystem, representing the nature-
inspired ecological wisdom such as self-design
(Fig. 6) and dynamic adaptation. The ecological
mechanisms of natural gradient adaptation,
mutualism, and co-evolution reflected by the
strip pond, mulberry-fish ponds, and rice-

fish symbiotic systems are good examples of
traditional practice combining biotic wisdom
with the ecological wisdom. To deal with the
environmental problems caused by seasonal
water-level fluctuation of Hanfeng Lake, the
project aims at designing and constructing a
multi-functional wetland by applying these
ecological wisdoms into the flowing design
concepts:

1) Creating a dynamic landscape: The
ecological structure of the landscape and the
plant communities should be dynamically
designed to adapt to seasonal water-
level fluctuations and the consequent
environmental changes.

2] Creating a multi-functional landscape:
A multi-functional wetland ecosystem is to be
designed to meet the diverse needs so as to
improve water quality, conserve biodiversity,
stabilize lake banks, and provide aesthetic
services.

3) Creating a multi-layered lakeside
ecosystem: According to different elevational
gradients, aquatic conditions, and vegetation
habits, a multi-layered lakeside ecosystem is
to be designed. This resilient wetland contains
various biotic layers and supports ecological
successions in the lakeside.

4) Establishing an ecosystem of mutualism
and co-evolution: The wetland ecosystem
should be designed and constructed as
a system of co-evolution and mutualism,

composed of a rich biodiversity.

4 Design Strategies

4.1 A Multi-Functional Wetland Ecosystem

The project team designed and constructed

086

a multi-layered and multi-functional wetland in
the Furongba Bay (short for Furongba wetland)
in elevation between 160 m to 180 m that is
composed of an integrated system of swamp
forest and dike pond, small wetlands on the

lakeside, and wildflower meadows (Fig. 1, 7).

4.1.1 An Integrated System of Swamp Forest
and Dike Pond
The strip ponds originating in the
Warring States Period are formed along local
topographic conditions and store water for
irrigation purposes. The mulberry-fish ponds
are traditional agricultural culture heritages
in the Pearl River Delta with a history of over
400 years. Mulberry trees, silkworms, ponds,
and fish harmoniously survive in the same
system, representing a wisdom of co-evolution
and mutualism. While the geomantic ponds,
popular in the Hakka villages in the Dongjiang
River Basin in Guangdong, are featured with
their functions of water purification and
conservation, and local culture characteristics.
Inspired by these ponds’ form and function,

the project team built a multi-functional

VOLUME 6 /ISSUE 3/ JUNE 2018
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16.  The wildflower meadow
in Furongba wetland

17. Space-breeding lotuses
growing in the dike
ponds in Furongba
wetland
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landscape consisting of swamp forest and
dike pond system in elevation from

160 m to 175 m of the hydro-fluctuation zone,
by digging ponds of varied sizes, shapes, and
depths (from 50 cm to 2 m) at the Furongba
Bay and building dikes with the lake sludge. The
widths of dikes range from 120 cm to 180 cm

and are 30 ~ 50 cm above the water. To prevent
water leakage, the bottom of ponds was
covered with clay and further caped with
loam. The micro-topography of the pond
bottom allows for a variety of aquatic
habitats. The sub-surface channels between
ponds ensure the connectivity among the
dike ponds and between the ponds and the
lake (Fig. 8 ~ 13]. In addition, the design
introduces water-tolerant plants around the
dike to form a swamp forest, constituting

a symbiotic relationship with other aquatic

plants in the ponds.

4.1.2 The Lakeside Small Wetlands
Although spatially disconnected, the
small wetlands in traditional Chinese

villages, including ponds, croplands, weirs,

087

and wells, are closely connected with
each other as a wetland network through
ditches, canals, creeks, and rivers. These
small wetlands are interconnected and
provide critical ecological functions

by acting as micro-systems centering

on water conservation, rainwater
management, water purification, and biotic
habitat provision. For instance, ponds and
weirs can store water and regulate water
resources, while ditches and canals can
drain and discharge flood.

Inspired by such ecological wisdom, the
project team constructed a group of lakeside
small wetlands from 175 mto 178 min
elevation, linking with the pedestrian path
(Fig. 14, 15). These wetlands, including
raingardens, frog ponds, dragonfly ponds,
and swales ranging from 10 m? to 80 m”in
size, are distributed on the grass slope to
prevent floods. The key waterfront location
makes these small wetlands crucial in
improving water quality and providing
diverse habitats for amphibians and

insects such as frogs and dragonflies.
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4.1.3 Wildflower Meadows

The planting design of neo-naturalism

primarily attaches importance to learning
from the laws of nature and the structure
of natural plant communities. Meanwhile,
neo-naturalism requires to select plant
species that are adaptable to the existing
conditions and can co-evolve with the
biological and non-biological elements on
a site to finally realize a rich ecological
biodiversity. It also proposes to establish
a diverse and co-evolving community to
improve the resilience to environmental
changes by introducing various types of
herbaceous plants. In addition, ecological
functions are also improved to enhance
the stability and resistance of the system
while saving planting and maintenance
costs.

The project team established
wildflower meadows with mixed species
along the slope from 178 m to 180 m (Fig.
16). Such on-site approaches respect

the laws of nature, not only lowering
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the labor cost, but also reducing the
consumption of temperature, light, and
water resources consumed in seedling
growth and the carbon emission in
transportation. The 4-meter wide
wildflower meadow strips along the slope
act as an important ecological buffer that
effectively minimizes human intervention
and provides multi-seasonal landscapes
and sound ecological services such as
microclimate regulation, soil permeability
improvement, water and soil conservation,

and wild habitat protection.

4.2 Planting Design

Four types of plants are selected and
designed in the Furongba wetland to
enhance its ecosystem services.

Aquatic plants, such as Nelumbo
nucifera (including a space-breeding
lotus species specially bred for the hydro-
fluctuation zone, Fig. 17), Canna glauca,
and Iris tectorum, were chosen to plant in

a density of 10 ~ 15 plants/m? on the dike

18.  ZH3FNEEHINE -
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4z (2018558 )

19. EZ25FKBERINE -
BipE SR REERE L
Aot (20184558 )

18.  The Zhongshan cedars
planted along dikes
of the complex of
swamp forest and dike
pond system after 3
years of water logging
(photographed in May,
2018)

19. The pond cypresses
planted along dikes
of the complex of
swamp forest and dike
pond system after 2
years of water logging
(photographed in May,
2018)
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ponds due to their ability to adapt to water-
level fluctuations and floods in winter, and
their water purification function and high
ornamental value.

Water-tolerant swamp plants such as
Taxodium mucronatum, T. ascendens, and
T. distichum were planted along dikes of
the integrated system of swamp forest and
dike pond (Fig. 18, 19). . mucronatum and
T. distichum are planted in a circle along the
upper area of the pond system from 175 m
to 177 m in elevation to create a forest
network.

Plants for the lakeside small wetlands
include emergent aquatic plants such as
Canna glauca, Iris tectorum, and Acorus
tatarinowii, and floating-leaved plants
such as Nymphoides peltata and Nuphar
pumilum, which are also water-tolerant
species.

For wildflower meadows, Salvia japonica,
Coreopsis basalis, Platycodon grandiflorus,
Echinacea purpurea, and other native

species are selected.
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5 Performance and Evaluation

Furongba wetland is an integrated
ecosystem designed along the water
sensitivity principles, which allows for
the self-design function of the nature.
Meanwhile, a great deal of ecological
wisdoms are reflected in the multi-
functional ecological system. Since its
completion, it is demonstrated that the
ecological services of the site has greatly
promoted ecosystem in stabilizing the lake
banks, conserving biodiversity, purifying
water body, and providing aesthetic
services, specifically including:

1) The wetland stands the test of seasonal
water-level fluctuations. Since 2011 when the
ecosystem was established, the Furongba Bay

has withstood 7 floods in winter and the form

and structure of the pond network remain well.
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2) Plants of various types grow well in
the wetland, with the biodiversity improved
significantly. For now, there are 79 advanced
vascular plants found in the project area.
Dike ponds, swamp forest, and wildflower
meadows provide various habitats for
different habit needs.

3) The wetland ecosystem greatly helps
reduce the non-point source pollution.
From June to September, 2015, the
Environmental Monitoring Center of
Wanzhou District, Chongging sampled and
analyzed the water quality of Furongba
wetland, and the results proved a reduction
of TN and TP by 54% and 52% respectively.

4) The landscape quality and ecological
succession of the wetland ecosystem are
sound, providing an attractive leisure space
for citizens to visit the National Wetland Park
of Hanfeng Lake. LAF
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